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Planar cable-driven parallel robot with fin-like chains
for water jet impact acoustic wall inspection
(Evaluation of the stiffness enhancement effect
through analysis based on stiffness matrix and experiment)
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Nanato ATSUMI™, Yusuke SUGAHARA™, Wataru TOCHIGI™, Yukio TAKEDA™,
Katsumi YANAGITA™, Ryo MIZUTANI"?, Satoshi MITANI™ and Ryuta KATAMURA™
T BT3RS Tokyo Institute of Technology
2 RS Kajima Corporation

The water jet impact acoustic method is the wall inspection method to detect the concrete flaking by analyzing the
sound generated by the water hit on the structure. The authors are developing the completely constrained planar CDPR
(cable-driven parallel robot) to move and position the device for this method facing the wall. In general, the planar
CDPR has relatively low rotational stiffness about the axes on the motion plane, which gives a non-negligible effect on
the positioning accuracy of the water jet. Therefore, in this paper, the fin-like chains which mechanically improve the
rotational stiffness about the axes on the motion plane are proposed. They are rigid-body chains, which can rotate only
around the normal axis of the motion plane. The effect of the mechanism is discussed through the analysis using the
stiffness matrix and the stiffness measurement experiments using the prototype.
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Fig. 1 Concept of planar CDPR for water jet impact acoustic wall inspection
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Fig. 2 Concept of fin-like chains Fig. 3 Model of planar CDPR with fin-like chains
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Table 1 Displacement of the platform with fin-like chains (Red point: measured value, blue point: theoretical value)

Displacement Displacement Angular displacement Angular displacement
in X-direction in Z-direction about Y-axis about Z-axis
g6 =0 emeey — 0 6
Short Es * g 1 : e e ~'. s
fin-like g g 2 g * 5
E 3 ® é -3 g3 g 3
chains g2 i 8 84 ' ER) .
51 4t = s ' 31 e .
(201 mm) | Eo # 26 0 Qo eme?®
0 1 2 3 4 0 1 2 3 a4 0 1 2 3 4 0 1 2 3 4
Mass of weight [kg] Mass of weight [kg] Mass of weight [kg] Mass of weight [kg]
Long El EOweyg e =2 ~, —°
Es . E-1 s =1 ® =
fin-like g4 g2 g2 (] g °
gs s g 3 £.3 r’ E3
chains 82 8 S 82
51 e 5 Fs I s -
(287mm) | o g 06 Qo lusee
0 1 2 3 4 0 1 2 3 4 0 1 2 3 a4 0 1 2 3 4
Mass of weight [kg] Mass of weight [kg] Mass of weight [kg] Mass of weight [kg]
3:4 EE

FZLIRT B0, HimE, FHEE I ¢ RESEOTEDRKRE WGEOH VNS WS & HRT, Y, ZHh
OV OMBEND/NEN. ZOZEND, ZROHEZKRE LT 5Z L TY, ZiE D Y OAENIEET 2 RIEEHE]
MZ2m ETE TS EWR D, —TF, ZHHOEMIIOWTIIEE A EEN RV, UL, 21 fich =B
v, EEhE N OEENZ BT DHWEIZ 7 ¢ REEN R L RIT S RN AR LTINS,

—75, BALOFHME L HREA LRSS L, MATWDE—AL M ERICEITHDYHEIE DY OMEAIZHOU
TIEEL LTS, —F, X, ZHRAOEMIFINTI G —FRICEHIMED F 3B L v k&<, BMZEREN
FIRKT29mmE08mmTh-o7=. £, ZhE 0 OMZEN G IEANNITFHINED FAERRE L D k&0
2, BHLYOHEWNNSWE XIIENR—EHLTEY, BLYVOHEENKEIRDICONTIREDEIENKEL 72
DA HERR CE 2. ZHORZEITR K TL  Th -T2

AFEHETIZZ OB OB A ORREICRITTENREI VY, ZEE D OFEBMNEETH L. ZNHLDE
MDH B, KREBRCTRHIRE RBMAE UZYEIE DY OAENIZHOWT, FHEME E BHEHENS L —FH LT D
ZENbhoT.

—7, FEEMOFEDORRE LT, FREEDT7 L—2v 4 »F, HAHEObAR, VA VENCELD T —
U DONRFROEN, 7=V DTV TOHAERENBEZ 25, £z, XHROENSY, ZihE D 0 OBENL
PELDZETIUAYHEINENOHILL, HET—V ETTUAYRXFMICIEDZET, TA Vil LA
BERETLETNHER, NOOBMBERMELY bREL DI ENTREIND. 12, B OFHEORR
EDFRE LTE—Ya rF vy 7 F v OHIERERNEZ BND. —F, EHE P OFIREES Y A ¥ ORIMEE




FOVDOREAE LV BEEGENICREENE LS. Bl20E, VA YOMONNIRRICKFET 528, A YOlMEET LT
1TZ DORFEZERBE I T RN, AN ZINZ AREEPEVIEE, TA YORIERIC L > TE
MRRELRDZENTRIND. FT, HIPEITHIOEHERE CEM AN EGE L TWD Z &0, FIMEATHIN
Ry W CEHEIND Z MDD X918, Bipd Hneie2thE b0 OBNMRREFHCAETD Z LTk
HEBNER SN TOARNWI ENFRERE LTEZLND.

4. # B

ARGTH, EEMEANEE T VLD A v BB OE S N Ol E 3oV o [RAmIE 2 s B w5 7
o4 REHARE LT, £, WMIEATINCE S ST 21TV, 7 ¢ REEHIZ K 0 EE RN Ol E 2o 0 D[R]
PERM EFT 22 EE2R L. 61T, AIEEEZ AW 32881 & MIPEITHNC RS ST G, 7 ¢ RS O~HEZ
KELT5Z L TEBRNOEE DY ORERMIMENRM E325 2 L 2R L-. F7, B0 ERE L iz b
BT52ET, BICRORELSEMOELDFROAEMMIZONT, ZTRHERLLSAESTWNDE I ERbhoTz.

AT, WIMEATHOE GBI CEM ZRUNE LTWNWD Z X0, RRHIEEOEMNELD Z E 2B B L TR
W2 EIZ KD ET VO TN EN OB RITTHEEZTARDLT-01L, T 2BJE LI O FEIZ DN
THRET 5. &5IZ, FEEOREmMRADEIZHAENTIND 2 /MELO F 72K Th 2 BT EIC OV TRETL, 2
2RV A U DB ORI IS EORRE 21T 9 .

L £33
AWFFEO—ERIE, IST WFITAk SRR H M R Bl R X8 7' r 75 A A-STEP pEZAIEFR] IPMITR212A O
Bazi Tirbhir-.

X 3

(1) &, “U4r—F =y FEHAWEEYOERIBEGRAE, 37 ) — N PERGR S, 38-1(2016).
(2) 1fEf, “UMBEX A L EBIRZEI2 R > FORFE”, ROBOMECH 2007 (2007).
(3) TJhfth, “SMEEMRA L AT A (U4 —VTF =y 1—®) OBRFE”, RMWHEAFIEFTE R, 83 (2019).
(4) ERREREERE, “oRy MOk DMK AT AR LR, ERERHELE T L 2 Y U —2 (2019).
(5) FHIth, “WAEHAZ b OBEmBE ARy FORENIEET 587, ROBOMECH 2009 (2009).
(6) AP, “EREFMATEH L7z Fr—AZ XD RROANEDIGREL N a— N K2 S NEDHELO T2 D3
BROWE", AAREEELEIHESE, 25-59 (2019).
(7) EI7fh, ©Rvu—AZHER L 72 ARONRAEE I K D AMBER A A DO FEREERR”, A ARG A ST, 27-65
(2021).
(8) Nakata, K. et al., “Development And Operation Of Wire Movement Type Bridge Inspection Robot System ARANEUS”,
Kalpa Publications in Engineering, 3 (2020).
(9) lzard, J.B. et al., “Integration of a Parallel Cable-Driven Robot on an Existing Building Fagade”, In: Bruckmann T., Pott A.
(eds), First International Conference on Cable-Driven Parallel Robots (2012).
(10) Ilturralde, K. et al., “A Cable Driven Parallel Robot with a Modular End Effector for the Installation of Curtain Wall Modules”,
Proc. of the 37th International Symposium on Automation and Robotics in Construction (2020).
(11) Shao, Z. et al., “Design and analysis of the cable-driven parallel robot for cleaning exterior wall of buildings™, International
Journal of Advanced Robotic Systems, 18-1 (2021).
(12) H_Efh, “ST VLD A Y RINER OB OB VERE R EIZBE9 D HFE”, #Gm C W, 78-785 (2012).
(13) Pott, A., “Cable-Driven Parallel Robots”, Springer (2018).




