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ABSTRACT

Urban Air Mobility is attracting attention as a future innovation industry around the world,
and leading industries are considering the application of composite materials for structural
robustness and lightening in the designing and manufacturing new concept eVTOL aircraft. To
apply composite materials to the new concept of eVTO aircraft, this paper was analyzed about
composite material qualification system of FAA & EASA and institutionalized by Korea
Government, including the procedures and methods, the organization to carry out the material
verification for domestic conditions. The domestic composite material qualification system will
not only make it easier for manufacturers of eVTOL aircraft with a new concept to apply
composite materials to domestic aircraft through pre-material qualification, but also reduce the
burden of material qualification within the period of type certification. In addition, domestic
manufacturers of composite materials with qualified material quality and performance will be
easy to enter for domestic aircraft applications and composite material manufacturers with
experience in applying to aircraft will have a positive impact on overseas exports. This system
will be able to promote the development eVITOL aircraft industry of a new concept and
enhance international credibility of made aircraft in Korea.
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Certification Basis Options

Applicable as written

m Modification or addition sensible

80% of Part 23
Amdt 64 is

applicable as
written to
wing-borne
eVTOL aircraft.

Needs major modification

9%

Not applicable

10% ——

80%

Part 23 Amdt 64

Fig. 1. Utilization of revised FAR part 23(23-64) for eVTOL
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[ MOC - SUBPART D - DESIGN AND CONSTRUCTION |
DOCUMENT | SUBPART PROVISION HOC 1 VTOL 2900 Far by e contt sy Dotrsionand
SC-VTOL-01 7 64 MOG 2 VTOL 2300 Accostabily of ASTM starard F3232-F3ZaZh- 17 ko Fiy-y-Hre fignt conu
o, o) ol systems |
MOC m m#l | 7 31 MOC 3 VTOL.2300 Vahdation of Electronic Fight Control Laws (FCL) m Fly—by-Wire fight control
Systems
MOC VTOL 2300(a)(1) Furction and operation of Fly-by-Wire flight control system
E AS A ropossd Maas of Compliance with | D 1o MOCSGATOL MOC VTOL 2300(a)(2) Protecton agamst ikely Hazards for Fly-by-Wre fight contol syslems
—temb Pt sl the Special Condition VTOL e May 2000 MOC VTOL.2300(a)(3) Control margn awareness
MOC 4 VTOL.2300 Common Mode Failures and Errors in Fly—by Wire Fiight Control Functions:
sed Means of Compliance with the Special Condition VTOL MOC 5 VTOL.2300 Hidden Faikaes in Fly-by-Wire flight coniral systems

MOGC = SUBPART A - GENERAL

MOC VTOL. 2000

and definitions:

MOC VTOL.2005 Cy

of small-category VIOL arcraft

MOC VTOL. 2010 Accepled Means

of

MOC VTOL.2320(a)(?) Occupent physical
MOC VTOL.2325(a)(4) Fire Protection — Erengy siorage crash
MOC VTOL.2325(b)(1) and (b)(2) Fire Protection: fire extingus
MOC VTOL.2335 Lightring Protection

| MOC — SUBPART E —LIFT/THRUST SYSTEM INSTALLATION

MOC VTOL 2400(b) Accepted Specifications for Electric/Hybnid Lift/Thrust Units.

designof interiors:

MOC - SUBPART B - FLIGHT
| MOC VTOL 2135 Minimum Handliing
MOC — SUBPART G - STRUCTURES
MOC VTOL. 2200 Structural dessgn envelope

MOC VTOL. 2430(a)(2) Protection of the fuel system against lightning
landing

MOGC VTOL..

Energy r ity in

MOC VTOL 2215 Flight load

MOC - SUBPART F ~SYSTEMS AND EQUIPMENT

MOC VTOL.2220 Ground and water load

MOC VTOL 2230 Limit and ullimate loads

MOCVTOL. 2235 Sructhural strength

MOC VTOL.2240(d) High Energy Fragmenis - Particular Risk Analysss

nhancod

MOC VTOL 2250(c) No catastrophac effect from sngle failures in the Category E

MOC 1 VTOL.2500(b) Intended function of systems and equipment
MOC 2 VTOL. 2500(b) Elecromagnetic compeatibility
MOC 3 VTOL.2500(b) Awworthiness Security in the Categony Enhanced

MOC VTOL 2510

systemns,

MOC VTOL.2250(f) Arcraft capability after bird impact

MOC VTOL 2515 Electrical and System lightning

MOC VTOL 2270(a) and (c)
ns

landing : General

MOC VTOL.2270(b)( 1)

landing dy

MOC VTOL.2270(e) Cargo and baogaoe

MOC VTOL 2520 High—ntensity radated lields (HIRF) protection
MOC VTOL 2555 Installation of recorders

MOC ~ SUBPART G ~FLIGHT CREW INTERFACE AND OTHER INFORMATION

Fig. 2. Proposed MOC SC VTOL Requirements
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&)

v AR 2 FHFTFtAH-S NCAMP(National

g e AdSAEE EASA 2t Center of Advanced Materials Performance)®] A &
FF7) 5o AF E=E RF AL AR I ADS 2AZE o) ARE EPAR F4 °
H 5 A=ES 53 M= Aol YFoly &gF U] AAERARS ARt E=E9 W3 (Memorandum)
AFAE 37 AA 2 Ao olgHE Ao < mAFAHe7. NCAMPE Witchita 7% th3he]
FAol sl Table 13 o] &3F7171&7]Fol] 9A F42 FF3HEA771#<] NIAR(National Institute

Table 1. FAA/EASA Airworthiness Requerment for Composite Material Qualification
Part No. Requirement
§23.2240 Structural Durability
Part 23 §23.2250 Design and construction principles
§23.2260 Material and processes
FAA Part 27 §2x.603 Material and Workmanship
59 §2x.605 Fabrication Methods
§2x.613 Material Strength Properties and Design Values
§33.15 Material
Part 33 §33.17 Fire protection
Ref. No Requirement
EASA VTOL.2240 Structural Durability
SC VTOL VTOL.2250 Design and construction principles
VTOL.2260 Material and processes
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Fig. 3. NCAMP Organizational Structure
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* A} 514 A (Material Specification)
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* A ] A (Process Control Documents)
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Report)
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2.1.2 X & 21 Z(Material Qualification)

g7l FEE AgHE EE EFARY 4
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CID(Cold Temperature Dry), RTD(Room Temperature
Dry), ETD(Elevated Temperature Dry), ETW(Elevated
Temperature Wet)7} 1TH9).
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SPECIMEN SELECTION METHODOLOGY AND TRACEABILITY

PER ENVIRONMENTAL CONDITION AND TEST METHOD
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Material
Batch ( BATeH )

\

Panel

Manufacturing
& Independent PANEL 1 PANEL 2 PANEL 3 PANEL 4
Cure Process

Number of

Specimens

] spec
\

Required per
( 18 SPECIMENS TOTAL )

Test Method &
Fig. 4. Material Qualification Reduced Sampling

PANEL 6

Environment

Table 2. Recommended test matrix for cured
lamina mechanical test

No. of Specimens Per
Test Test Condition
CTD | RTD | ETD | ETW
0° (warp) Tensile
Modulus, Strength |5 515, 613, 6(3x6
and Poisson’s
Ratio
90° (fill) Tensile
Modulus and 3x6[(3x6[3x6|3x6
Strength
0° (warp)
Compressive 3x6[3x6|3x6|3x6
Strength
0° (warp)
Compressive 3x6[3x6|3x6[3x6
Modulus
90° (fill)
Compressive 3x6[3x6|3x6|3x6
Strength
90° (fill)
Compressive 3x6[3x6|3x6[3x6
Modulus
In-Plane Shear
Modulus and 3x6[3x6|3x6|3x6
Strength
Short-Beam Shear - 3x6 - -
7l dsd" Az=AHRe Aol H (Deviation) 5

e 4744 AEE Hlstd $54L AZeA]
AAgAe] BT Hlsfop By TR, AW F
FEHo2 AgHt Fuo A BUAS 4

o
A B3-S aPsior I 7] dsd Adudd
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Materlal
Batch

Panel
Manufacturing
& Independent
Cure Process

Number of
Speclmens
Requlred per
Test Method &
Environment

8 SPECIMENS
TOTAL

Fig. 5. Test Method and Environmental Condition
Used to Establish Material Equivalence
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* No Qualification history of
Domestic Composite Material
- Low Cost
- High Performance & Quality

* Low Economy
- Composite Material not applied
to aircraft Limits opportunities to
be used for mass production
- Composite Material Qualification
Burden during Type Certification
- Aircraft Development Schedule
Delay

* Restricting exports to overseas
aircraft manufacturers
- Requesting material quality and
a application history of certified aircraft

Aircraft Manufacturer Material Manufacturer

Fig. 6. Difficulty in the Application of Composite
material for Aircraft and Material

manufacturer
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Composite Material Qualification Application KIAST
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I

/ Certification Plan, Material & Process Specification /

Applicant

Test Institution
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PCD Review & Audi—>

Certification Plan,
Material & Process Specification Approval

Request Inspection Verification for Test Panel

Panel Fabrication/Conformity Inspection

[

)

KIAST Disposition

Test Set-up & Specimen
Request Inspection Verification

Specimen Fabrication/Conformity Inspection

Test Set-Up Conformity & Test Admission

KIAST Disposition

Material Property Data Acquisition

Test Evaluation Review/Acceptance
<Waterial Property Data Report & Material Qualificalias
Statistical Report
All document Review
y

PCD Approval & Database Registration

Material Production

[ ]

Fig. 8. A Series of Material Qualification
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