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BHIRND AL, BARANZE > THLS D OIRAOH BB THL. ZOHRME, EEERDLIEFIZEEELT, V
T v 7 AHRBHES T D, TR TIE, IRV AESA R S A OPEMEIC DWW T ORI T\ D, L
ML, ORI ZIGICDTZ Y, ZHUTE U TABRESR G B 0 AR ENREBELD LB LND. BFEEIXZ OIS
FHHL, NBOPEIEIC DWW CTAERDZOBA, Sian L. AR T, ABOERIENRMEICERZ Y T, ElEFHE
I LB HEE DM D ANBOPEMEIZ DWW T O EIT - 7.

# 2 T, KFoHNREMETH D AR L, H L BEISZIERREZE L CERNFEETVEME L. T LT, #
B 10 412K L, 2 FOMEIR CB & RB @ 2 FEOWHI RGO ER A1T 72, AIRRFOBIE Lo 2885 2
LIk, ANBOPSEIERED HNLD EWHIRED S &, ERFHTE D AR EEE & el 5 S B v s 25
HIL, IR Z & o PitE iz oW Calam L7z, AR &1l ) o3 il 4 <284k U /2 BN, AT X OB oo RIS b
VT RHBICHER L., 2 U CHBREIC I 2T L2 2a7 EBE Ly EOB{LOEAN - L2 D, AREEO BRI
MVT PBRETRICIE U TS 5 2 &, 8ENd L v hO ANBOWEEICTF ST 5 Z EBbhotz. 51T, ABRFOBIH
v ORIZIE, RS, T E EAE L CHEEZIIEROBRNE ST ENEON, ThENEEEBTILERD D
ZERHIENE T

IHIZ, LEOEERINFOBLEN G OF M, KE2Y I ERMZET 2KPCOFHMNERET L2 E|UIC, BFATD
N5z LxBIL, B MLy OHEEFEAME L. 45 33T, B MLy OHEE B ERIRIR I OHEE FIEEZRR L.
WL D 6 O MWRERFH AR E LTRRESH, HE b Z70o0 BVKO#HKO S &, BB Z R T 5 & 5 ICiEsE
WE L7z, HRBEUE, D D0 BV AR O & 1) B MR 288 hL o Loiil) WhIOm A& 51 & 2379 PR
F1% FREZR IR D FME L TV D DO TR W E OREICEESEGRIE SN HEE FIEOZ 4 E R T 5 72010, R 5 4 (&
£ 170.0£5.6 cm, KT 65.48.8kg) (ZXIL, 3 DOWMEIFHIZIIT 2K ) OHEEM & FERM & DI ER ATV, R
H T L DKM N KK 4.1% & @O E TOHEER RN S b, RARAHEFEOZYENREN. H47TE, B
i ML OHERICHERANBES L EAFLOHEFIELZIRE L. b MIERDFEHAEZRMET 5 X 0 ICABREE 2 E
T5 LV WIEBEMREZME L, BMBIEERRE Lz, 53 LRI, ZYMMIEIBR ATV, B R L BET ~ L7 o EE
L FERME & DIIRIZIN T, BHERE Z 5O TENENRIGAEDR 6.0%, 0.26 % & EWVIGE COHEER LSO, HEFE
DY PEDRENTZ. #5561, KAME, ANBEBHEE L COPHETHENEAMA LR AMHEETEZMEL, Rk
ORI TOHEEMMAE SR, RAMHEETFEO LML R L.

IHIZ, MELIHETFEAZIEALT, BROICABRICKESCEET L B2 ONDEER SOPELZ L0, KEE
I % 1000 mm, 1100 mm % L T 1200 mm & 0% L7z IsWlRICE T 288 v 2 24 Lz, ZoREE, KEE I A RKIC
Tp HHEHT, EICIRBIET E EEICB A MLy NS oz, L LARD, JEIE S ARARHC O IEIC 16.4 Nm & il
DOBIET & i L CREZRBE by BET TV, ZoRICER L, O Rl &2 8 UBE v 2 S5 2 L&,
SHES 2 Vel CIRFT D AR AR L7z, WE A B T4 (B E 171£7 cm, 1A 64.3£8.3 kg) Z X4, #HHOI
FOAMEILET 5 EREITV, FHEEITo72. TORE, AV@Y, BT s T s 2 L Ick MBS mICEL, 8
FROBAER L2 B Lz (BE#EL 0 10.8 Nm, kEdH Y : 4.6 Nm). FHESZ KL T L7 BB TO AR A& H OB E &
FINC/R &, FEMBZ XFFT 2 & 5 itk e §ET DA o,

FREOEY, RFETINETHL N TR ABOWREMEZERDZOBEND, EENICERmE L, 2 OMAEZHL
M U7z, AT, EERDZNEBORETE FEEZHE L, Kh CoOFEZ ST, IBRITFROBRG 2 RNITZD & 9
L7220 TR, B MRAEKRDFIHAHZRET S &5 AIREBZIRET HHIIT A2 R Lic, £72, ABOPEMEICEE
T OITIREGH RSB F R Clde <, AEAFARME S ROICEBL CNEZ L &R L, AROFRESEZ S OICHED
5 &9 A EST.

%5« FMSCE IR, FISC 2000 & B30 300 354 1 EET R HT52, b L <R30 800 5% 1 LT 72& W,
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Several previous studies investigated comfort while soaking in hot bathwater from the perspective of thermal
effects or physiology. However, few studies investigated bathing comfort from the perspective of biomechanics,
although the biomechanical state in bathing, such as buoyancy on a human and the degree of muscle contraction
is expected to be changed according to soaking postures. The first objective of this study was to evaluate soaking
postures considering the effects of buoyancy, muscle contraction and passive elastic joint moment from the
perspective of biomechanics. Experiment result showed that all the torque components due to buoyancy, gravity,
reaction forces, and passive elastic joint moment contributed to the joint torques. In addition, joint torques
changed among the two types of bathtub. Furthermore, the difference in joint torques between bathtub
conditions suggested a potential benefit for designing bathtub shape with quantifying from biomechanical
viewpoint.

However, it took a lot of effort to evaluate the joint torques during soaking in the water. Therefore, it was
required to estimate the joint torque in order to conduct the biomechanical evaluation with minimal experiments.
The second objective of this research was to develop an algorithm to estimate joint torque. It was assumed that a
human took a soaking posture in the bathtub so as to minimize muscle exertion, that is, to minimize the joint
torque as much as possible. Based on this assumption, an algorithm to estimate the joint torque was constructed
as an optimization problem. In the experiment for validation, the estimated joint torques were in good agreement
with the measured one. From the results, the possibility of estimation the joint torque is suggested. It also
suggested that a human had an unconscious strategy to determine the soaking posture in order to minimize the
biomechanical load on a whole body as much as possible.
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