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Enhancing the payload Capacity of Lightweight Balanced Robot Arm
"LIBRA-I”

O Keita KUSUNOKI (Science Tokyo), Christian BRICE (Science Tokyo), Takahiro ARUGA (Science
Tokyo), Hideharu TAKAHASHI (Science Tokyo), Hiroshige KIKURA (Science Tokyo), and Gen ENDO

(Science Tokyo)

Abstract:

As the decommissioning of the Fukushima Daiichi Nuclear Power Station — damaged in the Great East Japan

Earthquake — continues, a detailed investigation of the Unit 3 main steam isolation valve (MSIV) room is required. Tokyo
Electric Power Company Holdings (TEPCO) requires the use of a long-reach robotic arm because human workers cannot enter
this area due to high radiation. We previously proposed LIBRA-I with a payload capacity of 0.45 kg. However, to conduct a
thorough investigation of the MSIV room, TEPCO suggested a target payload of 5.0 kg to accommodate some equipment. We
hypothesize that the low payload capacity of LIBRA-I is due to its arm joint design. To tackle this, we redesigned the joints
such that the load is supported by the joint structure rather than the actuator which drives it. This paper presents the design and
prototyping of the new joint. Also, we confirmed an improvement in payload capacity and measured the relationship between

moment and arm deflection through experimentation.
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FAEHOT AR Y MIZBWTIE MSIV Z2D EE % TRE
a2 SRR AN T RITOBETH 203, VA YERE)
ORy bTIREENKEWVWT LR OFAERNIEIZ
2, N X2 ERPLHITDOHAN THREET
HBEEVWOIHEND L.

2.2  LIBRA-I Oft#%

B ¥ X 17z LIBRA-1 % Fig. 1 {2/~ 3. LIBRA-I i,
7= L%y FHA, B—)VARIEREREET S (A)
2 HHEREET 01, J2), FHI3 HHEZROEX 4m D
(B) KRB 7 — & (33, J4, 15), 2 HHEEE O EKE)
M7 EBAMET 272912, 7 —ARIHICRE SN
20D (CO)BEBAZEHY VX —U T4 M Ko THKX
NTn3. FY 7 3EERNEDC 77 F 2 —4
(HEBI Robotics, X8-16) I X » CTHEIxN 2. £/, 7
JFaL—RD ML EEHHIL, #IZI, 2OV
B RBE LI, FEDIYVYX—Ux{ FDHE
BENHOKBTHELTWS., 20k, Mo7
JFaT—RERHAT SN TE, BEHFD LIBRAI
DHEERIX17Tkg b BETHS. 51T, £V ¥ 7ML
D7V F 2T —RTHREIINS 20, DEHENIES



(a) The current joint (b) The proposed joint

Fig.2 Arm joint, in its current and proposed cofiguration

Actuator

Fig.3 The cross-section diagram of the proposed joint
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Table 1 Weight equivalent to payload

payload | Weight equivalent to | The moment
payload applied to J3
0.50 kg 8.73 kg 77.0 Nm
1.0kg 10.31 kg 91.0 Nm
1.5kg 11.89 kg 105.0 Nm
2.0kg 13.48 kg 118.9 Nm

Fig. 4 Experimental setup for verification of payload im-
provement
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Fig. 5 Experiment with a 13.48 kg payload
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Fig. 6 Arm deflection
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