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Development of High-Access Survey Robot for TEPCO’s Fukushima Daiichi Nuclear Power Station
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A high-access survey robot system was developed
to acquire images, doses of radiation, temperature, and
humidity in locations high above the floor inside the
reactor building at Tokyo Electric Power Company’s
Fukushima Daiichi Nuclear Power Station, where there
is a high level of on-site demand for this capability.

This robot system has a crawler-type high-place
work cart modified for remote operation and is
equipped with an arm having 11 joints that can reach
to a height of seven meters. It is also able to insert
the arm tip deep into narrow spaces at locations high
above the floor. The mechanical and electrical systems
were developed according to requirements formulated
using information brought from the site. An operating
interface was also developed to reduce the burden
of remote operation. Functionality assessments were
carried out by endurance testing with a mock-up
as well as by proving tests conducted in a reactor
building at Hamaoka Nuclear Power Station, a
physical environment that closely resembles the one in
the Fukushima Daiichi Nuclear Power Station.

This robot performed missions twice in Unit 2
Reactor Building, on June 18 and July 23, 2013,
and once in Unit 3 Reactor Building, on May 13,
2014, for a total of three missions. It acquired
doses of radiation, which had not been available
before then, from the upper areas inside the reactor
building, as well as images from the vicinity of the
primary containment vessel. It also acquired data on
the geometry inside the reactor building that will
contribute to various upcoming tasks involved in
decommissioning of the reactor.
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Fig. 1 High-Aaccess Survey Robot
The driving posture (left) and higher
posture (right)
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Fig. 3 Top view of BWR reactor building of ground
floor
The survey target areas are filled with yellow.
(Images provided by Chubu Electric Power
Co., Inc.)
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Fig. 4 Inside reactor building (Image provided by
TEPCO)

Table 1 Specification of high-access survey robot
Length 1.8m
Width 0.8 m

Minimum height 1.8 m (when driving)

Entire robot

Maximum height 7.0m
Weight 1.1t
Operating time 5 hours
High place |Maximum velocity 2 km/h
work cart  [p1ayimum incline 15 degrees (back and forth)
20 degrees (right and left)
Maximum bumping height |60 mm
Survey arm |Length 1.7m
robot DOF 11 (except parallel link)
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Fig. 6 Use case of robot
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Fig. 15 Synchronization mast and arm movement
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Fig. 16 Experiments in Hamaoka Nuclear Power
Station (Images provided by Chubu
Electric Power Co., Inc.)
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STEP1 STEP2 |

Fig. 17 Robot postures when robot surveying in
missions
The left shows the step 1 and the right
shows the step 2.

Fig. 18 Result of mission 2 (Provided by TEPCO)
The pictures show the images of O and @
from [1], respectively.

Fig. 19 Result of mission 2 (Provided by TEPCO)
The top and bottom left pictures show the
images of ® and @ from [2], respectively.
The bottom right picture enlarges of the
image of the bottom left.



RRENBEFE—RFNHEEREIOSHAZAQKR Y b X7 LD

T=T7NVERHD, PERERINTH B T L A HER T X 7.

93. 3BETDI v a>

3HFHETDOI Y3 VIF 201445 H13 HiZirbh
72. PCV NEEREICHENT T, AETHHAT2H & 2.4 m
2 % PCV R OS5 H &t oA 2 T IR
ZEHEI L 72, B E EE R B0 TE; 98.3 mSv/h
TH 7.

10. £&8

HOR BRSSO Tl E IS E= kT
% 728 TR DAL A 1T O SISO ST EH a R
FUZT LERIFEL .

RS NI O ¢, HEE 7 JI3E I DR
R E WS, ABRIBN. B AS ZENTELWEAT
DRBEEFEBT L7280, MEOY AT LE2EHALENS,
BUSCHEBICH A S Y AT L 4BAFE L 7=,

ZODICBGORNEMEICHEL, 28510k
JBaRy PAOBEEEET, BRSO T AT -
7o, WAZEMEMERBR 28 U CEME AR L, X 5 IIcBgE
PIZZBRBETOT A P %470, ¥ AT AEKRORER Z 0
L, WERETH 7.

EL 723D vy a3y TE, SEThrbknro7z
JRFIFEE 1R 7 a7 mirOMgRiim 7T — 4 2155 2 &
NTE7=.

ST 3 RA Y b T R 5RO 3 W
TLT — ARG TE L L BMfERTE . ZOT— 4135
B A BRIFEEICBIEH SN D PETH 5.

Kua Ry Mg &G E W E DRSS —H T HFEIC
BOTHERHERLERNO 3WILT — 24 BRICHHEh 3
FETH 5.

I

ARSI H 720, FREFERG AT & fE it 72 7220 7o hiiRE
TR R 1 R E AT OEARIC B (LH L B E 4

SE XM

(1) http://www.irobot.com/en/us/robots/defense/
packbot.aspx/

(2) Nagatani, K., Kiribayashi, S., Okada, Y., Otake, K.,
Yoshida, K., Tadokoro, S., Nishimura, T., Yoshida,
T., Koyanagi, E., Fukushima, M., Kawatsuma, S:
Emergency response to the nuclear accident at the
Fukushima Daiichi nuclear power plants using mobile

rescue robots, Journal of Field Robotics, Vol. 30,

Issure 1(2013)

(3) http://www.topy.co.jp/files/default/News_Release_
survey_runner_F__1_.pdf/, 2012/3

(4) ERMES, WO — 88, Sz, IhEaE, i
755 ASIMO DFi%, Honda R&D Technical
Review, Vol.18, No.1, p.38-44

(5)http://roboticstaskforce.wordpress.
com/2011/05/20110427-rcpt-radiation.pdf/

(6) BH—{=, NI, (BP0, FHat, MIN2E, e
i, RS, BMARES  SdEERAa Ry ¥ 2
7 LD, 531 MHAT KR b A2 A 2
R (2013)

(7)http://www.tepco.co.jp/nu/fukushima-np/
handouts/2013/images/handouts_130724_06-j.pdf

mE Enl

A i [ AT






