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Abstract Evidence is required for compliance with the Safety Management System (SMS) for the type
certification of aircraft with urban air mobility or advanced air mobility technology. In this study, an
SMS design process is described using the ARP4754A and ARP4761 guidelines. Input and output values
were defined between design processes to satisfy the safety requirements and are reflected in the system
design. Safety design objectives required for airworthiness certification are presented, and based on
them, aircraft functional hazard assessment was performed by substituting in the flight operation
concept of K-UAM. The development assurance level and mean probability of failure were evaluated by

these procedures and used as safety requirements for equipment development.

Keywords : Advanced Air Mobility, Development Assurance Level, Aircraft Functional Hazard Assessment,
Safety Management System, System Safety Assessment, Urban Air Mobility
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Table 1. System Safety Requirements for Part 23

23.2510 Equipment, systems, and installations.

For any airplane system or equipment whose failure or
abnormal operation has not been specifically addressed by
another requirement in this part, the applicant must design and
install each system and equipment, such that there is a logical
and acceptable inverse relationship between the average
probability and the severity of failure conditions to the extent
that:

(a) Each catastrophic failure condition is extremely
improbable;

(b) Bach hazardous failure condition is extremely remote:
and

(c) Each major failure condition is remote.

3L QFdof Q= 3E-IJARA(CCA: Common
Cause Analysis, °]8} CCA)2 7|&7|& HgiE9] =
oA dFEolof sk= P H7T Aol

Part 239] SFAA 8727419 W&o B B
Z(MTBF: Mean Time Between Failures, ©J3st
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E7} FTA(Fault Tree Analysis) = FMEA(Failure
Modes and Effects Analysis)& EAE+= A7 = 719
=22 AE 4= Slojof gt} Edh 1 279 B
eI} A% (severity) 7HY] BHIE BAZT A= olof
3t} of7149] A4 58 m=¥(catastrophic) I
Z, Y&sHhazardous) 1, F82(major) 1% 5O0=
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FHA System Integration Crosscheck
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Level Safety Req. | Pprelim FTA & Update
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Arch. Req.
FE&P from
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i FE&P from
— — 1;)0 (t)ther ccA Safety Objectives for FMEAs | FMES Other Items
: Functional Hazard Assessment ystems A Budget
FTA : Fault Tree Analysis FE " FE
CCA : Common Cause Analysis Arch Re HW X FMEA
Arch. Req. : Architectural Requirements - R€9.
FE : Failure Effect HW Level
FM : Failure Mode FE FE
FC&(C : Failure Conditions & Classification Arch. Req W HW level
A : Failure Rate SW Level SW level *| P/O other
P : Probability General
FE&P: Failure Effect and Probability Verif
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Fig. 1. Safety Assessment Diagram
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Table 2. Class of Airplane

C'lass of Type

Airplane

Class 1 Typically SRE 6,000 Ibs. or less

Class II | Typically MRE, STE or MTE 6,000 lbs. or less
Class TII gygggallg; SRE, MRE, STE and MTE greater than
Class IV | Typically Commuter Category

- SRE : Single Reciprocating Engine
- MRE : Multiple Reciprocating Engine
- STE : Single Turbine Engine

A A F7)0)] AA QPS4 Qi obA JIFAS BAG)H - MTE : Multiple Turbine Engine
ofof gl
v 7)(2 D L5719 Fei= Maximum
2.2 oMY Wt 7IE
Certificated Gross Takeoff Weight@} Q& Z7Foj
2.2.1 &37| ¥Hy H o} 42579] 1Z V|08 BRS 4= 9t} Table 2=
35719 Fell= Part 239 54 4 19915 olst, H|Y7|(7g ol gt 4EHF AAE EHskL 9&33]
Fgol55TF 8,618kg(19,0001bs) °]5te] H|7](2A 3AAGE710 A= FARE 427 AAE J-Est

oD@t Part 279 ©S5AF 921 olst, HdiS5TF 3,100kg
(7,000lbs) olste] AT 7=2 HoT 4= Qlrt.

Ak,

FAHOR F5719] FHE HeIshe o= Fig. 1

Table 3. Relationship Among Airplane Classes, Probabilities, Severity of Failure Conditions, and Software and

Complex Hardware DAL

Classification

of No Safety X X .
Failure Effect Minor Major Hazardous Catastrophic
Conditions
No effect on Slight reduction in Slgmf'lcan.t Large reduction in
_ . reduction in A .
Effect on operational functional . functional Normally with
. s s functional o
Airplane capabilities or capabilities or s capabilities or hull loss
R capabilities or i
safety safety margins ) safety margins
safety margins
X Physical distress to . A
Inconvenience . . Serious or fatal .
Effect on Physical discomfort for passengers, . Multiple
for ; . . injury to an o
Occupants passengers possibly including fatalities
passengers - occupant
injuries
Slight increase in Physical discomfort or a Physical distress or
Effect on No effect on workload or use of 4Y o R . excessive workload Fatal Injury or
X i significant increase in X X T . o
Flight Crew flight crew emergency impairs ability to incapacitation
workload
procedures perform tasks
Classes of Allowable Quantitative Probabilities and Software(SW) and Complex Hardware(HW) Development Assurance
Airplanes Level(DAL)
(107 10" (107 C10°
Class I Note 1 Note 1, 4 Note 4 Note 3
No Probabili P=D P=C, S=D P=C, S=D P=C, S=C
o T a iy (107 (107 (10" 107
Class 1I Note 1 Note 1, 4 Note 4 Note 3
S\e’zeﬁgdmin"t P=D P=C, 5=D P=C, 5=C P=C, 5=C
Assuance (10° <107 <107 C10*®
Class 111 Levels Note 1 Note 1, 4 Note 4 Note 3
. P=D P=C, S=D P=C, $=C P=B, S$=C
Requirement 3 = = 5
<10 <10 <10 <10
Class IV Note 1 Note 1, 4 Note 4 Note 3
P=D P=C, S=D P=B, S=C P=A, S=B
Note 1 : Numerical values indicate an order of probability range and are provide here as a reference.

Note 3 : At airplane function level, no single failure will result in a Catastrophic Failure Condition.
Note 4 : Secondary System may not be required to meet probability goals. If installed, S should meet stated criteria.
P : Primary System, S : Secondary System, DAL : A, B, C, D, E
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Table 39] 149] AZLE= 23.25100014 875k
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1%, F8(major) IFOE FEI 4= glom, P57
(airplane), SZ(occupant), SF-A(crew)ol H|X=
FFoz HALE TEY £ 9t

AA 28 A= F57] EFA(Class of Airplane)
I A4t AREE AT dAbEe -9 HFH 3t
o7 #8838 4 Qi

UAM/AAMS] 42 A714Q1 wA9] &&of Ut
wabA 2F FHE ke §F5719 FEls Table 30 o
2} ‘“Typically Commuter Category & Class IVol 3
23ttt Class VOl sfigol= A4 E3= Table 39|
o2} Table 49 Zo] 24T 4= Qv 429 Az
ot 1 xdo]l WA BHid e 107, 107,
107, 10702 AAEolo} 38, HA AT $72
Primary &H]e] 3% A, B, C, DO, Secondary %
vl9] 49 B, C, D, D& 879}

Class IV9] QFd 81wof|A =2 1K (Catastrophic)
9] AL A7 715 EolA, o 1o R I A
£ fEstolA= b

170 B FE2 7] 71 EolA B-EE A
5o gFEE 87z, Fig. 199 @, ®, @, @]
oA 424 AZd Au2 AA ZEA7F B &
FEo. 139 A e Tt 1 3ho] okl

2 37 gH

H3Y AP EAE 4 Qe 139 et SEE Eq. (1)
i} o] 7@ 4= QUrt
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Table 4. Safety Requirements for Class IV

Minor Major Hazar Catas.t
-dous -rophic
Quantitative 3 B B B
Probabilities <10 <10 <10 (10
_ P=C P=B P=A
DAL P=D b= rp P
P yoerageper Fir (failure condition)
(»

PAi;HrangerHigh,f (failure condition)
Ty
Where, P is probability, FH is Failure Hazard, and

Tr is Time of Failure.

Fig. 2. Han River Corridor

D F
C G

B H

A |

Vertiport 1 Vertiport 2
Fig. 3. Operation Profile
2.3 37| & 7Lt

2.3.1 K-UAM 2& 74

K-UAMZ 2025¢ AM&8S EXE TRt A5
AdS AY Fof AtH10]. AL S &8st

=

UAM 1% 32 Agsta gloy, 7|&
FHEA Y= AATE 450+150m WS
AE Fof Aot AATY, AEF, A, ool wAS
e Foll gloH, A3 AlY A2 Fig. 29 ZTH10].

AFHAE $35t7] fJeliAle vl 28 /HdS mfofsl
I ofof stk A WA 9AR, K-UAM 28 /HdS
X835 vy 27 T2utdS Fig. 33 Zo] AT +
Ut HEZE 13} HEZE 2 AlolE 235}7] 95 A

~ P 7 732 Uieo] Hle e Aosigon, v
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Table 5. Operation Concept According to Phase

232 7s g &7t

715 913 Wrl= 93t 7|29l FR Table 63}
Zro] A48 4= Qlt}. 3H27] 429 715(Function)
O X

Z o 2] 1A
o oo Airepeed | Target Altinade LXHog AoJstal, 17 ZA(Failure Condition)ol
(km/h) (AGL, m) 2 71531 F= HE(Function Failure Reference)s
A Ground 0 0 sk
b | Vertical Might ‘ - i 9 seele] wet Table 57 49E 2 7
C Transition 0-1.2Vs 100 -
7rd B3 Aef(Flight Phase)& 7~&5tL, B Aeiol
D Climb 1.2Vs-Vc 450 Lo o:] " 1 f 5
=i 3 = AE<Q
E Cruise Ve 450 H% ]- c]—"] J: é(Fal ure E eCt) Zj D]- -1
F Descent Ve-1.2Vs 100 At met 2% 7 (Classification)s $F3ch
G Reverse Transition 1.2Vs-0 100 Table 62 42 38 nz¥9&7} 67§o]1, Pusher
H Vertical Landing 0 0 EQ]o] £ 28& Uiddl= gy} 9= U E
] Ground 0 C FPastel, e 1S Jis AUHE S A
- AGL : Above Ground Level o|t},
- Ve : Cruise Speed (200 ~ 350km/h)
- Vs : Stall Speed
Table 6. Aircraft FHA
Adrcraft FHA
) .
N (4) Flight Phase
Fron | peion () Failure Condition (5) Failure Effect ©
unction Failure Classification
Ref A| B| C| D| E F| G| H 1
erence
111 Vertical Thrust Loss Vertical take-off impossible Minor
1.12 Vertical Thrust Loss Aircraft crash Catastrophic
1.13 Vertical Thrust Loss No effect
1.14 Vertical Thrust Loss No effect
121 Vertical Thrust Control Loss Vertical take-off impossible Minor
122 Vertical Thrust Control Loss Abnormal “;;;f with bigh | o rophic
Vertical
e —_— V-C transition or C-V .
Thrust 1.23 Vertical Thrust Control Loss transifion impossible Catastrophic
1.24 Vertical Thrust Control Loss No effect
125 Vertical Thrust Control Loss Normal RPM stop impossible Major
1.31 Electric Power Loss Vertical take-off impossible Minor
132 Electric Power Loss Aircraft crash Catastrophic
1.33 Electric Power Loss No effect
134 Electric Power Loss Normal RPM stop impossible Major
2.11 Horizon Thrust Loss No effect
. V-C transition or C-V .
212 Horizon Thrust Loss transiion i sible Catastrophic
213 Horizon Thrust Loss Cruise impossible Catastrophic
- Hori , Aireraft ground movement due
Cruise =2t T Loss to_abnormal forward thrust Ha
. Aireraft crash due to .
Thrust 222 Horizon Thrust Control Loss abnormal forward thrust Catastrophic
2. Horizon Thrust Control Loss Cruise impossible Catastrophic
231 Electric Power Loss No effect
. ) V-C transition or C-V .
232 Electric Power Loss transifion impossible Catastrophic
233 Electric Power Loss Cruise impossible Catastrophic
311 FLCC Control Signal Loss No effect
3.12 FLCC Control Signal Loss Aircraft crash due to aftitude Catastrophic
3.13 FLCC Control Signal Loss Aircraft crash due to affitude Catastrophic
Flight 3.21 Electric Power Loss No effect
C IB':O] 3.2 Electric Power Loss Aircraft crash due to affitude Catastrophic
on 323 Electric Power Loss Aircraft crash due to aftitude Catastrophic
3.31 Actuator Loss No_effect
3.32 Actuator Loss Aircraft crash due to aftitude Catastrophic
3.33 Actuator Loss | Aircraft crash due to attitude | Catastrophic
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