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H ® AIRBUS ® BOEING A Military P
T oso% -
£ A
3%
b Augom
:
£
b4
E 1970 1975 1980 1985 1530 1935 2000 2005 2010 20158
Airbus A380 Boeing B787
550 Passengers d‘-\ —— 250 passengars
£i52008 - EIS 2010
I Main composite parts I  Main composite parts
% 21 A BgARe] H§ A
Materials used in 787 body
" Fiberglass W Carbon laminate composite Total materials used
M Aluminum W Carbon sandwich composite By weight
Aluminum/steelititanium Other
Steel 5% Composites
10%
itanium =
15% o
Aluminum
20%
By comparison, the 777 uses 12 percent
compaosites and 50 percent aluminum,
a9 2-2 B787 o AHgHE AR FA
o BFAE F¥IIE NTEr] A= A 7] GAC Tgd 53 A
7 FlA Al AR AHgT B WA Agstelo s, Nyw
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o CirrusAtY SR20¢ A% oz HRR F
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/—{ Use of Composites }ﬁ
‘} * On the SR20. everything is composite except:
— Engine mount
DESIGN — Most primary attach fittings
— Control surfaces

Cirrus Design Corporation
SR20 Certification

Cirrue Dacign Coporstion
BRI0 CortiNoaton

a9 2-3 SR20°) A&

Major Certification

References

===

1 FAR 23 through Amdt. 46

1 AFS-120-73-2 for Fatigue Spectrum

1 AC 20-107A for general guidance on
composites

1 DOT/FAA/CT-86/39 for Vertical Stabilizer
Fatigue

e

FAcar

Structural Summary
=
1 E-Glass Prepreg

| Fuselage Skins

| Internal Bulkheads and Floors

I Wing Skins

| Spar Shear Web and Ribs
1 Epoxy Wet Layup

| Instrument Panel

| Fairings

+ All glass/epoxy

| Selection of glass over graphite |

— Visual mspection of glass/epoxy structures
more reliable than graphite

— NDI methods can be minimized in the
manufactuning process

— Saving time and $58$

B R

Hcar
Structural Summary
=
1 Carbon Pre-preg
1 Control Surfaces, Flaps, Trim Tabs

* Upper and Lower Skins co-cured without
Secondary Bondlines

| Cowling
1 Carbon Uni
| Spar Caps
| Fuselage Longerons and Rollover Structure

Fneam

Structural Summary
et
1 Polyester Wet Layup
| Interior Side Panels
| Non-Structural Covers
1 Metal
| Horizontal Stabilizer Tubes
| Landing Gear
| Engine Mount

% 2-4 LC409] 5fqAs Tx2=
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) Al 484 3= (Micro-Mechanical Failure Analysis)7]Wo] @3] A4
=

{a) 15} @@ @ Cantour of micro Siress o, Conour of micrs struss os
O0000
000009 _,
slole 8] ele
00000
000000 | = P, __.adO
@_ FtJ-M'D Matrix {o- 1) Transverss lersdn oadng (=) Tmnsvarso bensiln loading
£ Coror of micre siivss oy Contour of Micto siress oy
© [ X a@:um () |
000000
P ¥ -1.= —r
%
S il - e T i 'y o —
@ E}G @ @ 1-2) LONQRuEngl SNeas Iacng -2y Longitudinal shanar losding
719 2-5 Uni-Directional H@e] mAelsts Seae] )4 919 w9l 4 walg
O ¥ 262 BAH FPex TZIY ARRRE AL seoE s
Hqgate] BAR FREBA F0EE s 4 R s S
woFEa gl
Delamination Prediction Process Consequences of Delamination
*Loss of local stiffnesses at node
FEM Nodal —Based Results .| 5545 transfer to other nodes or lamina
g VW by, ty ’Xy possibly causing delam propagation
1 1 Mx. MLy, Yoxy
y Laminate Theory Delamination at a Node
z FEM results at a node Occurs due to a combination of
in each lamina interlamina micro-stresses or relative
X rotations ;
. ! : y % & ¢
f ress T ' "
Micro-stress Theory* [/ : i1
n B = SiEssespamalnsE Sub-Divided Unit Cell at a Node
rotations at a node . = — ——
1 + Stresses and strains from
Unit Cell Interrogate .\‘ micro-stress theory™
Iz ata fiote Unit Cell ¢ * Typically 7x7 subdivisions
+ 16 failure criteria per sub-division
X i l
3% 26 BYAR WA shieelRe A gste] Frhite] v AL A A
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1 Program Management 10
2 Frogram Operation 9

3 Integration Platform 15
4 lcing Protection Systems D

5 Integrated Design & Manufacturing @
5} Propulsion Sensors & Controls 7

7 Flight Systems 27
A NASAZ| Seed Funding@t LtEpH Zd4 & 100

719 3-1 AGATE®] #opd o4t mj#E GRlo] H3As A R A= &op)

Integrated Design & Manufacturing Work Package Mission®] ZHo]<d A
= ook 2
Cessna Aircraft Company, Cirrus Design Corporation, Global Aircraft Corp.,

Lancair International Incorp., Mod Works Incorporated, Raytheon Aircraft, Simula

Government Products Incorp., Stoddard—Hamilton Aircraft Incorp, NIAR

o

A2 TAAELMITDAA 22t dwe AsAzste] 728 5QARE

O Oy o — [ o o
HIOIZ =82 GOEMO0A, 2Ee, SE), 2HSAN 02 ¥™ o
SNSH, ZEAS, MM, ABZENYE, DelD, NEB 2E,

SHHA L =2 HI0IEHOIA 2=
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Agency of Industrial Science and Technology, MITI

Program Evaluation Committee

Program Steering Committee

9714 @ 0 * Ao A4k 7145 A 71 7-(NEDO) - New  Energy
a
Mechanical Engineering Laboratory and Industrial Technology Development Organization
National chemical Laboratory  for ® o |
Industry R&D Institute of Metals & Composites for Future
Government Industrial Research Industries
. © Q
Institute, Osaka
Toray Industries, Inc. (Toray) DO|P | M
Research Institute for Polymers and
@ Q
Textiles
TEIIN Ltd. (Teijin) @|P
Industrial Products Research Institute ® Q
- - Mitsubishi Kasei Corp. (MKC) @ P
7}8}7]4 % National Research Institute ®
for Metals, STA o
Nippon Carbon Co., Ltd. (NKC) | @ M
Ishikawajima-Harima Heav
Y Y1elr|Mlq
Industries Co., Ltd (IHI)
Kawasaki Heavy Industries, Ltd.
®|P|M|Q
(KHI)
University of Tokyo, Fac. of Eng. ® Q
Fuji Heavy Industries, Ltd. (FHI) @|P|M|Q
Kanazawa Institute of Technology — (® Q
Mitsubishi Heavy Industries, Ltd. ®p M| o
University of Osaka Prefecture, (MHI)
© Q
Coll. of Eng.
Toshiba Machine Co., Ltd. ©|P
Mitsubishi Electric Corp.
(P |M|Q
(MELCO)
(Subcontracter)
TOYOTA Motor Corp. | P
Shin Meiwa Industry Co., Ltd ®
Kobe Steel Ltd (KSL) ® M

P: Polymer matrix composites

M: Metal Matrix composites

Q: Quality evaluation and design technology

*: Begining with October 1, 1988.

29 32 AAY HehA el AE £2](1981-1989)

_13_



ORI swmarig 2u SIS HOEMOIA 75 2 ZQAAS

H2Z

4. =-9] 7=/ 53

I

(1) =9 T4
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§ 23.601 General

§ 23.603 Materials and Workmanship

§ 23.605 Fabrication Methods

§ 23.613 Material Strength Properties and Design Values

(\}) FAAS] ## Advisory Circular (AC) 7F4

AC 20-1078B, Composite Aircraft Structure.

AC 21-26, Quality Control for the Manufacture of Composite Structures.

AC 21-31, "Quality Control for the Manufacture of Non—metallic
Compartment Interior Component"

AC 23-20, "Acceptance Guidance on Material Procurement and Process
Specifications for Polymer Matrix Composite Systems"

Federal Register, Vol. 65, No. 114(Policy State Number ACE-00-23.613-01),

June 13, 2000.
PS-ACE 100-2002-006, "Material Qualification and Equivalency for Polymer
Matrix Composite Material Systems", September 15, 2003.

(th) FAA°] #d &4

DOT/FAA/AR-02/109, Guidelines and Recommended Criteria for the Development
of a Material Specification for Carbon Fiber/Epoxy

Unidirectional Prepregs, April 2003.

_14_
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DOT/FAA/AR-02/110, Development of Process Specifications, Instructions,
and Controls for the Fabrication of Fiber—Reinforced
Polymer Composites, April 2003.

DOT/FAA/AR-03/19, "Material Qualification and Equivalence for Polymer
Matrix Composite Material Systems: Updated Procedure”
September 2003 (supercedes DOT/FAA/AR-00/47)

DOT/FAA/AR-06/25, Preliminary Guidelines and Recommendations for the
Development of Material and Process Specifications
for Carbon Fiber—Reinforced Liguid Resin Molded
Materials, March 2007.

DOT/FAA/AR-07/03, Guidelines and Recommended Criteria for the Development
of a Material Specification for Carbon Fiber/Epoxy

Unidirectional Prepregs Update, March 2007.

DOT/FAA/AR-06/10, Guidelines and Recommended Criteria for the Development
of a Material Specification for Carbon Fiber/Epoxy

Fabric Prepregs, May 2007.

- FEerd R LAl 2006-53%
O g™ A& A Al 3154 Bb%x [FENGFT-H A164s, 2009910, D714
O A& FAINE FXH Al 1028534 2 F4A3AD

O &&7] 7|«7]+, KAS Part 23
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217,29, 33, 34, 35
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BEFE
| AT FURDERSE
8/30(X) " 3L(K)ITAVTFURERBLET .
AT FURICRN BRI Y —E RECAI BN EENCEONET, E>
CHATRDOEERICGTEBRESHIBLETS, EIEROFEILLBRVEBLET.
IRRD—F
aJy4>
| serennsemur—s<—ziaxa-acosiouT e
—saR
EF—SR—AONRF. (H) FPERTHEMEMMOAA) R YIRS FE HAHH R
(NAL)DHEEMBMMRE L 5—(ACETeC)ZFR LELTRABSN-EEREHH, HITKER
WL B R AHH (CFRP) BT 2 2 h 2B E ORBRREERLELDTT,
AT —ER—ADZFIFIAXA-ACDB, REND/\—J3(FVer.06-1TF. W};“"/ Te " I BEDFHERTT
] 166 9 .

FT—ARRELTIE, MIL-HDBK-178BOMR LA42LILNELEDHTHY. COHBFIC
DUVTIFIAXA : HDBKEMLTWET . Ff-. BENERT—F(NALBEEOTR. TMA
&), RUSSBBEBADMEZA BFAMERMREBRADC)LYRESNI-T—4HLT—45
AR—RITELBOBRBELTHYET .

a9 4-2 4 JAXAS] A EGA s GS Ao EH o] A" FH o)A

(www.jaxa—acdb.com)

(#Fa1: 7129 FAR §23.613 o= A-basis, B-basisE A}&3 #H3}, MIL-HDBK-5 ¢}
MIL-HDBK-17°] WA E Ao 7|E FAFAL] Wb 432 v w2 Ay
AL, Al dubAlel ¥ o7 WMAEYS

o. § 23.601 General

The suitability of each questionable design detail and part having an important
bearing on safety in operations must be established by tests.

e§ 23.603 Materials and Workmanship

(a) The suitability and durability of materials used for parts, the failure of which
could adversely affect safety, must —
(1) Be established by experience or tests;
(2) Meet approved specifications that ensure their having the strength
and other properties assumed in the design data;
(3) Take into account the effects of environmental conditions, such as
temperature and humidity, expected in service.

(b) Workmanship must be of a high standard.

_17_
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e§ 23.605 Fabrication Methods

(a) The methods of fabrication used must produce consistently sound

structures. If a fabrication process (such as gluing, spot welding, or
heat—treating) requires close control to reach this objective, the process
must be performed under an approved process specification.

(b) Each new aircraft fabrication method must be substantiated by a test

program.

e§ 23.613 Material Strength Properties and Design Values

(a)

(b)

Material strength properties must be based on enough tests of material
meeting specifications to establish design values on a statistical basis.

Design values must be chosen to minimize the probability of structural failure
due to material variability. Except as provided in paragraph (e) of this section,
compliance with this paragraph must be shown by selecting design values
that ensure material strength with the following probability:

(1) Where applied loads are eventually distributed through a single
member within an assembly, the failure of which would result in
loss of structural integrity of the component; 99 percent probability

with 95 percent confidence.

(2) For redundant structure, in which the failure of individual elements
would result in applied loads being safely distributed to other load
carrying members; 90 percent probability with 95 percent confidence.

The effects of temperature on allowable stresses used for design in an
essential component or structure must be considered where thermal effects
are significant under normal operating conditions.

The design of the structure must minimize the probability of catastrophic
fatigue failure, particularly at points of stress concentration.

Design values greater than the guaranteed minimums required by this section
may be used where only guaranteed minimum values are normally allowed if a
“premium selection” of the material is made in which a specimen of each
individual item is tested before use to determine that the actual strength

properties of that particular item will equal or exceed those used in design.

O E HuAAE § 23613 (b)) Design valuesE “ASAAZY o2 sjAlsrs]om,

7] F2E) A L HNel g ARBA) AAgleln], FAMoR

a7 ofoF
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A-Basis (A-Value): A statistically-based material property; a 95% lower confidence

bound on the first percentile of a specified population of measurements. Also a
95% lower tolerance bound for the upper 99% of a specified population (§ 23.613
(b)(1) °l )

B-Basis (B-Value) : A statistically-based material property; a 95% lower confidence

bound on the tenth percentile of a specified population of measurements. Also a

95% lower tolerance bound for the upper 90% of a specified population (§ 23.613
®)@Q ° =)

O ol FAZXAE Wy ANSAARS 47 A3l B2 AFo]l Hash,
dE 5 35459 7% MMPDS(Metallic Materials Properties Development
and Standardization) Handbook®l W=  §23.613(b) (1)°l 3lF3st=

fe 7] Slal sdxolA 30070 A1, B-gke] 8- 100719] Aol a4

Mechanical Test Condition® and Number
Property Number of Tests of Tests
Per Batch®
Min. Temp RT Max. Temp
Dry Dry Wet
0° Tension (warp) 6 B 6 90
90° Tension (fill) 6 8 6 90
0° Compression (warp) 6 B 6 90
90° Compression (fill) 6 6 6 90
In-plane Shear 6 6 6 90
0° Short Beam Shear - 6 - 30

480

¥ 4-1 Astd gvujyge] 7144 5A-4A e Test Matrixe] o
(Composite Materials Handbook-17, Vol. 1, =3 2.3.2.3(b))

O AR dolEuol st Aol WE YREAHS A@RHS otel v

Aok, BAzA g AAH AASHS ARE shel, 44T AnD
o

Building Block A RE A&afoF 3
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19 4-3 Building Block ApproachS 9]3F o o] g #o] ~
(Composite Materials Handbook-17, Vol. 1, 229 2.1.1(a))

o|ZA7FA olHFt AE5d HolEuo]AE AXAA, AEEHAL

37 A AR HAH dolEuol 2B 8

N

kT

ol

£

pa

ot

ot [
Hl

Lo

SCols Wolgtom = dolErje] F&EHIL o] B2 BlEH Aol

AGATE® 1178 Work Package Missions < Integrated Design &
Manufacturing 974 &3719 A2 v FAE Zo]7] $13t
0 47hA Borz B

Low Cost Design & Manufacturing Methods

Non-Destructive Testing

Composite Material Properties

Crashworthiness
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Flight Systerns
- LRI o HAFE d¥HEY 2o LaRC
- 28I Jol HEAE 722 MFD =
-&g AS= 2Axy 3 vlEF=

Propulsion Sensors & Controls

- =z S W nEEC =
-DOC R HEEHMAS HEH =
-8 A=Es EAHXE 2 ISP

GRC

Integrated Deslgn & Manufacturdn
- 7% 2 Z=WE e BIFaFrHels
mx 72 dAH 9 == W
@H|mm] A AL
=t =2 242
@Crashworthiness

LaRC

lcing Protecton Systems

— Ewel o HEFE =R
- 7| #Y oS== Za
-SEE A= MAxA [

HpH) N =
S A= GRC

plE2| &=

AGATE Integration Platform

- AlZso|-Ha g|HAMEE

- 7|5 gE o2 HE=mol

- A7\ AW = oA AHRE
FH & FlEF AlE

<=
LaRC

H E7IE

Flight Training Curricula

— fo EE eIdHe i 1 2HE

- FAA FAR Part 141 &

— IFR RATING # 5ff=Flcl &2 == Al2F
o= 7

FAA
8
LaRC

Airspace Systems Infrastructure, SATS A FAA

&
Ground Systerns Infrastructure, SATS S A LaRC

10
11

Program Assurance, Program Analysis,

Systams Assurance

- AGATEER EHH = &= (=7, M x| H,
E7|Ee| ot A2HEERZ|o] SMHo=
HiEslEs RE.

- 0= gaMEe ezl | FAE

LaRC

WPHN = Work Package Number

LeAC = NASA Langley Hesearch Center
GRC =NASA Glenn Rassarch Centar
FAA = Federal Awiation Administraton

¥ 4-2 AGATE®] 11 7} Work Package Missions
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Damage Failure Criteria
"1. 7 Fiber:Longitudinal tension __ 'P' ; - ;'I """ ': e

2. Fiber:Longitudinal compression e _ (muattiple} , I
2a Fiber micro buckling Matrix: Normal compression :
2b  Fiber crushing 13. User defined criteria ! .
2¢  Delamination R 'Il\ . Unit Cell
Matrix: Transverse tension $15. Transverse out-of-plane shear (+) = | . dq:na_ge

criteria

Matrix: Transverse compressiong16.
Matrix: In-plane shear (+) 517.

Transverse out-of-plane-shear (-) |
Longitudinal out-of-plane shear (+ )|
Longitudinal out-of-plane shear (-) I

Delam

>’ criteria

O ©o]9] H o]y} Stanford thsle] 432 of A

3
4
5
6. Matrix: In-plane shear (-) i18.
7
8
9.
1

Tsai-Wu (strength based) $19. Relative rotation criteria I}

Tsai-Hill (strength based) §20. Ply Strain limit ::

Modified distortion energy i21. VCCT, DCZM-2d-3d (fracture L/
0. SIET (strainbased)  _ _ _ i DSEENEERRRD v oroasesaeas

22. Honeycomb failure modes: Wrinkling, Crimpling, Dimpling, Intra-cell buckling, Core crushing

a9 45 209709) HENFAS Aol A s Bl B

L
:?L_‘,
1%

¥l
= R

ro

-

P CIE R
of taiM = A 7=

=i} H}\-l 7(4 7] ]
Az E o]

A 3lA doE=A 2
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ol &
o Xl
o =
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2

gt 712 A= w5

a5 AT A} NASAo A 7ldsl

gelAE obx A sterEA @m gom, FF, B oA QG
HEol o AWl e A7 B Hobs FUY Bast gL

O FAAY H@AR 54 dolHmMels 1%L 8 FEo] 19460
a9 Hof U
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AGATE started with GA industry’s desire to share databases and standardize
procedures used in material characterization

+  First AGATE document release — MIL-17 presentation M »’
* AGATE databases produced

MIL-17 engagement and revision of qualification and equivalency guidelines
(3 revisions) — statistical procedures

1998
1998 - 2002
1998 - 2002

2000 FAA Small Airplane Directorate policy memorandum (Policy Statement Number

ACE-00-23.613-01; Volume 65, Number 114)

FAA Material & Process Specification Guidelines (unidirectional
prepreg) - DOT/FAA/AR 02/109 & 110

2003 FAA updated release of qualification and equivalency guidelines

DOT/FAA/AR-03/19 (5% revision)

2003 FAA issued AC 23-20 Material Acceptance Guidance

2005 NCAMP Initiative Announced by NASA

2006 - 2008 AFRL and Industry Funded Qualification Programs Began

2009 NCAMP Standard Operating Procedures (modeled after

FAA process)

a9 4-6 B¥AE dolguol~ud W FAA o &%
(55th PMC 2] ¢], Nov. 16, 2009, Atlanta, GA., U.S.A.)

2) 7 2 =9 €%

O HE FAAIA A A5E ZolwA BAle BAH /FEL BEG 5

M=
A AEE EFAE JASHHE NASA9 374 AGATE (Advanced
General Aviation Transport Experiment) Z 2133 34 7|23l o]

& 338 =(2002, Policy Number PS-ACE 100-2002-006)

O Mz Wt sz wel o= the Eel ubsh 9lS. s Eel= o]y
NZ We AR XS GE FE0] AL A9 A g
N2AAEZ AAoF A AARS AFEE 5 Ao}, e Wrol A

SGAR dolEolAE PagTN weate], GE A}
% A

H
% Re-Qualification & x}%k

_\‘_

(o3|
=]
W AT RS ag a3

New AGATE Process

Initial
Material
Qualification
with Process
Specifications

g g
Allowable A]]owgblc Allowablc Allowable
Material Material Material Material
X Y Z X

Common Databasce
and
Design Allowables

1Y 4-7 AGATE Z 2194 Aetst B35 do]g o]~ &&

— = 0

(40th PMC 3], Oct. 25, 1999, Andover, MA, U.S.A.)
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O Mz& Wi g ArsAda &g izt dolgHolAs Add=

[

Fxol S AT AAE eI 28

O
Ji
i
2
Al
il
(A
R
W

Establish Design Criteria and Certification
Approach for Specific Application

Review Building Block Approach

Qualify Material

Develop Lamina Allowables

Develop Laminate Allowables
Unnotched Tension,
Compression, Shear

Develop Structural Design Data
Fracture Toughness
Strength after Impact
Notched Tension, Compression
Bolted Joints
Bonded Joints
Fatigue
Damage Tolerance

Design and Analyze Structure
Laminate Strength
Compression Buckling/Crippling
Bonded Joints
Bolted Joints
Fatigue
Damage Tolerance
Repairs
Thick Section Composites
Lessons Learned

19 4-8 Roadmap-Use of New Material in Design and Structural Substantiation

(Composite Materials Handbook-17, Vol. 1)
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A SSHE IOIEHOoIA =5 X SFAIAH JHE H 2 &
O #3718 HFAs dHolgulo]xet #d o &2 A=mdF(Material
Qualification), A&55%d(Material Equivalence), —12]al J~2A]&(Acceptance
Test) 2.2 A5 0o &
'S ~
MATERIAL QUALIFICATION
] 3 or 5 Batches, 2 Processing Cycles Per Batch,
Many Environmental Conditions
| vy
) . .
MATERIAL EQUIVALENCE
1 Batch, 2 Processing Cycles, RTD & HW
Conditions, o¢ = 0.05, One Retest
A S
'q : N
ACCEPTANCE TESTING (QQC)
L_> 1 Batch, 1 Processing Cycle, o = 0.01,
One Retest
\ J
% 4-9 53 AR dlo]E W o] ~9} E§
(Composite Materials Handbook-17, Vol. 1)
O BEFdAE 54 deolgHolres FAFH| Ha3 %5 (Structural
Qualification)9] U4+
?gn ::Lr:g:v DESIGN SPE‘!“":'YCE:TI‘%NS
EXPERIENCE ENVIRONMENTAL
CONDITIONS
Aivvees ) e froams
PROCESS
STRUCTURAL FUNCTIONAL TEARDOWNS QUALITY
TEST REQUIREMENTS ASSURANCE/
INSPECTION
a9 4-10 A58 EFAE delgueol 2o wA
O A= F (Material Qualification) A= 7] A& Ast= A=
SA/EAC] 1 Arr Y FEY AA bHA B & Ho
WA Fethe Aes AdeR HoF= Zolw, oo 33y &40
9 EAA FA R Bl sbssttin A E
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@ X & Critical 2224
® Original A& AT A5 Al=ds AZst=d AMEH = o4
A o] el 9l RE (Critical steps<S H5afoF 3t
© A Az A vo CFRY =S EL3sfoF g
- §23.603 (a) and (b)
- §23.605 (a) and (b)
O &2 583 A5 ¥ge oz A5 TN UdFA &5
(a) Fiberd ®W3} (4, AS4°]A T300 Fiberz 2] W 3})
(b) Resin®] W3} (o, 3501-6°1 4 E7K8 Resin® 22| W3})
(c) Fabric weave style (¢, 8-Harness A2 ollA] H 2z o 7o W3}
(d) Tow size of fabric (¢, 6K 4] 3K=¢] W3})

O Aad AR L 3R wskel FIL G 2L

(d) Z2]Z ¥ 1 Tackiness
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@RI rmoayig 2n SeHE HOEMOIA T3 2 SAIAY H H 2 &

O T =A] & (Acceptance test)= A& 454 AHMaterial receiving inspection)
= A4 EZ2E AP (Raw material quality control testing) = A
T3 Zgzyga Z2E(ot)e] tiqfE WY dejFoer =AU v

2 Fohy] 9% BHe] AR

o
o,
i

2 oAde Auy A4F4 oW WsE {8 gonw

Azel A=EAS “Original” Qualificationoll AH8E 13 Bsllol s}y,
L

O 15t 313l AGATE (NASA Advanced General Aviation Transport
Experiment) X 2139 AyE wlgto g wla NIAR(National Institute
for Aviation Research)t]2] NCAMP(National Center for Advanced Materials

Performance)& &-&3lo] Ho|HMWo|A~E FH/3L U

ol

- NCAMP®] 9%
- A 5915 (Material Qualification) 2 S dl o8 &
- EEAZAE A% AR F5 54 (Equivalency Process)
- &4 Hlo|E{Ho] 29 e
- Holg ol AE fFAst7] 9k dA}

Traditionial Process _ AGATE Shared i NCAMP Shared Database
Database Process Process

1 Batch Proces:
Equmalncy T
DOTFAAAR G318,

MATERIAL PROPERTIES Note: Specification limits
DO NOT IMPROVE
THROUGH MULTIPLE
QUALS !

and allowables are derived
from the same data

O% 4-12. ARnseAEAAE &8 dHoelgueolx i

R4

(56th PMC 3]¢], July. 19, 2010, Costa Mesa, CA, U.S.A.)
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oletg]lolx= AGATEX #H]|5=3F PRAGI program (Programma di rilancio
dell’ Aviazione generale italiana, or the relaunch of General Aviation in
Italy) & AF-ditez Aol JAASH FAA<H WS dAE 7MY,
AAA, ARV, digks @Yste] TS AENAC—Cvil aviation authority

) 9)

O "= NCAMP(National Center for Advanced Materials Performance)

ol A FaF EHFAE dolgHmolx JAF T2

<100% Industry Funded Programs>

Tencate TC250 (265°F oven cure)
HTS40 F13 150gsm/TC250 uni-directional prepreg
12 k HTS40 F13 SFP OSI (193 gsm)/TC250 prepreg
Newport NCT4708 (265°F oven cure)
NCT4708 MR60H 300gsm Tape
Nelcote E-752 (350°F oven cure)
193 gsm 3k PW G30-500 E752 Fabric

145 gsm AS7 E752 Unidirectional Tape

<Government Co-Funded>

NASA Funded Cytec Cycom 5215
T40-800 12K Unitape Gr 145 RC 33%
6K BHS fabric with T650-36% RC, CPT approx. 14.9 mils

3K70PW fabric with T650-38% RC, CPT approx. 8.0 mils
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NASA Funded Cytec Cycom 5250-5
T650 6K Unitape Gr 145 RC 32%
6K SHS fabric with T650-35% RC, CPT approx. 14.6 mils
3K70PW fabric with T650-36% RC, CPT approx. 7.8 mils
NASA Funded Hexcel 8552
AS4 12K tape at 190 gsm 35% RC, CPT approx. 7.4 mils
IM7 12K tape at 190 gsm 35% RC, CPT approx. 7.3 mils
AS4 plain weave fabric at 193 gsm 38% RC, CPT 7.95 mils
NASA Funded ACG MTM 45-1
G30-500 193 gsm 3K plain weave fabric 36% RC
HTS 5631 12K 145 gsm uni 32% RC
6781 S-2 glass 35% RC
AFRL Funded Renegade MVK-14 FreeForm Polyimide Qualification
T650 3K 8HS 370 gsm Fabric 36% Resin Content
AFRL Funded Cytec 5320-1 (2 product forms)
T650 3K PW at 193 gsm, 36% RC
T650 Tape at 145 gsm, 33% RC

AFRL Funded Cytec 5276-1 (2 product forms)
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= A<
O Zt=o] A7) 7«7+ Hlal
EE a2 FAA-
= o BLE E ) FAA-Primal o FAA-LSA )
= v CS-VLA JEE S| Experimental
FAR-23,
N CS-23 ==y
l=EE FAR CS-VLA ASTM FAR
KAS-23 S PIESPIES
22 BHEAE
& AIZ(TC) O O O - - -
H==9(PC) O - e - (x;z) -
&2 (AC) oE2s S92t oE2E Sgats ORI OIZ Sgats
s 2|
ol & TSO FAA TSO CS-ETSO ASTM JNeol= -
= sy
= Day/VFR
28 AxIst _ =0t Day/VFR Day/VFR Day/VFR
(ZZAF HIE) = Y (IFR i) Y Y
N }
o g 7= 8k

O AAAAR 2w, 20109 715 AA SR AAFe svzltez
AASE I, 2007 a3} vlmabd 2w5H el A 21 o)A Z713

o 8Ht FRE A 20079 diE] 23500t A 3 who]

= ¢ H09Ey rEE QAT o=
1919 @ slolrto A IHHE=E
Qualification 8=

19913 @3t=3lolnlol A w=F BoeingAte] BMS 8-79 Raw Material

Qualification g5
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O 19939 11¥€HH 3d3F SdxdFF()olA “&F58 5z A=
AN A #A, 7= Sikorsky Ao oA &
T HEx= 250°F C/Ep HA S HoleHol~E Sy

o
r2
-
n
o=
QL
£

Al zx71 © CTD (Cold Temperature Dry), RTD (Room Temperature Dry),
RTW (Room Temperature Wet), ETW(Elevated Temperature
Wet), ETD(Elevated Temperature Dry)e] 5714 &7 %A
A 03 W, WHG AHEF 5
O 19963458 MIL-HDBK-17 Coordination Meeting(¥ CMH-17)°l Z7}3}<
AGATE Z2a3#d AR7ls gn 9 45 A 75
O =l 5gqA= A dAg
- @g=stolut A (3¢ F8)

121 C 743} Glass/Epoxy &A1= : HG1581
121 C A3} &4 /Epoxy 5215 : HPW193, HG181, HG120

- ESKA M Z A4
121C 743} ¥4 /Epoxy S A5 @ WSN3K (&2vfEFQI 7o ALE)

2012 =AM AL oA

- Fad
20137k A 2765009 9 FAFskol A 2,000 R SAad e Al
2014 AL E 3

- o] H

e

A
630 FxFelA 2011 BAE T3 2

2013 5B <1 2,200 R AAEA F
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19 4-13. Material Stability &
(56th PMC 3] 9], July. 19, 2010, Costa Mesa, CA, U.S.A.)
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- A5 Al A"A B B 24
- =4 54AE

AR AR w5 714

- AR ARG E AR R
- AW S FE By

- #E APAZARE B@ V1A 54 ADEEY 2 gde) =)

No, of Specimens Per Test
Test Method Condition
] 2=
(‘Strain gages or extensometers) Reference (# of Batch x A1)
CTD' | RTD® | ETW® | ETD'
0° Tensile Modulus, Strength
1 . ASTM D 3039 3x6 | 3x6 | 3x6 | 3x6
and Poisson’s Ratio
90° Tensile Modulus and
2 . ASTM D 3039 3x6 | 3x6 | 3x6 | 3x6
Strength
. ASTM D 6641
3 0° Compressive Strength 3x6 3x6 | 3x6 | 3x6
SACMA SRM 1
. ASTM D 6641
4 0° Compressive Modulus 3x6 3x6 | 3x6 | 3x6
SACMA SRM 1
ASTM D 6641
5 90° Compressive Strength 3x6 | 3x6 | 3x6 | 3x6
SACMA SRM 1
. ASTM D 6641
6 90° Compressive Modulus 3x6 3x6 | 3x6 | 3x6
SACMA SRM 1
In-Plane Shear Modulus and ASTM D 5379
7 . 3x6 3x6 | 3x6 | 3x6
Strength ASTM D 3518
8 Short-Beam Shear ASTM D 2344 3x6 3x6 | 3x6 | 3x6

a9 6-1 §244 Holz B3R vy ZAE 54 A9

_40_



@RI po

pN3
(=]

2318 S SATE GIOIHHIO0IA = X SFAILAH JHE M2
Number of Batches x Number of
Panels x Number of Test
(%0°/ % +45°/ %90°) Specimens
Actual Test Type Test Type and Layup Test Temperature/Moisture
Condition
CTD RTD ETW
(25/50/25-QI) ASTM D5766 Open Hole Tension
3x2x3 3x2x3 3x2x3
OHT1 [45/0/-45/90]25
(10/80/10) ASTM D5766 Open Hole Tension
3x2x3 3x2x3 3x2x3
OHT2 [45/-45/0/45/-45/90/45/-45/45/-45]S
(50/40/10) ASTM D5766 Open Hole Tension
3x2x3 3x2x3 3x2x3
OHT3 [0/45/0/90/0/-45/0/45/0/-45]S
(25/50/25-QI) ASTM D6742 Filled Hole Tension
3x2x3 3x2x3 3x2x3
FHT1 [45/0/-45/90]25
(10/80/10) ASTM D6742 Filled Hole Tension
3x2x3 3x2x3 3x2x3
FHT2 [45/-45/0/45/-45/90/45/-45/45/-45]S
(50/40/10) ASTM D6742 Filled Hole Tension
3x2x3 3x2x3 3x2x3
FHT3 [0/45/0/90/0/-45/0/45/0/-45]S
(25/50/25-QI) ASTM D6484 Open Hole Compression
3x2x3 3x2x3
OHC1 [45/0/-45/9014S
(10/80/10) ASTM D6484 Open Hole Compression
3x2x3 3x2x3
OHC2 [45/-45/0/45/-45/90/45/-45/45/-45]2S
(50/40/10) ASTM D6484 Open Hole Compression
3x2x3 3x2x3
OHC3 [0/45/0/90/0/-45/0/45/0/-45]2S
a9 6-2 §24 HolZ HAE fvdolE VAY 54 A9
O @A Ang BFgAR dolE o)
- DOT/FAA/AR-03/19 9] Aol weh AlG(e, AAE Al mEH

HAhzAolrg AAE + dS)
- e Jd5S fsk A sdolguol~ g
- B3l Zezya Alx @ 34 B3t
- 121~137C A3} 11904 o ZA] x|z 1
o BHAMNA HBEY EIdAR
Af HEF (gsm) : 193 + 15
AAF © AA}, 94} B T300% 3k
BN 2
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S NG AL A E A

- ol AR T =g e dolgulols
3]

- AR AIE AEA ¥ B 24

No, of Specimens Per Test
Method Condition
Test 2=
Reference (# of Batch x A7)
CID' | RTD® | ETW® | ETD'
0° (warp) Tensile Modulus,
i . ASTM D 3039 3x6 | 3x6 | 3x6 | 3x6
Strength and Poisson’s Ratio
90° (fill) Tensile Modulus and
. ASTM D 3039 3x6 | 3x6 | 3x6 | 3x6
Strength
ASTM D 6641
0° (warp) Compressive Strength 3x6 | 3x6 | 3x6 | 3x6
SACMA SRM 1
. | ASTM D 6641
0° (warp) Compressive Modulus 3x6 | 3x6 | 3x6 | 3x6
SACMA SRM 1
ASTM D 6641
90° (warp) Compressive Strength 3x6 | 3x6 | 3x6 | 3x6
SACMA SRM 1
90° (warp) Compressive ASTM D 6641
R 3x6 3x6 | 3x6 | 3x6
Modulus SACMA SRM 1
In-Plane Shear Modulus and ASTM D 5379
. 3x6 3x6 | 3x6 | 3x6
Strength ASTM D 3518
Short-Beam Shear ASTM D 2344 3x6 3x6 | 3x6 | 3x6
a9 6-3 g2 By AR vy ZAE 54 A9
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DRI srummrig 2u oS HOIEHOIA 75 2 SQAA i Al 2 &
- 121~137TC 723} 1174 o FA] Zejxe L
o A EE SAAE
Af W (gsm) @ 303 + 15
HAE © E-Glass dAF ¥AF ECDE 75 1/0
x4 8 A
- A AE AlE B A ThE
- S AN e g ew Helgue] s 1%
- AR A ARAM R RN A
- B EAAFY
- G A ¥ H A}
- Al A/ A A E Al R
- AE 5 71E Y
- 7 ARSI RS S 7IAH 54 A E
No, of Specimens Per Test
Method Condition
Test ] -
Reference (# of Batch x Al %)
CTD' | RTD* | ETW® | ETD
0° (warp) Tensile Modulus,
1 , . ASTM D 3039 | 3x6 | 3x6 | 3x6 | 3x6
Strength and Poisson’s Ratio
90° (fill) Tensile Modulus and
2 . ASTM D 3039 | 3x6 | 3x6 | 3x6 | 3x6
Strength
) ASTM D 6641
3 0° (warp) Compressive Strength 3x6 | 3x6 | 3x6 | 3x6
SACMA SRM 1
. | ASTM D 6641
4 0° (warp) Compressive Modulus 3x6 | 3x6 | 3x6 | 3x6
SACMA SRM 1
. ASTM D 6641
5 90° (warp) Compressive Strength 3x6 | 3x6 | 3x6 | 3x6
SACMA SRM 1
90° (warp) Compressive ASTM D 6641
6 R 3x6 3x6 | 3x6 | 3x6
Modulus SACMA SRM 1
In-Plane Shear Modulus and ASTM D 5379
7 . 3x6 3x6 | 3x6 | 3x6
Strength ASTM D 3518
8 Short-Beam Shear ASTM D 2344 | 3x6 | 3x6 | 3x6 | 3x6
99 64 frel S NnY BEAR Gug A 54 A9
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Develop Material and Process Specifications

Develop QA/QC Procedures. Acceptance Tests for Material

Define Test Matrix

Define Test Methods

Purchase Material (multiple batches)

Perform Tests

Reduce/Normalize Test Data

Calculate Acceptance Limits for Material Specification

19 6-1. Roadmap-Qualification of New Material (Composite Materials Handbook-17, Vol. 1)

O AGATE/NCAMP A=} ¥4 % A8 Ag +H
- AR B A A ZA

- dlolg ol A ALA A4

- B35 sdA 2 (Carbon/Epoxy Tape, Glass/Epoxy Fabric)
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O | A5 2 20 1 4 3 | BAEE, gn], &4
O | ¥ & 30 1 6| 3 | EAEY, 3n], 4
O | &#9% #4 20 1 4 3 | BAEY, 39n], 24
O | A7#d 20 1 4| 5 | BAZH, Fon]|, 74

A@sd A=
O | AAgEn 20 1 4 60 | A=FviH]
O | geold &=k 20 3 12| 40 | A1EAZH]
O | 23 #x 20 3 12 20 | A3 AY 7p3
O | 1A= & 7+ 30 3 18 | 30 | FHIAMEH]
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O | Acceptance Test 50 1 10 20 | Alg@H
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O [ A=A 24 AT 30 6| 10 | 2A=H, Soful, 30
O EFAE Q% & AFA =" 7 F
O EdAE dsA=E 75
O | &A= d5A=8 ¥4 <A 4 30 6| 5 | AnFd, EXFE, 230
O | #3435 BdAls IF5A=H 24 30 6 5 | A=FH, BAEY, 244
O EdAE A5 aTEd £9
O | 3A#YgEA 27241 9 20 4| 3 | AEFH, EAEH, F9n
O | NEAgN 272a 59 30 6 3 | ARsH, wMEH, Fonl
O | AswdAx % 374N 7% +3 35 14| 3 | AaFH, £X4=E, 3on
O | AE¥3 71 2 &4 dA #371F 9 30 6 3 | A=FH, EXAEY, 3N
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@) g A ZAF Q1% (Qualification)
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O | FAAMEH &<l 35 21| 3 | E3m, 3ofu], NeHt
O | A1AAZ ¥4 Qualification 35 21 4 dAFAE, 44, 71E€37}
O | NEAR A A= 50 30| 4 | ARAE, 23, N1£9t
O | 7143 S FAA A 2 A1E 43 45 27| 4 AFAE, 44, 71=«H7
O | E4A8 AY FXAE AA 2 A 43 20 8| 2 AFAE, 244, 7<%t
O | et A1 A FX4 A4 2 A3 43 20 8l 2 AFAE, 244, 71=H7t
O dloleiwlol2= A3 HF
O | @244 g 2348 dolguolx 40 lo| 4 | =73, Seinl, 71587t
O | 824+ Hey EFA45 dHolgmoelx 40 16| 4 | =40, goful, 71&H7t
O | freldf HEe B35 dolewolx 40 16| 4 | =34, Ionl, 71&H7}
O 233378 F2 ERAE SHAE
(@) g4 Holz B3R HelEH ol

O | Test Plan / AR E A 274 10 2| 10 | AEFR, #MEE, 254
O | #2835 &5 10 41 10 | AEFH, BXEY,E40
O | mAst 84 548 AEA A4 2 04| 5 | AEFH, BXEY,EEM
O | Flow ¥ gel time/volatile content/Resin content/Fiber areal weight 2 041 10 | AHALEE EAZE,

O | Shop handling properties (Out time and storage life Z7%) 2 041 5 AEFH, Fon], &34
O | €54 ¢ 4% A¥ (DSC, RDS, HPLC, FTIR) 5 1| 10 | AHAEE, EXMEY,
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O | Z&% =49 10 2| 5 | BuAER EXNEY,
O | 2= ¥ ply F7/fiber volume fraction/ 2] W o] &= 2 0.4 5 ARALE 8, EAEE,
O | A9 +8=71 ZA (dry and wet) 2 04| 5 | AHAEE,EAEY,
O | Moisture diffusivity ¥ Equilibrium moisture content 20 4 5 ARALE 8, FAEEY,
O | Coupon accept/reject 71 &4 5 1| 10 | AZE¥H], AJE7EH
O | A1871% A4S 9% Round Robin Test 53 10 2| 140 | A&, AlEIFEH]

O A AAZRAT Y
O | AEg g A= Agul, U s, s d A=}
O | Control of voids and resin content (breathing, bleeding, bagging) 3 06| 5 | AUAEE EAEY,
O | Z857] deve" 273 5 1|1 5 ARALEE,EAEE, 5] o]
O | Laminate/coupon traceability 2 04| 5 | AHAEE,EAEY,
O | Laminate secondary operations 5 1 5 ARALEE FAEE,
O | Tab (doubler) construction and bonding 5 1 5 ARALE 8, FAEE A F A
O | msm 1A (NDI) 30 6| 50 | BHALEE,EAEE,
O | AlgAS 7+ 50 20 90 I PN SR

O A3k 7AH 54 A
O | 7143 AdE& $1% Environmental conditioning 60 12| 14 ARALE 8 FAEE,
O | "Dry" / "Wet" coupon conditioning 60 12| 14 | FHAEE,FAEY
O [ Strain gaging 20 41 20 | AWIALEE, AEH
O | A8dxA 3 ZEIA 10 2| 20 | BHAHE R EAMEY
O | A1¥%5 9 Environmental conditioning 10 2 5 AuALE 8, FAEY
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O | 0° tensileproperties 10 1 21 10 ARALEE AR
O | 90° tensileproperties 10 1 21 10 | AR EAESE
O | 0° compression strength 10 1 21 10 | AvAIEE AEE
O | 0° compression modulus 10 1 21 10 ABALEE AT E
O | 90° compression strength 10 1 21 10 ABALEE AT E
O | 90° compression modulus 10 1 21 10 ABALEE AT R
O | In-plane shear properties 10 1 21 20 | A¥AEEAESE
O | Short beam shear properties 10 1 21 20 | AR EAER
O | Open hole tension properties 20 1 4| 20 | AHIAIEEAIRRE
O | Filled hole tension properties 20 1 4| 20 ARALEE A E
O | Open hole compression properties 20 1 41 20 | AHIAEEAIEE
O g4 2 E BE3AE delEH ol

O Test Plan / Al@E 1A 24 5 1 1] 20 | A8FR, 459,240
O |#2ns &% 10 2 41 20 | AsR, 2AEY, 3
O | B33 B4 54/ AgA #4 2 1 04 5 | AEFH, A=Y,
O | Flow ¥ gel time/volatile content/Resin content/Fiber areal weight 2 1 0.4 5 A AL B FAEY,
O | Shop handling properties (Out time and storage life Z7) 2 1 04 5 | AESFH, Fnl, &34
O | €54 ¢ A% A¥ (DSC, RDS, HPLC, FTIR) 5 1 1| 10 | ARAEE,EMEY,
O | B35 =413 10 1 2| 5 | AHAEREXNEY,
O | 2= ¥ Ply F7/Fiber volume fraction/ 2] o)L= 2 1 0.4 5 ARALE 8, EAEE,
O | Hdl +8x=71d ZA (Dry and wet) 2 1 04 3 | ANAEEEANEY,
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O | Moisture diffusivity ¥ Equilibrium moisture content 20 41 10 ARALE 8, EAEE,
O | Coupon accept/reject 71+ &4 5 1| 10 | A, AJE7EH
O | N871# 44& 993 Round Robin Test 3 10 2 20 | AZEw], AJE7EH
O AR A ZRAT
O | AEg g A A g Hl, gRA-eE,9d A 2
O | Control of voids and resin content (breathing, bleeding, bagging) 3 06| 5 | AHAEE EAEY,
O | A&7 =iy 273 5 1| 5 | BHAREE,EXEY,3] 9N
O | Laminate/coupon traceability 2 04| 5 | ARAEE EAZEY,
O | Laminate secondary operations 5 1 5 AvAL L8, EAEE,
O | Tab (doubler) construction and bonding 5 1| 10 AuALEE FAEE A 5 A
O | ®lzt3 A (NDI) 30 6| 56 | ARAEE EMEY,
O | A8 A4 7hs 50 20 | 100 | AWIALSE,EXMEE,
O AskE JAH 54 A
O | 7143 A ¥& $13 Environmental conditioning 60 12| 10 ARALE 8, FAEE,
O | "Dry" / "Wet" coupon conditioning 60 12| 10 | A¥AEE,EAEY
O | Strain gaging 20 41 20 ZAuAL S, A B H]
O | NEHEAA 9 AFHEIA 10 2| 5 | BHIAEE,EXEY
O | A1¥%9 Environmental conditioning 10 2 5 AvAL L8 EAEE
O | 0° tensileproperties 10 2| 10 | AuAEE
O | 90° tensileproperties 10 2| 10 | FuAEE
O | 0° compression strength 10 21 10 | A¥AEE

- 61




3J18 =i SUMS HIOIEHHIO0IA 1= X STAILE N

M3 & wWBS

ER)|

(=13
=

ol
=

X
o

g

O | 0° compression modulus 10 21 10 | AHALEE
O | 90° compression strength 10 2| 10 | ZHIAES
O | 90° compression modulus 10 21 10 | Z¥ALEE
O | In-plane shear properties 10 21 20 | AVAEE
O | Short beam shear properties 10 21 20 | A¥AEE
O FAF HBg BFAE dolemex

O Test Plan / AlZ R A 2HA 5 1| 20 | AEFH, EAEH, &40
O | #4183 g% 10 4| 20 | ARFH, FAEE N
O | WAs &4 S48/ ALX A4 2 04| 10 | AaFH, £XEE,270
O | Flow ¥ gel time/volatile content/Resin content/Fiber areal weight 2 0.4 8 AuALE 8 FAEE
O | Shop handling properties (out time and storage life Z7%) 2 0.4 5 A584H, 39n], 3]
O | €54 ¢ 4% A¥ (DSC, RDS, HPLC, FTIR) 5 1| 10 | AHAEE,EXMEY,
O | g% EXAE 10 2 10 | BAHALER,EXEH,
O | 2= ¥ ply F7/fiber volume fraction/ 2l o= 2 041 10 ARALE 8, FAEE,
O | v +8=71 ZA (dry and wet) 2 041 10 FHALE B EAEE,
O | Moisture diffusivity 2 Equilibrium moisture content 20 41 10 | A¥ALEE,ZAEY,
O | Coupon accept/reject 71 4 5 1| 10 | AZE¥, AJH7EH]
O | A18718 A48 93 Round Robin Test F7 10 21 20 | AZw, AA7LEH]

@) Al A A B AE
O | A198 A A= AgH], ARS8, A =}
O | Control of voids and resin content (breathing, bleeding, bagging) 3 06| 10 | AHAEE,EAEY,
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O | Asts7) gy 2% 5 1 1| 10 | BHAHEE,EAEY, 3] 9H]
O | Laminate/coupon traceability 2 1 04| 10 | AHIAEE,EAEY,
O | Laminate secondary operations 5 1 1| 10 ARALEE A EE,
O | Tab (doubler) construction and bonding 5 1 1| 10 B AL 8, EAEE 2 54
O | ®l= 3 AAF (NDI) 30 1 6| 60 | AHIAEE EXMEY,
O [ A8 A4 7k 50 2 20 [ 100 | AHIAER, EAMEY,
O BEF JAAH 54 A
O | 7143 A¥& $13 Environmental conditioning 60 1 12| 10 AvAL L8 EAEE,
O | "Dry" / "Wet" coupon conditioning 60 1 12 10 | A¥AMEE,EAEY
O | Strain gaging 20 1 41 20 ARALEE, A EH
O [AN8HEAN R AHraA 10 1 2| 5 | AMIAEER EMEY
O | A1¥%5 9 Environmental conditioning 10 1 21 5 | BHIAEE,EAEY
O | 0° tensileproperties 10 1 21 10 | AVAEE
O | 90° tensileproperties 10 1 21 10 | AVAEE
O | 0° compression strength 10 1 21 10 | AHIAEE
O | 0° compression modulus 10 1 21 10 | ARALEE
O | 90° compression strength 10 1 2] 10 | ZHIALEE
O | 90° compression modulus 10 1 21 10 | A¥AEE
O | In-plane shear properties 10 1 21 20 | AHIALEE
O | Short beam shear properties 10 1 2| 20 | AulALEE
(@) E}A R HolHulol= I/ R #HYAA 7H ¥1,694
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AR amoizmilg IM STIE UIOEHO0IA 75 2 IAAY Jj HI3 A WBS 3 NN 2eu

O AlEEE 2 I A" iR
O tlelEHlo] = #e
O | AdaaAgA 24 20 3 121 20 | ARFH, EARYA2H Y
O | dlelgulol& A AGA 24 30 2 12| 5 | ARFH, EARYAN=HEH
O [ ZE=dFHEAM AT 100 | 3 60| 5 |&A=d, Fonl, &4
O | Hielgieol~ &3 work flow 24 50 3 20 [ 10 | BAEH, 3oful, 4|
O | deleulo]=~ 523 34 10 3 41 2 | 2MEH, v, 240
O | Requirements Check Sheet 24 50 3 30 10 | AEFH, 3gH], 4
O | 4 a7xxs 937 AT AFE 2 a4 Agx A4 50 3 30 5 | AEFH, 3gul, 40
O | Requirementsi-H 10 3 6 5 A58, 39n], 34
O | ARZTFAHIHAE 30 3 18| 20 A85H, Fon], &40
O | Round Robin Test Al&A] A 10 2 4 2 AgH, 3o, 34
O | A=s4d HE 60 3 36| 50 | AmFH, v, 24w
O | Critical, specific "show-stopper" tests (most critical requirements) 10 1 2 5 A5 4H, 319H], 3]
O | Screening matrices 273 20 1 4 1 A g4, 3on], 31
O | Ar AHgAM =4 20 1 4 1 | AESFH, I, 4
O | Qualification matrices &7 (Three-#%) 20 1 4 4 FAEE, 3ou], E74H|
O | Heleulo|2=ge] g ~ZES o] 7fd 40 3 24| 40 | BHIALE, Flojn], 24|
O AEFIE %
O | &A1E°F WG 30 3 18| 40 | 4=9, 3o, A-EH|
O | 38 EF WG 20 3 12| 20 | A4=4, 3], A-EH|
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O | A&k WG 20 12 | 10 b= , 3 efH], AEH]

ANeAdAG FHAA &3

Sources of variability <1
O | "batch" variability 40 24| 4 | BAMEY, VIEHEEEY
O | Panel/coupon fabrication variability 20 12 10 | BAEY, 7IsHES4H
O | Preconditioning variability 20 8 4 Y, 7IEHE, 40
O | Testing variability 20 12| 10 29, 71edE &3
O | Data normalization - composite laminates 40 16| 5 | BXEY, 7«AE SN
O | Methodology 40 16 5 | 2M&Y, 7I€dE 23"
O | Structural analysis implications 50 30| 20 N E

7)) 5]-& %k (material allowables) A+
O | Allowables from a single data set 30 6| 2 AR, M E
O | Distributional form 40 241 20 2], A E
O | Allowables calculations 100 60| 20 2], A E
O [ &44 #H= 20 8| 5 A, AAE
O | Variability #5 2 #7} 20 81 5 AHEH], A E
O | o1’4d 7} outlier data) 50 20| 10 A5, fE
O | Batch and data set variability 20 12 5 3] 9n], E3H|
O | Calculations after normalization 40 24| 5 3] ojH], 74|
O | Data normalization - core materials 15 3 5 3] 9n], E73H|
O | Data management and databases &-frA|Z=% 100 60| 25 3] 9n], F3H|
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SEEE A8 R SIS HI0IEHWI0IA X X SFAIAHE Y H3Z WBS 2 N =W
O | Setting Specification Acceptance Values 10 4 5 A=Y, 3], &4
O | Physical properties - relationship to production processing 40 24 5 A&, 3], &4
O | Mechanical properties - relationship to allowables 40 24 5 XY, 39H], =74
O A A Fdey d
O EA s e e ol AT
O EEA wAGEA sl & ATy dF AT 60 151 1 | ARFA, 39u], 49
o A A sle) FEZ2ay T 20 5( 110 | A, siHzZ=as o
O Fiber/Matrix Young’s modulus/Poisson’s ratio/Strength S84 % 40 101 6 | AEFH, AFE&H
@) Fiber/Matrix/Void volume fraction ratio =3 A% 40 10 5 Ag54d, AP89n]
O Fiber/Matrix =4 |47 &4 AT 60 15 1 | ExA2Y, 244
O EA seAd e sy 2y 24 AT
O Laminate Initial/Final failure strength 3147]% #4 A+ 40 10 1 A&, 3], &4
O Open hole A1 7%= T 9&71E4 de] 24 4+ 60 151 1 | A=A, 244
O Open hole AlH Z% x5 sh=o] g3 ZEA8 71H 4 AT 60 15 1 | AsFd, 2284
@) Open hole A|H 7% Final failure strength 3423} &4 40 10 1 A2 4F, 3]
@) 7NEEALX] BAEE 118 Open hole A8 2% B3k si471y &4 60 15 1 | BAZY, 244
@) Laminate = 3|42 7/A 927 vl £4 20 50 1 | #4249, 3oful, 4
O Open hole 2= a8 A7/ A AT} Hlal £4 20 5 1 TAEE, 3ou], &3
O E3A #eA® g 22 a3 A AT 40 10 | 130 | 1=+ F3H]
O A s ey 22O A3 AT
@] Open hole 2% A2 =239 243 /AF 27 Hlu &4 40 101 1 | A&, 39n], 23|
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SMS GIOIEWOIA P X STAIAH I H3Z WBS XX el =CY

WES | Task Name |11 | 2012, Halt & | 214, Halt 1 | 2014, Halt & | 2014, Halt 1 [ 2074, Halt 2 | 2UTs, Halt | 21k, Halt 2
| MTE T [TTATSTO NI FTMTA M I [JATS BTN E [ TTFTHMTATMT [ TTATSTETMTE [TTFTMTATMTI [JTTATSTHTN]

I 172832712 24 M= HOIEHO S 75 W TRAAS Y T— ; e : v

2 11 ESsiiend, 272 B Ea Y ASHN 22 — ! : v

i1 GEENEnRd 2RRA B E5 _ p— v

41110 SRAURAA B2l v g !

E 11100 TRl 2] [ —

B 1.1.1.1.2 W=z 22 ————

711,113 | 22 L —

810114 EOIE 2 - ]

911,115 PR - |

1112 S ELER B v : : v

i R e e——

1211122 Hol 2zt ———

311123 Tt EA [—

/11,124 Project] =SS . T ———————

1511125 HaAl T ZH B [

B 1.1.1.3 = Acceptance Test e . ; -

17/1.1.1.31 Praducibility Validation — |

11132 HER BHOIZ ]

B 112 TSHAE A5 WASAAL 25 . L ; v

w1121 S ER e = —

211,201 TRUAZ SR LSS EA —

#1212 E8HE UZSRPEU 22 —_—

#1215 ZHIDEH 97 22 —

211214 AEHEN 27H 28 S ——

% 11,215 NERHN L ZERMN BTEN 43 r——

%61,1.2186 ANEYE 2IE L SR HA 230|E F B ————

711,22 SR AS 85 = =

(11,221 SEHE HE A B S (Cualfication) —_—

#l1.1,223 T2 K Z A2 S (Qualification) e —

011,225 AEE 212 (Qualification) —_——

A 1.1.204 SEAANE 28 e

211225 ZE A8 2O [ ———————————

#1123 EdlolEWoNIS BAM 2S _ v d

#1125 EAMZ Elol= SEME dlolE o~ 2rA He s

B 1.1.252 StaMS 22 S5 E doleltlolx SAld He = —————————

® 11255 S2/HS 22 25T dlolEH0l~ BHElA He e ——

3 1.2) PAHEEIE IH AR SHNE " v

B 121 Sea M dol= 28 ME doleldlol~ L P

#1211 S TestPlan / AEB DM & @ i

Wetn zzo=ms _— s ———""""

12112 HTS 24 SAAE HEM & —

201.21.15 flow 3! gel time/volatile content/resin content/fiber areal weight  ——

481.21.1.4) shop handling properties (out time and storage life 28 L ——

4 12115 EEM U M2 A8 (DSC, RDS, HPLC, FTR) —

512116 TEE SUMNE e —

$1.2117 2 L ply FH Aber volume fraction/R 2l H0I2E S
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3718 =& SIS UIOIEHI0IA 1= 3 IFAIAE JHE H3Z WBS 2 N =W
WBS | Task Marme Il 2UlE, Hall & | 2u1d, Hall | | 2u1d, Hall 2 2014, Halr | 2014, Halr 2 21, Hall | 21, Hall &
. _ MIATHTS [JTATSTHTHTO [T FTMIATMI I JTa S OTNTO [ JTFMTa M I e[OTNTO [JTTF[MIATHII[ITATSTOTN
£1.21.18 I 222 2 (dry and wed) e
812119 moisture diffusivity 3 equilibrium moisture content e
8121110 Coupon accept/reject 3| = 2g —
B 2.1.1.11 AE312 HE S #5 Round Robon Test 7
5111.2.1.2 SAIE HE Y AE v ’ . 7
Bl1erel AEAE HE L CEEEesee——
831,21.22 panel processing to production parts processing
5012123 lay—up procedurs [———
8012124 contral of voids and resin content (breathing, bleeding, bagging) ——
BB 12125 ZEtED| DRetHE 23 -
57 1.21.28 Laminate/coupon traceability _
512127 Laminate secondary operations
il tab (doubler) construction and bonding e
B0 1.21.29 bl Ghal 2 At (NDI —  ————
611.2.1.3 SAass JNE 4 M= : v v
6 1.2.1.31 AHHMEE FE Enviranmental conditioning
6312132 "dry" / "wet" coupon conditioning
64112133 Strain gaging
B 1.21.34 "wet’ coupons AT FZEALM
f61.2,1.35 A8 Z9| Environmental conditioning
6711.21.36 longitudinal tensile properies
8812157 longitudinal compression strength/modulus
6311.21.38 in-plane shear properies
01.27.39 transverse tensile properties
21310 transverse compression properties
’213m longitudinal flexure properties
721312 intedaminar shear strength
M1.21.813 edgewise shear strenath
B 21314 Open hole tension proberties
7821315 Filled hale tension properties
7t.2.1.3.16 Open hole compression properties
w122 SEAMR MU St HoIEHol A~
M 1.2.21 ~ Test Plan / AIEI2 0 A X4
81,2211 EZPE EE
812212 iz =8 A HEMH 24
212213 flow 2! gel time/volatile content/resin content/fiber areal welght
812214 shop handling properties {out time and storage life 274)
#1.2215 224 2 42 M= (DSC, RDS, HPLC, FTIR}
® 12218 ZEIS- 24 H
8 1.2217 2= 3 ply M Aibet volume fracionyF 2| HOI2E
8711.221.8 Z =2xH 23 (dv and wet)
812219 molsture diffusivity 2 equilibrium moisture content
8 .221.10 Coupon accept/reject 3| = =E
2211 AEJ 2 HEE FIE Round Robon Test
9 1.2.22 SAE HA Y A
% 12221 AEANE HE Z DI
81,2222 panel processing to production parts processing
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3J18 =& S|YE HIOIEHoA =

X SEAILH NS

H3Z WBS XX el =CY

CAES

%

5% |
9

5

5 |
100

10
102

1|7,
1041,

108

RGEE
107]1.

o

103
10

WEBS

12 2.2,

13 2

14
115

1|
1

118

118
120/ 1,
12

123

1

15 2.
126
122
128
e
=i
1312

RE7

133

134

13|
138

e

"ISE.I I. .I

Task Name

lay-up procedure
control of volds and resin content (breathing, bleeding, bagging)
AsteD] IRINE 24
Laminate/counon traceahility
Laminate secondary operations
TEH &F
tab (doubler) construction and bonding
HITHAE AR (NDIY
SHA5 JHE 4 AE
JHHAEE #IE Environmental conditioning
"dry" / "wet" coupon conditioning
Strain gaging
"wet' coupons AlE FZEALM
MEEEl Environmental condiioning
O"(warp) tensile propeties
TCwarn) compression strength/maodulus
Q0°(ill) tensile properties
30°(filly comprassion properties
in-plane shear properties
Short beam shear properties
“RoMR M2 S8 AoIE o~
= Test Plan / A2 ¥ DA =A
EER2E E=S
HIZst B4 SHAE HEM &2
flow 2 gel time/volatile content/resin content/fiber areal weight
shop handiing properties (out time and storage life 2&)
24 2 A2 AE (DS, RDS, HPLE, FTIRY
E 24AME
= L ply SM Aber volume fraction/F 2| H0|I2E
A EEEH 23 (dv and wet)
flammability
moisture diffusivity B equilibrium moisture content
Coupon accept/reect 3| =
A 822 HHE 215 Round Robon Test F7
FAE AR D A
MEAE HE D 012
panel processing to production pats processing
lay-up procedure
control of voids and resin content (br_eathing_, bleeding, bagging)
50| DI2HHE 28
Laminate/coupon traceahility
Laminate secondary operations
&N & F
tab (doubler) construction and bonding
HITHAE AR (NDIY

9 o

=
=
=1

It | U1, Halt 2 clld, Halt |

| 2Uld, Half 2

cUl4, Halt |

2U14, Halt &

cUls, Halt |

U1, Halt 2

JTFIMTATMTJ

T A[S[UTNTD

T F[M[A[M]J

JAS[UIN]D

M AM[J[JA[S[U[N]D

J|F\M\A|M|J!J\A|E|U|N|U

_70_

P v
b e—————]
C—
—
——
—
—
CE——
—
—
e
@ P
P -
———— — ————
—
—
—
-
—
r———
—
—
—_—
—
—
w v
——————




Adsta)|g A SSIE HIOIEHIOIA 75 X SQAAY Y A3 % WBS 2 JHues 2w
e [lesktame mmmu KJmf':g\néwmw KJUIT'ETH\MMU IéJmf':aré\me IZJUIT'ETHM\M\J éJmT'AHaPé\U\Nw éJL”T'mHNIHMMN KJUWT':EPEW

13 1.2.3.3 SAHZ JNE SA NE v ?

012331 JIHEAES 2B Envitonmental conditioning _

m| 1 .2.3'.3.2_ "dry" / "wet" coupon conditioning _

1421,2335 Stain gaging P—

14311,2,3.54 "wet' coupons Al S ZALM ——

1d§i1.2.3.3.5_ AEE2 Environmental conditioning —

1512338 0(warp) tensile properties o

10812337 O(wam) compression strength/modulus —

1471.2.538 90°(Fil) tensile properties —_

14812539 90°(fill} compression properties e

ﬁ!.z.s.é.m_ in-plane shear properties —

160,2.3.3.11 ~ Shert beam shear properties —

151 | 1.3 F =8z doletol~ 27 2 22X 75 =

5 1.31 SAYUER U B AAL Y .

113001 EEEE T @

B 1312 GIOIEMION~ M2 HEM A —

155i 1.31.3: BEEHSE A N _

18| 1,314 Gl O EAHI 012 =H2 work flow ZH4 e ————

]5?! 1.3.1.5] AIolEiDl~ @ REH =2 —

]Eﬁl 1.31.6 Reauirerments Check Sheet AbM ) —

183 1,317 2 RPEHUE DESD HEAE Y ald HEM Y e ——

15U| 1318 Requirements 257 ——

B 1319 WEZSAdlole 2 = : :

152 1,3,1,10 Found Robin Test HI 2 Al ZH @

182 1.31.11 HEZ® A= —

1754’! 13112 critical, specific "show-stopper” tests (most critical requirements) D

E| 131,15 qualification matrices A (three-25[) -

166 1,5,1.12 CIOIEMIOI =221 +ZE90f e T —

1671,3.1.15 SHENDE 29 ¥ v

]55I3]]51 ATHE O W —

168|.3.1.15.2 ZEZ0FWG _

17),3,1,15,3 F A0 WG R EEEEEE—E—E—§—€—€—€—€—€—€—€—€—€—€—€—€—€—€—€—€—€—€—€—€—€—€—€—€—€—€—€—_—_—_—_—_—_————————...
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A AldarE Al 31F% - Al Hx [FEINGFE A164%, 2009.9.10, IFNA]
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71 71715, KAS Part 23

FAA ¥ 2 73

FAA Code of Federal Regulations (CFR) 14: Aeronautics and Space
FAA Advisory Circular AC 20-107B Composite Aircraft Structure.

FAA Advisory Circular AC 21-26 Quality Control for the Manufacture of

Composite Structures.

FAA Advisory Circular AC 21-31, "Quality Control for the Manufacture of

Non-metallic Compartment Interior Component”

FAA Advisory Circular AC 23-20, "Acceptance Guidance on Material

Procurement and Process Specifications for Polymer Matrix Composite Systems”
FAA Advisory Circular AC 23-20B, "Supplier Surveillance Procedures”

Federal Register, Vol. 65, No. 114(Policy State Number ACE-00-23.613-01), June
13, 2000.

FAA PS-ACE 100-2002-006, "Material Qualification and Equivalency for Polymer
Matrix Composite Material Systems”, September 15, 2003.
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DOT/FAA/AR-02/109, Guidelines and Recommended Criteria for the Development
of a Material Specification for Carbon Fiber/Epoxy Unidirectional Prepregs, April
2003.

DOT/FAA/AR-02/110, Development of Process Specifications, Instructions, and
Controls for the Fabrication of Fiber—-Reinforced Polymer Composites, April 2003.

DOT/FAA/AR-03/19, "Material Qualification and Equivalence for Polymer Matrix
Composite Material Systems: Updated Procedure”, September 2003 (supercedes
DOT/FAA/AR-00/47).

DOT/FAA/AR-06/25, Preliminary Guidelines and Recommendations for the
Development of Material and Process Specifications for Carbon Fiber—Reinforced

Liquid Resin Molded Materials, March 2007.

DOT/FAA/AR-07/3 Guidelines and Recommended Criteria for the Development of
a Material Specification for Carbon Fiber/Epoxy Unidirectional Prepregs Update,
March 2007.

DOT/FAA/AR-06/10 Guidelines and Recommended Criteria for the Development
of a Material Specification for Carbon Fiber/Epoxy Fabric Prepregs, May 2007.

ASTM STANDARDS
ASTM D695 Compressive Properties of Rigid Plastics

ASTM D792 Specific Gravity (Relative Density) and Density of Plastics by

Displacement

ASTM D2344 Apparent Interlaminar Shear Strength of Parallel Fiber Composites
by Short - Beam Method
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ASTM D2734 Void Content of Reinforced Plastics

ASTM D3039 Tensile Properties of Polymeric Matrix Composite Materials
ASTM D3171 Fiber Content of Resin—-Matrix Composites by Matrix Digestion
ASTM D3530 Volatiles Content of Epoxy Matrix Prepreg

ASTM D3532 Gel Time of Carbon Fiber-Epoxy Prepreg

ASTM EI168 General Techniques of Infrared Quantitative Analysis

ASTM E1252 Standard Practice for General Techniques for Quantitative infrared
Analysis

SACMA STANDARDS

SACMA SRM 1R-94 Compressive Properties of Oriented Fiber—Resin

Composites

SACMA SRM 18R-94 Glass Transition Temperature (Tg) Determination by
DMA of Oriented Fiber - Resin Composites

SACMA SRM 20R-94 High Performance Liquid Chromatography of Thermoset

Resins
SACMA SRM 22R-94 Resin Flow of Preimpregnated “B” Staged Material

SACMA SRM 23R-94 Resin Content and Fiber Area Weight of Thermoset
Prepreg with Destructive Technique

SACMA SRM 25R-94 Onset Temperature and Peak Temperature for Composite
System Resins Using Differential Scanning Calorimetry
(DSC)
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