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[Abstract]

A national comprehensive aviation test center is being constructed for the purpose of flight tests for development and modification of
aircraft or flight inspections for the development of navaids. Flight testing is a high-risk task, so strict risk management processes are
required prior to operation. In addition, since the flight test center is subject to the airdrome regulations under the current law, the
introduction of the safety management system will enhance safety as usual in ordinary airports. The establishment of a safety
management system based on ICAO criteria is an optimal means of ensuring safe and effective operation of the test center and may
mitigate the risks that may arise during flight testing. This paper focuses on risk assessment and mitigation required for safety
management at the flight test center. We conducted risk assessments on the flight hazards identified in the previous study. Then the high
risk group of hazards were selected and risk mitigation techniques such as avoidance, reduction, acceptance, and control were applied.
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Table 1. Test site elements for implementing regulatory
SMS requirements

Elements in T S— Regulatory SMS Remark
test site requirements
—Aircraft and parts
Product | -CNS facilities A person who has received _
development—Qualification manufacturer's certification
management
~Aerodrome facility
management
—Aerodrome
operation procedure| A person who has been
Aerodrome [~Emergency certified to operate an _
operation | response procedure| airport according to the
—Qualification airport facilities act
management
—(Meteorological
facility)
~ATC facility Control
ATC 7%;)Scpeadcuere A perspn whp has received
operation | management ar traflﬂlc sgrwce -
I certification
—Qualification
management
—Air Operation Air transport operators,
Aircraft procedure aircraft use operators and
operation |-Qualification owners of overseas flights,
management etc. Aircraft
~Maintenance A person who has received | OWNers
Aircraft procedure maintenance organization
maintenance[~Qualification certification as an aircraft
management maintenance worker
—Navaids
management A person who installed
Navaids |-Aerodrome lighting navaids facility in Phase 2
Operation | systems accordance with airport plan
— Qualification facilities act
management
A specialized educational
N/A N/A institution designated to -
foster aviation workers
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Table 2. Airspace use plan for flight test

Airspace Range Altitude Operation time
346464N 1271685E —
Area 1 346453N 1272044E —
airspace | 345785N 1272010 — | ourface
(Traffic | 345795N 1271645E — - Always
S 3 000 ft AGL
pattern) to the beginning, etc.
(1.6 NM X 4.0 NM) =
346900N 1272013E -
346900N 1271197E -
Area 2 346151N 1270657E - Surface
airspace | 346151N 1271469E -
. ~ Always
(Western to the beginning 3000 ft AGL
sea) (4.0 NM X 4.5 NM,
Maximum diagonal 8.0
NM)
345127N 1269324E —
Area 3 343438N 1269324E —
airspace | 343438N 1276306E ~ | oL (ggo’\é%z?i’\gn
(Southern | 345127N 1275396E — X
sea) to the beginning with the
(30 NM X 10 NM) authorities)
Area 4 3 000 ft AGL| By NOTAM
airspace Test site centre, ~ (Cooperation
(Over test radius 5NM 5000 ft with the
site) MSL authorities)
<Others>
— If an additional airspace is needed, approval on temporal use of
airspace should be obtained through consultation with relevant
airspace authorities.
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Rank Type of event Frequency
1 Loss of control 71
5 Structural damage / failure, aircraft damage| 44
/ overstress

3 Engine damage / failure / flameout 30

4 Controlled flight into terrain (CFIT) 19

5 Ground or obstacle impact, hard landing 14

6 Stall/spin chute fails, chute fails 13

7 Loss of operating engine(s) 9

8 Stall 7

8 Hypoxia 7

10 Maximum load factor exceeded 6

10 Maximum vertical fin load exceeded 6
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Fig. 1. Probable causal factors in UAV events
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Table 4. Identification of flight test hazards

Sector Hazard Sector Hazard
Not compliance Inappropriate
procedure/ flight
guideline procedures
Non knowledge Inappropriate
procedure/ design
guideline
Lack Staqdards /
aircraft control o requirements
Pilot Decision ¢ | Desion/ | Equipment
making/judgme | 2 Manufacture| certification /
nt ® test
g- Operation
Lack experience | pe a '9

T supervision

c

3 ) Policy /

5 Non rating procedure

development
Unstable Schedule
condition management
Maintenance Supervisory Lack
error authority supervision
Inspection error Wind
Engineer / Dlsassglmbly / Mot | Light
Mechanic | @ssembly error eteorology ig
Install error Temperatures
Lack system
understanding | m Aerod Obstacle
2 | Aerodrome
Procedure (/arror 5 / Wild life / FOD
Engine > .
aircraft i _
propeller / rotor | 2 Aircraft
- > vibration

. Airframe / T

@ control

2 | Reliability |  Fuel / oil / Time /

o hydraulic time/

3 hedul schedule

Components schedule pressure
Communication
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Table 5. Fatal accident rate in flight test accidents in

NTSB
Severity Fatal accident rate Value
Catastrophic More than 50% A
Hazardous 30% to less than 50% B
Major 10% to less than 30% C
Minor Less than 10% D
Negligible No fatal accident E
X 6. NTSB a2 78 Al =
Table 6. Number of the same type accidents in NTSB
- Number of the same type accidents
Probability (10 years in NTSB) Value
Frequent More than 20 5
Occasional More than 10 ~ less than 20 4
Remote More than 5 ~ less than 10 3
Improbable More than 2 ~ less than 5 2
Extremely
Improbable 1 orless !
E 7. o 2lA3 B fjERA[11]
Table 7. Safety risk assessment matrix[11]
Severity
Probability  |Catastrophic|Hazardous| Major | Minor |Negligible
C D E
Frequent 5D 5E
Occasional 4E

Remote
Improbable

Extremely
Improbable
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Table 8. Risk assessment and risk level based on
defining event
Defining Event Pro?yabili Severity asR;Zs Fei\i:I
ment
Loss of engine power (partial, total) 5 C 5C High
Loss of control in flight 5 A 5A High
Loss of control on ground 4 E 4E  |Moderate
Aerodynamic stall/spin 4 B 4B High
Flight control sys malf/fail 3 C 3C |Moderate
Aircraft structural failure 3 B 3B |Moderate
lonion (nor-CFD). growna | © | E | % | tow
Landing gear collapse, not 3 E 3E Low
configured
Fuel contarz;;s/t;(t)iré/nexhaustlon/ 5 E oF Low
Hard landing, abnormal runway 5 E oF Low
contact
Part(s) separation from AC 2 A 2A  |Moderate
Powerplant sys/comp malf/fail 2 E 2E Low
Abrupt maneuver 2 A 2A  |Moderate
Fire/srgggii(mnzz;LrT pact, 5 £ oF Low
Loss of lift 2 E 2E Low
Sys/Comp malf/fail (non-power) 2 E 2E Low
Low altitude operation/event 1 A 1A |Moderate
Comm system malf/failure 1 E 1B |Moderate
Controlled flight into terr/obj (CFIT) 1 E 1E Low
Electrical system malf/failure 1 E 1E Low
Glider tow event 1 E 1E Low
Roll over 1 E 1E Low
Runway excursion 1 E 1E Low
Windshear or thunderstorm 1 E 1E Low
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Dynamic Stability ‘

Engine damage / failure / ‘

| Controlled thht Into Terrain

\
\
‘ Directional and Lateral Control ‘ |
\
\

Flight and navigation instruments‘
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landing

| stall/spin chute fails, Chute fails ‘

Yawing Conditions
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| Maximum vertical fin load ‘

\ Flight test evaluation items & potential event
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Fig. 2. Flight test risk management procedures
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,‘ Hazard

Mitigation

Human

Avoid

- Mot compliance

- Non knowledge

- Lack aircraft control

- Decision making/judgment
- Unstable condition

I Stop flight test

- System reliability
- humans unstable condition
- Airspace acguisition

Reduce, Assume/Accept

- Components

Technical = Human factors
b Reliability - Education, train, exam
- Engine/propeller/rotor
- Airframe/control i Control
- Fuel/oil/hydraulic = Time/schedule control
= Inspection, supervision

Organizational

Transfer

- Design
- Manufacture
- Supervisor authority

= Request supplier, vender

Watch/Monitor

Environmental

- Meteorology
- Aerodrome/aircraft
= Time/schedule

= Environmental condition

- Weather
- Wild life, FOD

= Other flight approaching

Flight test hazard identification & risk mitigation |
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