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ABSTRACT

The spent fuel rod extracting system 1s being developed in KAERI to deal
with problems associated with utilization of storage pools at nuclear power
plants. This system consists of an equipment system for extracting rods from
spent fuel assemblies, a machine controller, and a supervisory controller. The
performance of extracting system has been investigated through a series of
experiments. Even though the system i1s designed to automatically perform
sequential procedures, several problems have been found such as the gripper
stucking to fuel rod caused by misaligned positioning and the socket jamming
of impact wrench into the nut, etc. Up to this end the graphical model of the
rod extracting system has been made so that possible sequences of operations
including error detection and recovery actions are verified by using a graphic
simulation before real operations. For the implementation, IGRIP is being used
as a multifunctional tool for developing the rod extraction system. IGRIP is
not only an excellent visualization tool, but it also highlights modeling virtual
machine.
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o Y WA JE, B dRgAol] YA A5 EENETE
itk 1€ Head:™ Head °l&%zld ol X(HEA 7t2), Y(E8Y Zo]), Z
(A A=) 2oz o$HES s, RO Mzﬂoia A LM
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TE)e2 FAEY. HA AXAAAI AW 486 HFEE A9 s 3t
d AojAl 2oz FE3HT. ol& st 4 /19 ME RYH 52 ¥ RHE
Aojd 4 9= MEI (Motion Engineering Incorporation) tt& A0 71 & Al&31
t. MEI gEAo7l& 2 Aojrls fdx A/D % "AE 1O 7k 7IA
Ao AC/DC ME EH % 2% EHE Aosts JAA ME szg 74
g Ao B AR AR 4709 M B EEHF 37l MEI A7 g F3A 9
Ao 328 FAZISH, AF Head FA Y A3t 5o AlE3 DC AER
B & RS-232c T4ld] 93X Ao3=sE 3t vt IFEEHE 39 Lo
HEE A5t tgE2A407]19 /O TEZ Aojstgen, 2t TEAx9 27]3}
2 ol FAAE AFAFI=d ALESlE EVE 29X9 Asx MEIY /O 7%
S ZFHA PolEol=E FHU.

2ol dAgy QAFAXY HAARALE F3s17] Y3 HALRAL Alx"o] 7 A
< AFH A EHAE ZYUYH oA 8T HAARALE fJIazHoeldn ol&
T3l AEZEYoZ FAHAY. E Ao AlE% Yaxyolde Fo g
128MB, Reality Engine’ Graphics System& #A#at Ael2 za]l® 2419 Onyx
£ A}839 = ), Reality Engine2 28 S AAtoZ AL 718A HE
AANZTo 2 AASE 71FS 2 Jo. A8 OS2+ 239 ¢ 339 28998 o
4 Aelo del A8 a e IRIX OS(Operation System)E Alg3tg o, A
ARALE AZTEdOEE ¥ AlgHelAd %W AoAxHEGoZ AlEFHE
Deneb RoboticsAt2] IGRIP(Interactive Graphical Robot Instruction Program)m_:—’]
< AH839 Y. IGRIPS Z83l® AN ZF BEEFo A3 £AFAE RS
3l Kinematics®} Dynamics® 7]5S 23 glow gy AlggolxA e 93
GSL(Graphic Simulation Language)& A|-&3t1 it}

7 @70 AA AR FZLE AAJAAYE FAFY] Y AloFERe 2
d 394 B vle} 2ol AA @AM e AEIFEL AA AL HFH
o oA AT AXAALE ZHFEH= F F3FE(workstation Onyx)el A&
< Bt F HUFHT AEZAY FHRFE /M F (Y HFEDAA A
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I 2o AR, Ao A A€E-E power ON 3 & 2

TEZAE Z2713A 21, oln JHE A Mt A7 Adrc oo g
A FHE0mm). T HA, 2o A58 A nAHAA SEFia aAHA7I
Al HAl 0% Head® sl AT 20mm AW7HA] AZAIZIth Lo dAE
Qo] A FAHo] st AT FHZolz BAgle} dB Mol HEF F), o))
FE sld aAdF AZE UES wld A YJE Zol(50mm) FHE o] &
3le] Q& HeadE X, Y, Z W&oz F5A7HA ZE HEE AASY o A
A, st 1 ZdJE AAZC O A JWE AXE TAANG o HA, A
559 wld HABE o]83ld QUF Head® X, Y, Z Hgoz THAZY 2L
o] &3sle] stitel A58 E HAZ} F AEF HeadE FHE FTAANAH d5Ee U=
st} A WA, FAFZFZAE 9485 10mm otdizbA AsA 7t A d8
o] JFAZHE 4A3] RYHEE 9% Head®E HZ 7547 & d58 S
A Y FUE do] FASZFFA O Hojrmdy A HA FAFFAH
& HAAZY olF WA, SHOFAAE FEAIA HolE Yo 232 shrte
A58 & &H 502 Y GAAZ HEoY, oj4ate] }Ao] s EW
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Gl Al WA BANE HEolsu WA @Yol EEoz SAXA HW Az
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st} WAl AH o) Rdg FAsdol @ olsh e Uwe) AL IGRIP &
EdolE AFgalo) o Folx W 19 40 WY A=) XF 2 7% 757

Fol Relg FAAIE oF SASAY. WA 1Y 4-(a) L 4-(D)sh ol XF
9 2% TE/17E AdHoz MAse oo 1y Rus AU te 1
¥ 4-(0sh 2ol X5 PE/TS 2% TENTE 2Yske] XF T57177 43
= ANNE olsd + At A B 23 FETSY HE d¥e g A 5
2 @Abskel wep MA Aol ool QoW 7 RREY YL WA WA
29g oA 2YekE 4 ¥R Ustt W FEY WAL 99 2 BAS
vE g ol 43 e AAE Fokol 4 ¥R EFS RUS Asel AH PEE
g 2Yd ARY AFFAE 29 4-(d)ol
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Ao, xe} Ty o] Sy ANN Ao} AP FEIRE 7
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FAA1717] st QERFA Y SHEF A2 22F

T8 & e AAT JARA RS AREdTh A
AL 7S FES) A AR ZAE Aojste FR A7 2
) @/‘\_}EA} Faste AARAL Aoj7|E JdASA o]0 RE 7@17} Mz
BAE 4 Q52 ool T} o] Yatd 1Y 364 HE upe} go] T Ao
712 RS232c EA #z7 dAsgen AA Aol &M= o %Lq EX I
H(AA BALE HFEDe 349 o) dAng FA Aloj& HFEHA AE2FA 9
TE WRE AWy £EF ZAA A7I=EH GAY A %E’di% 7&%}%0}
s BEe ARG £33, ALRAE HFEE AEFATL ?%5131 As F
Qtoll HA B} 2L £x2 TP A FA 9 FF EGE ZAEH LA
ZAol Aol F2Y 2AFE FAAE 4F A &9 e Hhol 5]l
g FARA =F AMRA HFEHA vE dgdel e 23F R= dol
B dlol2d #Fste 2% Rt AEHAU AXNERE 2% A3 E dY
Bod AMEALG HFEE 23T A2 FAY W& FA AAGES
AA ol g HFEA LeiFch ofF, FolX dHolg Ho]Ag IAHE AT EE
£ st AEF B7HHES FAA AV AN Tt HIEANE HFEA
Adg &% RS ol wolxde E 1A HE el o] AlaglgHdA
A" F e dFEe] A A AAYIE TF3 Uk F 1L AER
A M Y F de qEAHY 223F @4 2 o9 HF WIE Uiz Q)
on 7t o2% W4 AL PHUE V1EdYR o9 e o2E RE I
BT WS AAEA AFHA FEAI7] A FERE O™ 694 B Hbe
20k O3 ol AAHoz EAY $Ee $4Y 0A4F A4S U B
AP L 2AF dSste BT FAE dehdo ojeh o] HAF HAEAL
e FHe 22 RE diole] HWlo]2g HEFozM ASAX NIYEE
AR LRI E . OME}, A2 T EES ANLLR EAGA A&
Aok 22 "HolA gl A EAAAA FA ] FE LS AN & A F
o2 B 2 MNIHEE A]*%} At

5. 24 o

Ro|ds HIANZHE d85 & ¢ /MY AFsoez AE2E F e d5F
A9 AFE FAS Ysta] Virtual prototyping 71&S UAEA Ao L3 =
Fetol diste ZlzslRd. dHA AEZX HA 8B9AdE HFs7] fskd
IGRIPS o]83lo Q= ZJ‘Z]_,] 7+ BRZo g9 ndady o558 zZYUIY
99 B2 -4 TFol d&% A& HARAE Fstod HE53}A. HARA E%‘
A9 2 FEEY HAEY 2 FE 7R 7 FEFS AZRHFoEHN Q
A AA dig 2Py 2AS FAINAT T3 AEAA MIAx ok”°
gt 1EAA 9 22F RE 75‘% 2 BT 9es FHsidoen olg HAA A
ARAL 71 ALst= MyE ALEAT. o9k 2 add 2dd 9 HA
AARAL 714 1E9) "‘]ﬂE-“ _95‘3]-% AT dg FHE T B’HXﬂ G
AA 2 A a&3o= 8E F o £ JdFdaMeE ¥y 2dy 2
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1 8% A&3A 225 R A

BlEM MY 3 ot /4 A g 23 M
SUBEUR MY - EEQ 2U BE - 3to 2t 0] 8 A4Ltx{el UWEAUX ME EXdimit SW HE)
=2E ¢ =2t (UYHE MK =4 YUY EMR| O L H -UHEUHRX FEX
(misalignment) adautor spring? 0| o SR MZY
HEEH CUWEMR HMEA
LMo BE Y -BE 25 2} -‘?:lglléﬂlil okl *limit switch &1 S W HAIN X
Top noczle £ & H(insertion error) (BE S =4 A X2 Aimit switch) AW EHR HT
2 AN - UYEURN MR
adaptor spring®} 2 0]
HatEY
a0 BE o8 49 2EQY 2U 2& cUWEBX] MZ Ul & E X
F U A (UYYEUR &) %ilékf(_hmnt S\\_ltch) YUeux 2
(insertion error) UYEUX O HX|H limit switch reset
adaptor spring2l 2! 0| AYEUX HMX
Haay
S MG B(SIOK] J2dui AR E Jto2t 0] 8 Yatxe 2y JE FX
Hup scto] mpeEd ES(HEE =4 Dy e MR 28 FA
A &)l TX 2} adaptor spring®l 2! 0| 224 SAHX MZH
(misalignment) wa 5y 208 M
Ao eyt oA UXEI} - 2u MEYX A M - limit switch & BQUANX 2y HT
QUM A0 G| K| %R E (limit switch)
(insertion error) . adaptor sprmg 210]
Hal &
CAREY AMYY -AZga 2y » 2y J‘1"'~rl7<| FeEN] - B A E X
XDt 22l Jt ES(HEE &4 (limit switch) - ey 22
Uy Mz - adaptor spring 210! - limit switch reset
ogw (insertion error) wat 53 - ¥
vr* Xl
g8 O 2t -2y @5H7 - adaptor spring 2! 0f - ol A K|
(HH 4 S K, (HEE &4 Hal &3 22y X
swelled rod) CUEE SR FHAU X
cOHU EeiolE{ = 018310 HRE &
AR EIR Y=t -2yl - RE2H MNFEH - 22l open
UXMFUM(PELDE) | (current sensor) A E OOINAEC M2 Mz Dy
- AR 85 & (collapse) close
CAGR DX AT oAl el RS RH HA |- S PH NEEH - PE M Als
22| open Bt {current sensor) M WU ERAOHE DA &E reset
« PE} relay &8
g &SR O EIEL B “load cell L= MF MU= ¥R BN
o1&E8lo] Tokg® =1} MNE E2 X Mol DdEE SUGIK BE AT
(rod stuck) - DelH® MIAMH AZEE CHA Y
- LHHA O ARRE 25 &bt
L E2NOIE 2 e =
Moy DelcE Zs Y
- D2l s @y 7
HISE Aggy oS
- LB Ol 2 Nt =5
g w HUBeolel2 J8H !
(81} - R
U B | ogw ogcE “cell @9 oo Ko A - 2215 open
S WA L= - AN BH T -UEEE UA 3o 98
Mesk AEHol 2 Bt SR HEl0) Y He
Agw &= YT Yo
(damaged fuet) UG dRE o0&
SOIEE AREO ALK (-0 AsH Bt - Ilo| gt |oratE -2dEE BE0 "o
Ol S AR Z QXA ~craddlexl AR & SHEE MA CZOMAl OHU EOIH 2 R
€ & (not fallen rod) == Jts [N
COEE AR AX ccraddle HZE E8\ |- limit S/W - craddle HI&HH X
UL (craddie} Jb 5cm 0] & nE - U MA S MAL Y
L as craddle &2t
(craddle over position) craddle a5
FHUD ARE WFol Wik & s HMF MM - OIS AR U AH
A HEE0 ZHOL AN
2N 01 & Ol SN &8 - EMOIS AR MS
(rolling error) COUEAOIHE A28 018
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