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> PROJECT DBJECTIVES

» To develop a framework for the qualification of resin infused fiber

reinforced materials including guidelines and recommendations far their
characterization, testing, design, and utilization using the National Center
for Advanced Materials Performance (NCAMP) process.

Transition of the test data and guidelines generated into shared databases
such as Composite Materials Handbook-17 (CMH-17). VN

A7

>» RESEARCH OUTCOME

Vacuum Assisted Resin Transfer Molding (VARTM) trial test data and
analysis published in FAA technical report.

VARTM qualification material property test data, overview of results, and
lessons learned published in an FAA technical report.

Resin infusion material specification guidelines published in FAA technical
report.

VARTM material allowables submitted to CMH-17 and posted on the NCAMP

Portal along with material and process specifications.




Project Plan & Tentative Timeline o LI

:\ﬁi* Establishment of an Industry Steering Committee (ISC).

Finalize resin and reinforcement materials and resin infusion method through manufacturing trials.

Development of qualification framework leveraging lessons learned ensuring challenges and critical process
parameters established on Task 2 are reflected and evaluated via trial testing.

B\ [Development of base fabric, base resin, and base laminate material specifications and process specification
¥ for VARTM processing of test panels for qualification program.

B Performance of material qualification using framework established.

2024
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ACCOMPLISHMENTS

v"Survey OEM Designers, Manufacturers/User And Experts on Material Selection
v’ Committee Review Group Established - Industry Users, Suppliers, FAA




Project Plan s

ACCOMPLISHMENTS

v’ Material Selection Narrowed
v Reinforcement: Tenax™-E IMSEa Non-Crimp Reinforcement (Stitched):
UD Fabric, Bi-axial (0/90), Bi-diagonal (+40)
v Resin: Solvay PRISM™ EP 2400




Task 2: Materials and Processing

Y N B A

REINFORGEMENT: Tenax™-£ IMSES Non-Crimp Reinforcement _ BIDIDNAL EF&EN.L_HE;

= Material Forms:
. UD (woven with yarn)
2. Bidiagonal (BD) - carbon fibers in +40°/-40° or -40°/+43° (also in £30° and +60°)
3. Biaxial (BA) - carbon fibers in 0°/890° or 90°/0°

= Toughening Veil: TAI303s (polyamide veil) used to improve material toughness.

= Powder Binder: Hexion EP0S3I binder.

= Stitching Yarns:
o NCF: K-203 (EPI1330) 33 dtex a co-polyamide yarn
o |ID Woven: polyester and co-polyamide /-85 combi-fuseable bonding yarn, 200 dtex.

LINIDIRECTIONAL WOVEN

Top side ~ Bottom sid.é J ':

Slide: B




Task 2: Materials and Processing

WICHITA STATE UNIVERSITY

REINFORCEMENT cont. NON-CRIMP FABRIC: BIDIAGONAL EXAMPLE SHOWN

Veil (V) — Top layer

Teijin NCF MANUFACTURING FACILITY Carbon flber (+45°)

Veil (V)
Carbon fiber (-45°)
---------------------------------- Powder Binder (F}B) — Bottom/ffirst |a3,'er

WOVEN FABRIC

weft insertion unit

Stitching yarn on warp
beams

Veil (V) — Top layer
Carbon fiber (0°) — Bottom/Tirst
layer

RESIN
Salvay PRISM™ EP 2400

One-part toughened epoxy resin
Intended service temp >2a0°F

Superior toughness, low viscosity, and extended pot-life

Stitching
process

2020.05.20. TEIJIN CARBON EUROPE GMBH
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ACCOMPLISHMENTS

v/ Trials To Determine Project Needs, Challenges, Critical Process Control Parameters
v Processing Method: Vacuum Assisted Resin Transfer Molding (VARTM)
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TRIAL TESTING OBJECTIVES & MATRICIES

Manufacturing Type of Eabric

Process Sequence (in) Layers Type Description Orientation*  Specimens
o | owey |t | s = Panel Fabrication
R e B T R e e : o 7b Panels fabricated at Fiber Dynamics
e e = Properties Evaluated
VARTM | DRNFBD | peasps | ooromw | & oo D0EM L : o Mechanical: /znsion, Lompression, Flex, And Shear tests conducted
IPS D3518 0° 5 . . . .
Foual | _brast G g o Physical: Aiber Volumes, Resin Lontents, Voids, et
av | orwrea | oo | ooreme | o [oe T o T w3 = [ieneral Processing Challenges
IPS D3518 0° 5
Foual| D76t | ¢ : o |dentifying variables that need to be controlled.
CLC 69! 0° . .
v | omren | oo | omom |6 oo om T = Manufacturing Process Differences
R o B e i 7 2 > e Vacuum Assisted Resin Transfer Molding Vs Resin Transfer Molding
X [45/-45]65 1740,
“RTM [ omnrea | o | oieomsr | 1o | ses | oo 5 : (VARTM vs RTM)
VARTM DRNF-BA [0/90]6s 0.174-0.181 12 SBS D2344 o 5 . . . .
s | ogro |1 | s | o o 5 o [ualification Vs. Equivalency: Liallenges, Feasibility
UNT D30398 0° 5
VARTM DRWF [0/90]3s 0.087-0.090 12 cLC D6641 0° 5 _ :
(0112 0.087-0.090 12 gEg gggii g g _ LamlnatTea rZeetst Ma;rz;
* Specimen orientation: orientation of the specimen in reference to the fabricated panel 0° direction Ma;t::‘)ice?srmg Type of Fabric Stacking Sequence Thickness  Fabric Test Type ASDZ';/:;r'::I);LTd Speii(r)r:ens
(in) Layers
RTM DRNFBABD& [45/-45,0/90]2s 0.116 8 8ﬂ$ 3217122 :
CAI D7136/D7137 5
vARTM | PRNF-BD& | o) ssoi0jos | 0.116 8 gﬁ$ Bg;tgg 2
5

IME BA CAl D7136/D7137
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PROCESSING METHOD DOWNSELELT via DRNF-BD: COMP. IPS, FLEX

Panel Process RTM Panel: VARTM Panel:
EP-2400/IMS65-NCF-[45/- | EP-2400/IMS65-NCF-[45/-45]3s-
45]3s-RTM-T VARTM-T
DRNF-BA: TEN, COMP, FLEX 1 N e DRNF-BA: SB5
I - # | .
Panel Process RTM Panel: VARTM Panel: N | I Panel Process RTM Panel: VARTM Panel:
EP-2400/IMS65-NCF- EP-2400/IMS65-NCF-[0/90]3s- : EP-2400/IMS65-NCF-[45/- | EP-2400/IMS65-NCF-[45/-45]3s-
[0/90]3s-RTM-TCF VARTM-TCF i | 45]3s-RTM-CIF VARTM-CIF
NDI Image : i - " Low = - = : NDI Image F . ey
!‘ "| Measured Properties T=0.085" T=0.095" = ;
r : I FV =55.3% FV = 54.0% .
| | I : Void = 0.79% Void = 146% DRNF BA | PS  E
i | ! - L] 1
LS | s " e Panel Process RTM Panel: VARTM Panel: . g g i e
- - EP-2400/IMS65-NCF- EP-2400/IMS65-NCF- - -
Measured Properties T=0.088 T=0.092 [0/90]65-RTM-SBS [0/90]65-VARTM-SBS Measured Properties T=0.089 T=0.095
FV =53.7% FV =51.5% T Re—— FV =53.2% FV =55.1%
NDI Image s &
Void: 0.89% Void = 1.21% Void = 1.16% Void = 0.94%
Panel Process RTM Panel: VARTM Panel: - i Panel Process RTM Panel: VARTM Panel:
EP-2400/IMS65-NCF- EP-2400/IMS65-NCF-[0/90]3s- | EP-2400/IMS65-NCF-[45/- | EP-2400/IMS65-NCF-[45/-
[0/90]3s-RTM-IPS VARTM-IPS 45]6s-RTM-SBS 45]6s-VARTM-SBS
NDI Image | Gl | 7 - e I Tt ND Image ] S
' | i . , 9 . s
| | | Measured Properties T=0.175" T=0.169" : 3
it fi | FV =55.9% FV =59.4% ] S
. - I : Void = 2.05% Void = 1.43%
| |
- -l O : i Panel Process RTM Panel: VARTM Panel: & | P o
Measured Properties T=0.085" T=0.094” EP-2400/IMS65-NCF-[45/- | EP-2400/IMS65-NCF-[45/- " red Provert 20165 . To0172"
R JE 45/0/90]2s-RTM-OHC,CAI | 45/0/90]2s-VARTM-OHC,CAI easured Properties =0 =0.
FV =57.5% FV =50.9% - - EV = 59 4% FV = 58.1%
id = 1.04% Void = 1.17% NDI Image i i |3 ~ 9% ~ o8I
Void = 1.04% =1.17% . | |3 2 Void = 1.53% Void = 1.23%
: s Gt 13
DRNF-BD: TENSION i L ] DRNE-BD: SRS
b A i { | L]
I. " »
i’ -
- — - :
Measured Properties T=0.111" T=0.112"
DRNF-BA/BD: CAl
Void = 0.87% Void = 1.36%

INDUSTRIAL MODERNIZATION
OF MATERIALS b MAKUFACTURING
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Task a: Uualitication Framework Development

WICHITA STATE UNIVERSITY

PROCESSING METHOD DOWNSELECT via MECHANICAL PERFORMANCE

= Select Sample Test Results Shown

e |ncreased coefficient of variation (C.V.) in strength results for specimens manufactured with RTM when compared to VARTM
~ LINT, UNC, IPS exhibited this phenomenon

- FLEX. SBS, OHT, OHC, CAl did not exhibit this phenomenan

= VARTM Selected: Improved consistency, process contral, and panel quality with comparable results to RTM.

ASTM D3a18: IN-PLANE SHEAR STRENGTH ASTM D2344: SHORT BEAM STRENGTH
15 20 _15 20
= 7
—i 12 ¢ - 16 f_—é‘ 12 A - 16
5 - e =2 I
:i-h 9 4 N L 12 E % 9 12 g
Zi > g >
@ 6 . F8 U & 61 -8 O
oh 3 - 4 E 3 o -4
z o & I
0 * = o 0 ? 0 < 0
DRNF-BD DRNF-BA DRNF-BD DRNF-BA DRNF-BD DRNF-BA
0.2% Offset 0.2% Offset 5% Offset 5% Offset

=RTM OVARTM <C.V.

IMa ERTM OVARTM <C.V.

Slide: Il




PROCESSING METHOD CHALLENGES

= Porosity
= Permeability - Infusion Times
= Fiber Volume Contraol

OPTIMIZATION [NIAR + Teijin at FDI]

= Varying Flow Media

Increased Resin Infusion Temperature
Port Adjustments

Adjusted Tubing Placement

Optimized Infusion Time

= [lesult: More Repeatable Fiber Volume; Goal: a7% + 8%

I\ [\
\
Ié

WICHITA STATE UNIVERSITY

VARTM UINI-FABRIC PANEL: COURTESY OF FIBER DYNAMICS, INC.

Caul Plate Side (Top) Tool Plate Side (Bottom)

_ Dark areas are resin
infused, but peel ply
texture did not transfer

Infusion time: 85 minutes

Nylon Bagging
Film - Inner
10 oz Felt Breather

Nylon Bagging
Flow M d Caul Plate (1.5 Porous Peel Film - Out
(0.5-0.75" smaller 2" smaller than Ply (Teflon)
than fiber stack) ?
fiber stack)
Vacuum Line
(Outer Bag) Vacuum Line to
\ Sensor
. , /
- o - | IIII"Z'_
—
4" Vacuum Line
(Inner Bag) Flow Media Poro P el Ply S Vacuum S alant Tape
(extend 0.5-0.75" (T eflon) ow
under fiber stack) 4" Resin Supply Lin

Dry Fiber Stack

Slide: 12



WICHITA STATE UNIVERSITY

WEFT DENSITY SELECTION

= The first batch of UD woven fabric panels were fabricated utilizing the same parameter set as the DRNF panels with limited success.
o [ause thought to be Weft Density: Challenges with permeability =% Porosity and high processing time
o Teijin provided three material forms with varying weft densities: , ,and

= |.3-threads/cm Selected: Balance between infusion time and panel quality.

ASTM D3033: TENSILE STRENGTH ASTM DBB4I: COMPRESSIVE STRENGTH
00 0 100 i}
180 T 1 90 1
L — I
—= 160 I : 1¢ 2 80 I 1 16
f 140 - ‘;i}: 70
%’ 120 4 12 _ % 60 12 _
7 100 = § 50 =
= o 2 o
Z 80 A 8 - £ 40 A §
D =
=60 g 30 <
0 O
< 40 4 o 20 L 4
[¢3 -
20 - © © < 10 o °
0 0 0 0

1.1 threads/cm 1.5 threads/cm 2.0 threads/cm 1.1 threads/cm 1.5 threads/cm 2.0 threads'cm
IM3 OVARTM <©CV. OVARTM <©C.V.
weeees TR, Gl 18
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ACCOMPLISHMENTS

v’ Develop M&P Specifications
v’ Develop Mechanical, Physical, And Chemical Requirements




PROCESS SPECIFICATION: VARTM W/ PRISM™ EP2400 RESIN SYSTEM

IMA

INOUSTRIAL MODERNIZATION

|
Slide: 15

OF MATERIALS b MAKUFACTURING




Project Plan s

ACCOMPLISHMENTS

v’ Set Framework For Material Qualification




Task a: Material Qualitication - [r¥r

Number of Batches x Number of Panels x

" - Number of Test Specimens

Fiber lest - i . . — - " 5 —
L'est Type Property L'est Temperature/Moisture Condition

TEST PI—AN: LAMINA ”D WI]VEN I | m— “{"i';‘ RT\ ETA | ETWI [ ETW2

ASTM D3039

[0/90]4s 0~ I-‘ sion Modulus, and Ix2x3
crsior Poisson’s Ratio
. ASTM D664 Strength and
i WicKITA STATE A [0/90]4s 0 A ™ . : rength anc 1%2x3
”" M-y VERSITY NTP 240101 Rev - Compression Modulus
{ Manans immrwre 0] 0 ASTM D3039 Strength and
! Labbed Tension Modulus
. ASTM D6641 P P
[0]16 0° . ’ Modulus 3x2x3 | 1x2x3
Compression
. ASTM D358 In- Strength and
45/-45]3s 0 = Ix2x3 3x2x3
[ lis Plane Shear (2) Modulus ! R
AN ﬂan [0]32 0 ASIN Strength 3x2x3 | 3x2x3 | 3x2a3 | 3x2x3 | 123
MNATIONAL CENTER for ADVANCED MATERIALS PERFORMANCE I“h\.“.t ] ;u;ll11 _
[0/90) 0 ASTM D7264 Flex Strength and a4
45 e y
Fiber Supplier Contact: Resin Supplier Contact: Panel Fabricator Contact: () Modulus
Elisabeth Schifer Gary Kidd Adam Amold Number of Batches x Number of Panels x Number of
Teijin Carbon America Solvay Fiber Dvnamics Te
Furope GmbH Wi 1 Industrial Estate 3730 Mideo, Fiber Test o —— ——
v itsirasse > Abenbury Wav Wichit, KS 67215 Layup divection Test Type Property Test Tempera /Moisture Condition
5 Wrexhar Contact: 316,264.95 -
Clwyd LL13 9UZ (aamnold@ fiberdvnamics.net) CTA(4)| RTA ETA ETW1 ETW2
wierjincarbon.com | Contact ;444 7710 170934 Sirens
ASTM D3039 Strengih, e |3 |
[ 0/90 45 (1} Lension Modulus, and In2xd . Ixx3 3x2x3
CNs1o . . . <
Poisson's Ratio
NCAMP Project Number NPN 072101 [0/90] 6 0 ASTM D641 waxs | s 1x2x3
Compression
Dacument No.: NTP 240101 Rev - [0/90] 90 ASTM D3039 Strength and 333 IxIx3 Ix
- s - .I.L‘I“ﬂll\l‘ \I\l\'ll]“l\ T coe =
Material Property Dara Acquisition and Qualification Tesr Plan For [0/90]ss 90 ASTM T\lt‘&!’»-l] Strength and 23 23 1253
Compression Modulus o o o
Vacuum Assisted Res sfer Molding 5/-45
aeutm Assisted Re er Molding ESASEs ) L ASTMD3SIS Ine | Swengthand | 0 | 320 | Lo | s
- o lvay PRISATM B R— N Plane Shear (2) Muodulus - (3) : o
Resin System: Solvay PRISM™ EP2400 toughened epoxy resin
) ASTM D2344 ] oma en e .
Dry Reinforcement: Tenax™ - E Reinforcement Fabrics [0/90]ss 0 Short Beam Strength 3x2x3 3x2x3 Ix2x3 3x2x3 1x2x3
ASTM D7264 Strength and .
) E el
[0790] e Y Flex (3) Modulus RN
Frepared by: Michelle Man (NCAMFP) Number nfB-m‘hu x Number of Panels x
mber of T 0 s
Reviewed by: Ed Hooper (NCAMP AER), Rachael Andrul (NIAR), Roval Lovingfoss ciber Lavi Test st Tvie Property Test Temperature/Moisture Condition
(NTAR), Adam Amold (Fiber Dvnamics), Joe T (Tewjin Carbon), Alfonso Loper (Teijin Fiber Layup direction Test Type Property
Carbon r..l ?l\ﬂhe”.] :ich:ln'ew .'].el'm Carbon), Patrick Kismer { Tenjin Carbon), Martin Linder CTA RTA Era | Erwe | Brwa
(Teiyin Carbon), Gary Kidd (Solvay) BIDIAEDNAL (4)
||= 90l ASTM Dagag | Swength. Modulus, |- N
1] Tension nd Poisson's 3x2x3 3
(B 1o oy AS < s
Ratio
Distribution Statement A. Approved for public release; distriln unlimited [0 )LI] = o '\'."‘TM []{1'” Strength and 3 3x2x3 | 3x2x3 | Ix2x3
(BD s Compression Modulus 1]
ASTM D3518 .
. o Strength and . | x2x3 X
A5/-45]s -Plane Shes ° 3x2x3 23 | 23
Page 1 of 50 [45/-45]3 0 In- Pli:l:.)'slu. ir Modulus x2x 3 x2x x2x
07905 ASTM D234 N _ i
l ] o \H'hlm't[ [I}e'\md‘ Strength 323 | I3 | SaIxd | 3wInG | InIxG
(BD s 4% . g
|I?‘Jil||-. o ASTM D7264 Strength and 3x2%3
(B0 0 Flex (5) Modulus

INDUSTRIAL MODERNIZATION
OF MATERIALS & MANUFACTURING
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Task : Material Qualification

LAMINATE TESTING PROPERTIES LAMINATE TESTING PROPERTIES

» |aminates use a combination of the non-crimp and woven Unnotched Tension
fabric forms to produce the desired quasi, soft, and hard Unnotched Compression
orientation(s). Short Beam Shear

= The layup angles 0/80, 30/0, 45/-43 and -4a/4a refer to the Open Hole Tension
specific DRNF, i.e. biaxial (0/30 or 30/0) and bidiagonal (4a/- Filled Hole Tension

43 or -40/44) reinforcement fabric. Open Hole Compression

» The stacking sequences were chosen based on several Filled Hole Compression
factors: Single Shear Bearing
 Assess material properties from a soft, quasi and hard Interlaminar Tension

construction. Compression After Impact
 Assess the interactions of the different preforms during Fluid Screening:

processing and subsequent performance. e Waven Fabric e

 Short Beam Shear
e |3 fluids + controls
o RTandET testing

INDUSTRIAL MODERNIZATION SlidE 18
OF MATERIALS & MANUFACTURING "
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ACCOMPLISHMENTS

> ualification Test Data Sufficient For Developing Statistical Guidelines And Allowables




Task a: Material Qualitication

BIAXIAL: ORANGE (DATA IN REVIEW) GREEN (SCHEDULED)

IMA

INDUSTRIAL MODERNIZATION
OF MATERIALS ALY

90°

90°

0°

ASTM D3039
Tension

ASTM D6641
Compression
ASTM D3039
Tension
ASTM D6641
Compression

ASTM D3518 In-
Plane Shear (2)

ASTM D2344
Short Beam
ASTM D7264 Flex
(5)

LD WOVEN:

Strength,
Modulus, and
Poisson’s Ratio
Strength and
Modulus
Strength and
Modulus
Strength and
Modulus

Strength and
Modulus
Strength

Strength and
Modulus

CTA (4)

3x2x3

3x2x3

3x2x3

3x2x3

Test Temperature/Moisture Condition

RTA

3x2x3 (3)

3x2x3 (1)

3x2x3
(3)

3x2x3 (1)

3x2x3
(3)

3x2x3

3x2x3

ETA

3x2x3

3x2x3

3x2x3

3x2x3

3x2x3

3x2x3

ETW1

3x2x3

3x2x3

3x2x3

3x2x3

3x2x3

3x2x3

ETW2

1x2x3

1x2x3

1x2x3

ORANGE (DATA IN REVIEW) GREEN (SCHEDULED)

ASTM D3039
Tension

ASTM D6641
Compression
ASTM D3518
In-Plane Shear
(2)
ASTM D2344
Short Beam
ASTM D7264
Flex (5)

ASTM D3039
Tension

ASTM D6641
Compression
ASTM D3039
Tabbed Tension
ASTM D6641
Compression
ASTM D3518 In-
Plane Shear (2)
ASTM D2344
Short Beam
ASTM D7264 Flex

(5)

Strength,
Modulus, and
Poisson’s Ratio
Strength and

Modulus

Strength and
Modulus

Strength

Strength and
Modulus

Strength,
Modulus, and
Poisson’s Ratio
Strength and

Modulus
Strength and

Modulus

Modulus

Strength and
Modulus

Strength

Strength and
Modulus

WICHITA STATE UNIVERSITY

BIDIAGONAL: ORANGE (DATA IN REVIEW) GREEN (SCHEDULED)

Test Temperature/Moisture Condition

CTA
(4)

3x2x3

3x2x3

3x2x3

RTA
3x2x3
(3)
3x2x3
(1)
3x2x3
(3)
3x2x3

3x2x3

ETA

3x2x3

3x2x3

3x2x3

3x2x3

ETW1

3x2x3

3x2x3

3x2x3

3x2x3

ETW2

1x2x3

1x2x3

Test Temperature/Moisture Condition

CTA (4)

3x2x3

3x2x3

3x2x3

3x2x3

RTA

3x2x3
(3)
3x2x3

(1)
3x2x3

(3)
3x2x3

(1)
3x2x3

3x2x3

3x2x3

ETA

3x2x3

3x2x3

3x2x3

3x2x3

3x2x3

3x2x3

ETW1

3x2x3

3x2x3

3x2x3

3x2x3

3x2x3

3x2x3

ETW2

1x2x3

1x2x3

1x2x3

1x2x3
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PRELIMINARY LAMINA DATA SAMPLES




Task a: Material Qualitication

INOUSTRIAL MODERNIZAT

ASTM D3039 Un-notched Tension
[45/-45, 0/90], [45/-45, 90/0] | [0/90,-
45/45], [90/0,-45/45]

ASTM D3039 Un-notched Tension
[45/-45, 0/90, 45/-45, 45/-45] | [-45/45,
-45/45, 90/0, -45/45]

ASTM D3039 Un-notched Tension
[45/-45, 0, 0, 0/90, 45/-45, 0, 0] | [0, 0,
-45/45, 90/0, 0, 0, -45/45]

ASTM D6641 Un-notched Compression
[45/-45, 0/90], [45/-45, 90/0] | [0/90,-
45/45], [90/0,-45/45]

ASTM D6641 Un-notched Compression
[45/-45, 0/90, 45/-45, 45/-45] | [-45/45,
-45/45, 90/0, -45/45]

ASTM D6641 Un-notched Compression
[45/-45, 0, 0, 0/90, 45/-45, 0,0] | [0, 0,
-45/45, 90/0, 0, 0, -45/45]

ASTM D2344 Short Beam

[45/-45, 0/90], [45/-45, 90/0] | [0/90,-
45/45], [90/0,-45/45] (specimens may be
taken from UNC1 panels)

ASTM D5766 Open Hole Tension (1)
[45/-45, 0/90], [45/-45, 90/0] | [0/90,-
45/45], [90/0,-45/45]

ASTM D5766 Open Hole Tension (1)
[45/-45, 0/90, 45/-45, 45/-45] | [-45/45,
-45/45, 90/0, -45/45]

Strength &
modulus

Strength &
modulus

Strength &
modulus

Strength &
modulus

Strength &
modulus

Strength &

modulus

Strength

Strength

Strength

LAMINATE:

Test Temperature/Moisture Condition

CTA

3x2x3

3x2x3

3x2x3

3x2x3

3x2x3

RTA

3x2x3

3x2x3

3x2x3

3x2x3

3x2x3

3x2x3

3x2x3

3x2x3

3x2x3

ETA

3x2x3

3x2x3

3x2x3

3x2x3

ETW1
3x2x3

3x2x3

3x2x3

3x2x3

3x2x3

3x2x3

3x2x3

3x2x3

3x2x3

ORANGE (DATA'IN REVIEW) GREEN (SCHEDULED)

ASTM D5766 Open Hole Tension (1)
[45/-45, 0, 0, 0/90, 45/-45, 0,0] | [0, 0,
-45/45, 90/0, 0, 0, -45/45]

ASTM D5766 Open Hole Tension (1)

[ 90/0, 45/-45, 0/90, 0/90 | 90/0, 90/0, -
45/45, 0/90 ]

ASTM D6742 Filled Hole Tension (2)
[45/-45, 0/90], [45/-45, 90/0] | [0/90,-
45/45], [90/0,-45/45]

ASTM D6742 Filled Hole Tension (2)
[45/-45, 0/90, 45/-45, 45/-45] | [-45/45,
-45/45, 90/0, -45/45]

ASTM D6742 Filled Hole Tension (2)
[45/-45, 0, 0, 0/90,45/-45,0,0] | [0,0,
-45/45, 90/0, 0, 0, -45/45]

ASTM D6484 Open Hole Compression (1)
[45/-45, 0/90], [45/-45, 90/0] | [0/90,-
45/45], [90/0,-45/45]

ASTM D6484 Open Hole Compression (1)
[45/-45, 0/90, 45/-45, 45/-45] | [-45/45,
-45/45, 90/0, -45/45]

ASTM D6484 Open Hole Compression (1)
[45/-45, 0, 0, 0/90, 45/-45, 0,0] | [0, 0,
-45/45, 90/0, 0, 0, -45/45]

ASTM D6484 Open Hole Compression (1)
[ 90/0, 45/-45, 0/90, 0/90] | [90/0, 90/0, -
45/45, 0/90 ]

ASTM D6742 Filled Hole Compression (2)
[45/-45, 0/90], [45/-45, 90/0] | [0/90,-
45/45], [90/0,-45/45]

ASTM D6742 Filled Hole Compression (2)
[45/-45, 0/90, 45/-45, 45/-45] | [-45/45,
-45/45, 90/0, -45/45]

Strength

Strength

Strength

Strength

Strength

Strength

Strength

Strength

Strength

3x2x3

3x2x3

3x2x3

3x2x3

3x2x3

1x2x3

3x2x3

3x2x3

3x2x3

3x2x3

3x2x3

3x2x3

1x2x3

3x2x3

3x2x3

3x2x3

3x2x3

3x2x3

3x2x3

1x2x3

3x2x3

3x2x3

3x2x3

3x2x3

3x2x3

3x2x3

1x2x3

3x2x3

3x2x3

ASTM D6742 Filled Hole Compression (2)
[45/-45, 0, 0, 0/90, 45/-45,0,0] | [0, 0,
-45/45, 90/0, 0, 0, -45/45]

ASTM D5961 C Single Shear Bearing (3)
[45/-45, 0/90], [45/-45, 90/0] | [0/90,-45/45],
[90/0,-45/45]

ASTM D5961 C Single Shear Bearing (3)
[45/-45, 0/90, 45/-45, 45/-45] | [-45/45,
-45/45, 90/0, -45/45]

ASTM D5961 C Single Shear Bearing (3)
[45/-45, 0, 0, 0/90, 45/-45,0,0] | [0, 0,
-45/45, 90/0, 0, 0, -45/45]

ASTM D6415 Interlaminar Tension
[0/90],0s made from 0/90 biaxial RF
ASTM D6415 Interlaminar Tension
[0/90],0s made from rotated +45/-45
bidiagonal RF

ASTM D7136 & D7137 Compression After
Impact (1500 in.lb/in) (8)

[45/-45, 0/90), [45/-45, 0/90], [45/-45,
90/0] | [0/90,-45/45], [90/0,-45/45], [90/0,-
45/45]

Strength

Strength &
Deformation

Strength &
Deformation

Strength &
Deformation
Strength Bk
Strength Y
Strength
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3x2x3 3x2x3
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1x1x6 1x1x6
1x1x6 1x1x6



Moving Forward y L

UPCOMING REPORTING

= MAY 2024: Resin Infused Fiber Reinforced Materials Guidelines for Aircraft Design Resin Tnfused Fiber Reimforced
and Certification: Volume | - Qualification Framework Development DOTFANTCXXK  Nfaterials Guidelines for

Federal Aviation Administration
Wiliam J. Hughes Technical Canter

wsin Aircraft Design and
? Certification: Volume 1 —

Qualification Framework

QUALIFICATION TESTING Development

= |amina Testing: Select ETWI and ETW2 environmental conditioning is complete and 2024 Technical Report

awaiting testing.
= |aminate Testing: Awaiting environmental conditioning to be completed.

BENEFIT TO AVIATION

Technical Report

= Publicly available resin infused fiber reinforced materials data along with framewark
for qualification.

= [juidelines generated in this program will be transitioned into shared databases, Qe

U.5. Department of Transportation

SUEh HS EMH‘II] Federal Aviation Administration

IMA
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Huestions?

> LONTACT:

= Rachael Andrulonis -
rachael.andrulonis@idp.wichita.edu

= [aleb Saathoff -
caleb.saathort@idp.wichita.edu

NIAng

NATIONAL INSTITUTE FOR AVIATION RESEARCH
WICHITA STATE UNIVERSITY
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