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SUMMARY

I. Project Title

A Survey on Reliability and Safety Analysis Techniques of Robot Systems

in Nuclear Power Plants

II. Objective and Importance of the Project

Recently, robot systems have been introduced into various industries.
Over the years there have been many robot-related accidents and increasing
attention is being given to both reliability and safety ofvrobot systems
nowadays. Many organizations such as ANS in USA, JISHA in Japan and
International Organizations including IS0 and IEC are establishing
standards and regulations for robot safety and reliability. But the
analysis of safety and reliability of robot systems has not been main
stream in robot industry so it had less concern than the design and
manufacturing field. Thus techniques and models for robot safety and
reliabiltiy were mostly from other industry fields. For the purpose of
safety and reliability analysis of robot system which is the subsystem of
reactor inspection system we are developing now, state of the art
techniques related to safety and reliability analysis of systems are
surveyed. Especially for robot systems in nuclear power plant environment
ultra high level of reliability and safety are required and also requires
special considerations related to the working environments such as
_ teleoperation and radiation tolerance, Thus these topics were also

surveyed,

IMI. Scope and Contents of Project

1. This report describes the current status of reliability and safety
analysis techniques which have been used widely in many industry fields
and which have been approved in practical applications. There were no

inherent techniques or models for the safety and reliability analysis of



robot fields. Though all of these techniques approved in real fields they
are still insufficient for the complicated system such as robot systems
which are composed of electronic parts, mechnical parts, and software,
Particularly the application of these techniques to digital and software
parts of robot systems is immature at this times, |

2. It is necessarty to understand target system for the analysis of the
system, Robot system has many characteristecs differentiated from other
systems and these characteristics are essential for the reliability and
safety analysis of robot systems., All features and failure modes of
mechnical parts, electronic part, and overall system were studied and the
effect of these to the analysis was surveyed.

3. Working environments of robot systems must be considered in the
analysis of robot systems. In nuclear applicaions of robot systems
radiation degradation effect of components or teleoperation environment
must be included in the analysis.

4. The case studies of safety and reliability analysis of robot systems
developed in other countries were collected and stuoled. They were mainly
robot systems developed for nuclear applications. System description,
chracteristics, analysis techniques, and the specialties of the analysis

for each case were surveyed.

IV. Result of Project

The current status of the reliability and safety analysis was surveyed
for the purpose of overall quality improvement of the reactor inspection
system which is under development in our current project. The results of
this survey are: (1) Reviewed various safety and reliability analysis
techniques and models of systems: Reviewed reliability and safety analysis
techniques were generally accepted techniques in many industries including
nuclear industry. And we selected a few techniques which are suitable for
our robot system, (2) Studied the characteristics of robot systems which
are distinguished from other systems and which are important to the

analysis of our robot system and reactor inspection system. (3) Studied



nuclear environmental factors which affect the reliability and safety
analysis of robot system, (4) Collected and analyzed the case studies of
robot reliability and safety analysis which were performed in foreign
countries,

Reviewed techniques were proven in many industries but they still has
limitations in real application, especially for the complex systems as
robot systems, For the advenced and complex robot systems which are
composed of electric parts, mechanical parts, and software parts the
effectiveness and the exactness of these techniques were not validated
until now, and quantitative assessment of robot systems using these
techniques is just started, The research for safety and reliability
analysis of digital systems including software are carrying out by many
industries including nuclear field, military field, chemical field, and
transportation field and new techniques such as advenced Markov model or
Bayesian Belief Nets are introduced and applied to various applications,

The results of this survey will be applied to the improvement of
reliability and safety of our robot system and also will be used for the

formal qualification and certification of our reactor inspection system,
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(1) Management Oversignt and Risk Tree(MORT) Analysis
(2) Interface Analysis

(3) High potential method

(4) Fault Tree Analysis{FTA)

(5) Failure Mode and Effect Analysis{FMEA)

(6) Event Tree Analysis(ETA)

(7) Critical incident technique,
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(8) Change analysis,

(9) Audits,

(10) Criticality Analysis

(11) Job safety analysis,

(12) Flow analysis,

(13) Sneak circuit analysis,

(14) Systematic inspections

(15) Single point failure analysis

(16) Prototype

(17) Subsystem Hazard Analysis

(18) Technique of human error rate prediction
(19) System hazard analysis,

(20) Random number simulation analysis
(21) Industrial hygiene methods

(22) Generic preliminary hazard analysis
(23) Naked man method

(24) Procedure analysis

(25) Networks login analysis,

(26) Preliminary hazard analysis

(27) VWorst case condition technique

(28) Operating and support hazard analysis
(29) Energy analysis

(30) Contingency analysis

(31) Scenario technique
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1. Checklists
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2. Hazard Indices
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3. Management Oversignt and Risk Traa{MORT) analysis

US. Nuclear Regulatory Agency?] Johnsonoll £]5] 1970dtio] futslelom
Hels 23 clolobrgli(fault tree)o] AR Alil(accident) RG] QHAA
EMo|E AT MORTE Alal RAMROZ ZPH Al 22E el A}
ZPE RE @Eo| 25 AolE(and/or)E dd= el gtk 9874e Ul
ZAISol th’t 150059742] 7] AtAEolLt QQlEo] MORT =& (tree)o]] E3tg]
o] glth. BE Ahate]l 3t &S o dstA] oL o] e] Holo] ofsf Ay}
] olg] ¢l Ao} Aoje] AYo=E BRI Qi &AL FriA| fdele=w
HE] wWABSl= 1AL (i) specific job oversight and ommissions (ii) the
management system that controls the job o|T}. o] RWl& E3] Apile] Qo] A

e S FAIst=Y 252 thet Zrh

o nonroutine operationg mode, such as trials and tests(Chernobyl 7Z-%)
o maintenance and inspection(TMI 7-$-)

o changeover or repair(Flixborough 7-%-)

o starting or stopping, special jobs, troubleshooting, incipient

problems

ALEZ dRtFoz dA4H ey HMIAE o] He 2AES XL
9171 wiEo] MORTE AtZEAME 7PEAA AtALz B3] £+ Wd& 33t

o 2% eJE2 = theI &2 RS0l qlri3).

o technical informaton system

o design and planning

o maintenance

o inspection

o immediate supervision and high-level management
o barriers

o unwanted energy flow

o policy

0 management system
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4. Fault Tree Analysis(FTA)
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(2) Fault Tree 43
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(3) 348 24
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5. Failure Mode and Effect Analysys{FMEA)

o] 7I¥Z 71718 AHEE AF5H FHL= Y oo flsiv @Rt

7158 B33 ¥ ZRE T drh ukepy oy 7I7ILP Al 280 3]
A ARFE AR glol BFHLE FJE IAIA HES 3= Hol o] J]
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th miR|[e g zt amed Azl 7443 HES At 7 £F9 2
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Componen probability Failure mode by moce Effect
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6. Event Tree Analysis(‘ETA)
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AE oA Heul 7] AHAES AJ&RQ] Ao} = AAF cfgt
250 Atzieo] ® 4 glrh, AR FE(event tree)2 7| Atzlo] IEE= W
gog A Heu Zh ©AE P2 thE Al&FoL} 771 ZF
ol oJsiA ZFPHCE UxHUHAL BF AT ZF ofd 7] AHA(¢: Flo]
= 3ld 5ol RS o|g} A BT AFo| HEA HEU olF BI
ATE& 43hs 24 Al&REC] AU 452 headingo] HiL X7] At ¥
2 o|E headingoll $1X%t 2} A AR FF e Aufo] o5 E713H= Helz
ZdEct 71 TR A0t sHed (1) BIAE H43FLeE F3ste=
7Z-%-(upper branch), (ii) BX AlFo] Asishk= Z-H(lower branch)oltl. +#5&
o] ¥ 27| AR HF AR B Z(path)Eol B7|A HIA ol& Z
AR27} Akal(accident)] <A (sequence)7} ¥rh. ETAE thSat 22 %o &
2-3jct,

)

2

L
A
0,
1)
=

o AkLel HEol 714 T AR nlAE Yol AL} HHE bl 25
o 1% YEBS BY 4 Y= 2AS AW £ A v

o THe IS B4l o] B FTAsl AW A HalgTh

o DY 27 ARLEEH oY ol 7 An AUl oS AP
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W ETAL A2 A7 Qe Alauze] d3agel we A% Iu¥ew
B4 45l AATH: 23 27 ARE B2 $Fo| 2] wiEe] Hyw
2712422 GRolut BT gl Tl W7l olPthe A Folth AW T4

oA ETA7} 2 AMEEE AL o2 AAZ B¢ ohelch

7. Hazards and Operability Analysis(HAZOP)

HAZOPS 32| Imperial Chemical 3Alol 2J3) 1960\dc] ol rpusiglon
3313 Al BoklMe AER AES A" F¢ Al o]l o] JYE
AMEStL gtk RTHB1). o] JlHe olBelM LRI 913 (hazard) 43}
tEo] &3 ol g EX4= At k. o] 7P FRFF 4 W
22 AAY = HAW AR RE Slojils BE 43t oldd A4
AR EE 98E Hohles Zeo]l & HFoItl. AZAES} 2 e JHE
2= @] HAZOPZ AE2Z A flPelt ddos A dud 4]
= Fohd 4 33 o] FHo| rfE JYPEH= thE 7MY & F¥ oIt} HAZOPY
4 & o3 Zrh

o The design intention of the plant
o The potential deviations from the design intention
o The causes of these deviations from the design intention

o The consequences of such deviations

o] ¥4 oM X|F tho](Guidewords)7} AHEEldl I &S ¥-29}
Zch
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XH-2. Guidewords for HAZOP

22 ol B
NO, NOT, NONE The intended result is not achived, but nothing
happens
More of any relevant physical property than there
MORE
should be
Less of a relevant physical property than there
LESS
should be

An activity occurs in addition to what was
AS WELL AS intended, or ‘more components are present in the
system than there should be

PART OF Only some of the design intentions are achived

REVERSE The logical opposite of what was intended occurs

No part of the intended result is achieved, and

OTHER T
HAN something completely different happens

8. Cause-Consequence Analysis(CCA)

CCAx 1970 dthe]l Neilsonol 2Jsf U= HTh[32]. £4]2 critical evente}
£ X7 AReERE Azjd O ApAe ddE& HohlI(top-down or
backward search) X IZ8¥ WY 4 A= AE  Fopuich forward
search). Cause-sequence diagramS AlZAE 7] A|7t 25421 Iz HAE »
Azt

Cause-sequence diagramol AMRE= AB5L Udutz e g chS2 ).

o AND gate, OR gate, AND vertex, Mutually exclusive/exhaustive OR vertex,
o Mutually exclusive OR vertex(used after time delays),

o EITHER/OR vertex{decision box), Condition vertex, Basic condition,

o Initiating event{(maybe critical event), event,

o Significant consequences, Condition, Fixed time delay, Variable time

delay

CCAx=  FTAol H[3] AtAY] &AHE HAFLZ HAFI] wifFe] CC
18 71EolLt AR A tE &4 Ao A&

He FAsted o 7831 EREY EFtlojojaloll} mjd =2 RE A
AH o2 tiojolajls sk 71Yol 2l E CC tlo]ob3i-& ETAo] u[3]

(Cause-consequence) TloJo} 13l
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time delays, alternative consequence paths, combination of events &
HY 4 dedold olde s glod FuH BMol= Ay 4 glth
Fog2E 7h 7] Al o3 Hxe] tlojofigle] sty 2 A3EL
A tiidel EH= ddelnt g Heks ol

Hr W

A 2 A A& AHE £4 71

1. Failure Mode and Effect Analysis(FMEA)

FMEAES 2R AJ2F19] R F4oA % ohlel A= E4dME AME
o] 7Hg3dlth. o] 7S 2R FAEFY A R=E AAYLR E43la &
o] T AA AR A% +9Edel uAE FBe BHEY Al
gich, AlZ = 240 QdolA o] 7YY Fa AP AL ol g JMdS
N Zoltt, vz IR0 2]8te] fail-safel} A]AE! redundancy?} ZHe
71%& XY= A HAE sty Y FEolt 1% A3} APEE &Y
4 gtk A=E BAAY BdHo2E B A (singularity-failure) ¥40]
He 5422 A3ty & o4y &l XY el uisteie BFrist Ayt
| ebthe Holch,

1]

N
g

2. Fault Tree Analysis{FTA)[29]

o 71y HA] PMEAS} niTIR| 2 2R AJAFIY] AAAZ3 ARE F4 BT
AREo] 7Hs3tH 71 del 2o|a gl A, FF AR FL AdA AR 24
Setol]l A 1Y H¥E A= Hysich FTA At 28 29 Zo] 7]
23 A YAzt 0|5 4d AAE WAL ol&8 U HES 2
B3t HHEAA J1& o2 5 Ak F, Al&¥ a3z 4Fd 9Y
S dedlE 712U Aol ARAE dHEste AR £5 =dxE AAdsta
HEZ AdE 93 7124 2 2wy 2% HE ARE £yt 29 ot
ol 7183¢ A BMstn A Kol Uy FEL 2, AY=E 23

st giolch,
oleigt FTA Axte A2 ABF7] o WAGE Hgol shsshh thad)

5ol 71 ZHo|tt,
@ 7123 AAdA dABEe} ABAM F2 7€y AP Rl
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A% 28T B
@ A% AR BUD L] ol Aol L AAs% 27
A BRE 2ASe 48U 3P

il
HojFed AMEHTh F ¥z £ o2 RE _x_%% 78‘%‘
22U = AR wE AA F2] BFAA £YH 4 = Heh AA

2l Ao FHE F3 gk

o,
4
ofp
AN
F
%
N
i

AA: aPsEoT FHSPE AARY] uA ZIAALL 23} ATES P
shehat 4 glch.

TR 2xpRo] de] AREE I AR thF 3L AAEE thEEdE
F53 Ho] glon, THES dAsSHE ti&3 Zth

- A7t ¥8 : tpgtA 9 F(multiphase mission) = 4=31x] Z} clAnjc}

A2 T2 7173 S 278 28y 3RS X3 UeR 7}
H=] ofth EZF thF AJAFOAM AR Aol Aele Al 32 AT
3& 28 ¢ 4 qich

- 23 AZA4x ¢ BT A2goAE R Zo]l AARIE HAY
4 otk 717171 71%& Rshke A3 717l ol FHLo1} o] e
< BF 5 FESHII7E it

- 2% A 53T o A2RoME a2 F¥E utefstr] gl
2% A7t Fasich Al&Re tigo] % ¢Ajol wet "etAl7] o
of Za3 t}3 A&arldAe 2% W €471 oS Fasich. 28y
2% 5L o]RA& vEhd 71 gk

13 £% 0 5UT Yo 2Ao] ThE RoIME vehd 471 Qi of
Re PEstdor ozt BRI et

3} i ThE AAROIA & Axe] 2ol WAHH o] LS
£ ¥ gste] Alaw 4ol FHoE WAMT F 54
= Edo] Wesh} g $+ROSL o8 EAY 4 gt

7@ R UL H70 BT 328 27 Aoty
g DHEBoRL oyt ZEAAS EVY 4 ok

k

l‘.h‘,

o oo

4 dr o> o R
le]
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3.Reliability Block Diagram(RBD)

RBD:= Al&Fe] 744 HEH de U o5 dZol A AN Aage] A
H=g Axste st A wbgoltt. o] YA AlARL] MEHE F
FE A% A TAE AaEe] IAREE o RE BE AIgx FRE
33t Zlolth. 85 tiololay AolA HF FHEolu 134go] Hod EF
= HE& 783k 4 &S Uehdl ol EFES AR dZEe] 4l
g B TEA FHid oA Al zZt 2 EEQ MEE E=E U}

—

RBD 2 71E FHL the gtk
o Failure Independence Of Block Failures
o Bimodal Device Status
o System Operational If All Devices Operate
o System Failure If All Devices Fail
0 A Device Failure Cannot Make a Failed System Operational
o System Remains Operational After Any Device Repair
o All Block Connecting Lines Have A Reliability Of 1
o A Block Fails If Any Part Of the Block Fails

RBD] AlEl® W& A&®lo] 01“371] F4E =] whet e AR 2AE
=t 2t 78 Felol wE dZ 9 % A= Aie thy E-394 Url
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F-3. RBDS] AZFe} W M= At
dZ Tl tolof 3t AE = Al

Series “ In[l R;

simple parallel
redundancy

m of nparallel

* n! i
R (1—-R,
redundancy &m il(n—1)!
standb .
y e-/ll[1+7]_(l_e A.f)]
redundancy s
parallel-serial [ B ]
2R.R,— RLR}

redundancy

(2R,— RHQR,— RY)

serial-parallel g
N

redundancy

REDSY] 7bg 2 AL olsieh Agol Yrhe Fol:L wHoZE RFolu} A
BAAse @3 2PRES RYFsylol RHYsicis Holu),

4. H3} md(Combinational Models)
Axge ¥R A sheul old £ A olel slge Agste wHe

gel Agol S TIREY Aa™ BHold EF J¥eE A8 lch
[27). 7% wol AHE=lL 2 FTAS} RBDE Abgshe “hyolth shAg olejg

Wolx A ekdo] dl=ul 1 U8 ohEt LTH30].
o It is difficult, if not impossible to allow for various types of
dependencies such as repair, near coincident faults, transient and

intermittent faults and standby systems with spares

- 26 -



o The nature of the combinational approach requires that all
combinations of events for the entire time period must be included.
For complex systems, this results in complicated models.

o A fault tree is constructed to predict the probability of a single
failure condition, If a robot has many failure conditions, éeparate

fault trees must be constructed for each one of them.

5. Markov Models )

Markov & R¥-E F FEH, Y24, A2 Aej(state)S LER]
£ 84 xot BHABS Urshis H884 to] fgolch o714 X2t t7}
Ztz} o]AbA (discrete)l7} 143 (continuous)Q17}el]l whe}l Markov REF-& 47}
A2 FFE g don I FolA Fejrt olatFola FE Aol dAHAA B
B2 AZE Foold F43 ulE JHXch Jefel dEHA L AE-E I
7] f1EiA 42 WHRolXl UHRASARY] el o] WHEAEREY] 4T Fo st
of BMF-& Yol A=Y Untehg A Fo] 912 §lof EUriyt 431 Fofl 3t
Lioll ThA] "ol (EAE Zets] st7lgls] ol AAhgte g Hold 754
& gtka ZHTTh. R 42k Ael(state)2t sta YRl WwE W 3
3 e7go] Flo] SUTHF T of® 2o T Holxk Alzke BHAIZole}n
stRE. ghe} Azt €& FI[H o2, oF Eol 520l IHA Acrtd ez of4t
AHo|al A|ZtE o]itHo| R & ol R3S Markov Al&(chain) B oletx #ich.

ol Azl W X Azl FAe] ohishd BIARES A

2
LR

(continuous variable)o|il o]&l 238 Markov A& (process)o]elil 3¥icl,
oF Azle] FHE Qlofil AL Zol(1)e] wiet x=0%-¥ x=/ 7IX]&] F=E x|
3L Fo] HolA A& FSAHICHH x=0 ~ 7 8] A&KHA A E A4 5+
A o 3{F A Zto] o]AHRITL A&4F st utel d4El Mg e Y
= F EFE EFY ¢ A& Folrt

Markov 2P oW el i oA thE el j 2& Ho|(transition) HE2
A% PijE BolHrh Y o]it el oolA Ad=pe te] AJE BT ZA
g Erhd o] HEL BT ZE Zoln FU Yuto g 5 AJVE BRE
CI2A 3ttty o] HEE 242t depd Zolth. Markov B Fa3 5Y &
Shube Aol HE Pij7F Aef i & j oollgt &8 Ao AL Aefete= A
BA 7 glcteE A oltH independent).
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Markov 2}82 <y nliE WA} 27 zde2 vepA "l ©x] FE
Arejnto] HFE-S AR FCh= Markov A ] 7|8 71 ufFof 3kab ¢dz] 14 n|
BH(first-order differential equation)Z €A Hcrt < uoA AF+E5S
o] ¥H(transition matrix)E THEo] FAIY 4 QIcl. Rows o] A7t t
of 3& AelE VBRIl columnd o] Azt tdto] Fol¥ AelE viehid
AxE R4 el(initial state), T2} X FEAtel(final state)a} 3tch, o37]
A PijeAIZt A dtrtolo] AARlo] 7|Me] 1 oA HFHE j B Fol
FE& Uehdch ol¥ ] FoW nE WAAE BolumaH iAol 7t Ay
of EAY HES 314 "l

At o2 Markov BHE EAIZ] fl3lA Al&F HelE Uehis nlo
(node)2} o] HES Uehle A 4d(branch)Z ©]Fo{X Markov graph& AN

st %97h Wk,

6.Simulation Technique(Monte-Carlo)

Monte-Carlo RMHEZ AA&RE 38t §E2 Ao oA B4Hd A
v oAzt BEL aAE BRe g =g AiSled AMHRE 4 9
th ofo]®l Azt 4] F4il(repair distribution)2ZFE F2te] EEE F
E31A Hed ol nif W2 4o 39 xx1E WRE 3ot IFOIL f
e B3z FE uf Atde] Zt Al wiginjct REFE Fooksty| ufEel of
=32 3718 Al&"lo] HWA ol RO ML ol W2 A7 FAFE A
< 2314 "rh o] JHE tfE WHLeREE AFEE AL ¥ 5 gAY oE
71-E& AFRE B 7B E WweE okt ol sHFe] wieEvl FHEF
A e Afol F2 AEHLL o] JYe wtEo2E Akl WAyt v]go] &
Tl Azt ofzte] A3yt glojx AN RO E clA] sfolditis Folt).

AF7H] A3 & 71EL AdHE 9 IAY Y JHE Sl Z /1HY #
e 3t ' O 24 A T8I H &Y &old Zelm vE HH
oA F7lste] BHr thE3t &S ISl 7P Husled 2R Al bdA
W A= Sl de] AMRFAL gltHA4L

1) 220 A 4 71y
o Fault Tree Analysis(FTA)
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o Failure Mode and Effect Analysis(FMEA)
2) 2R A= 24 7Y

o Failure Mode and Effects Analysis(FMEA)

o Fault Tree Analysis(FTA)

o Reliability Block Diagram(RDB)

o Combinational models(FTA2} RDB %)

o Markov models

o Simulation Technique(Monte-Carlo %)

E 91e] WPES 1 B¢t A" Az} JgRokelld dal AMgEo $3
7 H P S0l olE WHERA Ao 2R AlAHNE= A
o WA TUFe] Yt ANFEI} AmEgel B2, & UAY aw 2B
o] A AFE EMdle 2 £843 AHAEES EASR] K3t A2, &

sEgolg TR FWY Boolt AY Hss] ol el @AY
& 4olth of UAY Axuel usise} HA B Rob drs
Aty FobE EHIMA I, Y, 5 4G F A FokolA Ha) &I
Z13¥Zo| Advanced Markov 2%, Bayesian Belief Ntesi} & 2L 7|HE
o] z} FoloflA AFE o3 APAH =R HLE 2 Ut
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M 3 & 2R Ala”e 54

(e [==]

A1 d 23] EAF HgE

Jze o A AHE @ kA BN JAES Folq TR 2z} @
AR EAo] 33t PAES A sl BE AR B4 W oz
7 &g Tasol gtk 28 2= AT B kAN BENA T}E AA
B3} 2P S Aurd ohes} ).

o 2R tE Aulof vs} B} @ A=} WL 2 HAE 7HAc

o BER 532 st=dolet AZESo]e] AT 2&o] THE 7]7]o u]3
Aol oR gil O FFo] E oA BR A& 14 HES
=dch

o 2R MA A2 J&2 wE 58 WA U e Y&
25 HA EoklA FH Ndog FHslA] B3t ] wfEe] 2R
AA Az A FHEeAe st A= Adelolth

o 2&o] HLE+ Tok= THE A7t AMEE= oo Hls] MZE ciE
Hefe] ctlerst oy X (source)o] EA)JIC} - kinetic, chemical,

thermal, electrical, laser, X-ray =.

3t 2 2 3t Jle& st E o el Est
FELE oA glon 1 2 EI ufR EZ3ich iR EE2 JA
FHd &, FU¢E St FE FUYE ARESte RE A RE Ielx
Aol AZEQ o] EEES XIS Qi olE rthdlt RELEL2 riokst Fejo
23 Wl HAYUESS BE Ut gtzer 2R x&xle] 3 HEE )
=3 o] ehd = Uttt

o 2 olgoT A 7
o 7l&H olgow At 23
2%

o qelH oo U3t

T2 2L 2EU 4 5o Wi 43S U7 AL MAERYEH F=
g, Jl€d 22 74 FE A9 Aol stEdels AA A o



Y AZEL0]e] A FE 7]t eln qelF 2L 2oL &

AR ol dolihs U LRENE HAYUC uwlepd 2R ME £

AAFL WP St 9ol 713t o8 23 7Hed2 #FY FAga o

A2l HFEE Yo} st=tl H7lele 2Xo] ARH £ Qe RE B9}
3

7 24 R 99, 7 2z REst 2R 29 AHE) nAs g% 1
93 7 2% RE WA s HES Lelsio Bt

Ads g2 2R Al LEN 2R AlD AAST HA Amolq 7
zto] At W EE BE T} ZTHI7I.

o incorrect action by the robot during manual operation (186, 6%)

o incorrct movement of peripheral equipment during teaching or
testing(16. 6%)

o erroneous movement of the robot during teaching or testing(16.6%)

o incorrect movement during checking, regulation, and repair(16. 6%)

o sudden entry of the human to the robot area(l1.2%)

o incorrect movement of peripheral equipment during normal
operations(5. 6%)

o erroneous movement of robot during normal operations(5.6%)

o others (11.2%)
3HH General Motors Corporationoffx] B ¥ 2R Az el gzt Zic)

o The presence of an authorized person in the robot operating enclosure

o The robot operating enclosure may simply be defined as the utmost
operating boundaries of the robot, including any attachments to the
robot or its arm

o Workers were not vigilant to adjacent robots,

o People with authorization ignorant of the robot program’s

ramifications

2R A2 FEHY T ISR U] HxY Az B £ 9l
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£ 3k e 7A ade] st % RELS WAL B, e Wy
(stationary or mobile), ATl 717]/x]do] 713iA]E= 282 3] Zog o
2 A% ¥ EFES vk #oH191[21].

o Fire

Flooding

(o]

Release of poison or radiocactive material

(o]

Electrical harm

o

Loss of plant control

o

Damage to plant stucture

o

(o
k)
o
X

EZ} General MotorsollA wZdE ot 7Hs3t 2R ka1 BAHE
d el 3

o no effort was spent to plan the task
o there was no anticipation of the injury
o there was no development of specific safeguard methods

o the injured workers himself took initiatives to rectify the situation
A 2 H FAF/AIEE T4 Ut

A 1 Aol AR uie} go] 22 A2We] 1T A2 e W F
st chasich whebd olgie =R Alade] AN VTS VA
7l SishA e Thet g ARge] aTHTh

1. Ay =4 14 U
2R AR AG BAE i fldAe v 22 Algo] zE
ojof &ri[1][25].

o X2 A=EE ¥
o 7IAH FE3 st=Ed

o] B2 MAE At
o X2 fAR,2} 24 2T

A goll BAH 2450 st A%
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A4 28g AFPh
2] Aeiol ciat T2AHA N2 744 5 U
0 RE 23 %z-} WAlol ek Aneonoi Aol & sr_wvlu}
/=
2

2. AA L AFZY] 932

2R ALEE JAF FE3 Aol HEol #Asts vl B33t AA=lelr],
utetd 239 Ag=el PR EAAE JAY &, Aol &, J83 2
25 Aol ofste] ejEolol gich AFE} tHAE Aol AARe 23
Apgro] 1 7]2o] EHd Zt 2 el FA A AR a7AE B
the2t grh[18][24].

=

7t Z1A1A FEEe] gt @At

o 2 Ui EAY AAHRY 2R F2E PAIF oo} i o] F$ oiLF
dlolele] T2 H7t s Eejof dtrt, e vy FolE Y] F3
H2lol ZEE Wt=A] A3t Fojof st A AL FAQ ol o3
U sFElolel 7t 2t HLE Bl A& WASle 23 240 =
Al AdAlelo} it

o mfuFEole] =elolr Je2 B 53 AAS o] 2N 8-S
AF ¥ F Je F=IL Fofof A 2R Aoju} A HE
2o F Qs Y iy 771E wEY BEE A Al sliof 3ot

o o8 ZHA] Hefel 2 ciit 7171t ool thste] Ztztol = A&
oL Felolel & Jdsiof 3te] tHE3(all-purpose) ofuUFdolE]l2] A&
< AFo] Fojof it}

U Ao} FEol titt 27}
o Aol AARE =2 suel Aol 9F 45 o] BT} Thssiol
gt 3eln 7 ZEad 3719 2715He esdolso] sy 4
=olo} e},
o el Tl A/ ALY 22 AN rigging LFE YAIsHA] 919
223 Ao} A& 2 WS sl 2 eI 2A] s Agkn
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AE| S AZ)o} B,
o of® ¥ mES] £HE 93 ABH AHSE THE
siof stm ¥ R=old ThE ZE=e] Qejd wzo

o Ho] AJARIZ 2PN AetIle-& 71A|L glojof 3l dAYE oH 7%
o] Alj= +HEA] & Mol Hold 2R Al&RleY F2g BEA
she A2t AEH LT B0k st AYHE wAA T} ¥y ole
oA AsiAok ek,

o Mol Al&RE TheF} e FRE 2udolHolA AFsteio} T},

- 23 B

- ofurelolE e 2 EH] el
- JE S A

- 5’-;3]' 761_15)_

o Ao} A|&FZ UL FH s FASIE H|FFA] HAS 7R
glojof 3ttt el w3 A] FA7F S BRSO FEE B
of 3ttt E¥ RIEH 2R 273 eHdoly HR oMt JHs
SI=F sfof 3t E} EE}L}«] T8I M2 BX AAZ dsf A oy
Zul/adol S Hel= T A& ZASEA] wotop st Aelth wA
22 71ed 4 I% o] BEE ddTt FAe2I7t FejA o il

th 3 % dnty 27A

o ERZ A LA A dojd THs/do] A= Y5 (A A&
Seistol A R Aztsielot Wek 1Y AR 4ol Uold AL =
AlaEo] A A4S /A A ddo] HAY E u]dAtel
2 JHAISHe o] HolA= ¢l

o Electromagnetic interferencel}t WAl d3kS 1asfo} 3ic), (o: Ao
3Re AU FEE

o EX2 A A Az AIEL YAHs A (decontamination)o] 7HsdHE
= sporzict.

o 3 Wabge] 2% 2R A& uAE sgsfol gt
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o4 x YR B

—

A1 A L

A=Y Aol 7% gAA ] HuFaolelst A&Eo At e
H2ole oS ARY Feje) RS AR 44 P50 $uHD gy 2
2o ZIAA A mpUFols FEL T S84 WAl o] ¢
Aoz AdHA 9ol ¥ EAs gAw IR RE GiEE Ty 9
AMU Egtolw 22z AR ESS WA S wztsie] YxiYEol B
Al Foold 2Hge SRsls TR HNEMS FRS] AsiME o] BB
o theted dA B® Azate] Fejyl @ FHTHS). el UxtPEopold AL
Hie 22 A2Re fEE 947 Hojeks Balo] rH22]. U AJE =R
N2E B3] chagat 2Rl ARREE 2R AARe] Aol HIE W oA
A Bael Zobde YIS YN RIsts A} 2R &) $84S
tjat sk 9T weld 2Eol thRE o (AEolu A7 F)ol thsiA
2 v EFS Fx] ¢l dbd d2tZ Ao AFREE BEREL YFHeE 2E
2 EREn 3 2Ro] thEE AJZ WS £831n Aol Alds W
g B4 FUAHEL 2X 3 ¢kdE FEAEA & vFE FA HArh
24} tid 71719 AApRe] BaAH &4 Asd 3 Azt A% F3
Qolo] Tt} The Al 283 A 3WolAE ZEo] LHEE U BAY B
X ZollA E} Aty Bofel b FHEE WAtz AE EMel s 7143}

g
k.

o 1o

Be W TE FHRE

~o
2 A&Rze "l 229 7S 7t

A2 gt 7S s Ay
i) 2R A2we ul$ tieprt $EEE BasiA P Atk ol ¥
22 2R A2RE FHEse LEES el AKX HRE TR B 4
olth[9][28].

o =zloly

electrical actuatores with bearings, gear boxes,

position feedback devices
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0 sensors
distance and force sensors, viewing systems, microphones

o cables and other communicaton devices
line driver, multiplexing circuits, analog to digital converters,

radio links, preamplifiers for sesnors

OJE HEol Y WA UFHL 2Fo] Xt AgUEl os) AT
A Aawe] AT} PAe] 3] e VS THe] AKX BB
sho} et

o AA| AR Al xo] dupl X PHA FFE ulX|=7}
o E it oW FEiE Ushtest
(sudden failure or progressive failure)

o A% $E A UPEE AR}

ditzio s #HArfe] 2R PISIL ole 4 ME AAF FBE vl %

A @3t UgE BE thes gk

1. Drive mechanisms
Wataddef oJsiM A7l BRE]Q] Feo] AItEAY AFe] U= i UES Tl

& e Zisel drt

ARA Aol 3t 2>
o loss of insulation in the motor coils or in the connection wires
o embrittlement of the connections

o hardening of the lubricant in the bearings and gear boxes

o degradation of the commutation electronics

<HP A Gl AT 2D
o gamma heating causing too high an internal temperature
o halogen release from polymetric materials and lubricants inside the

motor leading to the corrosion of critical parts
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BEE mURdolEe g 208 FHEIER o]g 1FL jointd] 23
o2 AAEI weld BN 2R A2™e B 33e SuRih a9y
fail-safe Hao]Ze} 7lojate] E7] 7158 Ala=le] M=A] WRE QA 7|
502 b2 Qrh. o Hiol Tzt 2 APE AL SAE thet e
AA, Azare) 237 Wasich, |

o use of radiation hardened motors
o use of radiation hardened cablves for coils and leads
o use of radiation hardened lubricants in the bearings
{or grease free bearings)
o careful design of the connections to remove any source of fatigue

o no electronics should be located at the motor level

Z2E Bl Alawol thsl AUS ¥ A7} $4 Megagray IFHYTA s}
A S2AE 4 Avke A3t Ueiolrh (ref-Rohrbacher, Radiation and
temperature hardened components for in-vessel handling equipment, 18th
Symp. Fusion Tech. 1994) 8|3 3& 4L ol &7t 7]%-S A= &
Hg Hel7h chfRolT F AU ol oY AE A7 Azt vwiAe

22 uveistth. tE FHA lubricant @3t F2AY dmd ZEES
e vl 444 BAes Ui e

[o

NS

S 2t AFE AoAaFAN iAol Fagt o
YA o] B¢ eFeoge} Ao] AlARle] Ha
aoltlh o]l& MM AlAFlo] AEEHE §EE HofEL] WA, FE ¢
+E '?:}z], AE el 53T A28 71E JeS % A Y FE
Aot & kd JeE& 213 Zo| uF-Folth 24 IEH 2R AlAHgE
smart sensor@til EE|-fv ZpAol] AZXAE J%5E& 71 A AR wit),
ol I JleH I BolA HHEo] WAt ALl passivedt Fej EW
AFA 7 AP A=Y Fope] FZole TAF] wWol O FZol= FUt &
T¥ch

Ry

of.
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3. A ¥ ¥ (Distance sensors)
Ael H8S A5 AHE BAAFAY BEHA R THeY A Fol
tH10].

(1) electromagnetic for short distances

AAF SHo /NS & ALY B9 FHAsHA dAYCHE 20MGy 71X AHS
2 4 olt}. M3t decalibration®to] H 3ty ZFRFAH Al A|A=le] 3.3+
& F2 AaZqdY Ageld ARG BS A ol ASHD satety
limit 29X 2= AME-Hc} capacitive AE AHRE M= FE & 3L
o2 AHTh o A Bl WA UTAE wolt @7t AuD 9]
£ SR oluziAE WA Bl EFste lweld Fg Azl
AHge AR gtk

(2) ultrasonic for large distance and wide angular coverage

ARl 3L ufUfreolE & sl gl HAI7ME B¢ o AHSH
ch. 9 ZHE A=et Aed oA €2 HeE 7= MR oS &
X EA9 ©xjo A¥sIch 1% olufe] xR FHEE A ot I
2zl e #TBA QAE5E A 1BBjof JFtt}.capacitive membrane FE)
(angular coverage 30 deg. )2} piezoelectric crystal 3 Ef(angular coverage
10 deg. )] F7HA] AA el EWRLFA7L Aokl F2 AMg-Hu}
T Fef 2F 10 Moy7hA] o] ZHubd 3ol A" vk bR & B2 YAt

Aof Thak LhAelch

(3) optical systems for accurate angular resolution

AL ZI= FFol JMesINt tid EAY EHAdeiddl chsf ui-e- giAdsta
F8 ZEEF F i 23 35 YAtk WAt BRI AHEH B¢
o] MAME FA3l= light emmiter®} receiverZ} AtAdell &3 d3s: A=
7t -9 Horg AN Ay A7t AUk o WAKIELE giEeld AE
o] ALolE WAl 93t TS $13] JASE A ©A I 43 H=E
£A7]= FEolth
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4. Force sensors

force MM v FelolEl 8] ol FA|Eo] o] Fokg ZXE3:= HE2 3
e A3 E AFstAY, force control Ex ufufFalolely =70 243 2t
o] Ael= 2L WAty AHSHTl RE o] Fefd AN HY S SHsi:=
hge AMgSHET AMe] TR UPES} Zea e £3 Fol YA 1
HojlA AREH ZF$x alth vuabd ElQ)e] strain gauge, load cells, 6%
force/torque A2} ZHL9ZE A3 A2} IMGyZIA] decalibration & =pglo] &
B3stes Ao 2 LiElyTt.

5. Viewing systems .
A FHE 43 ZFolAMe HLAHA AtolAqt Fioelel o] o] 7%
& @9t Aol WA ol 3 3tct. Abde Uz REES o

2t

o optical elements: lenses
o drive mechanism: pan/tilt, focus, zoom

o image sensors: tube, CCD

o image transport system: prisms, periscope, optical fibre bundle or
cables
o front end equipments: scan circuit, power supply

Fiolgles dutE e Waldo] o3t HEo ¢Ix|sH=n o|HAF$ AH& CcCDE
AFEslE Fwsich R ol"l 9= Fheetst miuvFalolele] ol F2E o]
¢ @ o] WA k2FE AR 2t ol &EF 5] wWabdel u
TAol ol B8t Fhnetx AR FAalolA A2t glx|gt o]5 ZA} 10-100
GyZ7} gtAlelct. Z3r olF WA FhoelE RAIE WAtdo] A4 k&EF o]
glom o] A3t oje} TP MEE EAlE HUo] oA Yape
o3 AstH AL F3l APstEA ulFLFHA AAES e AeZ of
of thgt 27t Hasich

6. Audio feedback
2R dF Ao 2loJA audio feedback2 wj-$ F£3 S st Qir}
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3 B ax]glth (Horne, Advanced teleoperator development at CERN, BNES
Conference on Remote Techniques for Nuclear Plants, 1993)

CERNOII Al  MANTISEZh=  Al2ElE o83 e T APl 3tH  force
reflexing ¢l°] audio feedback 7]%%hS 7FA| 2L uf-$¢ B213t 2Q]8 £33 4=
glgltial it} audio feedbacks $lE|A = ulo|ZZFEo] F2 AMEFCE o] n}
OJAZEE o &AM 2XRo| FHYPst= 4 F4 Lvt B uiufFgolH
HebiFol oy A FEF3Me 4LeEE & 4 Sl mlelasgEe
capacitive/piezoelectric MAle] YFo 7 RZ3} Aol Az} w|LstA
S0ttt 4§ ulo]Z2Eo] tigt uf A dolele A7 THA A U
Ebctubzt QIR ol g2 MFFETR] Fs] AR e A2 Rzl

7. Communication systems
{7 zFE= BN Ad Bt 7 AEAAd FE F shuist
control stationz} on-board #E71e] dAojzl= Zo] O
dolA gith ol A7V rIgdel gk qula pi
b AN 2R A& AdFE FUR IS F

@ % gtk

o W AlEE AL e olF AAYY He o

o Aol Eol w2 WL connectorZ} EXFIAL o] F AF = Ut T2
S %S Ao #

o multiplexingoltt F41-& o|&3%t sid gL AR 2L | its BEAE
o7] Al

o EfARAL} AF A2 Ayt QA= A/ A HE golI ol
ChA] A/D H3, Z3}F line driver, front-end preamplificaton®} Z+-&
A& o)A 1F

o Aol gl 3] A& FIHH LR JAF AEHATL P2

8. Electrical cables and connectors

A4 B33 Flolg sl iyt BE2 ol FA= ] gUrH11],
a8y 82 AEFA thE22] AlES polymeric insulation 7RIS E E|of
Q3 o5 AHolES A WA TAdol F2 Mgl gt WAt AU
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o] AFREE Aol B2 F= mineral insulation FEfo|ny 2o Waldo] tf
& Wg-go] &2 polymeric insulation E}JS] AF= v} gl ¥apd #
oA Ueld = & AelE e A=y JYP AE Bd ohg3 ¢
t}.

o miL]F-glolel ] 2ty FEo] F2H AL} actuators o AAH
Aol &2 Z-¢ WAl 51]%‘%“- at1 I bending stress’7} &C}.

o PVCL} PES} & polymeric insulation HFEf] Hlo|ES WAlMe] nf-$-
ekt W2 e mFolx 1 A, 7|AF £Ko] AstHcL

o At o) cjs] A8t o] &-& Radox(polyolefin), PEEK(polyetherketone),
Kapton(polyimide) Z|&A-2 A go] 32 wietgt Elglo]7] wfZoll Hde]d
Ayt feks ot

o polymeric 2§ Ao|EL WAt ]3] halogen 7t w&zt L 313}
3 EAE o7|1AE = Urh

o Ayl ostd AY] AL 1S dod B2 FAH = Qth

o PEEK E}le] el 10MGy W A& 120= BZoM A7 7AY E4&
elZ] i FAHo2 2AFEE= o] AL

g, glebge wabdel & 9% WIE HolB AuEel UM Fu
% Qe Tk AL WS nheEsh 27 A=Y TuH AFo=ry ¥

Alshe dolth,

9. AlF A4 AA}J]7](Electronics for signal communications)

Azt 7171 dtEoE A F9 gle] f]AsHe Zo] drtelx|gt Hcj
9 ¥F =F W 2R A&FY AF olE AA 717171 MAbse]l &3t
ZFaod F2EQA mfuUsF el e $1Aste F-¢= Wrh wiustEelE
W45-2] on-board A1% 3 &), front-end preamplification, A/D W3, YEA1¢]
Z3%- on-board optoelectronics, mobile 28] F-$ njo|aE T2 A e R
2| & EYsH= Z4F BAE AT Fo] old siFRIch o] 77| & YA
o3t A2 R WA el thEat 22 el 2 ARSFL

o 7t 717158 A%H B4 ekt Watde] GBS HAA VEF B4y

Jn
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HAE el o] ol o3 MAY AAI|%HE o] TIAY A9]x]
o] MGyl = 7Fsdr ZloE UElRtTi 2],

o Z} BE2 ARHJAA A 7% 32 insulation 7| x1&3}
o]FolHrt ¢Foxe ALES F FAoE U uf WA oMoSE 1 -
10 koy7HA AH§ 7bs A2 Uehithial, |

o 10kGyS Z3}5l= 7 $+= S0I(Silicon on Insulation)®} GaAs(fallium
arsenide) 7} R-33ir}. 2o A A= 219 Frix] wbhie] 3] W&o
3 AFL IMGy7HR] AME 7Hs¥ Ao 2 UelytH{14][15].

ot 22 el Tty A=p71718 Aldz) FhEe Y et FL o
3} BF2] FHIE o3} ol A[F WA] chryort.

flollA AFT AE ALAEL] WAK] BH MY ALE A A& the B4
o} Z}8].

¥-4, Limit of usability for subsystems

Sub-system Limit(MGy)
Drive mechanisms 10
Distance sensors 20
Force sensors 1
Viewing systems 1
Audio feedback 1
Electrical cables and connectors 10
Electronics for signal communications 1

A 3 d F5 2] nile AP ¥ 2EY

AH& Al AR B0 XA He FEY A= dvolHe Wibso 2§t
B3-S 23R U Ak A= dlojE et tiEA 3FE|ojo} it} dnty
o2 Whxld 43 24l (radiation degradation factor) A= thaz} zho] A e
Hcl{16].
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A =
(Po - Pe)/(P, - Ps) for PosPi<Ps or Po<Pi<Ps
0 for PosPi>Pr or Po<Pi<Ps
1 for PosPi>Ps or Po<Pi<Ps
where,
P, = value of a characteristic parameter(e.g., the modulus of elasticity
of a polymer) before exposure
P
P¢

value of the characteristic parameter after a total radiation dose D:

value of the characteristic parameter at failure

stepng 2 i FEEolut A B A|AEY] radiation degradation function
L 2He FAF =Y radiation degradation functiong REo] EA zjaoL}
FEf S0 HAR nEFeko] FIl3tel ulel oEA HISIEIME LEehdc
radiation degradation function2 UWtA O Z F£7}x] Helfrz} et T 4l
Elx doJg] AolA Pyt 7t B9E e Fefd 33-32 2 g7 AR
53 P8 Zro] F3llA ALofl= 131-48} ZF2 piece-wise linear radiation

degradation functiono] X[&H<= QIr},

Parameter value

t: at failure
t: attime t

0 ; Dose

181-3, Simple radiation degradation function
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Parameter value

f: at faiiure
t: attime t

0 ; H Dose

131-4, Piece-wise linear radiation degradation function
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M5 elTel RRAIAY MEZ/oHN BAAL

A1 3 e

Uzt Fofoll AEH ZEES tF-E A B I3 dxlguELy
22 2 o ARgETE & FoHE 25 F R BE A AHE T
st} AlAR1S] oot AREE ARE "l bEAd B4 7Y Zela A 5
A& FAHLE aosidrt. =AM o AJ&"2 oS3 th

o Remote Reconnaissance Vehicle(RRV)

o Remote Work Vehicle(RWV)

o Weigh and Leak Check System(WALS)

o INGRID

o ROBUG 111

)

o Gripper

o Waste Retrieval Manipulator

A 2 A A

1. Remote Reconnaissance Vehicle(RRV) [5]

7t Al&E FfR

Carnegie Mellon Tj3tojlA 7dsle] n]=Ze] Ixpedda A TMI-22] Clean up
projectol] FU=EIGTE HURE AEoA AlREojol 37| ufFo] U4 QY H‘*]’
5 24 WAl oy HAUE =3 671e] RE|R FHEE vRE AR ¢
Cl. $2 YF = video/radiation survey, sampling of concrete walls, sludge

deposit washdown of structures ©|T}.

L Agxe 24 71y
FTA2} FMEA7} AF&EIQICE. AR AZA LS Z “RRV irretrievable”o] Aol Eolx
oA 1 o] EHE vt Al Je] AR slHze] ZF o2 pAdEgT)
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o Loss of hoisting capability for retrieval from the Reactor
Building(RB) basement

o Loss of drive force

o Loss of systems required for operator remote guidance

olE ME FlE|agl= thA o MR AAEE Heo “Loss of drive force”
¢ Z-E R 7 BFe 2%, 2d FF A%, dF I 5} ¥ +E
Z] Lol Rl FMEAE bottom up WAL T $£3E|gl=d] RRVEY 7|2 QBRI
23& 7135l RRVY B S50 %E& nAE ZIE 43

o 53

2y A3%E 2AR s AAE AU Aol sAusidt o e
redundancy, diversity, L8|3 assurance?] A|7}R] JAE st Q3 0]
AAE AHESte] thee] A A Wargke] ZAFE I M 7] Hak

“Highly recommanded”, “Recommanded”, “Marginally recommanded”® 1}yo]

Aed 2 7 7€ o3 Hoh

(1) Highly recommanded
AL 7ol HriFo g golshy Al sfde] Qlojq 1 mapst
AAY o5

(2) Recommanded
A= Ao Zrt RS A AL HA O B2 Akt v]go] a3
He 32

(3) Marginally recommanded
AA L] WA W2 Ak vgo] 2FE A E A Z e njnjgt

=

RRVE] Z-$ “highly recommanded” ¥}-Euto] AAZ & Ielonm 7 F8 o
= C}':Tll' Zrt

o AA XA 2 IS F= HE CYLEE 7IRESIY pre-mission
check list& Z|gsta &

Pre-mission check listo]=
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. structural integrity of upper boom support columns and light
assembly,
leak tightness of electronics enclosure and O-rings seals,

. connectors to each camera and light, hydraulic pumps and
filters,

. wheel bolts, tether cable, idle roller for tether cable and
capstan,

. hydraulic hoses and fittings,

. hydraulic fluid level,

. boom hose track assembly,

. boom tip assembly,

. camera and light fuctions,

. reservoir nitrogen pressure,

. on-board sensors,

. telemetry diagnostics on console monitorZ} 3% o] gic).

o Implement a procedural constraints that requires retrieval of the RRV
upon recognition of a failure of one of the identified redundant
components

o Practice returning to the hoist location without the tether retrieval
capability

o conduct an environmental test of the RRV by storage in and

appropriate environment and inspect selected components

2. Remote Work Vehicle{RWV)[5]

7t A28 e

RRVS} o}7Ex 2 u|Fe] AR UAL ™MI-200M AMEE o] FHLom Carnegie
Mellon thlellA #Zt=]gict. RRVETE v]& IRY Pejo] 2ROE JxE A
E U5l Ay dul dA o spiel o] RRV 3 ARETE o AW ¢
P orUs FAHoR HANEYR 93 2F3} AR fduaeln RAE 580]
deoh 3d 23U 4709 uigle] o3 2FEAUD RES 9 o w7t A
Aell Rk =] ot
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L AlEE 24 7y
A Zbzt 214 Aot wfoll FTAYE 3= givt. RRVECH HA Exsin 2 =
Zolgl7] wie] F Y BAAAY B =dEd “RW irretrievable”z}
"RWV fails to complete mission”©]|T}, “RW irretrievable”2 RWV%i A=z A
E Hlo]AHEA x4 #EE FH5Ilr] Bl Aolil “RW fails to
complete mission”2 RW7} L& o|ut =4 ¢le] A3 A 7HEet Azl 53
FE g3led Ausis A2 B2k AF AL “RWV irretrievable” o]
i3t 5 L2 RRVL} F-AFSEAL “RWV fails to complete mission”& ;
. Loss of steering capability,
. loss of propulsion capability,
. loss of hydraulic power source,
. RMS telemetry systems fails,
. tether management system fails,
. loss of boom control,
. loss of stiffleg control,
. loss of video systenm,
. master control arm fails,
. slave control arm fails,

. loss of graphics display® 4% it}

o 5%

4 Azl oA RRVS} ulAIIRZ 371F] 558 WA A¥EE =&3193 O
% “Highly recommanded”, “Recommanded” A}3}S F¥3lgit}l. RRVE] “Highly
recommanded”d]] XEIE AL tEE JE X3St o] o] o filter
bypass line?] ©d 1A O ZTHE &= H3rS 243 3}17] 23] hydraulic A]
2xe] T40] AHA BT

3. WALS(Weigh and Leak Check System)[6]1[20]
7} A28 Jle

WALSY= 1 oA =31 o8 3]y o] Department of Energy(DOE) Pantex
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Al Role] ARER 1A E3 L AE S AEISH] A% R AAd"]
L2 Sandia National Lab. oA U= dc) AJABLS  track-mounted Fanuc
Model S-700 2Rz} ] A Adoldes FAEAEH ¢ dargoeld2
A=y 4ol #3431 1P EAY 23 U AE @I vE F AY =
Zelo]dE FAIg A MAE ZASHe 7IeS @Rt 223 ® oE 9

axdolde 45 AAE 9lsh A& sict.

L obdd 24 7E
o2 AL U] RE il 1 Aol FEE oo 3ha WALSY] 7
L 3 @ FAFFE DOE Order 5480.23F 7|22 3t} DOE Order 5480. 234
s hAAd B4 FHF E4o] &FEULe, oI o AR AJMo] of
U3 2 gsi=7t 343 @2 F-ole BEEF AP I/E APt A7)
=

uf 2ol WALSE: FMEAS 7|ute 2 3t HI1E =3 Ych

lo

o

A A1) ot EAo glojA 2R F3F 5A4S L3 whYE
o gk 7|EY AN FIt PPES B MElE B
HEo|A 3&3 UL st AR qth WALSY] AR E4oE o]
EAEE A3ty ¢ls] 2R AA AFL A ket 239 Axlog A&
3 o2 2zt A¥lo] sl Y HoE PMEASE F-&3l E4E +yIdch o
2|3 tAY BN AE A0 g3t xfAdASHE WAL R AJARL HA
o} Slslz o] RE g AYH $£E£& UEY uzix] 18l $3s1a
th a3 4o AgH 3F diojEle EX AXAELEH dsyon o] f
ol HIAE =golo] 2J3fA AJFH Zlo] of il WALSS} Hls3t FA oA
AR 2Ho gt MulAa Zof J1&E3t P AL AR

4_INGRID{Intelligent Nuclear Gantry Robot Integrated Demonstrator)
[71

bl TP B K<)
EC7} 4=383}= Teleman Phase 11 ZZ2132] 57 ZE2HE = FhloA] =
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Agen PAY APeld AeU AR YAZE B Aee Adshe Aol
F H3o|n British Nuclear Fuel Sellafield A}o|Eo] XSt Axjzg] =
Bout T abso] EAASHE AdolA AH8Y 4 TS AAHT 75 A
Z¥ Puma roboto]t}, UM A2HY FQ2 &2 2R URE AFIL A
FTLE FY31E= HF RF dArdHoldE FHIM= Holth s sjof & 47
o] ALtE|F FY3la olE d&H APAES 3] Wibs dS 2F Al

= 42 Sugstact

U HsE 24 7y
AEE B 4702 AvElest st AdeE THHYL 3 8L the
3} gk,

o Inspection, Cutting and Welding of Pipe

o Dismantling of the constant volume feeder

o Decontamination of calciner surface and tray
o Removal of heavy components

o Loss of robot(event)

ol Alutel s} AAEL ALH taskES XS Ut FEL} o] &
o3t RYS qhEY] 93] o] taskE2 THA] A% elementary task&EE 3|5
I RE3} gt} 8|3 elementary taskE-2 T A AA®} 23 E
a2 thE FEEI AYEe] AUl taskEE FIIEF TrEoAcTh A
vele &3l o #-52 Zth
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X-5.Scenario decomposition with elementary task specification

Scenario task Elementary Additional features
description task no, sensor type no. | Tool type no. Other no.
Position nut
3.1 3
runner
Operate nut
pe 3.3 10 16
runner
Stop nut
P 3.5 5
runner
Remove nut
3.1 10
runner
Change tool 1.2 1-+22 17

CH2 ThAl= 7} elementary taske] EIE AH|ES FIsts AU 7]
ol AZEgolet onjolelE X3 HEeujHole] B2 o= E-62
ot #HFHY B FH2 Z elementary taskEol ohsl HEAA(top
event)E A% thF ol8] wle] He Z AMAEE ZATE(fault tree)d

2R AOS o|Foj AL,

H-6. Equipment requirements for elementary tasks. Teleoperator mode

Equipment/Personnel Elementary task
3.1 Manual R 3.5 Stop
Model top 3.2 Jib 3.3 Tool 3.4 Move
Text tool . tool
event no, L. operation task robot away .
positioning operation
RHWS, TOM 5002 X X X X X
RS, HTC 5010 X - X X X
GS 5011 - X - X -
Joint ctr, 5054 X - X X X
NEATER 5058 X - X X X
robot
various X X X X X
operator

INGRID ZA,E2 BFE 212708 7|2 AMAEZ} 143708 gate® FA = gic).
o Aeky BMS 93] et Ak doleE ohgat o] E3jH Tt

(1) 238 28 == 2318 253 A8 28
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IEEE STd 500-1984, IEEE Guide to collection and presentation of
electrical, electronic, sensing component and mechanical equipment
reliability data for nuclear power generating stations, IEEE
Handbood of reliability data for electronic components, RDF 93,
CNET, 1993 |

Smith, D.J., Reliability, Maintainability and Risk Practical Methods
for Engineers, Oxford, 1993

FARADIP. THREE, Failure Rate Data in perspective, Failure rates,
Failure Modes and Failure Mode and Effent package, Technis, UK, 1994
Guidelines for Process Equipment Reliability Data with Data tables,
Center for Chemical Process Safety of the Americal Institute of

Chemical Engineers, 1989

(2) =T2EEY] B2

54 A= bo[HE #3h7] EM IE7H
tl oE EY, @S EEE ZstE = Axp]
Zt HEo] B RS0l YAst] F3chE: 7 HF
2AAF g3t

Lo

X-7. Failure rates for equipment categrois

Cat N No, of Average no. Failure
ategory No. components | of comp., rate(h™)
1 1-10 5 4%107
2 11 - 50 30 2¢10™°
3 51 - 300 175 1% 10°
4 301 - 1000 650 5%107°
o} =3
AZH] A= E4 Py opvRIR U ZFE O A cut seto] AAE
2 RF Ae] AN BEo] AT, 2oy AL AHgH 7 2E
golelo] '] wety] wfEd] AR AdY IANFE dsjde 2 uF
o] Folx|z] ¢kgitl. thal cut set B|AEES A|AEIS] TR Frjst oddkg
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Z=v AHE-El2ch “Failure

O x]E QAES FHeldla dA MHE FU4FS
f Pipe”®] cut set list o&= -8z} 2z

of Inspection, Cutting and Welding

=2

XH-8. Top event: Failure of Inspection, Cutting and Welding of Pipe

Cut Set(Basic event) Probability of
occurence
Operator error in the operation: tool task 0.1
Operator error in the operation: Tools into rack 0.1
Operator error in teleoperator mode by jib operation 0.1
Gripper unit failure 0.3 % 107
Gantry subsystem controller software failure 0.5 * 10-"
HTC software failure 0.5 % 10-™"
Semi autonomous Controller software failure 0.5 * 10-™
Sensor support unit software failure 0.5 % 10-™"
Sensor support system failure 0.5 % 10-™%
Auxiliary hoist drum cable or hook failure 0.5 * 10-"%

o] XA Leht ZA 8 operator errorZ} HA| A|AR! Ao pjx]= g3
o] uf-¢ AA vL}e}IT)E. INGRID 4 ®2 o] operator errord] A% F=x]7}
B x oistA FAE Ak ARSI x| IR E AH3lHztE thE &
A& v|shd o] A2 Al =zo 7HE & F3FL vk Frlstz 9lct
25 AZELe]] 2AMEe th3lAs o] o UEehd gXo] EFadgde] oj
§ woka JAA-sER ok WAtdel &3t A E F3F Frto] Ao AARY
SHAIZEQL 20004] ZF Fete] 73 MFIE A oA} Hrf JEAE Ly
I IE AYE 6719 FHLoE o] ZF ZAHE A5t 4 A
= ¥-99} Zrh
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X-9. Top event: Failure of Inspection, Cutting and Welding of pipe

Relative radiation

Cut set(basic event)

Low dose case | High dose case
Force torque sensor unit failure 0.18 1.00
Force sensor unit failure 0.18 1.00
1 of 8 optical fibre heads failure 0.17 1.00
1 of 4 electronic modules failure 0.00 0.00

Jel2 24 Aol ME A WD A4S thedt Atk

(1) Cut set listZolA] WArbsol &J3t A3t F¥o] RFolelE AUEe &
tisi s AAA] BEE F5 J)&oof gl
(2) Hatrdol 2t ME Eol= WHLE tha8] H71A7} 7He3lch
{7}) make the equipment tolerant
Semiconductor electronics®} Zto] WaAlsol 7tgh vjAe] HEo|
A AHEgch A ol & W] WaAMd FEE Zhol ulxicle whEo]

aict.

fr

(L}) reduce doses
Yatd Foof] EolZ w 24 AAE stAY e YA FHollA
Hr} 1 g3to] L FAE Svls] HulE 23to HX3HA st
=rjolch

{t}) replace the equipment in time before it fails
o] Atel ZHAILE dose monitoringE F-3iA HAZE AR |
AstE whgoltt.

5. ROBUG III [8]

7F 22" 7le

o3l Portsmouth tf3}z2} PORTECHe] &3l 7=z gl om o] Fxiuto] Hzlg)
of dlojd HE =AU AFE Ela tid 5 UA HAAHAL YA 79,
AgE 2o, FZo] ol Tl ZA, Hy|, 2 dFE FBsl= IS
b4 o Ie-1 =
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L A= 24 7Y

ROBUG 1112 8712l tielg Alojsla BT 716& +33io} 317 o] %
el 3Rt AAMEER} JIEE FEEC] Wol AEE AR ulety dEx 2y
< Aol L%t m Azt yabdel o3 AlARle]l A of 7Ax Y] ol Azt
2} 3ol Z3o] FolZTh ROBUGS] 2¢] A[ZH2 100 A]Zto]lx Zubd A 1)

3PS 1000 Gy/he WAk 2R FH ARLBE T 47k B9t
SRR

o Failure of more than 3 legs

(max. 2 legs on the same side of the robot)
o Loss of communication with the robot
o Navigation failure

o Foot adhesion failure

sl B Ao T A2do]l Bel JEH sl5g Az Suste
2 ozl 2RE WA Aedold A Hi ARS PASIETE 28|
olFTh o 7l AE WASHA B gloid UAY SsTiE Alawo
HASA B AFfoe 2R HA SI¥x Zo]Eth ROBUG 1118 3345
ol 643708 F1BAIAZ} 27001708) Fo| =7} ALEE Q.

R
=
=

I

v 53

INGRID A]&E1e] B ZHzte} npx A2 cut set listingo] 2tAdE gt 2
2] VA= UATE INGRID A|&% Hrle o UM & 71 A3 A1
2] #E3glo] AatzEldrt, ¥-102 “Failure of ROBUG communication with the
robot” A AlZe] thdt cut set listo]t}
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F¥-10. Top event : Failure of ROBUG communication system

Cut Set (basic event) Prpbability
graphic workstation software failure 2.50E-04
graphic workstation hardware failure 2.50E-04
control computer software failure 2.50E-04
control computer hardware failure 2. 50E-04
communication cable failure 1.40E-05
umbilical supply cable failure 1.16E-05
back plane supply cable failure 7.60E-06
rectifier-stabilizer failure 6.20E-06
graphic workstation communication failure 2.60E-06
control computer communication card failure 2.60E-06
back plane pcb failure 4,00E-07
U8 chip IM393 failure 1.60E-07
Total probability 0. 1049E-02

Aol AZEL0]L] AEEE £AZEQ0]] A% &4 J]eo] nu|3t A=
gt AXELO]V Mx|Fo] 9= st=9ojet FA3E Fho] AR gl

6. The Gripper[7]

71 Al&" e

Advanced grippergh= HA Q] o] AR BR AARL] dRE FAH3E A
2 Aago® YHAZ=L] Delft thEfolA Zidsglcrt. o] AA¥EE A =
271853} screwdriver 5& XA 4 Qe “active paln”" 28 AT o] 9l
th £71etE3} active palne AXIRE L £9teg FFHTE oldH 715E& 7l
A A AJA-EE g2 28 AR X¥E o] glon T Yabs FHoA 3
Ay ¢ o] F&Fo] Yaksol 7R He Fio A5 Wi A= 4
2 AEZ Agx EAHErlE radiation tolerance F-&ol 2x|F = gicl

U AEls 24 7y

Gripper& FA3%l3 ¢l= HEI hydraulic, electronic A|AE 2|3 Ao

A 2E o By BN riide] Holn AZEee} ool A2 A
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th. o] grippert @A Acizl 2R dF-Fol7] wEo| “Loss of equipment
in radiation area”& 3133} ¢ol% EHGA Fol UF F FHEHI A=
ol F3lA AeY tiAS AT gFoz = Az AL 753 FHo| EAH
gt} o] & 2|8} Fault Tree AnalysisZ} AMEE| 13 189782 712 Atz 83742
gate2 S13p-Fo| FAE ULt

th. 53

Gripperg& F/3%h= &2 thifol ZEEERY A Folgl7] wiEedl AEHx
Alxtel Bagt dolel& Fohs ol B7Hs3U mhaba il

diolel= A
Erlel  moel  GAsiel  gEech  SWARES 8N, guls
“not-repairable”® A=}, AA AlZA "Failure of normal gripper
function”?] cut set list?] dB+= ¥-11z} g}

_57_



H-11. Cut set list of top event: Failrue of normal gripper function

Cut Set Probability
Actuator unit finger 1 link 2 motion failure 4, 80E-04
Actuator unit finger 1 link 1 motion failure 4, 80E-04
Pancake rotation motor, finger 1 failure 4. 80E-04
Rotation gear, finger 1 failure 3. 20E-04
Sensor controller unit failure 2. 80E-04
Wire for force sensor finger 1 failure 1.60E-04
Pancake rotation motor finger 1 failure 1.60E-04
Force sensor finger 1 failure 1. 44E-04
Pump motor finger 1 link 1 failure 1. 20E-04
Gear, pump motor finger 1 link 1 failure 8. 00E-05
Mechanics, finger 1 link 1 failure 8. 0OE-05
Rotation mechnism, finger 1 failure 5. 60E-05
Pressure sensor finger 1, link 1 failure 4, 80E-05
O-rings before canal 1.1, finger 1 link 1 failure 2.24E-05
0-rings of actuator finger 1, link 1 failure 2.24E-05
Current sensor finger 1, link 2 failure 8. 0CE-06
Hydraulin pump finger 1, link 1 failure 8. 00E-06
Rotation position sensors finger 1 failure 6. 40E-06
Hydraulic hose, finger 1 link 1 failure 4, 80E-06
Actuator unit finger 1 link 1 pressure failure 2. 24E-06
) O-rings finger 1 link 1 sliding failure 8. 00E-07
Pump position sensor with finger 1, etc 2. 56E-08
Motor axis position sensor with finger 1, etc 2.56E-08
Total probability 1.22E-02

WAk E3] Alddel Slolde A 2000 Aol siste ®EF 200
kGyel &HAIZt 10,000 AJzte] 3fdst= = FHI IMGye] Z-9-oll cfsli 35t
th Azt gApdel 7h Uzst o = > 1=
2 UepdA|Rt o322t 433 F& £ ¥R € 7led2 A Ustdch o
2hxl gripper AJARIS FojA zAe BHANME ST U YA HelE F

A o olria ZEA| o HrT]

hydraulic hose2} O-ring
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7. WRM(Waste Retrieval Manipulator) [26]

7t Al&H iR

o] Hanford Wz} Alo]Eo] = H7IE =3 248 AASE 913 AzH
ZERA AR O Z manipulator arm-based retrieval AJ2Ele] Aol 7|A el
T3 R|Adoll telescoping mastZ} Q3L X|3loll vjMdE S/ & =13 Lo8 2
2 manipulator?} Soj7FAl Eeojltlh 8|3l manupulator?] Lo HZ/|EAS
A e|3l= End effertor7t F-2tE|o] olth Ao FRE 718 Hel Yo a4
o] ==t tEY FUE oh&2t Zrh

Input device(operator interface)

[¢]

Supervisory Computer(planning functions)

[¢]

Subsystem controller

[¢]

o Individual Joint Controller
o Low-level Actuator Drivers

Analog to Digital Converters

©

2]k arm?] kinematics: T2} Zrl.

o first joint motion - vertically down into the tank
o rotation about the vertical axis

(rotate the arm in the tank to all directions around the tank)
o the following joints are all in the same plane

(perpendicular to the ground)

. AgE 24 7Y
344 Fault Tree £4o] +HHUT chae] 270 Aveteo] tis) Y54 2

o] o] o] T},
(1) The failure scenario of a collision with a vertical riser within the

tank

(2) The failure scenario of the inability to remove the manipulator from
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the underground storage tank
E 2% a5 Fdsted 438 MR EL the Pt

(1) The position of any risers are presumed to be reasonably aécurately
known

(2) The operator is assumed to have access to a monitor with camera feed
from inside the tank

(3) The actuators are assumed to be hydraulic, driven by hydroelectric
valves,

(4) Arm/mast collision scenario is caused primarily by motion of one

joint, by rotation about a horizontal axis

ot 54
24 278 AAY Al Agsis 3 FATh £4 Az wAm A
Aare] 2lerdst AL AdARE the gk

(1) redundant sensors
&2 AAdE= AA7l 3} $o]gd oL} redundant sensorE F7}3}o]
2ol A 2AolH HASHA Hollhs 2L WY 2 QA stach
(2) sensor fault detection
Redundant sensor& E-£3}7] $3t 2R o2 ARH AME 7lgvyzn
AL A1 52 joint controller® HAUjF7] 2|3t Zlolt)
(3) kinematic redundancy
Manipulator arm mechanism ZZ3Zto]] T3} fault toleranced A|Z3}7|
2l38] joint failure Eﬂ%ﬂéﬂ kinematic reconfiguration 7]&o] 37}
= it
(4) Emergency stop
2R arn?] F3E eHHoE7t £F5L2E HFEA ste Jlsolth. 2R
o] ZAoER} FESte AL WA s F7HE Ak
(5) Reflex control module

AREe] BREZAM A Ao Al&F AA A ARA Fajo] wy
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HY=AE Al 80l ddEEs B9 6l BAE 33t

7R AL glel

fr
N
or
filo

(6) Hardware limiters
Actuator driver 7|%te] 3t=gjo] 2|n|E A9|X]24 F3 HeE doju}
+ Jjoint F2& WA8l= J)olth

(7) Model-based preview
LufolB 7t ZRA AA AU BFE Wils] el ul A¥Y 57
& AEE 4 YA 3t= 7loltl. ghuel 5& EE3to dx|x] g
ol E T Y BHY BEAE dUolE ¥ 4 UA FTh

(8) Heartbeat monitor
Zt 2AA Y AElE FIIHLE s BEolth AlAE U] 7t =
EMMZE BaE AA Bl wiel FHIIA FASIL YRS A 3]
£ 716 83y A= Aot vl B ALY FRE Z2A
A7t S 3t UA He FF ol& ARt AED dolE 7} Aladl
AAE FHA Wie ZA& YARCL

(9) Communication network redundacny
ojuFalole Aot AAE ¥ RE T2 Z2A Ao FA1] o]
Z WA g HolB dx7F WE YT} communication networko] Ayt
7§ back-up -go|T}.

(10) Fail-safe brakes
Dual redundant power hardware unit2. 2 FLAH fail-safe Bgo|30]
T} power-on release W2]o|7] wfEef Ho| ALH AFo 2 By
oAzt AelA HESF dAFt) o] Bdolae 5 v AL
2H= emergency shutdown(ESD) 1% (2% Ao]7|, watchdog computer,
reflex controleflA L& AR )EAN F3HFTH

sle] BE 24 @ WIARL B Bl AT Zlolth AAe FpH

B2 2R #Y AN 2HE Ee AHE ol e AR 53

=] ekgkrh.
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ez 28

_O'{_tl

A 2FR] AlZjeo} HAY Aol #AH™ &L o8 A JIHES 24}
AAZ 2R Az A= M4 HE&H AHES EAM3tden

k

4l o1
ZAE JIME Fold 2R Al2ge) AR} G Aol sy Haky
5e Atk 2eln 22 Aladle] JME 5453 ULt B
43 BN A7) ARSS SESATh +UY TR Aame AsEel o
A B Jle 9% Qo) B ohet 2tk

1.9k A=Ele 4 ebdyd £ 7Pi3 € 22X Aa" 24y

Az7tx] FH el viehd A= W AY HIt STHEL 309 A de
E}(MORT analysis, interface analysis, high potential method, fault tree
analysis, FMEA, event tree analysis, critical incident technique, change
analysis, audits, Jjob safety analysis, flow analysis, sneak circuit
analysis, single point failure analysis hazard analysis, networks login
analysis, energy analysis %). gL} o|& 7IHE FolA AA] zt 2rd A
Al AEEE ZIEES UAZE UL E ZF Bobd S5 o] ®WIkR] Y
Ernto] AM&E 3 gt o]l& JPHE FolA 2R AZxet dY B
33t JIYES AR fEiMe 2R AEFL 54 W A uyhUEE 19
sjob g 2R A2zl ANFE W kA BAA] t}E Aamy) pAHE &
A& AHEAE v}t Al

o BT} BE AFES We A 24
o t=gllof o £ZEL 0] &2 FE HE

o 23 Bopol A, A& NHE BNsI&] e
o 2R AL A Exst= I oY X[ (source)

EY xR EololN AHSEE 22 Aol F7E Aeldolol ¥ ARE
J olZe WalRolels S4d Bl JlAsts Ao thet e A

1=
o}

&
N

1 gl
o]

=
T
3

AA

il

(1) 93 Ao % &4
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ARt 48 22X AL 53] iRt TR ARREE 2R AAHY] He
ole AFE 9@ AAY E49 FEEL2 AYAE AP R¥se A3} 22

71e?] §84L i3 Uisiked d3 uwelty 22Ro| ol ial-ARE, 7]
71 T-o tiside & HEE FA fdech b dx2 FAajol AHEEE 2R
< HF2e2 2FF 3 B3FEY O BRo| tifE 717171 vil$ F43l5 2Tt
22 s o AR B FUFHLS 2R B3 A3 AT Z ]
& FA Heh & A i 7171 4x2e] F=iFA &4 JsEE o
7} A 223 g9lo] Hrh

I'

(2) b5 T3

QA2 ZA 2ReER ohist WY Rofold *F% =
A9 THE Roboh AEHE 30 2202 Wby FFol gtk Wikse 2
S AARE ST T AP A A% A 24 SE 3440
2 &4 FE 23 P GYOE A3 FEe 2 HFo| wolxy| WE
of 7122 $E A clolHE Tuh2 ASHA EshA HE Rolth Hze
2R A2HE TR S $8sH 3 5ol wobel wel Ty Alaw
o] AHgHE Zol WAHoITh TIAY A2UE P FEL S ohdz
2 S-S ulsh Yakado] 2okt F9 Urkn YA ck

EXES dAY

rln

71E2 Az 9 dHg BN JIHE FolA slold e oA 71A A
58 283t = O 24 A &P A& &old Elm vl HHlo
A Bt BE ThEat &L 7P Eel MR Aysict

o 2R dY w4 7Y

- Fault Tree Analysis(FTA)

- Failure Mode and Effect Analysis(FMEA)
o 2R A3x &4 7Y

- Failure Mode and Effects Analysis{FMEA)
Fault Tree Analysis(FTA)
Reliability Block Diagram(RDB)
- Combinational models(FTA2} RDBS)

Markov models
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- Simulation Technique(Monte-Carlo)

3 Bt o gzt vledobillA del ARgEle] $3 O A
P Eolth, Zeu ol WHERA 2 2R AaHdE
o e AAFEH £ZES 7F, F A l I
o] A s FHoE I B&E AYEE AR Rt 93,
B3 E4ol= ALY HE317] ofz Ro] AL Foltl. o] tjAE 4]
AFE E47IE 2ok A7 A Eobg A 24,
313}, &4 A T o8 ool &zl #iks] FPFo|y Advanced Markoc R
o] Bayesian Belief Ntesi} Z-2 ARE 7| Eo] 2 EolojlA AL A=F1
et

I M,

M

2. 239 JHE B FAY B4 A

Q71 Rofol A8 ZRELS thiE WA AN A3 dxiunse)
22 B Aol AgHYET IF F UEA 22 A2He] AT W A
4 B4 Able ke 2o

(1) Remote Reconnaissance Vehicle(RRV)

o AHEE A Wb A A(TMI-IT)

o Y% : video/radiation survey, sampling of concrete walls, sludge
deposit washdown of structures

o AlEle W AR £ 7Y : FTA, FMEA

o 53 : B Az}o] oA “Highly recommanded”, "Recommanded”,

"Marginally recommanded”®] AM7}x] HI A}y =23193 O F
“Highly recommanded”o 3|%3l= AIPES THIAS

(2) Remote Work Vehicle(RWV)

o AHEE A UL A(TMI-II)

o Y& : RRVY] 7]%zoll tf3}o dismantling U demolition task in RB
basement

o AT W A £4 7Y : FTA

o BA : B Axte] o]A RRVE} n}d AR 3712 52 I S

&3¢ 3 3% ““Highly recommanded”, "Recommanded” A}8}-&
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FasAL.

(3) VALS

o AH&H B4 FAE ¥ EF AL

o Y% : check the nuclear material used in weapons for damage, leaks,

- weight

APl ol QEAAd 24 71 : FMEA

o B : Alawel dng Aol =
sl AAASHE WALE Y BEAS BHIAS

(4) INGRID

o AHEH 4 WA UAL

o Y% : task planning, autonomous execution of various task by remote

(o]
>

handling
o AlE]= W kA 24 7Y : FIA
o 53 : dutAQl Agx Ao t]3le] radiation degradation 3ol thzt

4 @Fol 37} 92,

5 (A

(5) ROBUGIII
o AFEH F4 : A UL
o Y ¢ Algle] FHZo] AP ALY 18R oA AAL [fulEE, Fy|
Qs %
o NEE W kA B4 7Y ¢ FTA
o A : radiation degradationo] th3t o] 3R Ao
A£ZEQ]Y] B EE AZESOlY] MR B4 7|&o] uu|3t
BAZ Y AZEoi7} AATo] SHHE SHTelolst FUY
CIRE
6) The Gripper
o AHE-H Fa4 : WA UAL
o AR BR AJAFS] ¢ FHYFEOZ A &3 BE 7
o AFE W otAAM B 7| : FTA
D 7P abade] gt ef YAISHA EH FEolERE HAFFHYU
A2 e stERTH= £ radiation tolerance F-&o AL £33
24 Hog

7) Waste Clean-up Manipulator

>

—}

. O A
o= T

(o]
A
o
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o AFEH A4 @ Nuclear Site(high-level radioactive waste storage)
] . remove, treat, dispose the wastes stored in tanks
o AZE 9 &AG A4 7Y : FTA
53 A&-Y A dAA AR e £4 7S L3t HEY
A8z g Fidel g

218 4 AtgolA Uelhd AAE 43F 2R ALHEY A e} Ay By
< g 2R AL Fido] tigt o3} AP &%t FF d3tet £
AR olele 5449 o F2E T UL 4 7Y & Fault
Tree Analysis®} FMEAS AFE3lz gict = 22 AJAEL] Alzleel ora Ao
FTEYE I F23% 2AFY h Aol £ZEL 0[] F4¢f i o}
7t B J1E $&°] nult AR A} FMo] £YPHA] X Ao U
Elutct o] AZEojo|e] Ao} ¢tdd 4 Eoks iy A ZieelA
A Eo]7} AX|st= u]Fo] HAH| ulet vt 2R AbgFol Eolulet U=t

Y Bopet 4, T EOF T A okl Al BFds| 2REz gl

oo AYL & RHiMoM £YY AL B4 &S 7ELR 3o £ 3}
Aol A UFed W22 AL Y] 2R MEAAF iyt A=t QbHAg
B4 & 3% 5 422 AP 2 9 e Bl 7lodsta = £F
ZAPgule] s 7t 54 A BEH AFolrh
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Abstract (15-20 Lines)

The reliability and safety analysis techniques was surveyed for the purpose of overall
quality improvement of reactor inspection system which is under development in our
current project. The contents of this report are :

1. Reliability and safety analysis techniques suvey - Reviewed reliability and safety

analysis techniques are generally accepted techniques in many industries including nuclear
industry. And we selected a few techniques which are suitable for our robot system.
They are falut tree analysis, failure mode and effect analysis, reliability block diagram,
markov model, combinational method, and simulation method.

2. Survey on the characteristics of robot systems which are distingnished from other
systems and which are important to the analysis.

3. Survey on the nuclear environmental factors which affect the reliability and safety
analysis of robot system

4. Collection of the case studies of robot reliability and safety analysis which are
performed in foreign countries.

The analysis results of this survey will be applied to the improvement of reliability
and safety of our robot system and also will be used for the formal qualification and
certification of our reactor inspection system.
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