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Raw 0L, TZEEMEY OB OMRE & Z DZERPAN— 7Y o 7 B OEERYT - 5 FH~ DIk
M1 L, UTD6ENLRD.

% 1E [iEm TlE, RUFEONIESE 5, ORISR KON Z IR ~S. FEERE L
T, BHEZ AN B MLE 2 AR X 5 1 BHEZEMY 7 - - mRitEo~ =
Vo b —X 5% BREZER T LAEERE, ZRMAL—7Y 7 OISR S L
TWDHDD, % ORI 72EERNT FIEPTEL SAVTIE BT, o B G~ D B 23
TR, )7, SEmPAAL—7 ) 7 BT, BHEFROYmY o 78 o 1 iz EY
ShL, EOHIEBHE L T kHB A EE D BEA CTh D OB 95 2 & THi e Y v
IR CE D EmFEHEY ) PIREIN, TS R Y o 7 B OE
RN FIEPSHER SN TV D, F 2 CARME T, ZOFEEMEEY 2220V v 7 I ikE
L7z 2B #EY ) OBOREEIT) &L b, S5 ZEMFEEEY O B okESH O EB) 7
HrREERBEL, TN a2 ZEMAL—7"Y 7 B OEB T & REHIICHT 5 2 & 245t H
BET5.

2w [ZEMFEMEY OB ORE ] T, ZHBMEYEERENICEx BT 5. BHEE 3L
TOXMBEET 5 EHEROZER Y o 7@ O & HBRO LG E2 RO, ikl
RoRHE B B EE DR E O A D I HIE L CZERFERE OEmMa it L, sabo
BERIICDOWT, 7T ZHGEGICRBT 2 Mt 77 7 & AV TR E 0 ESHZ 526 L CE O HH
FEOFEZITY, WEICBEHEFRLTOMMEHL AT 260275, S 61T, HEEHO
PATHI DO BRI E 2 RAICHAE LT h AR e P —0R—MEOHEZITV, BET D02 PSR
T 5. BB, BHBORNGR 5 2 MAREHICER T2 RRBHEZATL2HBE 1L LD
ZERIERE IOV T B EREICHIZET 5. iR E LT, 38, 48, bHiOEMIEEEDE
AEI 3 FE, 13FE, 97 R 7.
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W%, 2TO 3 HiFEEwB LO—# D 4, 5 Hi#ZHEWIZOWT, 0 1 fHi EOKHED
frE - BB L ZORMMAER G2 b & &, MOT X TOMEBDNLE « KB & Z DRsfHlf
IYEE, ATREZRIR O AR R D B Tk AR, Bob— 7 G oS & L — 7 R
Wy H SHBHIZ DT, ORI FIEICB L TR 2 Z v — T2 ME L, Bv— T EEHIC
DONWTIE, 2 DOZERIBIEORZ R E U THMBEN Z2Red 5 Z & TEMMr 217 5 Fik s, M
B3 R B —u OB Z ST U T BT FiEZ2 R~ 3. — o8 — 78I
SNTIE, 1 DOL—TIZHONWTREIHBELZ AT 5 REEY 2 AT EN T 28 L= o




B, 2 DOEIMED 2 *HBFRE A [FHH RIS E X oL — T ORI 21T 5 FiEE 7. il
DHEN—THINZ DN T 1 DORMBEN AL E L LT — O @k A ST 2 ik
ERT. IDIT, —OOREEMN HE LN D ER OB EEIZONT, 20O b 1 FEEHOM
NGEPUNZ DUV CTIEENRHT IR ARE IS, B HUC X0 ool GHEEHIZ SV T b B iR AT
DHRETHH Z L ZWONIT S, o, TXTOEAMMBNT NREENATOI TV DD, @K
REF AL MEICRE SN TWD 720, ORI b L < IXmk B0 R
Bz AW D Z L2 kY, EEPTOXMBONE - BE ORI EN TSGR ATRR L 72 5.
o5 4 B [ZE[EISENE SN & T T 22 THIMAE O TEENARAT | I, Z2 [RS8 o T Eh iR
WrPiEz W2 ZZMAN— 7 o 7 B O@EBiFT 217 5. £7, NEEB) PR Tl AT EH)
Zo, WHEE PN CIIM I EE 2 5 2 TR ONAEEY P OEMBEMEMZRML, Zb0
2 R SR Fh O B D SEBNRAT 2 38 0 L TV < B O gt FIEZ M489 %, e LT, 1 B
1 EE RCS-R-PSS ZEfH] 6 Hiikstl ONEEE FAZHTI L O 3 A HEE RRS-RS-RCS 22 7 Hitkts DIIE,~
WOEERNFARAT 24TV, BT IS OV TR, ZBAFNTRS R D 3D-CAD FHERE R & D, 72 6 ONTH
JFE « NN EERRATRS e & ZENEIRAT 7 SR O BB ME & D T X 0 fiRHT FiE O 2 M2 B 5 )i
L, %EIZHOWTIE, RIEMELZ AW ERICEY, ERRBITATbATWS Z & 2RT.
o5 5 B [ZE[HIEME S & T T 22 TR ) CIX, ZERSEE Y A 0 L= 2L — 7
U o7 B OEBNRITIC S &, BEEGT 21T 9. £ 1 H B RCS-R-PSS Z=[#] 6 HifktEic o
W, A Z BB ORI R & 3 2 Rl G217 9. KIZ 3 H HEE RRS-RS-RCS Z2fH 7
HIEREIZ DWW T, RO E R LT 2 Raiiak it 217 5 & & big, EEfETIcsiT 5
RESGT R OMOFERM TR D Z LT LY, TEEER OSSR DS T O3/ #EH O B [
RO DR BB 5 Z L 2 HBIRRETH D 2 & R

%6 B Iffaml T, AR THLNIEREZERNT DL LI, SBOIEDREIZON
TikR%.
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This research aims to enable the systematic kinematic analysis and design of spatial closed—
loop link mechanisms by using the spatial prime structures, which are structures which do not contain
subchains with 0 degrees of freedom (DoF) or less. This dissertation consists of the following 6
chapters.

Chapter 1 describes the backgrounds and objectives of this research.

Chapter 2 describes the number synthesis of spatial prime structures. After deriving the relation
between the numbers of links and pairs, the topology of link connection and the topology of pair
arrangement are enumerated exhaustively, and non—prime structures and isomorphic structures are
eliminated. Resultantly, 3, 13 and 97 kinds of spatial prime structures including those with idle
DoF for 3, 4 and 5 links, respectively, are synthesized

Chapter 3 describes the kinematic analysis of link chains induced from spatial prime structures
When the positions and orientations of each pair on one link in several synthesized spatial prime
structures are given, the motions of all other pairs are calculated. For single-loop prime
structures, an algebraic equation with one variable is derived from some geometric conditions, and
the motion can be calculated by solving the equation. For multi-loop prime structures, the motion
can be analyzed by applying several single—loop prime structures.

Chapter 4 describes the kinematic analysis of spatial closed—loop link mechanisms based on
spatial prime structures. For forward kinematics, when the DoFs of input pairs are given, the
remaining chain is a spatial structure. For inverse kinematics, when 3— or 6-DoFs of the output link
are virtually constrained, the remaining chain is a structure
Then, by applying the method in Chapter 3 to these structures, the motions of the mechanisms are
analyzed. For examples, the motions of 1-DoF RCS—-R-PSS mechanism and 3-DoF RRS-RS-RCS mechanism are
analyzed, and the results are validated with 3D-CAD or experiments with a prototype

Chapter 5 describes the design of spatial closed—loop link mechanisms based on kinematic analyses
with spatial prime structures. The optimal designs to maximize the motion transmissibility of 1-DoF
RCS-R-PSS mechanism, and to maximize the workspace of 3-DoF RRS—RS-RCS mechanism, are shown

Chapter 6 concludes the obtained results in this research and the future prospects of this

research.
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