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EFHAT AR v ME, 1 REZIFEBEOME VAR O TESE & 2 OBREIEE ) DK S 4,
WA T TAT A ENIET D L & BT, B 3 T IR 2 AR TRE R R E A L TV D
BEHAT R v MIZZFONIET a2 T I7A4 7o AR KBRICERTHZ L L, kRt
BT DR LHE ) 2 — U & I BB 2 SR Al RER U N Y T — 2 a
BRE, FlehT 7YV r—a O E O TnD. LL, ZUbaEBRT L7012,
PEFRBFIENZ I T L < OEAGFREIMEIR & U TR TH D BLRZ T L 22 T e B 7.
AFwICCTUIE, EFHA R AR v N OVEEREGS X O ZEEMEIC FE D < BERERR BT D AR TR #1244
THZEEAMELT, £, FHEH 1B AL FUA YEREAEGH AT Ry F RS E LT,
REA ORI Z R REEIC KV IERT 2BEEREI 2 rRE & 2. IRICPTE O FANZ E M
ARy MBS T L7 DICRINT REBERLZIREARRE T 5. S DICEROFHNZENE
T E R OEAE I FTRE 2 FIEA BT 5 & & BT, ZOFEICED X EFEMIMEZ FEB
TOEMERL BREEICIRERTREE 5. AT TOR 6 EL V72 5.

w1E M TIE, £, EAo Ry Mo TiRRs & Lo, TOBERRT 7Y
r—=a ZONTEEL TS, 2L T, BT REHEIIMEEICO W GRE T, MERENZ
HELTWD., IBIT, ERIFIED EICARZEDALEDIT I LTV 5.

B2 T T, 7, AmCTHOERAr ARy e LT, 1 AROMMER v FEf
FNCELE SN T A Y BIOT 4 A7 065 3 BHEDu Ry MRt & Eble, £
DET IO 2R TS, Z LT, #IFRIT oo 0EXMbB LOFIEZ R L TV 5.

%3 W TR OISR A YR T D BRG] TIE, R OEERIR A R 2 G I &
DILRT DR ZIRE L TV D, £, =0 RF 4 A7 Okx RALEICBIT 5 B8 A D
EFUkoyRIZI, HEr y REESOTFEEZZOEL R EIOBRICSED Z BG4
ThY, ZNEMHFLEEICLYERTL-010E, ko v FoIE A7 < BRI
RABELAETL LMD UA VEEICOWTOMTIIRBENIFETH Y, E-@himick
RN EL TWDLEMEOH LT v ROBRIZEW T ZDOR S EZZEILTE 5/
DERENEE N SLETHD L L TNE. TLT, 77Faxz—FOENa Ry hOHHE L%
LWEHEDOTF, siike v RE2ZiG08 1S 2 RICB O THAZIPEERRIEIC S ¥ 57200
VEZMICEH LT, B8AOIEEFIROIEREZ KD U A VEIEZ 5 0 fETHIEH LT
5. Fio, BWHEEVRATBIOT v b Dk DBRESEZER L, A a EEEICRIE L THER
FEICHEA LTS, 61T, EH8MOMEERENE R Lok b JOMRUE L 72 EZR 2 v
Tary7 4 Xalb—ya rZHE LRERICEY, 128 UEERGNREA O EEE O K




MR ERICEZN CTHD Z E 2R L TN D.

04 ' TZEMWMNT] CIE, PTEOMNLEEZ Ry MIBEIELH7-012E, Ry b
ZHRIPHIEHRRIEIC S 2 1D OBER AW UNIRIRT 2 Z L NFETH D Lfafii L, B(E
BEOBRP Ry FOFILEMICRIZTEELZRALNIL TS, £7, v=tal—Ta3
VERICRBI B ARRE TN RE O a1k, YEFRRIMED FEBUZ I D L § )15
BRRIEDEHR R L OB EZET T, 77V r—a 00 U CHEDHILE 2 R S 5 0 E
NobHEMETWD., ZLTC, vy NOBEEZHER Yy FORIEZETA VIRHJOKRE S
ELIEGAEEETATYTRESE LESGAZRFLE L, EIZBVTeR Yy MIRE LD AREX
DHEGFMHIESN T 7 4 Fab—va VERT AT A—FEZRIRL T, viy NBRHD
HE LIRDIZODF RN E ZN TN BRI R L TS, 61, TnEho+05M
KU EE S < F 2 EVERNT OFEFRIZ LV, Fr2oFLENEICE U TR R EBEREZ TR L
TW5.

%5 8 [EAMEICE S ZEMFHMETE] T, Fr2oeEN 2 ISR ICRE S §
H72121E, HEFRa Ry OFAx DT A —F PRI EHEICRIETREN RN L 8
5, FEEICBWTZOHNZEEOESWAEIEL RS T2 ENUETHDL Lam L, oA
v b ORI ENE & FREIC 2D E R EM S & D CTE BRI O @R EICTHE T 2 FikZ fEr
THEEBIL, ZOFEZERNNEZEZBT 2BEROREIZHEHT LT\ b. AFETIE, &
Ry DDBEESIFHOEERIRIBIC & D & & ORUNENL L UINERL S5 DIZHN A LTt E L D
R EH L THLEREOMIMEZFEH 252, ZOERAICBWT, BEREZEYISGEINT S
ZEIZX O ARREMLED CERNFHEZ AHEE LTWD . S OICHEAEICE T 5 iR
DB EARS 272012, WEI72 5 M OWUNEN & FBRIJITIRET 2 FIREZ R L, ZORUNE
MaFEWIEZDTEERRELTCND. T LT, ATIEIC K > CEBOFNLENEZ M L 7=
FERIZEY, BRELT TRIALZEMNGED TERILTE, MO EMEREMN O BB &
W2 EERLTWS, F2, BETEZEA L CRIER &L ENTME OBREG 2 &
IZRY, WEFERIMEEZFZRT 2BEELZERHEICRETEDL I LE2MHR L TWD.
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The objective of this thesis is to propose a fundamental methodology for mechanism design
of continuum robots focusing on workspace and static stability. A planar 3-DOF one-segment
continuum robot consisting of a variable-length elastic rod, cables, and disks was targeted.

Mechanism design that expands the orientation workspace with a simple structure was
proposed. The effectiveness of realizing elastic rod shapes of different lengths with inflection
points for the expansion of the orientation workspace was discussed. To achieve this with a
simple structure, five cable arrangements were analytically derived by focusing on the
moments acting on the elastic rod deformed into a shape with one inflection point, and a
flexible feed screw driving mechanism was proposed. The effectiveness of this mechanism
design in the significant expansion of the orientation workspace was presented through
numerical analysis and experimental measurements.

The appropriate selection of manipulated variables according to the desired static stability
depending on the application was discussed. The necessity for robots to exhibit the desired
static stability was described, with examples that, while unstable static equilibrium must
be avoided for manipulation, neutral static equilibrium is essential to achieve quasi-zero
stiffness. Two types of selection for manipulated variables were considered: elastic rod
length with either cable tension or cable length. For each case, a specific sufficient condition
for the robot in a static equilibrium to be stable was derived. The appropriate selection of
manipulated variables for the desired static stability was identified based on the results of
static stability analysis under the derived condition.

To accurately exhibit the desired static stability in an actual robot, a method was presented
that can quantitatively and accurately assess the static stability, including unstable
equilibrium, based on actual measurements. This method was based on the selection of the
manipulated variables enabling the measurement of robot parameters in unstable
equilibrium and the determination of experimental conditions to reduce the effect of
measurement error. Stability assessment results by this method showed that the static
stability of both stable and unstable equilibrium was successfully quantified, with high
repeatability. Finally, by applying this method, manipulated variables that achieve quasi-

zero stiffness were successfully determined with high accuracy.
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