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Inverse Kinematics of a Weight-compensated and

Coupled Tendon-driven Redundant Manipulator

O Atsushi TAKATA(Tokyo Tech), Hiroyuki NABAE (Tokyo Tech),
Koichi SUZUMORI (Tokyo Tech), and Gen ENDO (Tokyo Tech)

Abstract: In our previous work, a 10-m-long coupled tendon-driven manipulator was demonstrated. This manipulator has
one thick tendon as a weight-compensation mechanism. It is expected that tension of joint control tendons is small, taking
advantage of the weight-compensation. In this paper, tension of joint control tendons and joint angles were simulated in three
cases where a target tip position is the same, and tension of the weight compensation tendon is different. Joint angles were
determined using redundant inverse kinematics and tendon tension as an objective function. As a result, it was suggested that
there is an appropriate value for tension of the weight compensation tendon. Excessive weight compensation increases tension

of the joint control tendon.
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Fig. 1 Super Dragon: a 10 m-long coupled tendon-

driven manipulator.
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Fig. 2 Joint configuration.
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Fig. 3 Arrangement of tendons.

HAATHIEZ FHWTHR Q) 72D, fo € REVYIIEE %
FFORT LTS T RS LT, (2) 272
TEDICHETH D, AR TIIHEMERED AT AR
Tb 5 foRU)DIE &2 2 7= 56 O WES) F A % bk X
no.
2 fmin=0 - (2)
f=R*t+ (E—-R'R)f, =+ (3)

R~ =t a2 bL—ZOEE T 1980s [T AL
RStz REMZREATIE L LT, H5E 6 I1X2 M
2Ry N7 —AOINEMNE Y 2 BITHI0FZEM & v
THMEL, ~=t a2l —3 a3 EEOFMmiEE
WL DY T XA ERFECIT D EEVERIZIGH Lz
[5]. AfOHETIE, LRMiEOBBES 3, BIfikk
10 £ LT, v=t =L —¥DhmiiEx € R3*1,
BIEIfe, Y2 E1T8]] € R¥0% H\\Ci/INE Sy 6x, 50



DORFRRIIKRDO L D275

5x = J56. e (4)
I xeg € R 2 SRR 2 B £ 0% 5k b 3 12 12 | .
K (4) Tox =X =X 580 % KO, #yIKL _ 5
BIffimOA TR L, KRR T L. Lal, Zhix 0
TLRMETH 2720, BEOM DS, FlAITK 4 1% 0. s
SEURALE Xper=[74 3.6 22l m AT 2O0 : -
Yo a L —HERBERLTWS. K 4 OFf ki
PR, MIEZERTHS. F RSN Case 1 O B 45 6 7 5 5 ower B
BRNAM 512, RTRINT Case 2 DIRAZEK6IC
Y. 5,6 TIEENf, fo A8 LTRSS 56, fu
FEAVIZI L THNT NS, Y5 706 1% Fig. 5 Tension of tendons on the case 1.
JHIY 2 BT O BRELFITH, kiIMUNERTHS.

K3DEDEEEL TS, HEEANELA-D
15
10
YT XA OFEFEE L U CIREEY [ EE (6]

B R BK B oD R 77 B K ffmax(f ;) 13 Casel £ Y Case2 @
FIMKREL D, TITHREOY T XA 20D
PR (@) E R E LR G) ZH WD Z L Tt x
RETD.
59==]+5x-F(E-—]+])K%%. )
BEfl bV OF/METI N ®RITND Z EWEZ . U4 Y B 410i5m£um7bcrg s ower
TWHBEB N v =2 L — 2O EHFICHT L
Mg LCiEoETD 2 F VLD ENMEE
FRAmFERE & U CBEEN LR ME L EER IR E AT 5
WEEN AR NS DN B 5 [8].

[S]
]
=

—_ w

f=1
W

f=1
%

(=3

Joint control tendons tension [KN]
(=]

W
'
[

‘Weight compensation tendon tension [kN]

(&}

Joint control tendons tension [KN]
. = =) —_
— n o n —_ n
— n > b
(=

W
'
[

‘Weight compensation tendon tension [kN]

Fig. 6 Tension of tendons on the case 2.
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Fig. 8 Solutions of inverse kinematics: the blue, green,
and red line represents the case when WCT is 15 kN, 20
kN, and 25 kN respectively.
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Fig. 9 Tension of tendons when WCT is 15 kN.
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Fig. 10 Tension of tendons when WCT is 20 kN.
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Fig. 11 Tension of tendons when WCT is 25 kN.
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