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Development of Motion to Carry Water without Spilling using a Life Support Robot
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hyave[m] : Equivalent tilt displacement over time

¢ : Damping coefficient

w4 : Natural angular frequency

glm/s?] : Gravitational acceleration

k, : Dimensionless constant of the first mode
H[m] : Cup height

ho[m] : Still water depth

R[m] : Liquid surface radius

HEEMMTZ O —X
MEEORT 4 0 AMEE Z2F EX

Riop[m] : Cup opening radius

Rpottom|[m] : Cup base radius
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Zeyp - Height from the ground to the cup

hrcog : Robot center of gravity height
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Fig.2 Time change in wave height at each stop time
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Fig.3 Change in acceleration over time
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Fig.4 Change in velocity over time

1
ABETE, BESETNVEE ST Iab—Ta iy
AEE R R > b ORFEILRHICRAET D2 ME 35 0l
WO Ry T — AOBWE - IHEORHEITo 7. G
FEHEIZ X 0 E IRBRRIT,[s] = 2128\ T 25%D 3 o #iil 23 7]
HBTHD. LnLTls] = 20&KIE30.015[m]M L TH S
D, Tols] = 212 & 2845 1k CIERHEEYE CoMmBIE
IINEETH D Z EBMERTE . $K4 v eRy b7 —
A, —BEa Ry b OERANEN N TR 18 D ONCRTE L, fZ ik
THEVWIEEEZR L TVEDOT, ALK T E VW) 1%
EEMNERICHZ S50V LD, BUROFHEIEAE CIXEN
HHEOFET D ZEM TORBBEEOTMARETH L & H

27z

i

P

(1) B4 @E Thr#EkpRESERimE (Ffe 44 H4))

(2) Granta Automation, “How Fast Can My Cobot Run Without
Guarding?”, Granta Automation, Jun. 2025

(3) Amir R. Naseri and Peter R. Grant, “Human discrimination of
translational accelerations” , Experimental Brain Research, vol.
218, pp. 455-464, Feb. 2012
.https://link.springer.com/journal/22 1/volumes-and-issues/218-
37TFA

(4) Tbrahim, R. A. “Liquid Sloshing Dynamics: Theory and
Applications” Cambridge Univ. Press, 2005 Chapter 2: Linear
Forced Sloshing. pp. 100-101



