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A Study on Development of Certification Basis for VTOL UAS Based on
Analysis of Certification Criteria for Fixed/Rotary Wing UAS and SC-VTOL
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Abstract

Domestic and foreign manufacturers are developing VTOL UASs in various shapes in line with demand for future
technologies. UASs have been developed in a shape classified as fixed/rotary wing, and verified by appropriate
certification standards. However, airworthiness certification of recent VTOL UASs is strict with the absence of VTOL-
specific certification standards. In this paper, criteria applicable to VTOL UAS were presented through analysis of
STANAG-4671 and STANAG-4702, which are certification standards for fixed/rotary wing UAS of the North Atlantic
Treaty Organization (NATO) and the Special Condition for VTOL Aircraft (SC-VTOL) of European Aviation Safety
Agency (EASA). For this, the categorization criteria of general/fixed-wing/VTOL characteristics were established for
each standard item and utilized for analysis.
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Fig. 1 Examples of VTOL Aircraft Based on Definition
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Table 1 Airworthiness Standards and Special Condition
for UAS

Standard Type MTOW

STANAG-4671# |Fixed-wing | 150 ~ 20.000 kg

STANAG-4702 | Rotorcraft 150 ~ 3,175 kg
CS-LUAS Fixed-wing < 750 kg
CS-LURS Rotorcraft < 750 kg

CS-UASOrafty | uas | 0018 k8 (/o VIOL)

3,175 kg (w/VTOL)

SC Light-UAS UAS < 600kg

* Standard Airworthiness Certification Criteria Part 2
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Fig. 2 Concept of This Study
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Table 2 The Number of Criteria in Subparts of
STANAG-4671/4702 and SC-VTOL

Subpart STANAG [STANAG SC
Hbpd 4671 | 4702 | VTOL
A |General 5 5 3
B |Flight 45 23 13
C |Structure 68 39 15
p |Pesign and 54 57 9
Construction
E |Powerplant 75 56 7
F |Equipment 43 39 10
Operation
G |Limitations and 21 21 7
Information
Command and
8 N/A
H Control Data Link 8 /
I |UA Control Station 78 73 N/A
Total 397 318 64
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Table 4 Essential/Optional Requirements for Flight of

VTOL UAS
Categor Essential Optional
S Requirement Requirement
‘Load distribution limits
‘Weight limits
“Trim
-Stability e
_|"Spray characteristic
General |'Propeller/rotor pitch .
o ‘Parachute landing system
limits
‘Take-off/Landing
performance
‘Ground resonance
‘Minimum control speed |- Take-off/Landing
Fixed
) -Stalls performance
wing o .
-Spinning ‘Ground handling
‘Minimum speed
-Climb performance
‘Flight Characteristic ‘Glide performance
VTOL . .. i
‘Controllability and| - Taxiing condition
maneuverability
-Vibration
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Table 5 Essential/Optional Requirements for Structure

of VTOL UAS
Categor Essential Optional
e Requirement Requirement
‘Factor of safety
-Strength and Deformation
‘Flight envelope .
. ‘Pressurized Compartment
protection Load
oads
‘Control  surface  and| _.
General “Tires and shock absorber

system loads . .
Y . . ‘Float landing conditions
-Fatigue evaluation .
. |‘Parachute landing system
‘Emergency landing
conditions

-Ground clearance

‘Canard or Tandem Wing

_ -Ailerons Configurations
F1>.<ed ‘Horizontal  Tail/Vertical |-Catapult/Rocket assisted
wing

surfaces take-off

‘Arresting system

“Structural design

envelope ‘Landing gear
VTOL |-Flight load conditions arrangement

-Ground load conditions &|-Landing conditions

assumptions
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3.4 Subpart D. Design and Construction
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Table 6 Essential/Optional Requirements for Design
and Construction of VTOL UAS Table 7 Essential/Optional Requirements for Lift/Thrust
Category Essential Optional System of VTOL UAS
Requirement Requirement Essential Optional
) Category . .
‘Materials Requirement Requirement
‘Fabrication methods ‘Engines
‘Birdstrike ‘Propellers ‘Fuel jettisoning system
‘Flutter . ‘Fuel system ‘Rotor brake controls
. -Ground equipment : .
‘Fatigue strength . . -0il system ‘Transmissions and
affecting flight safety General . .
“Ground resonance Controls lock -Cooling/cooling tests gearboxes
. ‘Controls locks ) .
prevention means . ‘Induction/exhaust system |-Flammable fluids
-Autorotation control . .
‘Control surfaces . ‘Powerplant controls ‘Ventilation and drainage
mechanism . .
General |‘Rotors . . ‘Fire protection
‘Landing gear(wheel/tires)
‘Control systems tests Float & hulls Lift/thrust system
‘Payload compartment i i
' ¥y .p Pressurization VTOL installation, energy B
‘Fire protection External loads storage and distribution
‘Electrical bonding, .
¢ -Parachute design /support systems

‘Lightning  and  static
electricity protection
‘Rotor

‘Leveling means

‘Wings ‘Take-off protection
Fixed

) Wing flap controls
wing

‘Ground load dynamic
‘Flap interconnection tests

‘Landing gear extension
VTOL |-Landing gear tests & retraction system

‘Landing gear brakes
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3.6 Subpart F. Equipment
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3.7 Subpart G. Operation Limitations and
Information
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Table 8 Essential/Optional Requirements for Equipment

of VTOL UAS
Categor Essential Optional
e Requirement Requirement

‘Function and installation

‘Measuring devices
installation
‘Airspeed indicating|-Automatic Take-off

General [system system
‘Electrical Systems and|-Riding light
equipment
‘Light
‘ECS

Table 9 Essential/Optional Requirements for Operation
Limitations and Information of VTOL UAS

Category Essential Requirement
‘Airspeed limitations
G | ‘Instructions for continued airworthiness
enera ‘Information markings & placards
‘Flight manual
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3.7 Subpart H. Command and Control Data Link
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Table 10 Essential/Optional Requirements for
Command and Control Data Link of VTOL
UAS

Optional
Requirement

Essential

Categor .
20 Requirement

‘Architecture
‘Electromagnetic
interference and
General |[compatibility -Switchover function
‘Performance& monitoring
‘Latency

‘Loss strategy

Table 11 Essential/Optional Requirements for UA
Control Station of VTOL UAS

Essential Optional
Category . .
Requirement Requirement
“UAS crew/workplace .
) ‘Automatic take-off and
Voice recorders landing data disol
. . anding data display
‘UCS  fire and hazard .
. ‘Rotor brake warning
protection .
General : ‘Chip detectors
-Data display .
. . ‘De-icer boot system
‘Indicators and warning |, .
‘Information markings &mdlcator
‘Multiple UA
placards
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