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Development of a Lightweight Balanced Robot Arm
for an Internal Investigation through a Narrow Hole

Yuto GOTO*!, Gen ENDO*!, Zhenyu WANG*!,
Hideharu TAKAHASHI*! and Hiroshige KIKURA*!

*1 Tokyo Institute of Technology 2-12-1 Ookayama, Meguro-ku, Tokyo 152-8550 Japan

There is a need for technology to investigate the large space beyond a narrow hole
such as the MSIV room at the Fukushima Daiichi Nuclear Power Plant. The authors
designed and fabricated a prototype long articulated arm, LIBRA-I, for this exploration. The
design requirements were that the robot should be able to pass vertically through a naarrow
access hole, transport a measurement device horizontally at right angles to the hole axis, be
simple, lightweight, compact. To meet these requirements, a robot configuration combining
a horizontally extending arm and a 2-DoF joint, and a variable mass 2-DoF counterweight
were adopted. As a result, LIBRA-I has a horizontal reach of 4m, a passable hole diameter
of 300mm, a mass of 11kg for the arm, and 5-DoF. As an experiment, LIBRA-I successfully
performed a horizontal extension motion from a vertically suspended condition.

Key Words : Long reach articulated manipulator, Reactor decommissioning technology, Counterweight,

link mechanism, Differential mechanism
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Fig. 1

Prototyped long articulated arm "LIBRA-I”
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Fig. 2 Configration of LIBRA-I and part names
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Table 1 Specification of LIBRA-I

Horizontal reach 40m
Passable hole diameter 300 mm
Mass of arm 11kg
Payload 450 g
Degree of freedom 5
Range of motion of J1 +10 deg
Range of motion of J2 —10 ~ 90 deg
Range of motion of J3, J4, and J5 +170 deg

4. 8 F R B

41 fHix FMEL 7= LIBRA-I Dt 1 1TR
. AKOEHRGEERE 40m, £S5 HHEONEHBER
FHRne, 7—sHOERITDTD 11kg &L
BEIWCHERTETWE I bhb.

42 T—LBE E L 7= LIBRA-I TEIfEFEER
2TV, 7 — AEBOEEZ R L. EBRTIX8
FEEET 7 — ADBREICD D FA - 72 KEED S IKFICE
B L7 IREENBRE X85 Z LIS L=, RS ENCH
Q7B OEES AIRET H o /2.

43 HHDAXTICEBERL ID ETINDER
BIEEER O, FHMEES Y LT Web 1 X 5 2 LIS
O TR 21T o 72, 2 L2ENHE2 5 SIM %
HOWT3DETAEAERT 2 Z2ICbI L .

44 HEBHOAE Ry F2EIEL TV
REDHBE BN OPEDITo 7. HIEL-EBDHT,
B/MELX 15.8W, RAMEIX 23.5W TH D, D T
HEENCMZ STV,

S. 8 b b I

AL TIE, AKPRET — 24 ¢ 2 Bl EERIE 2 A
AbEoRy MERE, HEAIZHAY VXY x4 b
DHEMICEL o T, MELZINEISERTE, fLEEA
SR 2 AT & 2, BRELERY b7 — A0K
AFCE5 &R LE. XREEEEEITS 2T,
RBRL7 — LOEOFEBIRRETH 2 Z e 2R L.
SRIIFEROFEICENT TER AEZ1TS.

2 EZ XM

(1) J. S. Mehling, M. A. Diftler, M. Chu and M. Valvo,
“A Minimally Invasive Tendril Robot for In-Space
Inspection”, The First IEEE/RAS-EMBS International
Conference on Biomedical Robotics and Biomechatronics,

(2006), pp.690-695.

(2) J. Fukuda, M. Konyo, E. Takeuchi and S. Tadokoro, “Re-
mote vertical exploration by Active Scope Camera into
collapsed buildings”, IEEE/RSJ International Conference
on Intelligent Robots and Systems, (2014), pp.1882—-1888.



