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TARGETED OUTGOMES FROM PRESENTATION e

Provide an understanding of NIARs material
qualification of Resin Infused Tejin Tenax™ Dry

Reinforcements using Syensqo (Solvay) PRISM™
EP2400 Infusion Resin.

. Highlight lessons learned during prequalification
activities and how these influenced the
tframework for material qualification activities.

. Demonstrate use of the developed qualification
framework for resin infused dry reinforced
materials through generation of material
properties.
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PROJECT OVERVIEW
PROJECT DBJECTIVES

* Todevelop a framework for the qualification of resin infused fiber
reinforced materials including guidelines and recommendations
for their characterization and testing 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).

RESEARCH OUTCOMES

 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.
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PROJECT PLAN & TIMELINE e

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 |earned ensuring challenges and critical process
parameters established on Task 2 are reflected and evaluated via trial testing.

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

B Performance of material qualification using framework established.

SUSKIZD >TASKZ 2] >TASK3 ‘ >TASK S > TASKE >

IMA >TSKAED)
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TASK 2: MATERIALS & PROGESSING e

= REINFORCEMENT OVERVIEW

« Tenax™-E IMSB Non-Crimp Reinforcement

 Material Farms:

[.  Unidirectional (UD): Woven with yarn
2. Bidiagonal (RD): ~ Carbon fibers in +4a°/-4a° or -43°/+4a° (also in +30° and +60°)
3. Biaxial (BA): Carbon fibers in 0°/80° or 90°/0°

. UNIDIRECTIONAL WOVEN 2. BIDIAGONAL NCF: PILLAR STITCH 3. BIAXIAL NCF: TRICOT LODP




TASK 2: MATERIALS & PROGESSING INIs oy

WICHITA STATE UNIVERSITY

= REINFORCEMENT OVERVIEW NON-CRIMP FABRIE: BIDIAGONAL EXAMPLE SHOWN

* Toughening Veil: TAI303s (polyamide veil) to improve material toughness.
e Powder Binder; Hexion EPOS3!! binder.

Veil (V) = Top layer

e Stitching Yarns: Caroon fhe 145)
- NCF: K-203 (EP1330) 33 dtex a co-polyamide yarn Carbon fiber (45°)

---------------------------------- Powder Binder (PB) — Bottom/first |ayer

— LD Woven: polyester and co-polyamide Z-8a combi-fuseable bonding yarn

= RESIN OVERVIEW
« Solvay PRISM™ EP 2400: One-part toughened epoxy resin

* Superior toughness, low viscosity, and extended pot-life WOVEN FABRIC

e |ntended service temp >2al°F

= RESIN INFUSION PROCESS OPTIONS

e RIM: Resin Transfer Molding ——— Vel (V) — Top layer

« VARTM:  Vacuum Assisted Resin Transfer Molding p——eantath St
« SCRIMP:  Seeman Composite Resin Transfer Molding

« CAPRl:  Controlled Atmospheric Pressure Resin Infusion
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TASK 3: QUALIFIGATION FRAMEWORK DEVELOPMENT Ni%ag

WICHITA STATE UNIVERSITY

= TRIAL TESTING DBJECTIVES & MATRICIES

[ Pan El FE h I"l C Etl on Manufacturing T £ Fabri Stacking Target Thickness # of Fabric =~ Test ASTM Method  Specimen # of
Process Ype of Fabrie Sequence (in) Layers Type Description Orientation*  Specimens
— 26 Panels fabricated at Fiber Dynamics UNT | D309 4 5
CLC D6641 45° 5
L PPUDE[‘“ES EVElUEtEd RTM DRNF-BD [45/-45]3s 0.087-0.090 6 CLC D695 45° 5
IPS D3518 0° 5
— Mechanical: /ension, Lompression, Fex, And Shear Testing Floxural | D7264 v :
UNT D3039 450 5
- Physical: Aber Volumes, Resin Lontents, Vaids, etc. clc | bt = 5
VARTM DRNF-BD [45/-45]3s 0.087-0.090 6 CLC D695 45 5
« [eneral Processing Challenges ’s | Dasis v ;
Flexural D7264 0° 5
_ Lo ; UNT D3039 0° 5
|dentitying variables that need to be controlled. e = 2
. . RTM DRNF-BA [0/90]3s 0.087-0.090 6 CLC D695 90° 5
o Manufacturing Process Differences s | pasis v 5
Flexural D7264 0° 5
~ VARTM vs RTM S T B
CLC D695 0° 5
— [ualification Vs. Equivalency: Lhallenges, Feasibility VARTM | DRNEBA | [09013s | 0.087-0.00 ©ope e i :
Flexural D7264 0° 5
PREQUALIFICATION TESTING: LAMINATE TEST MATRIX VR BN e B D s - :
. VARTM DRNF-BD [45/-45]6s 0.174-0.181 12 SBS D2344 0° 5
RTM DRNF-BA [0/90]6s 0.174-0.181 12 SBS D2344 0° 5
Manufacturin - : [larzciu ot ASTM Method  # of VARTM DRNF-BA [0/90]6s 0.174-0.181 12 SBS D2344 0° 5
Mprocess | Tope of Fabric Stacking Sequence T‘“E:;“S f:‘y’:; Test Type Descripteio;o Speci:')nens [45/-4513s .087-.090 12 IPS D3518 0° 5
DRNF -BD & OHC D6484 5 [0/90]3s 0.087-0.090 12 UNT D3039 0: >
RTM BA [45/-45,0/90]2s 0.116 8 |oHT D5766 5 VARTM DRWF-UD CLC D6641 0 5
CAI D7136/D7137 5 UNT D3039 0° 5
s OHC D6Aea S [0]12 0.087-0.090 12 CLC D66l m .
VARTM BA [45/-45.090125 0.116 8  oHL DS766 > * Specimen orientation: orientation of the specimen in reference to the fabricated panel 0° direction
CAI D7136/D7137 5
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TASK 3: QUALIFIGATION FRAMEWORK DEVELOPMENT

DOWNSELECTION OF PROCESS

e Focused on RTM and VARTM due to simplicity and maturity (steering
committee recommendation).

« Evaluated both processes via nondestructive testing (NDT) and mechanical
performance.

DECISION

 VARTM panels were more consistent and reproducible provided that proper

Avg. TIPS Strength [ksi]
w =N © [ o

NIAng

WICHITA STATE UNIVERSITY

ASTM D3a18: IN-PLANE SHEAR STRENGTH

<

I 1 I

<

DRNF-BD

DRNF-BA DRNF-BD

0.2% Offset 0.2% Offset 5% Oftset

=RTM OVARTM <¢C.V.

DRNF-BA
5% Offset

steps were followed.

* |ncreased coefficient of variation (C.V.) in strength results for specimens
manufactured with RTM when compared to VARTM

ASTM D2344: SHORT BEAM STRENGTH

—LNT, UNC., IPS exhibited this phenomenon
— FLEX, SBS, OHT, OHC, CAI did not exhibit this phenomenon

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

Avg. Short Beam Strength [ksi]

AR

DRNF-BD

= RTM OVARTM <¢C.V.

<

DRNF-BA

NATIONAL INSTITUTE FOR AVIATION RESEARCH
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NIAng

WICHITA STATE UNIVERSITY

TASK 3: QUALIFIGATION FRAMEWORK DEVELOPMENT

= WEFT DENSITY SELECTION

« The first batch of UD woven fabric panels were fabricated using the same parameter set as the DRNF panels with limited success.
— [Cause thought to be Weft Density: Challenges with permeability = Porosity and high processing time
— Teijin provided three material forms with varying weft densities: ||-threads/cm, |.0-threads/cm, and 2.0-threads/cm

e |.0-threads/cm Selected: Balance between infusion time and panel quality.

ASTM D3033: TENSILE STRENGTH ASTM DBB4I: COMPRESSIVE STRENGTH

NNNNNNNNNNNNNNNN
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>
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|||||||
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TASK 4: MATERIAL AND PROCESS SPECIFICATION(S) e

BASE FABRIC SPECIFICATION: DRY REINFORCEMENTS

NiAR 5L

BASE RESIN SPECIFICATION: RESIN

NIA . - o 30 350 e NI&
SN NIAR - = )
o sswenen - NIAR F -

NIAR B Mol




TASK o: MATERIAL GQUALIFICATION

OVERVIEW OF APPROACH
« NOTE: Material shortages caused batches D.E to be added.

MATERIAL INFORMATION: RESIN & REINFORCEMENTS

WICHITA STATE UNIVERSITY

BATCH DEFINITION

NIAng

Laminate Test Batch

A

B Cc D

E

Dry Reinforcement

Material Lot 1

Material Lot 2 | Material Lot 3 | Material Lot 2

Material Lot 3

Resin Batch

1

2 3 1

1

IN\A

INDUSTRIAL MODERNIZATION
OF MATERIALS & MANUFACTURING

Resin Name Description About the Resin Spec #
Solvay PRISM™ EP2400 One Part toughened resin developed for RTM, VARTM and CAPRI | NMS
Resin System processing. 241R/1
Fiber Name of NCF Description About the Reinforcement Spec #
Teijin Tenax® -E Dry Fiber: IMS65 E23 24K Unidirectional Fiber; NMS
Reinforcement Woven Weft weaving yarn: Combifusible bonding yarn, 200 dtex 241F/3
Fabric (DRWF) Product areal weight 196 gsm

Fiber: IMS65 E23 24K Fiber; NMS
Teijin Tenax ® -E Dry Stitching yarn:EP-1390 30 dtex; (tricot loop 3.6 mm) 241F/1
Reinforcement Non-Crimp Product areal weight (without binder): 392 gsm,
Fabric Biaxial (DRNF) Total areal weight: 402 gsm

Stitched fiber angles: 0°/90° and 90°/0°

Fiber: IMS65 E23 24K Fiber; NMS
Teijin Tenax ® -E Dry Stitching yarn:EP-1390 30 dtex; (tricot pillar loop 4.0 mm) 241F/2

Reinforcement Non-Crimp

Fabric Bidiagonal (DRNF)

Product areal weight (without binder): 392 gsm,
Total areal weight: 402 gsm
Stitched fiber angles: +45°/-45° and -45°/+45°

Material
Batch

Panel
Manufacturing
& Independent
Cure Process

Number of
Specimens
Required per
Test Method &
Environment

SPECIMEN SELECTION METHODOLOGY

PER ENVIRONMENTAL CONDITION AND TEST METHOD

( 18 SPECIMENS TOTAL )

NATIONAL INSTITUTE FOR AVIATION RESEARCH
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TASK o: MATERIAL GQUALIFICATION

TEST MATRIX: BIAXIAL DRNF LAMINA LEVEL TEST

TEST MATRIX: BIDIAGONAL DRNF LAMINA LEVEL TEST

NIAng

WICHITA STATE UNIVERSITY

Number of Batches x Number of Panels x
Test Number of Test Specimens
Fiber Layup Test Type Property Test Temperature/Moisture Condition
direction
CTA
RTA ETA ETW1 | ETW2
(4)
Strength,
[0/90]45 ASTM D3039 3x2x3
0° Tensi Modulus, and 3x2x3 3) 3x2x3 | 3x2x3
o ension
(BD ratated by 45°) Poisson’s Ratio
[0/90],s ASTM D6641 Strength and 3x2x3
0° 3x2x3 | 3x2x3 | 1x2x3
(BD rotated by 45°) Compression Modulus (1)
ASTM D3518 In- Strength and 3x2x3
[45/-45]5 0° 3x2x3 3x2x3 | 3x2x3
Plane Shear (2) Modulus (3)
[0/90]gs ASTM D2344
0° Strength 3x2x3 | 3x2x3 | 3x2x3 | 3x2x3 | 1x2x3
(BD rotated by 45°) Short Beam
[0/90],5 ASTM D7264 Strength and
0° 3x2x3
(BD rotated by 45°) Flex (5) Modulus

IN\A

INDUSTRIAL MODERNIZATION

OF MATERIALS & MANUFACTURING

Number of Batches x Number of Panels x Number
Fiber Test of Test Specimens
Test Type Property Test Temperature/Moisture Condition
Layup direction
ETW
CTA (4) RTA ETA 1 ETW2
Strength,
3x2x3
[0/90],5 0° ASTM D3039 Tension Modulus, and 3x2x3 3) 3x2x3 3x2x3
Poisson’s Ratio
ASTM D6641 Strength and 3x2x3
[0/90],5 0° 3x2x3 3x2x3 1x2x3
Compression Modulus (1)
Strength and 3x2x3
[0/90],5 90° ASTM D3039 Tension 3x2x3 3x2x3 3x2x3
Modulus (3)
ASTM D6641 Strength and 3x2x3
[0/90],5 90° 3x2x3 3x2x3 1x2x3
Compression Modulus (1)
[45/-45]55
ASTM D3518 In-Plane Strength and 3x2x3
(rotated out of 0° 3x2x3 3x2x3 3x2x3
Shear (2) Modulus 3)
0/90 and 90/0)
ASTM D2344 Short
[0/90]gs 0° Strength 3x2x3 3x2x3 3x2x3 3x2x3 1x2x3
Beam
Strength and
[0/90],5 0° ASTM D7264 Flex (5) 3x2x3
Modulus

Note 1: Back-to-back strain gages were used on the first two specimens. If no buckling is observed, the remaining
modulus specimens were strain gaged on one side of the specimens only.

Note 2: Gripped (tab) length was 1.5+0.5” on each end of the 10” long specimen. Once the samples reached the 5%
strain level, the actuator/crosshead displacement rate was increased to four times the initial rate. Testing
continued at the higher strain rate until ultimate failure was observed.

Note 3: At least two specimens were gaged to obtain full stress-strain curve to failure. An appropriate extensometer
was used in place of the strain gage for the remaining specimens.

Note 4: Strain gage was used in lieu of extensometers (where applicable) to avoid slippage due to frost formation.

Note 5: Procedure A. Span of 16:1. Specimens were taken from 0° CLC panels.

Note 1:

Note 2:

Note 3:

Note 4:
Note 5:

Back-to-back strain gages were used on the first two specimens. If no buckling is observed, the remaining
modulus specimens were strain gaged on one side of the specimens only.

Gripped (tab) length was 1.5+0.5” on each end of the 10” long specimen. Once the samples reached the 5%
strain level, the actuator/crosshead displacement rate was increased by four times the initial rate. Testing
continued at the higher strain rate until ultimate failure was observed.

At least two specimens were gaged to obtain full stress-strain curve to failure. An appropriate extensometer
was used in place of the strain gage for the remaining specimens.

Strain gage was used in lieu of extensometers (where applicable) to avoid slippage due to frost formation.
Procedure A. Span of 16:1. Specimens were taken from 0° CLC panels.

NATIONAL INSTITUTE FOR AVIATION RESEARCH Slide: 12




TASK o: MATERIAL GQUALIFICATION

TEST MATRIX: BIAXIAL DRNF LAMINA LEVEL TEST

TEST MATRIX: BIDIAGONAL DRNF LAMINA LEVEL TEST

WICHITA STATE UNIVERSITY

NIAng

Number of Batches x Number of Panels x
Test Number of Test Specimens
Fiber Layup Test Type Property Test Temperature/Moisture Condition
direction
CTA
RTA ETA ETW1 | ETW2
(4)
Strength,
[0/90]45 ASTM D3039 3x2x3
0° Tensi Modulus, and 3x2x3 3) 3x2x3 | 3x2x3
o ension
(BD ratated by 45°) Poisson’s Ratio
[0/90],5 ASTM D6641 Strength and 3x2x3
0° 3x2x3 | 3x2x3 | 1x2x3
(BD rotated by 45°) Compression Modulus (1)
ASTM D3518 In- Strength and 3x2x3
[45/-45]5 0° 3x2x3 3x2x3 | 3x2x3
Plane Shear (2) Modulus (3)
[0/90]gs 0 ASTM D2344 st " 3403 P
° reng X2X X2X
(6D rotated by 45°) Short Beam SINGLE BATCH FOR
[0/90], ASTMD7264 | Strength and WET PROPERTIES [ ZallF
0° SXZXS
(60 rotated by 459 Flex (5) Modulus | |

IN\A

INDUSTRIAL MODERNIZATION

OF MATERIALS & MANUFACTURING

Number of Batches x Number of Panels x Number
Fiber Test of Test Specimens
Test Type Property Test Temperature/Moisture Condition
Layup direction
ETW
CTA (4) RTA ETA 1 ETW2
Strength,
3x2x3
[0/901.« 0° ASTM D3039 Tension Modulus, and 3x2x3 3) 3x2x3 3x2x3
TRANSVERSE TESTING Poisson’s Ratio
BTM D6641 Strength and 3x2x3
[0/ DN BlAXlAI— 9 3x2x3 3x2x3 1x2x3
sompression Modulus (1)
Strength and 3x2x3
[0/90],5 90° ASTM D3039 Tension 3x2x3 3x2x3 3x2x3
Modulus (3)
ASTM D6641 Strength and 3x2x3
[0/90],5 90° 3x2x3 3x2x3 1x2x3
Compression Modulus (1)
[45/-45]55
ASTM D3518 In-Plane Strength and 3x2x3
(rotated out of 0° 3x2x3
Shear (2) Modulus SINGLE BATCH FOR
0/90 and 90/0)
ASTM D2344 Short WET PROPERTIES @ 250F
[0/90]gs 0° Strength 3x2x3 1x2x3
Beam
Strength and
[0/90],5 0° ASTM D7264 Flex (5) 3x2x3
Modulus

Note 1: Back-to-back strain gages were used on the first two specimens. If no buckling is observed, the remaining
modulus specimens were strain gaged on one side of the specimens only.

Note 2: Gripped (tab) length was 1.5+0.5” on each end of the 10” long specimen. Once the samples reached the 5%
strain level, the actuator/crosshead displacement rate was increased to four times the initial rate. Testing
continued at the higher strain rate until ultimate failure was observed.

Note 3: At least two specimens were gaged to obtain full stress-strain curve to failure. An appropriate extensometer
was used in place of the strain gage for the remaining specimens.

Note 4: Strain gage was used in lieu of extensometers (where applicable) to avoid slippage due to frost formation.

Note 5: Procedure A. Span of 16:1. Specimens were taken from 0° CLC panels.

Note 1:

Note 2:

Note 3:

Note 4:
Note 5:

Back-to-back strain gages were used on the first two specimens. If no buckling is observed, the remaining
modulus specimens were strain gaged on one side of the specimens only.

Gripped (tab) length was 1.5+0.5” on each end of the 10” long specimen. Once the samples reached the 5%
strain level, the actuator/crosshead displacement rate was increased by four times the initial rate. Testing
continued at the higher strain rate until ultimate failure was observed.

At least two specimens were gaged to obtain full stress-strain curve to failure. An appropriate extensometer
was used in place of the strain gage for the remaining specimens.

Strain gage was used in lieu of extensometers (where applicable) to avoid slippage due to frost formation.
Procedure A. Span of 16:1. Specimens were taken from 0° CLC panels.
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TASK o: MATERIAL GQUALIFICATION INIsng

WICHITA STATE UNIVERSITY

TEST MATRIX: LAMINATE DVERVIEW

TEST MATRIX: UNIDIRECTIONAL DRWF LAMINA LEVEL TEST

Test Number of Batches x Number of Panels x - LAMINATE TESTINE PRDPERTIES
Fiber i
L directio Test Type Property Test -rI:lumber :f T?;t .Sr:ecm;ensd-t- “ h d _|_
ayup est Temperature/Moisture Condition
n CTA (4) RTA ETA ETW1 ETW2 “nnutched EEHSIDH
Strength, L
[0/90] 0 ASTM D3039 Modul X d 3x2x3 Sxex3 3x2x3 3x2x3 nnDtE E umprESSan
° odulus, an X2X X2X X2X
“ Tension ] ‘ i (3) ¢ Sh[lf‘t BEEIITI ShEEIF
Poisson’s Ratio [I H | _|_ .
ASTM D6641 Strength and 3x2x3 L4
[0/90],s 0° c on (6) " j | “ 3x2x3 | 3x2x3 | 1x2x3 PEN NDIE 1ENSION
ompression odulus ° ' H
0] 0 ASTM D3039 Strength and 323 3x2x3 32X3 323 1Ox3 FIllEd HDlE TEnSIDn
° X2X X2X X2X X2X H
§ Tabbed Tension | Modulus @) * [pen Hole Compression
0] 0 ASTM D6641 Modul 3x2x3 303 | 303 123 ° F” d H | E .
° odulus X2X X2X X2X
" Comprossion 0 illed Nole Lompression
ASTM D3518 In- | Strength and o Nj i
[45/-45],4 0° 9 3x2x3 3x2x3 | 3x2x3 | 3x2x3 S N g | E S h ear B earin g
Plane Shear (2) Modulus | | . '|' .
ASTM D2344  [nterlaminar [ension
[0]132 0° Strength 3x2x3 3x2x3 | 3x2x3 3x2x3 1x2x3 .
Short Beam o Compression After Impact
[0/90] 0 ASTM D7264 Flex Strength and 323 Fl [:I S ‘
° X2X [ ) .
4 5) Modulus uid ocreening:
Note 1: Back-to-back strain gages were used on the first two specimens. If no buckling is observed, the remaining _ H
modulus specimens were strain gaged on one side of the specimens only. WDVE n Fa h FI [:
Note 2: Gripped (tab) length was 1.5+0.5” on each end of the 10” long specimen. Once the samples reached the 5% Sh B Sh
strain level, the actuator/crosshead displacement rate can be increased by four times the initial rate. Testing - I]Ft edm ear
continued at the higher strain rate until ultimate failure was observed. .
Note 3: At least two specimens were gaged to obtain full stress-strain curve to failure. An appropriate extensometer - |3 ‘H |__||dS + Ennt[‘nls
was used in place of the strain gage for the remaining specimens.
Note 4: Strain gage was used in lieu of extensometers (where applicable) to avoid slippage due to frost formation. —_ RT q nd ET tEStl n
Note 5: Procedure A. Span of 16:1. Specimens were taken from UNCO panels g
Note 6: Derived 0° lamina compressive strength (Fge’, ;) using the following:
Fmplies = Foc°u/90°%o—w

IN\A
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TASK o: MATERIAL GQUALIFICATION e

TEST MATRIX: UNIDIRECTIONAL DRWF LAMINA LEVEL TEST

TEST MATRIX: LAMINATE DVERVIEW

Test Number of Batches x Number of Panels x - LAMINATE TESTINE PRDPERTIES
Fiber i
L directio Test Type Property Test -rI:lumber :f T?;t .Sr:ecm;ensd-t- “ h d _|_
ayup est Temperature/Moisture Condition
n CTA (4) RTA ETA ETW1 ETW2 “nnntched EEHSIDH
Strength, L
[0/90] 0 ASTM D3039 Modul X d 3x2x3 Sxex3 3x2x3 3x2x3 nnDtE E umIJFESSIDn
° odulus, an X2X X2X X2X
= irension Po s Rati (3) ¢ Shl]r‘t BEEIITI ShEEIF
ADDED IN UNI PANEL OISSON 5 ~alio . [I H | -l- :
o/ STACKING SEQUENCES T™ Df.564:6) Stll'\jnjtl’; and 3);?))(3 33 323 1x2x3 IJE n I:I E E ﬂ S I |] n
Curmpression oaulus ° H H
ASTM D3039 Strength and 3x2x3 FIllEd HDlE TEnSIDn
[O]s 0° 3x2x3 3x2x3 3x2x3 1x2x3 .
Tabbed Tension | Modulus @) * [pen Hole Compression
0] 0 ASTM D6641 Vsl 3x2x3 - i . ° F” d H | E .
© odulus X2X X2X X2X
. Comprossion 0 illed Nole Lompression
ASTM D3518 In- | Strength and o Nj i
[45/-45],4 0° 9 3x2x3 3x2x3 | 3x2x3 | 3x2x3 S N g | E S h ear B earin g
Plane Shear (2) Modulus | | . '|' .
ASTM D2344  [nterlaminar [ension
[0]132 0° Strength 3x2x3 3x2x3 | 3x2x3 3x2x3 1x2x3 .
Short Beam o Compression After Impact
[0/90] 0 ASTM D7264 Flex Strength and 323 Fl [:I S ‘
° X2X [ ) .
4 5) Modulus uid ocreening:
Note 1: Back-to-back strain gages were used on the first two specimens. If no buckling is observed, the remaining _ H
modulus specimens were strain gaged on one side of the specimens only. WDVE n Fa h FI [:
Note 2: Gripped (tab) length was 1.5+0.5” on each end of the 10” long specimen. Once the samples reached the 5% Sh B Sh
strain level, the actuator/crosshead displacement rate can be increased by four times the initial rate. Testing - I]Ft edm ear
continued at the higher strain rate until ultimate failure was observed. .
Note 3: At least two specimens were gaged to obtain full stress-strain curve to failure. An appropriate extensometer - |3 ‘H |__||dS + Ennt[‘nls
was used in place of the strain gage for the remaining specimens.
Note 4: Strain gage was used in lieu of extensometers (where applicable) to avoid slippage due to frost formation. —_ RT q nd ET tEStl n
Note 5: Procedure A. Span of 16:1. Specimens were taken from UNCO panels g
Note 6: Derived 0° lamina compressive strength (Fge’, ;) using the following:
Fmplies = Foc°u/90°%o—w
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TASK o: MATERIAL GQUALIFICATION e

BIAXIAL DRNF: (IUALIFICATION TESTING BIAXIAL DRNF: TESTING

Reinforcement : Tenax™ E Reinforcement Fabrics - DRNF IM BA Matrix: PRISM™ EP2400 Syensqo PRISM™ EP2400 with Tenax™
Material Specification: NMS 241/1, NMS 241F/1 and NMS 241R/1 DRNF - Biaxial - I]'TENS"]N
Process Specification: NPS 82401 Lamina Properties Summary
. _ 0
Tg(dry): 314°F Tg(wet): 275°F Tg METHOD: ASTM D7028 * STRENETH IHD'] V8 |H|7 ( DEZA])
o . . Vs . . 0
MODULUS [1.a0 067 (+8.80%)
Date of fiber manufacture Apr-Oct 2021 Date of testing July 2023 to July 2024
Date of resin manufacture 2022 and 2023
Date of composite manufacture Mar to Dec 2023 . I]'EUMPRESS"]N
o STRENGTH: 90.30 vs 8967 (+0.70%)
LAMINAMECHANICAL PROPERTY SUMMARY D RA FT 0
Data reported as: Normalized & Measured .
roported as; Normalized & Moa: - MODULLS: 012 vs 9900 (+0.23%)
CTA (-65°F) Mean RTA (70°F) Mean ETA (180°F) Mean ETW1 (180°F) Mean ETW2 (250°F) Mean = |N_|]|_ANE SHEAR
Properties Normalized | Measured | Normalized | Measured | Normalized | Measured | Normalized | Measured | Normalized | Measured
F," [ksi] 196.2 180.1 207.3 190.7 211.5 193.9 206.9 190.3 ° DQ% STRENETH 5752 VS EIED (+”88%)
E1' [Msi] 12.49 11.47 12.49 11.50 1217 11.16 12.22 11.24 0 )
v 0.0400 0,056 0.0260 00515 o 0.0%STRENGTH: 1021 vs 1018  (+0.29%)
F," [ksi] 2141 198.8 223.8 208.6 228.4 211.3 222.9 208.4 d MI][]“I_US I]ET] Vs DEHD ('225%)
Ezt [Msi] 12.74 11.84 12.74 11.85 12.50 11.56 12.52 11.67
F,°" [ksi] 99.99 90.30 74.82 68.09 70.81 64.32 47.68 42.76 " FLEX”RAL
E;° [Msi] 11.20 10.12 11.08 10.07 11.35 10.32 11.20 10.04 ° STRENETH IBEB A 15435 (_1325%)
F,° [ksi] 106.5 96.44 82.81 73.86 80.83 72.78 56.81 50.66
E,° [Msi] 11.36 10.30 11.98 10.71 11.71 10.55 11.07 9.901
SBS [ksi] 9.876 10.01 7.313 6.317 3.622
F1,°°2% [ksi] 8.139 5.762 4.079 3.669
Fy,55%sn [ksi] 13.92 10.21 7.156 6.056
G,,° [Msi] 0.7199 0.5770 0.4282 0.3935
Flex [ksi] 152.5 136.3
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TASK o: MATERIAL GQUALIFICATION INIsng

WICHITA STATE UNIVERSITY

= KEY OBSERVATIONS DURING PANEL FABRICATION
o DESCRIPTION: Creasing in NMS 241/1(0/30) Non-Crimp Fabric Layups.

REPRESENTATIVE ARTIFACTS: BIAXIAL O-TEN PANEL
W0 | | = ARTIFACT PRESENCE

o These creases became noticeable during stacking of multi-ply laminates
|aid up in a (0/80)X orientation, with no ply rotation.

= NMS 241/1 (BIAXIAL) FABRIC CONSTRUCTION

o The 90° tows in this fabric are stabilized by stitching, which introduces

tension and produces small inconsistent gaps between adjacent tows in
the 90° direction.

When multiple (0/30) plies are stacked without rotation, random ply
alignment can cause creases to stack on top of each other from layer to
layer.

o This random stacking can result in random creases, causing localized
increase in thickness and visual surface creasing in the dry preform.

o These features are distributed randomly, with varying lengths and
frequency of occurrence along the 30° fiber direction.

INR
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TASK o: MATERIAL GQUALIFICATION INIsng

WICHITA STATE UNIVERSITY

BIAXIAL TEST RESULTS: 0-DEG PROPERTIES BIAXIAL TEST RESULTS: 30-DEG PROPERTIES

Material: Syensqo PRISM™ EP2400 w ith Tenax™ DRNF - Biaxial Material: S ™ ™ iaxi
. . : yensqo PRISM™ EP2400 w ith Tenax ™ DRNF - Biaxial K i

Tension, 1-axis Tension, 2-axis

m p ™ DRNF - Biax : -
Resin content:  35.34 %wt Comp. density: 1.525 glcc Syensqo PRISM Epz"[‘(’)?g‘g]';h;e"a" DRNF - Biaxial Resin content: 35,08 %wt Comp. density: 1527 gleo Syensqo PRISM™ EP2400 w ith Tenax™ DRNF - Biaxial
Fiber volume:  55.42 %vol Fiber volume:  55.69 %vol (0/90ks
Ply count: 8 Ply count: 8
Test method: ASTM D3039-17 Modulus calculation: 1000-3000 microstrain Test method: ASTM D3039-17 Modulus calculation: 1000-3000 microstrain
Normalized by: 00140 in. CPT Normalized by: 00140 in. CPT

CcTA RTA ETA ETW1 cTA RTA ETA ETw1

Test Temperature [F] 65 70 180 180 Test Temperature [F] 65 70 780 780
Moisture Conditioning Ambient Ambient Ambient Equilibrium Moisture Conditioning Ambient Ambient Dry Equilibrium

Equilibrium at T, RH 160F, 85% TENSILE STRENETH k =1. FI F2 Equilibrium at T, RH 160F, 85%
Source code BA-0TEN-X-X-X-XB BA-OTEN-X-X-X-XA BA-OTEN-X-X-X-XC BA-OTEN-X-X-X-XD SI . VS Source code BA-90TEN-X-X-X-XB BA-90TEN-X-X-X-XA BA-90TEN-X-X-X-XC BA-90TEN-X-X-X-XD

Normalized| Measured | Normalized| Measured [Normalized| Measured [Normalized| Measured Normalized| Measured |Normalized| Measured [Normalized] Measured | Normalized] Measured

Mean 196.2 180.1 207.3 190.7 2115 193.9 206.9 190.3 Mean 2141 198.8 2238 208.6 2284 2113 2229 208.4
Minimum 1842 170.2 1835 169.4 1913 179.7 1902 177.0 0 0 Minimum 1939 183.2 200.7 193.8 2117 191.3 209.7 1938
Maximum 207.0 1921 2194 205.5 2236 204.3 218.3 202.8 ETA: IBI] | VS IHB B (—ID 4AJ) ETA: |HB H VS 2“ 3 (—8 H']AJ) Maximum 222.7 2101 2443 228.7 257.8 2375 2343 218.2
F," [ksi] C.V.(%) 3.368 3.681 4.055 4.183 3.629 3.443 3.418 3.509 o o F" [ksi] C.V.(%) 3.431 4.455 5.477 4.934 5.611 5.638 3.016 3.269
RTA: 130.7 vs 208.6 (-3.4%) ETWI: 190.3 vs 208 4 (-3.01%)
No. Specimens 18 18 21 18 . ' : - . . - No. Specimens 18 21 19 17
No. FD Batches 3 3 3 3 No. FD Batches 3 3 3 3
Mean 12.49 11.47 12.49 11.50 1217 11.16 12.22 11.24 Mean 12.74 11.84 12.74 11.85 12.50 11.56 12.52 11.67
Minimum 11.74 1068 1163 10.72 12,05 1065 12.08 10.97 Minimum 11.88 1093 1193 1084 11.84 1062 12.03 11.05
Maximum 13.32 12.30 12.99 12.26 12.45 11.44 12.52 11.82 ETA: ” 47 VS “ 84 (_3 23%) ETAI " IE VS " EE (-3 58%) Maximum 14.07 13.36 14.06 13.59 13.65 12.57 13.56 12.20
E[Msi] C.V.(%) 3.972 4.763 3.144 4132 0.7590 1.659 0.8655 1.971 ) - . o : : ) 0 E'[Msi] C.V.(%) 4.942 6.165 5175 5728 3.868 4376 2974 2637
RTA: 11.50 vs 11.84 (-3.04%) ETWI: 11.34 vs 1167 (-2.91%)
No. Specimens 18 18 21 18 No. Specimens 18 19 19 18
No. FD Batches 3 3 3 3 No. FD Batches 3 3 3 3
Material: Syensqo PRISM™ EP2400 w ith Tenax ™ DRNF - Biaxial , R Material: Syensqo PRISM™ EP2400 w ith Tenax ™ DRNF - Biaxial , .
Compression, 1-axis TENSILE MDDULUS [Msi]_ E VS Ez Compression, 2-axis
o p ™ — p i
Resin content:  36.63 %wt Comp. density: 1.517 glcc Syensqo PRSW EPZ‘[%‘/’Q";]‘;’;TE"E" DRNF - Biaxial o Resin content:  36.88 %wt Comp. density: 1.513 glcc Syensqo PRISM™ EPZ"?O%";S;TE"”W DRNF - Biaxial
Fiber volume:  54.04 %vol Fiber volume:  53.69 %vol
Ply count: 8 Ply count: 8
Testmethod:  ASTMD6641-16¢1 Modulus calculation: 1000-3000 microstrain Testmethod:  ASTMD6641-16¢1 Modulus calculation: 1000-3000 microstrain
Normalized by:  0.0140 in. CPT Normalized by:  0.0140 in. CPT
RTA ETA ETWA ETW2 RTA ETA ETWA ETW2
Test Temperature [°F] 70 180 180 250 Test Temperature [°F] 70 180 180 250
Moisture Conditioning Ambient Ambient Equilibrium Equilibrium Moisture Conditioning Ambient Ambient Equilibrium Equilibrium

Equilibrium at T, RH 160F, 85% 160F, 85% = Equilibrium at T, RH 160F, 85% 160F, 85%
Source code BA-0CLC-X-X-X-XA BA-0CLC-X-X-X-XC BA-0CLC-X-X-X-XD BA-0CLC-X-X-X-XF s I : v S Source code BA-90CLC-X-X-X-XA BA-90CLC-X-X-X-XC BA-90CLC-X-X-X-XD BA-90CLC-X-X-X-XF

Normalizedl Measured Normalized|Measured Normalized|Measured Normalized|Measured

Normalized| Measured | Normalized| Measured [Normalized| Measured [Normalized| Measured

Mean 99.99 90.30 74.82 68.09 70.81 64.32 47.68 4276 Mean 106.5 96.44 82.81 73.86 80.83 7278 56.81 50.66

Mil 89.63 79.15 60.37 55.93 62.66 57.79 42.29 37.54 0 ) Minimum 84.80 76.87 7343 64.97 68.48 61.06 52.31 46.24

Maximum 114.8 103.3 87.89 80.31 77.76 70.93 54.92 49.34 ETA: HI]S VS HE44 (-EB/U) ETA: 5432 VS 7278 (—'3'5 A]) Maximum 123.4 112.2 96.13 84.50 89.05 81.65 60.00 53.59
F,* [ksi] C.V.(%) 8.603 8.745 10.02 9.457 5.783 5.635 8.996 9.728 o 0 F,* [ksi] C.V.(%) 9.253 9.152 8.983 8.814 8.195 8.195 5.384 5.541

RTA: 68.03 vs 73.86 (-8.47%) ETWI: 42.75 vs a0.6a (-18.48%)

No. Specimens 17 20 18 6 No. Specimens 20 20 19 7

No. FD Batches 3 3 3 1 No. FD Batches 3 3 3 1

Mean 11.20 10.12 11.08 10.07 11.35 10.32 11.20 10.04 Mean 11.36 10.30 11.98 10.71 171 10.55 11.07 9.901

Minimum 10.65 9.715 10.42 9.561 10.38 9.369 10.78 9.500 Minimum 10.72 9.707 10.99 9.587 11.22 10.01 10.32 9.333

Maximum 11.92 1545 11.54 10.63 12,95 ﬁge 11.62 1656 ETA: 1[”2 VS “]3[' (-'78%) ETA: ”35 VS “]55 (7”5%) Maximum 12.73 11.19 14.33 12.82 12.74 11.66 12.04 10.69

Ef° [Msi] C.V.(%) 2576 2599 3034 2729 6.192 6.711 2.990 3916 E° [Msi] CV.(%) 4.053 4002 7.702 7.397 3.645 4708 6617 5012
B RTA: 10.07 vs 10.71 (-5.98%) ETWI: 11.20 vs 3.901 (11.60%) _
No. Specimens 18 18 18 6 No. Specimens 18 19 18 6
No. FD Batches 3 3 3 1 No. FD Batches 3 3 3 1

COMPRESSIVE MODULUS [Msi): Ef vs E2
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TASK o: MATERIAL QUALIFICATION

= The mechanical impact of these stacking-induced defects is measurable. Tensile and compressive test data for the
NMS 241/1 (0/30) lamina showed notable variability, particularly in the 30° direction. This suggests that the

random ridge formations influence fiber straightness and resin distribution, leading to inconsistencies in
mechanical response and higher variation from the mean.

= However, this creasing issue is not expected to be prevalent in typical part construction. In real-world
applications, the NMS 241 /1 (0/80) fabric is rarely used alone in a pure repeating layup. Instead, it is often
combined with other reinforcement styles such as NMS 241/2 bidiagonal (+4a) NCF or NMS 241/3 UD woven 0°

tabric, or laid with ply rotation to create a more uniform laminate behaviar.

nnnnnnnnnnnnnnnnnnnnnnn
MMMMMMMMMMMMMMMMMMMMMMM
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TASK o: MATERIAL GQUALIFICATION e

BIDIAGONAL DRNF: (IUALIFICATION TESTING BIDIAGONAL DRNF: TESTING

Reinforcement : Tenax™ E Reinforcement Fabrics - DRNF IMBD Matrix: PRISM™ EP2400 Syensqo PRISM™ EP2400 with Tenax™
Material Specificatior NMS 241/2, NMS 241F/2 and NMS 241R/1 DRNF - Bidiagonal u I]'TENS"]N
Process SpecificatioiNPS 82401 Lamina P i gS 0
amina Properties Summary o STRENGTH: 200 vs 19223  (+8.50%)
Tg(dry): 314°F Tg(wet): 274°F Tg METHOD: ASTM D7028 MODULLS 1703 10.97 ( q 23|y)
* : . VS . +d.£070
Date of fiber manufacture Apr-Oct 2021 Date of testing July 2023 to July 2024
Date of resin manufacture 2022 and 2023 u [I'EI]MPRESS"]N*
Date of composite manufacture Mar to Dec 2023 o
o STRENGTH: 02 vs 2733  (+727%)
LAMINA MECHANICAL PROPERTY SUMMARY DRAFT o  MODULLS: 1093 vs 2.73 (+79.6%)
Data reported as: Normalized & Measured
(Normalized by CPT=0.014 inch)
. INTERLAMINER SHEAR*
CTA (-65°F) Mean RTA (70°F) Mean ETA (180°F) Mean ETW1 (180°F) Mean ETW2 (250°F) Mean
Properties Normalized | Measured | Normalized | Measured | Normalized | Measured | Normalized | Measured | Normalized | Measured e STRENGTH: 10.72 vs .73 (+32.6%)
F," [ksi] 210.4 207.8 213.1 210.1 210.7 207.7 202.4 199.6
E,' [Msi] 12.37 12.22 12.20 12.03 12.22 12.05 12.33 1217 u IN'FLANE SHEAR
vio! 0.0454 0.0345 0.0244 0.0292 [.2% STRENGTH: BIOI vs 3037 (+11.98%)
F,%" [ksi 104.8 100.2 78.70 75.56 75.45 72.29 54.36 52.67
el . GSO%STRENGTH. 1078 vs I0B7  (+1.02%)
E.° [Msi] 11.43 10.93 11.56 11.11 11.88 11.38 11.44 11.08
. 0
SBS [ksi] 10.85 10.72 7.478 6.368 3.776 * MODULLS: 0620 vs 063  (-lad%)
F1,°%%% [ksi] 8.658 6.101 4.341 3.946
e . FLEXURAL*
Fy,55%51in [Ksi] 15.49 10.78 7.590 6.477
G12® [Msi] 0.7740 0.6197 0.4582 0.4262 *  SIRENGTH: 1042 vs BBAZ  (+ab.33%)
Flex [ksi] 161.4 154.2

= LIMITATIONS TO COMPARISDNS*
o PRE-QUAL extractions at 4a-deg

o Showing for sake of completeness

IN\A




TASK o: MATERIAL GQUALIFICATION e

UNIDIRECTIONAL DRNF: QUALIFICATION TESTING LINIDIRECTIONAL DRNF: TESTING

Reinforcement : Tenax™ E Reinforcement Fabrics - DRWF IM UD Matrix: PRISM™ EP2400 Syensqo PRISM™ EP2400 with Tenax™ *
Material Specification: NMS 241/3, NMS 241F/3 and NMS 241R/1 DRWF - IM UD - I]'TENSIDN
Process Specification: NPS 82401 Lamina Properties Summary
o STRENGTH: 223 vs 16413 (+5%)
Tg(dry): 328°F Tg(wet): 288°F Tg METHOD:ASTM D7028
o e ° «  MODBULUS: 214 vs 873 (+%)
Date of fiber manufacture Apr-Oct 2021 Date of testing July 2023 to July 2024
Date of resin manufacture 2052 :nd 2023 uV o - I]'EI]MPRESS"]N*
Date of composite manufacture Mar to Dec 2023
o  STRENGTH: 0.5 vs 81495 (+5%)
LAMINA MECHANICAL PROPERTY SUMMARY ® MDDULUS ”2' Vs 852 (+.%)
Data reported as: Normalized & Measured D RAFT
(Normalized by CPT=0.007 inch)
) CTA(-65°F) Mean RTA(70°F) Mean ETA_\(180°F) Mean ETW_1 (180°F) Mean ETW'2 (250°F) Mean %
Pro:ertl.es Normalized | Measured | Normalized | Measured | Normalized | Measured | Normalized | Measured | Normalized | Measured SDEE”T'EHS 9 Nut []IFEEt EI]I'I'IDEIPISEII'I
F," [ksi] 417.8 415.6 427.0 421.9 4121 409.8 391.6 390.4 350.8 348.9
E,' [Msi] 23.39 23.26 23.08 22.80 23.19 23.06 23.80 23.73 23.34 23.22
F,° [ksi]'
:wm UNCO 189.2 186.1 133.0 131.8 118.4 117.0 59.02 59.55
E,° [Msi] 20.91 20.55 20.99 20.79 21.35 21.10 20.96 21.16
SBS [ksi] 16.23 11.69 6.974 5.736 3.419
UNTO Strength [ksi] 209.3 210.5 210.8 212.3 205.8 207.2 201.2 202.5
UNTO Modulus [Msi] 12.15 12.23 12.06 12.14 11.95 12.01 11.98 12.06
UNCO Strength [ksi] 99.96 101.5 71.21 72.38 60.44 61.36 29.12 29.72
UNCO Modulus [Msi] 11.05 11.21 11.24 11.42 10.89 11.06 10.34 10.56
Fu 2 il 8561 6023 a0 3669 = LIMITATIONS TO COMPARISONS*
Fyp°5%s2in [ksi] 14.45 10.51 6.927 5.896
G,,° [Msi] 0.7621 0.6100 0.4282 0.3980 * PRE_DUAI— panEIS [D/H[I]SS Vs [I]/HD]4S
Flex [ksi] 161.3 162.9 a
1 Derived from cross-ply using backout factor. See Note 6 of Table 1-3 for equation used. * ShUW”-Ig fur SEkE Df EDmDIEtEHESS
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TASK o: MATERIAL GQUALIFICATION e

BIAXIAL DRNF: NCAMP RECOMMENDED B-BASIS STRENGTH VALLES BIDIAGONAL DRNF: NCAMP RECOMMENDED B-BASIS STRENGTH VALUES
NCAMP Recommended B-Basis Values for NCAMP Recommended B-Basis Values for
Syensqo PRISM™ EP2400 toughened epoxy resin Syensqo PRISM™ EP2400 toughened epoxy resin
All B-Basis values in this table meet the standards for publication in CMH-17-1H Handbook All B-Basis values in this table meet the standards for publication in CMH-17-1H
Values are for normalized data unless noted Values are for normalized data unless noted
Biaxial Lamina Strength Tests D R A FT Bidiagonal Lamina Strength Tests D R A FT
IPS* IPS*
Environment | Statistic| 0CLC | 0TEN | 9ocLC | 9oTEN | 0270 |Strength) oy by | gps+ Environment | Statistic| 0CLC | oTEN | %27 (Strensth by by | spss
Offset | at5% Offset | at5%
Strength| Strain Strength| Strain
B-basis 174.6 199.6 7.187 12.10 8.738 B-basis 188.2 7.618 13.37 9.900
CTA (-65°F) Mean 196.2 214.1 8.139 13.73 9.876 CTA (-65°F) | Mean 2104 8.658 15.16 10.85
CV 6.000 3431 6.000 6.000 6.565 CV 6.113 6.087 6.000 6.000
B-basis NA 185.8 8748 | NA: A | 5.216 9.244 127.3 8.868 B-basis | 94.60 190.8 5.354 9.873 142.3 9.769
RTA (70°F) Mean 99.99 207.3 106.5 223.8 5.762 10.21 152.5 10.01 RTA (70°F) Mean 104.8 213.1 6.101 10.78 161.4 10.72
CV 8.603 6.028 9.253 6.739 6.000 6.000 8.354 6.000 CV 6.569 6.157 6.281 6.059 6.000 6.000
B-basis | 60.37 190.3 67.20 198.1 3.534 6.193 6.458 B-basis | 68.53 188.3 3.827 6.680 6.527
ETA (180°F) | Mean 74.82 211.5 82.81 228.4 4.079 7.156 7.313 ETA (180°F) | Mean 78.70 210.7 4.341 7.590 7.478
CV 10.02 6.000 8.983 6.805 6.000 6.000 6.000 CV 6.978 6.000 6.000 6.000 6.000
B-basis | 61.18 1854 | NA: A NA 3.235 5.339 5.569 B-basis | 65.34 180.1 3.479 5.567 5.416
ETW1 (180°F) | Mean 70.81 206.9 80.83 222.9 3.669 6.056 6.317 ETW1 (180°F)| Mean 75.45 202.4 3.946 6.477 6.368
CV 6.891 6.000 8.195 6.000 6.000 6.000 6.000 CV 6.255 6.213 6.000 6.000 6.000
Notes: The modified CV B-basis value is recommended when available. Notes: The modified CV B-basis value is recommended when available.
The CV provided corresponds with the B-basis value given. The CV provided corresponds with the B-basis value given.
NA implies that tests were run but data did not meet NCAMP's recommended requirements. NA implies that tests were run but data did not meet NCAMP's recommended
NA: A implies ANOVA with three batches. requirements.
ETW?2 not included as there were no recommended B-Basis values. ETW?2 not included as there were no recommended B-Basis values.
* Data is as measured rather than normalized * Data is as measured rather than normalized
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TASK o: MATERIAL GQUALIFICATION e

UNIDIRECTIONAL DRNF: NCAMP RECOMMENDED B-BASIS STRENGTH VALUES LAMINATE: NCAMP RECOMMENDED B-BASIS STRENGTH VALUES

NCAMP Recommended B-Basis Values for o NCA‘;E I‘;;Zﬂ:‘é‘;’;jg‘; f‘B":is ‘:"“es for
yensqo oughened epoxy resin
Syensq() PRISM™ EP2400 toughened epoxy resin All B-Basis values in this table meet the standards for publication in CMH-17-1H Handbook
All B-Basis values in this table meet the standards for publication in CMH-17-1H Handbook Values are for normalized data unless noted
Values are for normalized data unless noted Laminate Strength Tests
SSB
Unidirectional Lamina Strength Tests D R AFT Layup| Environment | Statistic| UNT | UNC | SBS* | OHT | FHT | OHC | FHC | 2% Offset | Ultimate DR AFT
Strength | Strength
IPS* B-basis | 117.1 77.86 | 76.98
CTA (-65°F) | Mean | 131.6 87.33 | 86.04
0.2% Stl‘ength ~ P 000 000
. o g T | I * cv | 6.287 6.000 | 6.000
Environment | Statistic| 0CLC | 0TEN | UNCO | UNTO o, FLEX | SBS = B-basis | 123.1 | 78.11 | 8.442 | 82.25 | 76.62 | 43.49 | NA 101.8 121.1
set atS% 7
. S | RTA (70°F) | Mean | 137.6 | 87.41 | 9.259 | 97.71 | 85.68 | 48.04 | 69.11 | 113.1 134.0
Strength| Strain % cv_ [ 6.000 | 7.303 | 6.000 | 6.000 | 6.000 | 6.212 | 6.129 [ 6.000 6.000
B-basis 361.1 186.9 7538 12.74 1427 g B-basis | 124.9 | 53.26 | 5.872 | 81.11 | 77.53 | 33.42 | 47.83 | 85.16 102.2
. o £ |ETA(180°F) | Mean | 1393 | 6246 | 6.688 | 90.57 | 8659 | 37.97 | 5443 | o711 115.1
CTA (-65°F) Mean 417.8 2093 8.551 14.45 16.23 & CV_ [ 6.000 | 8385 | 6.431 | 6.000 | 6.000 | 6.491 | 6.142 | 6.508 6.000
cv 6.866 6.000 | 6.000 | 6.000 6.102 BIW e Ser [5s[04 [ 9208 | 777 | 3530 | 4596 | 9955 | 1143
B-basis 130.1 NA: A 89.94 188.5 NA 9.649 139.3 10.30 (180°F) CcV_ [ 6.000 [ 6.959 | 6321 | 6.000 | 6.000 | 6218 | 6.042 | 6.118 6.000
RTA (70°F) | Mean | 1447 | 4270 | 9996 | 2108 | 6.023 | 1051 1613 | 11.69 CTA (65 Dbas, | et TR
CcvV 6.599 6.892 6.599 6.747 6.000 6.000 6.896 6.000 s CV_ | 6.000 6.000 | 6.000
B-basis | NA:A | 3595 | NA:A | 1835 | 3.548 | 6.065 6.148 S | keacor [ veen 50 [e0es ] [352¢ [erg0 | suas 3eas| o4 | 173
g a K .0, . . X O.. X .
ETA (180°F) | Mean 102.3 412.1 72.21 205.8 4.024 6.927 6.974 8 cv_ | 6.000 | 6.000 6.000 | 6.000 | 6.000 | 6.061 | 6.000 6.000
wn B
o B-basis | 6533 | 30.59 51.82 | 49.95 | 25.68 | 33.56 | 8329 99.34
Ccv 5.552 6.462 6.776 6.000 6.000 6.000 6.000 - (';::(;VF') Mean | 74.38 | 36.13 58.03 | 56.60 | 29.49 | 38.74 | 96.20 113.1
B-basis 74.46 NA: A 5042 178.8 3.231 5.029 5.016 ({;V 260602 6.339 6.000 6-&00 6.302 | 6.000 7.709 6.041
B-basis j NA 114.6
ETW1 (180°F)| Mean 89.05 391.6 60.44 201.2 3.659 5.896 5.736 CTA (-65°F) | Mean | 232.6 146.7 | 128.6
5] CV_|6.189 8510 | 6.075
v 6.841 7.856 6.841 6.000 6.000 6.000 6.353 S B-basis | 213.0 | NA 1364 | 1150 | 55.99 | 7334 | 92.61 117.1
S | RTA (70°F) | Mean | 238.8 | 109.6 154.9 | 129.0 | 61.95 | 85.16 | 1045 130.0
. . . . S CV_ | 629 | 11.55 4470 | 6.000 | 6.000 | 7.031 | 6614 6.000
- =
Notes: The modified CV B-basis value is recommended when available. S rwy [Bobusis [ 1929 5470 1618 11227 T3566 T NA T 76,13 9232
The CV provided corresponds with the B-basis value given. (1s0oF) | Mean | 2187 | 65.8 179.9 | 136.7 | 41.63 | 56.71 |  88.02 105.2
o . . CV_ | 6542|8599 1.956 | 6.000 | 6.631 | 6.000 | 6.946 6.000
NA implies that tests were run but data did not meet NCAMP's recommended requirements.
5 5 : : Notes: The modified CV B-basis value is recommended when available.
NA: A implies ANOVA with three batches.
R . The CV provided corresponds with the B-basis value given.
ETW?2 not included as there were no recommended B-Basis values. NA implies that tests were run but data did not meet NCAMP's recommended requirements.
% . . ETW?2 not included as there were no recommended B-Basis values.
Data is as measured rather than normalized * Data is as measured rather than normalized
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TASK o: MATERIAL GQUALIFICATION INIsng

WICHITA STATE UNIVERSITY

BIAXIAL DRNF: NCAMP RECOMMENDED B-BASIS STRENGTH VALUES BIDIAGONAL DRNF: NCAMP RECOMMENDED B-BASIS STRENGTH VALUES
. .
Reinforcement : Tenax™ FE Reinforcement Fabrics - DRNF IM BA Reinforcement : Tenax™ E Reinforcement Fabrics - DRNF IM BD
Material Specification: NMS 24171, NMS 241F/1 and NMS 241R/A Syensqo PRISM™ EP2400 with Tenax™ DRNF - Biaxial Material Specification: NMS 24172, NMS 241F/2 and NMS 241R/1 Syensqo PRISM™ EP2400 with Tenax™ DRNF - Bidiagonal
Process Specification: NPS 82401 Lamina Properties Summary Process Specification: NPS 52401 Lamina Properties Summary
N Matrix: PRISM™ EP2400
Matrix: PRISM™ EP2400
Tg(dry): 214°F Tg(wet): 274°F Tg METHOD: ASTM D7028
To(dry): 314°F Tg(wet): 275°F Tg METHOD: ASTM D7028
Date of fiber manufacture Apr-Oct 2021
Date of fiber manufacture Apr-Oct 2021 Date of resin manufacture 2022 and 2023
Date of resin manufacture 2022 and 2023 Date of composite manufacture Mar to Dec 2023
Date of composite manufacture Mar to Dec 2023 Date of testing July 2023 to July 2024
Date of testing July 2023 to July 2024 Date of analysis August 2024
Date of analysis August 2024
BIDIAGONAL LAMINA MECHANICAL PROPERTY B-BASIS SUMMARY
Data reported: As measured followed by normalized values in parentheses, normalizing CPT: 0.014 in
. BIAXIAL LAMINA NECHANICA_L FROPERTY B-BASIS SUMMARY_ . ! . Values shown in shaded boxes do not meet CMH-17H requirements and are estimates only
Data reported: As measured followed by normalized values in parentheses, normalizing CPT: 0.014 in These values may not be used for certification unless specifically allowed by the certifying agency
Values shown in shaded boxes do not meet CMH-17H requirements and are estimates only Test Condition CTA RTA ETA ETW1 ETW2
These values may not be used for certification unless specifically allowed by the certifying agency Pro B-Bacis Modified CV B-Basi Modified CV B.Basis Modified CV B-Bacis Modified CV B.Basic Modified CV
Test Condition CTA RTA ETA ETW1 ETW2 perty ) B-Basis 3 B-Basis - B-Basis i B-Basis - B-Basis
- | Medified CV . |Medified CV . Meodified CV . | Modified CV . | Modified CV tu 195.7 186.1 197.9 1884 195.5 185.9 187.4 1778
. ¥ -] N 2 ¢
Property | BBaslS | Bopasis | BB | ppasis | BBE BBasis | 5B | ‘pgasis | BB | ppasis "0 | gesn)  ges) | ge2s  ws) | o) sy | (482 (w0
F (ks 167.9 1603 1785 1709 1819 174.4 1781 1705 F si] 9271 90.54 68.11 65.94 64.88 6272 47.52 39.98
! (183.1)  (1746) | (1902)  (1858) (196.9) (190.3) | (1929)  (1854) (96.72) (34.60) | (7066) (6853) | (6746) (6534) | (4832) (41.26)
- 1497 1508 1881 1832 1774 1833 Fi™ 7 [ksi] 8.075 7618 5520 5354 4074 3827 3352 3479
Fo" [ksi] (199.6) NA (156.1) NA (203 4) {198.1) (209.5) (196.2) Fyp™ """ [ksi] 1163 1337 9914 9.873 7.209 6.680 5.282 5567
143.0 1359
F,™ [kei] 51.00 NA 55.66 5717 55.67 30.16 3023 FLEX (149.3) (123
(82.76) (60.37) (49.35) (61.18) (34.69) (34.78)
8384 6126 6011 4287 9941 SBS 10.12 9.900 10.01 9.769 7.041 6.527 6.218 5416 3.536 2.866
F,™ [ksi] (90.85) (87.48) (67.20) NA (49.87) NA (48:32) (44.19) Notes: Shaded empty boxes mean that data was not available for that combination of property/condition
T . - . = = Basis values are not computed for Interlaminar Tension properties
Fyp " [KsI] 7.095 7.187 5.472 5216 3.790 3.534 3.306 3235
Fi”™"™" [ksi] | 11.64 12.10 8.814 9.244 6.803 6.193 5.109 5.339 . ) - !
= ks I Table 3-6: Summary of B-Basis Values and Estimates for Bidiagonal Lamina Strength Tests
FLEX (@966)  (127.3)
SBS 7.827 8.738 9.508 8.868 7.039 6.458 6.142 5.569 3.483 2744
Notes: NA means basis values were not computed for that combination of property/condition
Basis values are not computed for Interlaminar Tension properties
Shaded empty boxes mean that data was not available for that combination of property/condition
Table 3-5: Summary of B-Basis Values and Estimates for Biaxial Lamina Strength Tests
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TASK o: MATERIAL GQUALIFICATION e

UNIDIRECTIONAL DRNF: NCAMP RECOMMENDED B-BASIS STRENGTH VALUES LAMINATE: NCAMP RECOMMENDED B-BASIS STRENGTH VALUES
. .
Reinforcement : Tenax™ E Reinforcement Fabrics - DRWF IM UD Reinforcement : Tenax™ E Reinforcement Fabrics .
Material Specification: NMS 24172, NMS 241F/2 and NMS 241R/1 Syensqo PRISM™ EP2400 with Tenax™ DRWF - IM UD Material Specification:  NMS 241 series Syensqo PRISM™ EP2400 with Tenax™ DRNF
Process Specification: NPS 82401 Lamina Properties Summary , I & DRWF
Matrix: PRISM™ EP2400 :‘I::::iss Specification: g;f’sifiuépzdm Laminate Properties Summary
Tgldry): 328°F Tolwet): 288°F Tg METHOD: ASTM D7028
Ta(dry): 319°F Tolwet): 281°F Tg METHOD: ASTM D7028
Date of fiber manufacture Apr-Oct 2021
Date of resin manufacture 2022 and 2023 .
Date of composite manufacture Mar to Dec 2023 g::z g: 'ret:rrl T._:;L:Zl (::II: ; ;égrg 2&;22002213
Date of testing July 2023 to July 2024 n
Date of analysis August 2024 Date of composite manufacture Mar to Dec 2023
Date of testing July 2023 to July 2024
UNIDIRECTIONAL LAMINA MECHANICAL PROPERTY B-BASIS SUMMARY Date of ySi August 2024
Data reported: As measured followed by nomalized values in parentheses, normalizing CPT: 0.007 in
L= nlnsisiEliee “[ e e ements o . e - y LAMINATE MECHANICAL PROPERTY B-BASIS SUMMARY
y for ation v cally a oy th ncy . - : - .
Test Condition CTA RTA ETA ETW1 ETW2 Data .r.e1plnl)»ned As m«lala\s%lred follpwed E)y \19I‘\‘11'I:7;|IZQBI!1 v_a{lut_ai |r1 |:‘arle_ln:h;e?esj‘l:lorrmbalurmg FfT 2.907 in
Property BBasis |MAMedCV| ppagie |ModfedCV | g pagis |Modfied CV) g pagig |Morliied CV | g pogse | Medifed CV The n unless specifically allo y the certifying agency
i - i i - Layup|  25/50/25 (Quasi) 12.5/75/12.5 (Soft) 50/40/10 (Hard) 37.5/25/37.5
... 2i5E NA 2T L NA, 2y By 2 Test Modified CV Modified CV Modified CV Modified CV
R ks (370.5) (361.1) (2906) NA (372.0) (359.5) (236.3) - (309.6) (265.8) Property | oo con | B-Basis B.Basis | BBask | pooac | B-Basis | oo o | BBasis | Tp oo ol
e 1726 1680 7990 NA 1036 9901 3662 -
1 [ksi] (140.1) (170.0) (9266) (052)  (39.28) (34.67) RTA 7171 7152 44.85 50.70 8148 8241
UNTO Strengeh ks |7 1883 704 1901 1953 185.1 1787 1803 (78.75) (78.11) (67.03) __ (55.11) (84.26)
nahlksll) 790)  (ess) | (s (isas) (187.4) (1835 | (1736) _ (1788) ETA 48.95 4875
9429 9180 4389 5414 5165 1828 UNC (5390)  (53.26)
UNCO Strength [ksi] ] | . ! ] Strength 4290 27 31.03 30.01 53.36
(74.02) (89.94) (49.63) (53.66) (50.42) 1711 reng ETWA : . . L -
2% [ksi] 7792 7538 5848 5319 3.590 3548 3301 3231 (46.91) (46.26) (32.52) (30.59) (54.70)
0 [ksi] 1245 1274 9134 9536 6.125 5.951 5624 5.187 ETW2 e ]
1414 1393 (23.18) (22.65)
FLEX
(142.8) (139.3) cTA 97 22 1101 62 66 78.80 2146 2036
SBS 14.88 14.27 10.25 10.30 5.261 6.148 4.022 5016 2.858 2591 (103.5) 117.1) 73.74) (82.68) (185.8) (206.8)
Notes: NA means basis values were not computed for that combination of property/condition 122.0 1158 71.30 7575 219.2 2087
Shaded empty boxes mean that data was not available for that combination of property/condition UNT RTA 129.7) (123.1) (84.50) (79.42) (190.5) 213.0)
Strength ETA 1237 1175 66.76 62.24 199.5 1906
Table 3-7: Summary of B-Basis Values and Estimates for Unidirectional Lamina Strength Tests (131.5) (124.9) (70.79) (65.33) (165.3) (192.9)
ETW1 1212 1149
(128.8) (122.3)
cTA 71.00 7238 63.70 59.18 1180 1138
(82.79) (76.98) (58.85) (62.12) (120.4) (114.6)
RTA 76.46 7197 57.26 52.74 106.9 1138
FHT (82.43) (76.62) (55.80) (55.06) (120.8) (115.0)
Strength ETA 60.65 73.04 52.29 47.78 12716 1219
(68.81) (7753) (53.69) 49.95) (128.6) 1227)
78.89 441
o (84.52) (78.71)
7788 7271 50.73 50.45 78.40
CTA NA
(82.64) (77.86) (57.54) (52.80) (90.76)
RTA 8225 NA 4551 49.98 104.5 1329 8261 7025
OHT (87.02) (82.29) (52.27) (52.04) (121.2) (136.4) (92.22) (76.46)
Strength 80.59 T5.44
ETA (85.88) (81.11)
ETW1 8242 7716 5258 49 66 1488 1589 89.13 87.03
(87.38) (82.63) (55.83) (51.82) (163.3) (161.8) (101.1) (93.87)
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TASK o: MATERIAL GQUALIFICATION

Reinforcement :
Material Specification:
Process Specification:
Matrix:

Tgldry): 328°F

Tenax™ E Reinforcement Fabrics - DRWF IM UD
NMS 24172, NMS 241F/2 and NMS 241R/1

NPS 82401

PRISM™ EP2400

Tolwet): 288°F

Syensqo PRISM™ EP2400 with Tenax™ DRWF - IM UD

Lamina Properties Summary

Tg METHOD: ASTM D7028

Date of testing
Date of analysis

Date of fiber manufacture
Date of resin manufacture
Date of composite manufacture

Apr-Oct 2021

2022 and 2023
Mar to Dec 2023
July 2023 to July 2024
August 2024

UNIDIRECTIONAL LAMINA MECHANICAL PROPERTY B-BASIS SUMMARY
Data reported: As measured followed by nommalized valus

ues showr

CTA

Test Condition ETA ETW1 ETW2
. Modified CV Modified CV . Modified CV . | Modified CV . | Modified CV
Property B-Basis | B Basis B-Basis B Basis B Basis B Basis B-Basis B Basis B-Basis B.Basis
t 276.3 NA 2676 2906 NA 2237 3203 2643
Fi* [ksi] (370.5) (361.1) (2906) NA (372.0) (3595) | (236.3) Y (3096)  (26538)
F Tk 17286 168.0 7990 NA 1036 99.01 3662
1 [ksl] (140.1) (170.0) (92.66) (105.2) (99.28) (34.67)
1974 188.3 1704 1901 1953 185.1 1787 180.3
UNTO Strength [ksi]
(179.0) (186.9) (162.5) (188.5) (187.4) (1835) | (1738) (178.8)
9429 91.80 4389 5414 5165 1828
UNCO Strength [ksi] (74.02) (89.94) (4963) - (53.66) (50.42) 1711
% [ksi] 7792 7538 5848 5319 3.590 3548 3.301 3231
#30 si] 1245 1274 9.134 9536 6.125 5.951 5.624 5.187
1414 1393
FLEX (142.8) (139.3)
SBS 14.88 1427 10.25 10.30 5.261 6.148 4022 5.016 2.858 2591
Notes: NA means basis values were not computed for that combination of property/condition
Shaded empty boxes mean that data was not available for that combination of property/condition

Table 3-7: Summary of B-Basis Values and Estimates for Unidirectional Lamina Strength Tests

UNIDIRECTIONAL DRNF: NCAMP RECOMMENDED B-BASIS STRENGTH VALUES

NIAng

WICHITA STATE UNIVERSITY

LAMINATE: NCAMP RECOMMENDED B-BASIS STRENGTH VALUES

Layup 25/50/25 (Quasi) 12.5/75M12.5 (Soft) 50/40/10 (Hard) 37.5025/37.5
Test . Modified CV - |Modified CV . Modified CV .. |Modified CV
ProPery | condition | D835 BBasis | D% | ppasis | D09 | ppasis | PP | ppasis
RTA 59.08 56.95 49.03 4727 T73.95 T2.41
(6322) (60.63) (52.93) (51.20) (74.97) (73.34)
FHC 4719 4517
Strength ETA (49.83) (47.83)
42.43 40.53 34.39 3271 53.18
ETW1 (45.02) 43.12) (35.29) (33.56) (53.41) NA
RTA 41.43 40.55 3398 3315 4784 5481 3536 3312
(44.37) (43.49) (35.96) (34.66) (57.89) (55.99) (37.83) (36.25)
31.99 311
OHC ETA (34.30) (33.42)
Strength ETWA 26.36 2874 237 2439 36.93 34.96 3128 2647
(26.50) (30.75) (22.00) (25.68) (37.56) (35.66) (32.27) (28.85)
20.99 17.26
ETW2 (23.40) (18.64)
SBS1 RTA 8529 8.442
Strength ETA 4918 5.872
[ksil ETW1 5.490 5.188
RTA 100.1 96.98 101.2 96.03 92.64 90.49
(105.1) 101.8) (105.4) (99.47) (94.79) (92.61)
SSB 2%
Offset ETA 8525 2.1
Strength (89.08) (85.76)
ETWA 86.64 83.50 60.12 79.98 T6.47 7431
(91.82) (88.50) (63.70) (83.29) (78.31) (76.13)
RTA 1222 1154 126.2 1182 120.9 1144
(13:} (128.3) 121.1) (130.1) (123.7) (123.9) (117.1)
Ultimate 1047 97.81
Strength ETA (109.4) (1022)
[ksi] ETWA 1025 95.70 102.1 95.16 96.55 90.05
(108.7) (101.4) (105.8) (09.34) (99.14) (92.32)
MNotes: [NA means basis values were not computed for that combination of property/condition

Basis values are not computed for Compression After Impact properties
Shaded empty boxes mean that data was not available for that combination of property/condition

Table 3-8: Summary of B-Basis Values and Estimates for Laminate Strength Tests

INDUSTRIAL MODERNIZATION
OF MATERIALS & MANUFACTURING

NATIONAL

INSTI

E FOR AVIATION RESEARCH
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WRAP-LF e

REPORTING
o MAY 2025 DRAFT REVISION:

Resin Infused Fiber Reinforced Materials Guidelines for Aircraft Design and
Certification: Volume | - Qualification Framework Development

o SEPTEMBER 20Za DRAFT:

Resin Infused Fiber Reinforced Materials Guidelines for Aircraft Design and
Certification: Volume 2 - Validation of Qualification Framework and
Statistical Guidelines.

BENEFIT TO AVIATION

o Publicly available resin infused fiber reinforced materials data along with
framework for qualification.

e [uidelines generated in this program will be transitioned into shared

databases, such as CMH-17
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HUESTIONS? WL

WICHITA STATE UNIVERSITY

CONTALT:

e Rachael Andrulonis -

e [aleb Saathoff -

Wikng

NATIONAL INSTITUTE FOR AVIATION RESEARCH
WICHITA STATE UNIVERSITY
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