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HEIAZ & ®i% (Space Development Act)
* 20216A16HAE,

* FEMEF—RELRK:

AEEH-ERFRA 2R BEPHALHAE
TR, PR 2B, B5, S IRIEFSFE
o

Article 3

Space accidents: Malfunction, collapse,
explosion and other accidents during the
launch of a launch vehicle or operation of a
spacecraft.

E1816:
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Investigations into a space accident shall be
conducted by Taiwan Transportation Safety
Board
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— Rt st EARM

RERHER | BNARBRIXN, ERROEMHTARN, HABREARRETARHEEL | A REFE

LB AT, BRERBRTAA., R ARRHE, . NTSB EEAHH,
—. “HHENENRNGERN SRR SRNBHAK, RARRAT, P —

BEAFiAS—HHEPTEHE 22—, BB NSPO E5E CSIST ®ERH,
DERHBR ZHHEMSEREARNHE SRS KR (BHAXXAT) AR XBRMERHE
22 KR EARE,

A= RN EREERXET BRBHBANGEAARKERGEAA.

R#%, SERERARNER,
AZREHEH NASA THFEE
# (mishap) B¢,

£E A FAA ZEFrAE8, NTSB #

RRAXZRR AAEE [ EHEAKE  SHAEKE (SAR) HERER

EEFITE S H NASA &b,

—#l. “REARIIRE, —HHENBEEEHRRHRBERIEE., JPL. NOAA i, NASA &5

R EBRSPRUIRNILSEE.
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B R X 22 S5 B 4H PR AR AR iR 3R BN K EHEAE
« BEENAKEEBMAZE (UNOOSA) . X
— International Space Law: United — ] NASA (2%R)
Nations Instruments (2017) NASA-PR-8621.1D:2020: kHRME % (mishap
— Convention on International Liability _ ;‘ﬂﬁ%‘*(ﬁ};g}ﬁ‘ WRE. RFREF
for Damage Caused by Space Objects DoDI 6055.07-C1:2018: &% (mishap) 41, #
(1971) &=, #e ., HBEHE (near miss)
- BEBMFEFANAKEZR® (COPUOS) - NSTB (¥
: BRX2XSREZANW (AASS) . §018£ﬁﬁii<£iii (The S Act)
« ICAO Annex 13, Aircraft Accident and - =/4{ 16 opace Act)
incident Investigation. (K ERAKER narn, SMUSHARERUK A,
17) HE AL EHRE T EHM (SAIA).

— CAP 2219 (2021), AZMRITEHRPREIRRE

HFERGR, HRREXRER, HREITBEBHNRHIE, X
£FHE LUEER R EHRB8R SRR !
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Table 1 — Severity category definitions of identified hazards and consequences

Severity categories Type of consequence
1) |Catastrophic hazards i) | Lossoflife, life-threatening or permanently disabling injury
or occupational illness, loss of an element of an interfacing
manned flight system;
ii) |Loss of launch site facilities or loss of system;
iii) |Severe detrimental environmental effects;
2) |Critical hazards i) |Temporarily disabling but not life-threatening injury, or
temporary occupational illness;
ii) |Major damage to flight systems or loss or major damage
to ground facilities;
iii) |Major damage to public or private property;
iv) |Major detrimental environmental effects.
3) | Marginal hazards M}nor injury, mmor.dlsablllty, minor occupational illness, or
minor system or environmental damage.
4) | Negligible hazards Less th.an minor injury, d!sablhty, occupational illness, or less
than minor system or environmental damage.
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e B o BT, KRR > T2, Bg

B (event):EEF > B18. 1

fE® (hazard): HA R . M RBIRAOMIER,
o AR :H (fatality), JET= (death), #E (injury). &R (illness) (T = 5 + FET)
o Bi¥: Mk (loss), 21 (damange) (% = 181 + FHK)

o IRIE: T (contaminant), RN (

damage)

EREH (hazard event): E# (accident), B5t. 3¢ (incident), KB, &'HE
(mishap). BEH kKX (close call / near miss)

A IA\\ Heinrich (1831) Bird (1969) | Conocophilp (2003) | 1 DODICIM | NASA 8621.1D 2020)
=2 y : \ Major Injury Fatal Accident Fatlity Class A Type A Mishap
s Minor Injury Serious Accidents | Lost Workday Cases Class B Type B Mishap
cfgf,}i%d’ Incidents (Near Miss) Accidents Recordable Injuries Class C Typee C Mishap
o Incident Near Misses Class D Type D Mishap
At-Risk Behaviors Class E Close Call
Class F
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Medium
A=badiumil ow | Medium

Low Medium/Low Medium

Low Low Medium/Low Medium

Low Low Low Medium/Low Medium

< 0.00p1 per year Low Medium/Low Medium
= vl Low Medium/Low

< 0.000001 per year

Low

BERS

1

Fatality

30
Lost Workday
Cases

300
Recordable Injuries

3,000
Near Misses (estimated)

300,000
At-Risk Behaviors (estimated)

Description | Actual or Effect To People Effect to Asset Effect to
& Category | Potential 1% Parties 2" Parties 3" Parties Human Rated Unmanned Environment
Occurrence
Catastrophic | Accident More than one 1% Party | Multiple 2™ One or more 3™ | Loss of spacecraft Loss of Extreme
deaths (for 2 or more Party deaths Party death spacecraft as widespread
flight crew); single unable to environmental
death for single pilot continue safe damage
operations flight and
landing
Hazardous Serious Incident | Single 1% Party death Single 2™ Party | Serious injuries | Severe damage to Loss of Severe
- Asset (for 2 or more flight death to more than spacecraft spacecraft due environmental
or crew); serious injury one 3™ Party Large reduction in to controlled damage
Accident (single pilot ops) ; Functional (directed)
(people death) or excessive workload capabilities or safety | termination
impairs ability to margins over
perform tasks unpopulated
emergency site
Major Major Incident Serious injuries/ Serious injuries/ | Serious injury Major damage to Severe damage Major
illnesses to 1* Parties illnesses to 2™ to a single 3" spacecraft to spacecraft environmental
(for 2 or more flight Parties Party Significant Large reduction | damage
crew); minor injury Physical reduction in in Functional
(single pilot ops) ; discomfort functional capabilities or
Physical discomfort or capabilities or safety | safety margins
a significant increase margins
in workload
Minor Minor Incident Minor Minor Minor injuries Minor damage to Major damage Minor
injuries/illnesses to 1% | injuries/illnesses | to more than spacecraft Slight to spacecraft environmental
Parties (for 2 or more to 2" Parties one 3™ Party reduction in Significant damage
flight crew); serious functional reduction in
injury (single pilot capabilities or safety | functional
ops) ; margins capabilities or
Slight increase in safety margins
workload
Negligible Occurrence Inconvenience Inconvenience Minor injury to | Less than Minor Minor damage Less than minor
without safety a single 3 damage system to spacecraft environmental
effect Party Slight reduction | damage
in functional
capabilities or
safety margins

Table 2: Severity Classifications
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AZEYFAES TS FER (SRMEET(F/ME)

« BYINERLSTHREE, ETHR BT BERKIEBEKRE (safety cases), BE—REbiZELE, T
B T—XFELEE !

o FIAEZREH (unsafety or hazard event), IFEFEMFHEXE S} (accident or fatality), E5t
(incident), BAER ¥ (near miss or close call) =X, AIEAR (R)FAAESESEE.

- EfTLAEEREAEUREANZEZS, ERACERMEFAZERTLIEREY, HEERTHKZE
FHETERMAZRAERES T,

« EXEHRAEERRUIBEREHMERFHE, EXEHLUNEH2RAEERFEEIERMBITETE,

o EMEEXES (accident or serious incident) (unplanned): & (ZFE) siiB%, BB R A4
Z, ARFKTCRIANLULEXREE, SIRHEGT2EXRESN, BB IEMELREERSE.

o EHSE—FEH (incident) (undesired): EWMMBMARE, BEH 2/ EHEEN, AXEZFTHEEH
MARRE ERIEREHE,

« MM (near miss or close call): FRME, AALEHARKEHRAZAEARFERAATEREEAER
T, HRZEERMEE.
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NPR 8621.1C Mishap Investigation Process Functional Crosswalks with an External Mishap Investigation Board

For a Type A Mishap Involving the Loss of Human Life Where an External Investigation Commission s Mandated by PLAW 109-155

NASA

Mishap Prior to Incident Response to Incident Post Investigation
Process o Q 9 o Q e 0 Q
NPR Polkies ond e oy ;<o e Inegion g i vy
862 1 1C ’ﬂ’u‘crd;:‘sl fn:?:ndcnt A:’nsh;pr;lyn ar‘vd g:s:cr' Report 2 Assurance »\chvn:s
or Indi and Suppo indings
&'*:1-'" 7 gmolton” MO o | aciompon || Lo
- - = A )
Program B A
| mpces I
= MPM |
I & b
Others '
= - g
NASA “Consolidated”
o Support and
ooy e oo
Public Law 108155
(NASA Authorization | [ peou
Act of 2005) s J" LEGEND
o
- Mihap Team | NASA [ wonnasal
External Other Ke RNnanlNA;.;;l-c;“
Board [ e |
(ExB) spamene] £21
Process Aelcerce
Key interface, Support, or Doty
e e :E%:

+ March 11,2013
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ERER

— BUEER (railway rolling stock)

— JHERHEN (road vehicles) B ERE3ZiE (Road Traffic) Ak
=51,

— BEE (automotive) (RME, SEHEHE, EBXE ). EAHREE

PR, B (BEICE), BEAEH, FHARERN. ...

IKERER:

EE

RHTRE : ABUAHT. RN

ARZERHE: NEHE, KTHREA. £A)

AR, B, WSS, REREY
RL7E:E B T FE A A B RS 4F B SR SR E0 3% !

EABRLEAMEA, TRAERILENERE !

REMH: AR, WR. R
REHZ: RENM, MK, FoH4RA. RIARE
REFR- IR E, THEE, AEREK. BRP =
REHE FATHR., BAR £, BhiRE. BRUE, FREH

HER YRR EERREES, RHBRNANEE
B E & !

Model-Based Systems Engineering
Evidence-Based Product Assurance
Agile, Adaptive Mission Assurance
Risk-Informed Safety Case
ALARP (SE#HREM) vs. ASARP (S EHBRRZE)

EARLMH (product safety)

- BRLIHEERZ (functional safety):1SO 26262

- EMEhEER2 (intended function safety):1SO 21448

- WBREARE (cybersecurity):ISO/IEC 27001, ISO/IEC
27001, ISO/SAE 21434

- EHEARH:1AQG 9100 (HX). ISO/TS 22163 (IRIS) (HEHE
#). IATF 16949 (B BHE)
TER£:1SO 45001 (BR). 1SO 39001 (BER)

%ﬁ:&:ﬂh BREHE, RERHASR, THEERLURS
i, mERE ., RRESHEE. XBEXHEELI T, EE
HRER 2. BIREEE . EERE. ST,

Rk + BIR - RIBEIS. AL B, B, . Y. 1315, R
PDCA EBX R,

RS ko0&, FHE, XER, Hit. B AIEE.
HIEFE 08, B, RIBIEEA.

AR, BIEFEAL, BIEMNE, DM

XHEE BEEE FREE, AEBEE, NEEE,

AEEHHAETESSFE @hlperng 2022

11 ==



%
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- HEERER

REBMRE - KR

iy it B RGERNAR S EMELE
_ §£ﬁx‘lt Agesfo;uco%ﬁlflve complexity | M' gﬂﬂiﬁﬁéiﬂﬂ‘liﬁo
— ReHEFE P — - NE:BEST, HIBENAE, #RdE
_ ReMFE 22 EEH REMENEFRTE AERANRER
_ iR Aatef oo TR EHREE GEXE).
| = : - $ - ~ - ﬁﬂls E . -
° mjgf@% u | LAzgc Ofmhégaosgﬁmﬂ#ﬁ 1 — . ;ﬂ{s EtI, iﬂtﬁ (re?ctive, tai':lpr, predictive,
- T T ' — r | — interactive, automatic, proactive,
- RERDEEX ' i 1900 120 . I — autonomous, adaptive)
S ST oy ASEOTMMA  pctorswer  ascorcoamve Unknown Unknown & Unpredictable!
. «Humans as cogs °Humans as *Humans as heroes *Humans as storytellers iﬁzzﬂs E?ﬁﬁ&%{, ﬁﬁ&ﬁiﬁ%, ﬁto
- ié l: &ﬁié (Dr Taylor) in ;nach.ine , hazards to be adjuds_ii_ng to varying «Safety as afn emergent iﬁy}~ Eﬁﬁﬁyj Lﬂgﬁif-§~ ﬁt 1
- R2I:IHRS (Or. Hollnagal)  Sueviwae comvled | gngten U oy ol comse 50 SRR BEMER (15 His
— §$ I: %ﬁié (Dr- Leveson) safety culture going right Source: Erik Hollnagel (2011) ( )
MIL-STD-882 = ISO 21448 (SOTIF). ISO/SAE 21434 (Cybersecurity)
EN 954 » 1SO 13849 = IEC 62021 REEBERH (SMS)
IEC 61508 = 1SO 26262, EN 50156, IEC 61511, IEC 61513... ﬁ?‘i‘*ﬁ?""*jj‘*"*“(‘”\
SEVERITY OF INJURY POSSIBILITY OF AVOIDING %}%&)’f ?

FREQUENCY OF EXPOSURE p:"e;r:.l‘rae:ce
e ToNe Level PLr SIL )
Low Risk (EN ISO 13849) (EN 62061)
l none
Starting point for E1 /
RxsEk Reduction 2 XA(T)
stimation S1 ‘
’ ) ®AKE- BRATR 7)) REXH
=2 2) REFIEMAMEAR 8)  FH - FHRAKMASE
3) RRRREE 9 #EFm
o 4 ZEHFIRMWEREIE 10) FLEY
5) 2T MER 1) 4 5 M
s2 ,| 2 6) IBEEAEEEE 12) #geig
F2 I
- T
3 Don't do it that way! /|>
High Risk S
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ISO/TC 20/SC 14
Space systems and
Operations

NASA + ESA + JAXA TRISMAC
Trilateral Safety and Mission
Assurance Conference

ESA ECSS:Standards,
Handbooks & TMs

https:/lecss.nl/standards/

e

Space project
management
Organization and conduc? of revie:

Space product
assurance

Crimping of high-reliobilty eloctric:
connecions

Space engineering

Funenonat enalysis

The European Cooperation for Space
Standardization (ECSS) is an initiative
established to develop a coherent, single
set of user-friendly standards for use in all
European space activities

NASA NEPP Parts and Packaging
Program (ETW)

h :/n v/worksh 2022/talks/index.html

@/ NEPP - Charter

+Advanced /new EEE
pa logies

EEE Parts Problem
Investigatios

-Agency/in dustry -wide

Mission

oble
Assurance elnsr-md NASA Alert

https://nepp.nasa.gov/images/program/nepp_charter.jpg

ITAR Free EEE Parts
MEWS Microelectronics
Workshop

https://ssl.tksc.jaxa.ijp/mews/en/index.html?to

B& JAXA BFFH-f :
https://eeepitnl.tksc.jaxa.jp/en/info/history.htm

Eﬂbﬁi(/ﬁﬁﬁﬂ:&

Spacecrafts
€ National space
development project

Automobiles

€ General-use

.

<Demands for components> <Demands for components>
Q: Ensuring absolute quality Q: Ensuring high reliability
C: Enormous cost for (Car carries human lives.)
component development C: Limited expense
D: Taking time to develop D: Developing components to meet car
components release schedule

Car is a high-volume product
for general users and carries

human lives. |
\ Y & ig

HERARRARBLE

/J\A\uzomoblles — \ /[Household appllances ~
o \)
(IS %
LI ¥ @? B O
o T b~ AL
BT 0 it e
k N
*High/low temperature, moisture

+Vibration, shock |
\\7 +Dust, rain, saltwater etc. i /" \\7

[ H-1I rocket: 19 billion yen]
H-I1A rocket: 9 billion yen

+Air-conditioned room
+No vibration
+*No dust, no wetting

)
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High reliability demand = Automobiles must endure harsh environments.
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B AR = EEHHERMSAE (kL—A)

ERRERE/L R (1SO) KERMRIIRSHNERBREE AKLXEELRLSETHEEH
(SHHERFRAZREL, (EPBRE., (58 &, LI EAS ECSS e NASA/SP-2016-6105-Rev 2, NASA Systems Engineering

HEX)
 1SO 11231:2019, Space systems - Probabilistic risk

assessment (PRA)

ISO 14620-1:2018, Space systems - Safety requirements -

Part 1: Systems safety

ISO 14620-2:2019, Space systems - Safety requirements -

Part 2: Launch site operations

ISO 14620-3:2021, Space systems - Safety requirements -

Part 3: Flight safety systems

ISO 17400:2021, Space systems - Space launch complexes,

integration sites and other facilities - General testing

guidelines

ISO 17666:2016, Space systems - Risk management

ISO 17770:2017, Space systems - Cube satellites

ISO 21980:2020, Space systems - Evaluation of radiation

effects on Commercial-Off-The-Shelf (COTS) parts for use

on low-orbit satellite

etc.

O

ICAO-9859:2018-ed4.0, Safety Management Manual
ICAO Anex 13:2016-ed11.0, Aircraft Accident and Incident
Investigation

Handbook

NASA/SP-2010-580, NASA Sysem Safety Handbook,
Volume 1: System Safety Framework and Concepts for
Implementation

NASA/SP-2014-612, NASA System Safety Handbook,
Volume 2: System Safety Concepts, Guidelines, and
Implemetation Examples

FAA Flighe Safety Analysis Handbook, Veersion 1.0, 2011
JERG-1-007E, Safety Regulation for Launch Site Operation,
JAXA, 2019

CAP 2219, Guidance on the Investigation of Speceflight
Accidents, UK

NASA-PR-8621.1D:2020, NASA Procedural Requirements
for Mishap and Close Call Reporting, Investigation, and
Recordkeeping

DoDI-6055.07-C1:2018, Mishap Notication, Investigation,
Reporting, and Record Keeping

CAP-2215, Guidance for the Assessment of Environmental
Effects (AEE), 2021, UK

CAP-2219, Guidance on the Investigation of Spaceflight
Accident, 2021, UK

AFSPCMAN 91-710 seris, Range Safety User Requirements
Manual

ICAO-D-9156:1997-ed2.0, Accident / Incident Reporting etc.
Mnaual
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