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Study on Elastic Telescopic Arm
- No.8 : Experimental Study of Paylaod -

O Yuji FUJITSUKA (Science Tokyo), and Gen ENDO (Science Tokyo)

Abstract: Thin and long-reach arms are effective for the decommissioning of the Fukushima Daiichi Nuclear Power Plant for
investigating in-vessel structures and fuel debris. Currently, there is a need for an arm that can investigate the bottom of the
reactor pressure vessel by attaching a vertically extending arm equipped with investigation equipment to the tip of a horizontally
extending long-reach arm. We have developed an extension/contraction mechanism that uses a helically grooved flexible conduit
as a feed screw, enabling an elastic telescopic arm to extend a maximum of approx. 8.6 m. In this paper, we studied the arm’s

payload using the mechanism.
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Fig.1 Planned robotic RPV investigation in Fukushima Dai-
ichi Nuclear Power Plant.
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Fig.2 Extension/contraction mechanism of the ETA using a
conduit.
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Table 1 Comparison between the ETA and similar extensible arms.

Arm name Outer diameter [mm] Weight [kg] Max extension length [m] () Max payload [kg]
ETA (conduit: @ 13.8 mm) 53 4.9 8.6 (13.2) 2.0
ETA (conduit: @ 18.8 mm) 53 4.7 5.3(8.2) 3.0
14-stage telescopic pipe” 97 - 7.3 (7.2) 2.0
Spiral Zipper® 113.8 1.7 22(-) 54
ZipperMast ZM-47) 240 7.0 2.5(11.4) 3.5
RoboPole SESJ-200/800%) - 50 8.0 (4.0) 15
NK-9% 102.5 26 9.0 (3.9) 22

* Extension-to-contraction ratio

15kg 20kg  3.0kg

(a) (b)
Fig. 3 Results of payload experiments. (a) When using
? 13.8 mm conduit. (b) When using @ 18.8 mm conduit.

0.5 kg 1.0 kg

3. E=rREER

7 —LAEICED E LTIWD Ao 72y bR MLE
DA, EANOMEBAGEEREEML 2. HER
XFBERICEDHEEL .

31 42 13.8 mm DIREEEIC L ZRER
05kg 307 —LJUICED ZED 1), Tk 2.0ke
DED ZHE, ERH 13.8 mm DI HEES 2 AW T
7 — b D RAESEER % S L /=

Fig. 3 (a) 244X 13.8 mm DIZFEEE T & 2 'E &l it
EEOEBHERLZ R, 7—A3HEIEIECLE
DT —LDLBEDPKELIBROBIELRD, Sl
ENRLEICHE>T2D LT LES 2, KEBRTIZZ
NEHEDEZ SR VEHIFICEHD -,

Fig.3(a) &b, EOMPHZ 2 L {RAMEBREI/NX
{7BoTED, 1.0kg RFTH 6.0m, 2.0kg FFTHI4.5m
FTHELEZDOBIGENPFIRETH o /2. — /5T, MR
13.8 mm DIEHEEE Z W=7 — ADHETIZY — A
SENtAEEM R DAMEDH 13.4 mm & WiiH —KE — X
YEBNX W, 2D, EEl LT ERRICHE
BN TH o7, X EFRRHE» O
AE R T 2121, KD RVIEREEE R T2 &
BT, T LhIHOBEMEEZ RS T 52 TlE
TEx3r&EZ6N3. 22T, HME138mm X H H K
WAAE 18.8 mm DIRGEEE % WV, 7 — Lt ait
DEZXEKRLSTZ I TEREIT- 7.

32 NZ18.8 mm DIBIFEEIC & B RER

7 — LW 3.0 kg DED EED 1T, HEKH
18.8 mm DIEFEEE % T 7 — & % b7 12 fd E/AHE
X DHEBEE ML Jo. ARFEBETIE T — 580D W
HRE—XY b2 KREL T B0, 4% 18.8 mm
DIEHEBEICI DM LER2HEM LD DX HI22
AEEM R W=, Ok %, 7— AeiEEM R
DOAMEIFH 233 mm TH D, BIHI ZKE—X > NI
530 mm* 2> 59 2968 mm* IZ[A L TW3.

Fig. 3 (b) IZ#MX 18.8 mm DIRFEEE IC X 2 E & A]
MEBROEBREREZRT. AEBETIE, Bk 77—
LPARBERFHER I IR VLI CRENTERE
1To7r-.

Fig.3(b) &0, 7—2ZM5.0mDE FTHESE
7205, NHEXE2 IR TER AME 13.8 mm DR
JEEE R LR IR L T, 7 — L08HIcHD {7
FEYBPREL, WEICKDIBEEE DT — L NE
TIREHEZ W2 D BE LD T 2ET, 7—24
DOIRNE D EHBECTLE -7, 7—2DLRD
PO, KORELMEBEEEBTERL 7—
LADIRNE D EENCE L TiE, [HEsIHiEEcEs 3
T —F WX BEEEORDMNIERSTE L
THIREIINETEZLIEZILNS.

4. FHOUREEIXNT7—L DL

Table 1 |2 ETA & FHUUPHENX 7 — 2 L DL Z /RS .
IRID DZEERREN 14 RT L 2 a ¥y 734 7 TlIoR
A THEDZEE S — L DESE D S HW T2 IREE T O HfED
#EL <, zipper ZIEHA L7727 — 497D ZENWZIKET
WEHIFE— X > MIZI R 54T zipper DAV
FTHhTLES>eEZBNS. —HT, ETAZD 2HE
DOFESLHEZMETZIT DD, HWIZIREETOMHE
DE[RETH Y. F/=, a7 —TF v 7 1# RoboPole® %
27 B THAS NH/NK = 2 F ) — X9 ¢ g LT,
ETA 3MEM —HOR IS Im AN L, MiEro
BETHOYRIOBMER Y —L2FERH LT, E
R7 =2 DMEOBEIPOBHERRT —LTHD L
Ezohb. LarL, BR#MAAICBI 2 RKIER
PO 7 — L e IR L T/hE Wi, T 5R5HMED
WETH 5.

5 wE

ARETIE, BREEEZED AL L LTED 13 i
Bt Z FHWC, ETA ORI IRE &% EBRIICIHE L 2.
Z ORGSR, HME 18.8 mm DIRHEEE 1T X 2 H &K
BRTIImA30kg DED ZH50m DEI T THES



VOB ESEONE Z L DTHERT X 7.

SHBREIAER R EXE2 2 2 HI1Z, ETA L ER
T—LEMEL, T — LI X T R L 7IREE
T ETA O#fEEBREZITS 22T, ETADX SR 5HH
HrRT.

HIEE
ARFFSEIE TEPCO FEF 7 1 > 7 4 7 B Bl i ) B it

FUROFEHO—F e L TEMSNE L.

BE

[1] G. Endo, A. Horigome, and A. Takata. Super Dragon: A
10-m-Long-Coupled Tendon-Driven Articulated Manipu-
lator. IEEE Robotics and Automation Letters 4.2, pp. 934—
941, (2019). por: 10.1109/LRA.2019.2894855.

[2] T.Oka, N. Kimura, and S. Hirose. Truss Arm: The World’s
Longest Telescopic Arm with Highest Payload and with
No Deflection for the Decommissioning of Fukushima
Daiichi Nuclear Power Plant. Advances in Mechanism and
Machine Science. Ed. by M. Okada. Cham: Springer Na-
ture Switzerland, (2023), pp. 361-371.

[3] N. Okuzumi, K. Matsuzaki, and S. Okada. Development
and Application of Robotics for Decommissioning of
Fukushima Daiichi NPS by IRID. Journal of Robotics
and Mechatronics 36.1, pp. 9-20, (2024). por: 10.20965/
jrm.2024.p0009.

[4] B, BHEEN, EFX #iETr 1L 2avy s
T AICBT BRI -7 W R EEIC L2

(5]

(6]

(7]

(8]

(9]

FHIEMHME - aRT 4 72« X B =7 ZGHEHERD
2024 AR S, 1P2-A08, (2024).

International Research Institute for Nuclear Decommis-
sioning (IRID). Development of Technology for Investi-
gation inside the Reactor Pressure Vessel (RPV). [Online].
Available: https://irid.or.jp/wp-content/uploads/2022/08/
2021004Fen5final.pdf. Accessed: Jul. 1, 2024.

F. Collins and M. Yim. Design of a spherical robot arm
with the Spiral Zipper prismatic joint. 2016 IEEE Inter-
national Conference on Robotics and Automation (ICRA).
(2016), pp. 2137-2143. por: 10.1109/ICRA .2016.
7487363.

Obsima Technology AS. ZipperMast. [Online]. Available:
https://www.obsima.no/produkter/taktisk _elektronikk/
mastsystemer-nyhet/zippermast. Accessed: Jul. 1, 2024.
Synthetech, Inc. CORETECH ROBOT POLE.
[Online]. Available: chrome - extension !/
efaidnbmnnnibpcajpcglclefindmkaj/https://synthe.jp/wp-
content/uploads/Cat_RoboPoleV0021.pdf. Accessed: Jul.
1,2024.

YUASA Co., Ltd. Portable Telescopic Mast Systems. [On-
line]. Available: http://www.yuasakk.co.jp/eng/pole/
nhnk.html. Accessed: Jul. 1, 2024.


https://doi.org/10.1109/LRA.2019.2894855
https://doi.org/10.20965/jrm.2024.p0009
https://doi.org/10.20965/jrm.2024.p0009
https://irid.or.jp/wp-content/uploads/2022/08/2021004Fen5final.pdf
https://irid.or.jp/wp-content/uploads/2022/08/2021004Fen5final.pdf
https://doi.org/10.1109/ICRA.2016.7487363
https://doi.org/10.1109/ICRA.2016.7487363
https://www.obsima.no/produkter/taktisk_elektronikk/mastsystemer-nyhet/zippermast
https://www.obsima.no/produkter/taktisk_elektronikk/mastsystemer-nyhet/zippermast
chrome-extension://efaidnbmnnnibpcajpcglclefindmkaj/https://synthe.jp/wp-content/uploads/Cat_RoboPoleV0021.pdf
chrome-extension://efaidnbmnnnibpcajpcglclefindmkaj/https://synthe.jp/wp-content/uploads/Cat_RoboPoleV0021.pdf
chrome-extension://efaidnbmnnnibpcajpcglclefindmkaj/https://synthe.jp/wp-content/uploads/Cat_RoboPoleV0021.pdf
http://www.yuasakk.co.jp/eng/pole/nhnk.html
http://www.yuasakk.co.jp/eng/pole/nhnk.html

