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How can we analyze accidents
from success factors ?
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We applied FRAM analysis to two spacecraft systems:
e EXxperimental autonomous rendezvous/docking satellite "DART" of NASA.
e X-ray astronomical satellite "ASTRO-H" of JAXA

ASTRO-H

(source)
ENIAFTRHREA FEMZEARHREEE (JAXA), (source)
[XERRXEEASTRO-H O &H] BESRADRSE p.6) , 2016.6.14, NASA

http://www.jaxa.jp/press/2016/06/20160614_hitomi_j.html http://mediaarchive.ksc.nasa.gov/detail.cfm?mediaid=23642
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ASTRO-H
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1. Characteristics of DART and ASTRO-H




n Manned Space Systems Corporation

What’s “DART” ? JAISS

e “"DART" is earth orbiting satellite developed by NASA to test
autonomous rendezvous technology:.

e The satellite collided to Its target satellite to be docked and
depleted the fuel due to main position sensor incorporation.

©NASA
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DART Onboard Sensor JAMSS

GPS(Global Positioning System) :

The sensor identifies the position of the
Satellite from the information of several
GPS satellites.

Low accuracy sensor

AVGS(Advanced Video Guidance System) :
The sensor identifies the distance to the

T Y docking target satellite using optical information.
. \A‘I;y:r:m: Auxiliary Propulsion System H I g h aCC u raCy Se n SO r_

(Source)
Michael Ruth, Chisholm Tracy
Video-Guidance Design for the DART Rendezvous Mission,
Fig.4 DART Configuration
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Characteristics of DART JAMSS

» DRAT calculates the distance to the 9 ©

target satellite using low accuracy o f
sensor (GPS) until it is sufficiently =

close to the target satellite. 9 __© 9 ©

AVGS
O\ measure /<
ment

« Because it was thought that navigation ° ° I
Is possible with GPS accuracy. Q0
.C_or_npar ®
: Target
PART Using GPS > satellite
A A » X

200m Om
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Characteristics of DART

 DART compares the GPS position
estimation result with the AVGS

measurement value.

If both values are close, DART

determines that 1t Is

€ measure =

close to the satellite.

GPS

Comparison between GPS and AVGS

DART

l
Using GPS >

Target
satellite

A
200m
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 After sufficiently approaching the 9 @ 9@
satellite, DART estimates the distance  o(umemre )© o®@
to the docking target satellite using the ¢ ® &t
value of AVGS.

@ ©
AVGS
measure,
[11e])

®

i
_ i Target
DART Using GPS >_§:GE:> satellite
A X » X
200m Om
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e “ASTRO-H” is astronomy satellite developed by JAXA to observe
black holes, clusters of galaxies, etc.

e The satellite lost its attitude control and was destructed by excessive
rotation rate due to main attitude sensor incorporation logic.

ASTRO-H

11
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ASTRO-H Onboard Sensor J/lMSS

IRU(Inertial reference unit) :

The sensor detects the acceleration and
rotation state of the satellite and
specifying the position and attitude
Information of the satellite.

Low accuracy sensor

25— Sy H(STT)
[1/2] JHSR LA (MTQ)

2 Ihtnfwa] / Blxfy/z)]
b

f

| [

o |

Ur2oz.3 JFIH—JL
RW} [1;2;3;4] |

‘ﬂn.

BTt (CSAS) [N
SUERCERE (IRU) (A/B] |

“ 1 - STT(Star Tracker) :
g “|RCSRS2Y The sensor identifies the position and
[1a/1B/2A/2B/3A/3B/4A/4B] . . . . .
i attitude information of the satellite using
3 position information of multiple stars.
Y

A —— High accuracy sensor

IXERRXEEASTRO-H [0 &H ] BEERABRSE p.11) , 2016.6.14,
http://www.jaxa.jp/press/2016/06/20160614_hitomi_j.html
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Characteristics of ASTRO-H J

 ASTRO-H is necessary to control

the attitude of the satellite with high ¢ ¢ 9 _©
accuracy. o@) o@ry

e Because ASTRO-H is astronomical
satellite for photographing distant

stars. /
ompar
O ision ©

o Therefore, the satellite usually uses
highly accuracy sensor (STT).

Normally, ASTRO-H navigates using the value of STT.
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* In order to confirm the accuracy of
STT, ASTRO-H compares the input

data of STT with position estimation

result with IRU.

Position
estimatio/ "\
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 When the accuracy of the STT

declines and 1t becomes unusable,
ASTRO-H estimates the attitude of

the satellite by using the low
accuracy sensor (IRU).

IRU \ _
measure =
ment

A
esti io
STT i
O measure /@ @ Q |
ment
& ® & ® Q___©
0, C_or_npar ®
ISI0ON

® ®

ASTRO-H navigates using the value of IRU
when STT can not be used.
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2. Difference between DART and ASTRO-H

16 © JAMSS AllR ights Reserved.



Difference between DART and ASTRO-H JAWSS

DART

DART compares the measured values of
high accuracy sensor(AVGS) before
Incorporating, and if it is NG, does not
capture the measured value.

ASTRO-H

ASTRO-H compares the measured values
of high accuracy sensor(STT) after

Incorporating, and if it is NG, does not i
capture the measured value.

@, ®)

The timing to check the input data is different.
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3. Success factors and Risk factors
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Cause of Accidents
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DART

DART collided with target satellite,
because the value of low accuracy
sensor(GPS) could not converge.

@ ©

GPS

@ measur ©
ement

® ®

@ ©

AVGS
O\ measur /@

gmen
® ®

ASTRO-H

ASTRO-H lost its attitude control,
because the satellite used the value of high
accuracy sensor (STT) before the value
converged.

IRU
X measur
ement

® ®

©

0] ©

STT
O measur /©
emen

® ®

0 ©
o 0Py
rision

@, ®)
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Success factors and Risk factors(DART) JAMISS

pEEFiEMEALA YT L=

DAR

Success factors . e
O+ Mmeasur Xo) 0 @

DART can rely on low accuracy GPS until final "\ ement
phase transition to use high accuracy AVGS. v

Final phase transition is performed carefully ) est'mat
before decide to use high accuracy AVGS . "@

05|t|o

EMmen
® ®

Risk factors :

@

If the accuracy of GPS is low, the comparison Ompa ]
always becomes NG and AVGS can not be used. is""”
= Cause of collision of DART
Navigation using GPS continued !! ' Target
| satellite
DART > X
3 3 '

om
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Success factors and Risk factors(ASTRO-H) J,

ASTRO-H
Success factors :

ASTRO-H has to rely on high accuracy @ ¢
STT as soon as possible, because the measur
satellite needs to achieve super accurate & ®
attitude control. e

Risk factors : & ®
When Navigation of ASTRO-H

switches from low accuracy IRU to

high accuracy STT, the navigation value

greatly changes.

= Cause of loss of navigation
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Success factors and Risk factors(ASTRO-H) JNV'SS

ASTRO-H

Success factors :

C [EEFNER] sTTHTCCH . BRI sm;;szf H_' Y&

ASTRO-H has to rely on high accuracy m
STT as soon as possible, because the \ / __j_/-/
satellite needs to achieve super accurate AF

[u/Bap] @) 2B ZLEINYIBEZ

7 oG ||| A BEETIZES | N merzgory i
LOTHN. 8 | |[ sTTHEFBITK \y/ (BERNER)

attitude control. goxnis | xodima)

| T = —— - L B %
3/26 03:22 10 Fomssle) 04114 (LA EYZH) ! (sm)
gggggggg —
BTFE B STTHEEE—FCEY. fEEENEZ NI EFHL TIRUE ZE T FTT
- . b ASERIELE #E]
Risk factors : ' S S N —
[BETHRIEE] 270deg/h  (BEMNPR) (SLANTRE)
- - - 326 7 g Odes/h e~ 3;15
When Navigation of ASTRO-H switches I
=), ,E *sTTO R FI - ih Bk AT A S05AHE i3 FEFEE IR 20 3deghE =14
FLAMS (F-3L1-4EENOEHIEBTETRIVEDHESE) =

from low accuracy IRU to high accuracy =— -
- - (source

STT, the navigation value greatly changes./  mumsmess sanemsmmsnn oo,

= Cause of loss of navigation

IXHRRSFBEASTRO-H [ &H | BEREHABRSEE p.34] |, 2016.6.14

The data used to navigation suddenly switched from
IRU to STT
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4. Conclusion
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Conclusion

DART

DART can rely on low accuracy GPS until final
phase transition to use high accuracy AVGS.
Final phase transition is performed carefully
before decide to use high accuracy AVGS .

ASTRO-H

ASTRO-H has to rely on high accuracy STT as
soon as possible, because the satellite needs to
achieve super accurate attitude control.

= Success pattern of astronomical satellite
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There are risk behind the success factor of each satellite.

DART Success factors Risk factors

DART satisfied safety When the value of GPS gets
requirement by relying » worse, safety requirements can

ASTRO-H

ASTRO-H has to rely on
high accuracy STT.

When Navigation of ASTRO-H
switches from low accuracy IRU
to high accuracy STT, the
navigation value greatly changes.

on low accuracy GPS. not be satisfied.
Each success factor has become a cause of each accident.

25 © JAMSS All Rights Reserved.



n Manned Space Systems Corporation

Conclusion J

» There were no accidents similar to the two satellites in the past.
» Therefore, it Is difficult to implement safety analysis based on defects.

ASTRO-H

It IS necessary to identify the success factor of the system
and i1dentify the risk behind it.
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