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Development of Design System for In-vessel

Manipulator of Fusion Reactor
Junichi ADACHI*, Takeshi KOBAYASHI and Hiromasa IIDA

Fusion Experimental Reactor Team
Naka Fusion Research LEstablishment
Japan Atomic Energy Research Imstitute

Naka~-machi, Naka-gun, Ibaraki-ken
(Received May 19, 1988)

Parameters such as the scope of movement and the maximum outreach
have been used as the performance index for the design of manipulators
so far. Recently many computer aided design systems have been developed
to carry out studies of movements, postures and interference problems
and analyses of dynamic loads and so on. But most of the above mentioned
design approaches are based on experiences and know-hows of designers
and do not use the quantitative indexes.

On the other hand, some quantitative measures of manipulating
ability of manipulaters have been proposed recently. In this paper, we
have developed a design system for arm mechanisms adopting the measure
of manipulatability as the quantitative measures of manipulating ability
of robot arms, which is useful to evaluate the manipulation performance
of in-vessel manipulators for fusion reactors.

The present design system has been applied to design the in-vessel
manipulator for the Fusion Experimental Reactor (FER) to confirm the
effectivity, and is useful to design arm mechanisms for realization of

optimum manipulation performance in other fields.

Keywords: Manipulator, Fusion Reactor, Remote Maintenance Design System,
In-vessel Maintenance, Measure of Manipulatability, Optimum

Problem, Next Step Tokamak, Remote Systems Technology
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2 k=1
42w
Wupt = k-lli. (3 _29)
2 R
=1
(381 F: OFtE

PIFCRES fieonT (3-26) Ric k DEEHDTHRF, 29K E B
1) ridx 1, ks

z=a, r+b (3 -30)
Y AL,
rE+{z-d ) =1+aft)yr*+2a; (b -d,) r+ (b —d,;? (3 -3

£
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s IE
/_4{(1-%21?)T2+231(b1"d1)r+(b1d;)z—'?}z
f=r2v1- T (3-32)

il D

ai = (z;i0—2:)/ (riw— 1) (3 -33)
by =(zitivi—ziars) / (ria—11) {(3-34)

2) 'y = T'j+t @&é‘
BHEP P LoFERR, r=1r, TERENBHDT,

2
/ iy - By
f=ri - I (3-35)

3.3.2 HRERHDESL
(1} FRRERCHEDORFISEE
AR RUTOEE TH 5.

(A) v+ (z-d) =0 (3 —36)
(B) b, bey=d, =0 (3-37)
(bj, biEFnFNIEELER, BEEMEL 28 E O HD z BIE)

BRI AN G, MENEFAEOMNE (r, 22 K00 B IFEE) 2@l T, g (52088
ubicmE s EHBIORNEICHE 28 THD, HALTE, (3-24) K530V AR
BTHROLETH B, S, BIFERMHAR Y Y7 a,, d(=£8/ 2) PIEXIE0THSTES
HELTWb,

FFIFEH B Y Y7 R d PIE (LR 0) ThoBEAEEEMRUBREERETH LSO EE
BEMLTWS,

EEEHEREA R BEERI NP P, THRESNZLENS 5o LT, LEHivsEs4s s -
Fa vy HERE LS L TEELEY.,

(3-36) &b

P -z (z-d)'=-r?
227w, (z-d)' =z 0%2EELT
VE-rPz|z-d | =20
Fihs, Vii-r' = d-z< V-7
-V iE-rt= 4, € 2+ V¢ (3-38)

(3-37), (3-38) A&D
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Max(0, z-v&-r* 1= d = Min(b;, b, 2 +v 8= 1% ] (3 -39

g, HA5LICH LT, EEERICHIc - TR T 5 e D4R

Aimin (Y =Max (0, gy (1), Z1), et (T3, 220, 1, 8o llk, zy ) 1 (3-40)
dimax (£) = Min [ b;, bcj y Eoa (11 20), geo (12, Zp ), vy Eer (Ti, Zi) )
{(3-41)
EBE,
dl min(e}fl dl g dlmax(?’) (3742)
Thbdo
et L,
go (1, 2) =z V7 1 (3 -43)
g {1, 2)= z+ V1’ (3 —44)

20 O L ofiiss

FROMBEEP (r, z) LIEETHEE, Fig. 33LRSNELIC 2 OOEBAELLT &
BWCED: BYRAFLTHE, 22055, BERLFlLEWEBsDE b1 2L 020E
W kEd b, CORIRREA LD D BIHICE, b (=a+d,) K ERBHH T LA Fig,
33LOTFHEEINSL

T8hL, FEMSP 2P (i=1, 2, , k- D oWiEELLE, VUAREZARE
Pa, Por, Pl EFBLEBVESEDECES 1L D5 5GD0LORAMEE Linx &
THELDRAME L nax BIKINTRT 50

£rax = Min ( Elmax: EZmax [ s ﬂ’[k-l) max ] (3 _45)
EX&E D, tizBd pEREFRTROLDITE S,

0= ¢ = £ qax (3 -46)

ik, FHROMEMP (r, z) O&E, QULOMBEP. (1., z.) BRATRKDSN S,

T. :%Cz (3_47)
Ze=di 5 s (348
- shadV e L goay - e T ez -0
: r? + (Zfdi)z
_ (349
g - 2
t%r lf%{r2+(z-ddz—%}“-ifg{ﬁ+(z—¢) ]
S, = . -
e (zd) (3-50)
GE 2RI
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3.3.3 fEHroTady L
BHHE TORREFVIch &S CMEOFIRZL Fig. 3. 4107 Y .

U} SRR, ZRLERIE O AT

TEEGIE, 2R E G P 7 2ARELTOACLAEEL, EIMHEI, =0° 0L &0
ERAEZRENSIP,, Pay oo , P MU Py, Pog, oo , Pl THAZ. H1ME"L G,
O & & DFFEME, ZElid s ikl TRkb 5N b,

r’ =Ry cos §; +v (R +1)* —R, sin® 4, (3-51)
Z’ = z (3_52)

LCT, Reld==2¥al =97 — 4B b= AP L OEETH S,
il ¢ o#EOHE

LOFEMEE LT, FROLSICLTRES L OB/IMHE Loy 2K 5,
B4 Az B-44) KLVESHHEEI, L2rTHEHD,

Loin =Max(r,, 1,, , Tk ) (3-53)
Db =Max(T,, 1y, = , Iy 1D EX, (3—.43) E Wi D AYAC I (A

£min=Max( 1, T2, - s Ty ) (3—54)
@8 =Max(1,, 1y, » Tk JDEE, (3-43) AP LATNE, Lnin 3RO &
LTKRHENB,

imin (£) = di max (£) (3-55)

“”) =4 & ;155%, d1 @%ﬁ{ﬁ d1 opt (E), W@Eﬁj\‘ﬁgﬁ)pt (J?;} @rﬁ_g
XME U diminl ) dygaxt8)) ZESAEETHERT 5. WOREIK B 2 BERD ICZHEIEE
Fa-bhrea—v 950 (SSLI) &{#EM L7,

V) Lo DFE
B-45) it ET0F, bnuw KDL,
Loax < buia THORE, BERELOUSTEHTEC LD, BRETALLVWOT, 5HES

*Tt]]%o
(V} Pl:ﬂmax &;{—5%, dlopt(ﬂ); Wopt (E) OD?{‘%

RKE(dymin (8],  dymax(€1)EEENEIETHEET 5, i) L@, woitHics0 25UERES
BEEE =2 —b¥ea—v 9HA) (SSLU) A#M@H LAk,
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Wil & & d ORBEECHEE ZFE

LicBAL, X { bmin, box ) FHEDEETHERT S, 700D, BRE bon, dnx &
DEE L, LB T B diopll), Wopl€) RMEKREFEL, XEOWE AL~ bnae — bnin MM
HellTicishaL2n LRV d, ZREEL T 5.

Wi AR B4 2 SBEOFEEIFA O E
FaefiE (r, )T oS aME/A 0, 1 (3-49)~ (3-50) K& b, T/, BEAEMAL Gl
FhFE B,

S5 =

%2{r2+-(z—d,)2}—1 (3 56)

2 . 2722 2
C3:+‘/I__4{f+(224d1) /2} (3_57)

foiil, (3-49)~(3-50) KR (8-57) ARESFIRTH 5.
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ez Blon s (& : FELDHIMR)D ez, HEabESH MR - HEF — BE I

e b BRI I = Il AD SR fh X L . fEXE ZE BT LY T 8 A
3 W B W Ao - 9 2 kD e AR GR T — s £ oD B A

2= 130 B/ o> B = FE B o> 1 3

Fig. 3.1 Tlow of Design Apprecach

Fig 3.2 Simplification of Arm Model
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PR s/ 221k FRIE FiE

£ (=32 +d4) ﬁi
KEVOEDESE

Pe”

FAALE Po SIEE S50, O UDONANE L Pe, Pe' & & affk,
T, L(=a,+d,) BRKEVE, DUNELSERETE

Fig. 3.3 Postures with respect to a given position of hand
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4. BHF—XKEAEE (FER)

Foa—FZRACT, B, YCBLTEIES TSR TV BREAT + 1< 7355

(FER) e, @A ATL -4, )
6
POE- S GEVRTTIED 86 FER Cost MiNi g

(1) FRETEH

T — LD R TF =4 o

SFBRAFHL e IR FLVHREE o4 kB | 6, ] = 20°
fotIl, T3 AHESREDT D, B1EE LSS TESR T - A REFES S5 2
ECEDT Ve ATHEDET A,

T AR E 200 mm

FhRESdy oo 250 mm
(2) FEHR '
MO ERERE SN

d, == 363 mm

a, =—=dy; = 1181 mm
-152° = §,< 263 8°
1 §,] =89°

5. i [0

S, FRSFETEESENRT == L yOBREITAa - FOMBELITH -7,

BER, GAGNIT —aBBicd 2 v ab—vara— FERERBEREINTO S, &
AED/ AT RFERICE L TERD T s RV I AL v s v L, TOEESMEEC
4 = PNy 7B LEVIRAFHEBEEAETH -1 SW, MR LIy2TF LR, 0Lt
LRI OERERENBI L T, MR HATERIEELA L, BHEOBERY / v a2k
DERLEVCEITRHEYH b0 LI T, AR 7 ot HBEHEROEZ OB Eic & 2F)
AOJEETH %,

S, B, MPHCE W TEREEA D TORRIAT +# = 2 %% (FER)ICHEEL.
TOHRWERE LI, K- FE, fHE=FAh 06 LhnE 50, BESFICHRSE,
EEN SO EEN CORBUBMNARET 2 v = ¢ L — & OBREBEIcE L, FIETLE

THbe
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1 — R AT E (FER)

Aoa— FEHOT, RE, SISO TERITMESTHEDRTOBKBIAR b A< 738
(FER) ittt L, BAAITH -7, )
4
FE- S CEURITRIE "85 FER Cost MIiNi 4=

(1) uR. u_'_éd'/ﬁ‘
T — L DR TF 34 ddu
puE=3ii:) - LLELEEEEEEE EIBERe A YL EREM o kR | 6, ] = 20°

20, 77 REEPREO D, B 1BE YD E FFESR 7T - A3 IEAETS €5 C
EREDT I ATERDET S,

R R 900 mm

Fsef & dg e 250 mm
(2) HEHR
TREDFEHERFE SN

d, ==363 mm

ag :dezllglmm
—152° = @,= 263 8°
I §,] =89°

5. i (&

Shl, HMEFETEERNET = O L — ¥ OBBEHA 2 — FOMREITL -7,

feR, SAONATaBIcld 2y i ab— vy o — FEREHERSATV S, %
AEHD, U ORRICE DX RO T AR I -y s v L, FOREEAMEIC T
4= RNy 7L LV FEPREALTE 10 &0, BELALVATF LR, CoEHt0
Lo OBEHRIHCE LT, hENHEATERMIEELR Y, DHEORBY v v iR
DERLIEDCLITREDS 50 LIchi - T, A v R T LEHENER OBV EITE T & 455
ADIEETH 5o

ShE, BHIE, HBECEOTEIHAEZES TOAKEAT b 7= 7588 (FERJICES L.
TORMUERRE LD, A2 - KR, HEFAhLHLATL S I, HEESFEIZRG &,
EEUESCFETM TORBUMRLER T3~ =2 L 5 OHRREHTL ¢, FIETEE
THhho
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