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Optimal Design of Bathtub Surface Based on Tekscan
Pressure Measurement

LI Zhelin, JIANG Lijun, HUANG Yurun, XIONG Zhiyong
(School of Design, South China University of Technology, Guangzhou Guangdong 510006, China)

Abstract: The bathtub has been widely used as household products. Due to the difference of height
and weight of customers, the unreasonable surface shape will lead to low comfortability as using the
product. In this paper, the pressure and the contact area are made as the evaluating parameters in
order to design a suitable bathtub for adults. The surface of bathtub was redesigned according to
percentile Ps, Psg, Pys of Chinese adult. The pressure and the contact area were measured by Tekscan
instrument. The data which were captured from the ten testers lying in different bathtub with the
original surface and the optimized surface was analyzed. Results shows that the peak pressure reduces
to 58.4%-87.3%, the average pressure reduces to 83.6%—-99.4%, and the contact area of the optimized
surface increases to 1.50-2.78 times. The optimized surface effectively improves the comfortability

of users.

Keywords: surface; optimal design; pressure distribution; Tekscan

ks HE: 2016-05-17; RS HH: 2016-09-03

EEWAB: | MHFRA L T(201607010308); | MITTRHETHRITH 7= 2485 1E £ 152013 Y2-0084)

F—1EH: U074, 5, WIEEEAN, BIEEE, Wt EEPFRT AT EVLER G AR, Wit 5 AV,
E-mail: zhelinli@scut.edu.cn

BIEEE: BTE1968-), T, WM, #i, Wt FEOFTONEETR A SR, HELEEE,

E-mail: ljjiang@scut.edu.cn



Tekscan

1M

29

W A 5 [ 3 B A 1 K F N A A B 1 A
W HLIZ D O R A T2 8 s . BT
[l Ab 27 5 MO L B 25 v 1 R B 8 45 T
KT B, HAYASAKA MR 7 H A B
— W2 LBV 5 B 6L W vE A N HR g
TIDWELL %V 7 fuifi) Ay 2 45 A A5k A+ it
TC PRSI PRV T . H AT E ISR T2
X5 P BB AR DA 77 SRS i — e g5 i A1 T
Be stk A BN P AR E O ORI A RAR
¥t o A RUIBPILRI KT 4% BEVS B =41, M
ARG, R T IS R E N R
i 24 7 T SR 13 R AT AR AR 5 . E R T
TR RAEINRE . SR I EEE T T AT 45 N
Sk BLIF ARG 0 o R PSSR T 78 K8 7 b i it
NN SO S NN Y NEI RN EE LY YN NP S
PR, MIBELRSFL &R, BB L 22 LA 7
T EEL A

A LA SR AL 2 B 5 v B9 SCHROK R 2
(R B S RN AN W S 5 7 s e
F & m AR ) 22 A, S EL AR A b R BT
NG, FEH P AERHZ W EE A
[ A B A BEA 0 A LA i Sk B AT & R AR
KWFFT o AL PARTHE A 7 E B A AT 1% i
R B bR, K e o A A AR AT S B VP R b
AR 4 3 B B AT L/ Py Psow Pos B0 AL
A RSP A

1 F Tekscan MERARE NS
A SR 5T I LA R R e Sk, BAAR SR

FARE BRI AL, NS A A el T, 7R il
A WEE . HEKS WK ISR, I R
SRR G EE R Ik, EBIREER, SMERSEN
1670.96 mmx817.02 mmx498.23 mm.

FH P E A I B 2 B SR, . B
0 R 8 S5 B A A B A VS BT AR N R T, B A
R I 3K LA A e I 78 T 44 T L
3 ok W 2% B A N A R R S VR, B RE R T AT i
FEMY 2 AN B IX IR TR P -5 1 S Ak ) 5 15 ol
T 5 R R K s 4 fike ) A B THT o ALk
PRAE B2 A X 3809 B it Jim P e s R 2 ik T ARV
& VP HE AR, SR Tekscan X 2%l & F f
Jiti 1IN ST i T P S B R i T A
1.1 MREEESH

% J8 K E E BRI BTN, EEC 10
HRAENRE (B 7 %, &tk 3 ). WkHEE
WY N 22~35 % . B & (H) 160~185 cm. /& E (W)
45~100 kg, MR FFERE . 5 = AR E 1535 2 [
B o AR RS B L BOE R RE, BRI E T
A= s BTk HAE RS B T IRAE, BRI
JETEA 90%!0 . N\ A I 3 A A B 5 b B Ao
A PN B S i N A 3 AT 2 1 A AR R,
F T8 FH V8 S (0 67 3 1 5 N A B oo T B A K
PR v s s SR ES NG /NS v 7 ol = AR N 1]
L AP0,

A=T71.3989xH" 7375 4040 (1)

10 AWM 10 B s A DL R R T AR DL

1,

F1 MAEFHEESH

Mk

AEHESH
M, M, M; M, M; Ms M; Fi F, F;
531 5 5 5 5 5 5 % Z z S
57 H (cm) 172 178 168 177 173 165 185 160 168 163
R E W (kg) 60 75 58 66 60 63 100 47 51 45
KM 4 (cm?) 171643 192687 166372 182224 172385  16973.4 222734 147375 157947 146823

12 EOWSHEERE

AK A Tekscan 5300 J& 340 A il & R 40k
RAEHE, I TIEER pues BAEER pra
AR TIAR So ZAXZR 7 S5 T« Ry R
0.1 mm; JE IR FE: 0~207 kPa; HUFEAIA: 100 Hz;

KREREFE: 1.0 sensels/cm’.
kLB 1 P, OFEKERE L
B G AR, il 1(a) BT s @ikl AL 7E
WELH, BB B VORI IEREZE, WE 1(b)
JIr 7~ s @H Tekscan &0 A2 8 28 T 1 paves



30 2017 £
Pmax 1S, FEME 3 R, BCPEE NN ELS R, AR K 53 B B e A S AT R R AR AR 52
WK 1(c)Fim. 1.3 KBERSH

B 10 4 MR 1 R 23 A & 25 Rk 2 fios o

°i —Iu
A
(a) FEJJAEE 225

W

(c) MRFH M, I 3 Y& 1 775545 B
B 1 f#H Tekscan J& Al & R G HEATI &

(b) MIE M, Fz

- 1), EHFmEOSINRE My (7 %
fl X I IS 0 0 A 3 A5 5R, AT AL Ak i A

2 pavers Pmaxt Sy AEH Tekscan 5300 1 E
N EAE, Ratey a5 AR R AR H
B, THE % aE(2)
Rate;=S1/Ax100% )
Horp, SRR 2 HERTIRL, 4 R 1R AE
R

TR 2 ATA:

(1) Ms (IEMTAR S A Rate # 2 H/, S5H
S E A, RALTEST R N R T B B M
A S 8K, Rate Nk, FREEDNTA
s PTRRRIS R E, BE. KBRS BRI G AT
oy M, EAREEAREAN S B K, Rate A2
K, R B ST /M 73 XURE B 18 25l B

(2) My F Fy VA 38 puax A1 251K 58 pave
53 55 VAN L R R s K, XS AL
REN H S W 550 9 R A B K AR AH 9%

g LTI, R AR A 22 R A R A
Pimaxs Dave PASCEEMRIETAL S, AN B2 T AR S 48K
A BEAR pmaxs TEEIETIEFEE . R BLTE fh A0 %
THET EEAR A A AR 0 I 0 R 0 il 4 R v T T

RN, BRSSO R N HOVE AR Rl AT, MG AR B S SR B i AR b i
XM E sl HOMA TR Fongl Rl BB XTI e 52 7 A AR I ) 73
Jeog, EREEAA A ORI Nz KRR AL k2D i B AR I T3 3589 20 93 AT
%2 BBRHEAENHTUELR
- Wik %S
Wiz M, M, M; M, M; M M; F, F, Fs
Davg1 (kPa) 223 17.0 17.8 15.8 17.6 21.3 21.5 15.2 20.1 16.3
Pmax1 (kPa) 64.6 56.1 60.8 74.00 75.3 65.8 87.8 64.7 81.5 61.8
) (em?) 694.4 925.6 890.8 690.2 633.5 1181.9 1297.9 649.6 914.9 753.2
Rate, (%) 4.1 4.8 5.4 3.8 3.7 7.0 5.8 4.4 5.8 5.1
2 ETURENE BT s B, AR RN 0.5 mm, Bl R AR
AR AR W& 2 P

ASCHRAE SCHRR[ 12148 tH B et i 2, 456
ANV M3 A SAMMIE H 074 MR, 78
Rhinoceros H15%f Ji A il [ A 34T 2 kAR LAk
LARENGHTR
2.1 HIIRRYA B E AR

R ST RS FE R LA AR Y, AR SR A
Creaform /A & HandyScan 3D 6 FH5ACR 4 #h 1

SR AEGLAR Y il BRI RR G AL Tl 2(a)
Frow s SR8 JE M8 = 4R OO 3% PRV LA T F3 4,
SE A E R 5 2 B, Wl 2(b) A s SR Geomagic
B AR A6 S s R IR A S AR R,
=4I S N 3] Rhinoceros 77, X %8 43 HH 1R 34T
B, RAEMEBRTHAUHER, WE 2(c)
FT7R o



Tekscan

31

(a) BRI R
B2 EE L A T

(b) =4EFHE (o) @R

22 HimELtEit

SCHR[12]H 8 A S S R A MR TEAS 1)
ks him, AT XA MITE Rhinoceros 2
B 2 2k M £k, i 3(a)fas; £ SAMMIE
A ST E S AL Psy Psos Pos 53 ALIR)
oA NARBERIY, B P AL T A R 3
TP I (8 0 S R AN R R 24,
i 3(b)Fiz~; K Rhinoceros f T-splines ff it 74
e, 2T 2 ER A AR RS S50 T
PR B X Gt , Wi 3c)fR.

e EBEERAAGEERS ¥ e
G b @« B

(a) HRHUE L

(b) B 3

O ROBSEHAGECTNE Y Ot @, Bt gy
9@

—,

(c) A
B3 O A A i 2

RAFH HSE M da d i e, 456 =46
AR A BLR, 75 Rhinoceros H % II%EAR
USRI, W 4(a) s AR KA &
PLL 2 A L 2 8 e ¥ R L A R, ik s
HLEEAR LSRR I, ] 4b) s s VPG S
H T EF G, FIAORE e B2 AR R S AR T
SEPIREAL, W 4R

|
||

IIIIII'rU

T

[ .
e

(b) WL BT AR

(c) il i IXAE A

B4 Gk h G et S e



32

2017 4F

3 HEMMILERNEETES

155 FHAR AL 1 b TV G S Y, al i Tekscan
ICHE RAE MR 10 2 MR 10 1 o Al ek
Je MR ) A A 45 R ansR 3 o, ol
T M 72 J5 T AR A 5 i T LA o ) s ) 4 AT
e 5 i

B 5@ pae=15.8 kPa, pumai=74.0 kPa,
&6%2m%*%%mﬁﬂﬁ¢ FLRE X 3 mT

— R BE, AR R R,
%Mﬁﬁﬁ¢;@5@¢pwﬂMkm,
Pmax=58.7 kPa, S,=1 612.0 cm?, 15 ¥4 i AR
K, TR DX 3 B LA A8 0 i, TR R A X
BEOR . XA My b A6 T J5 6 SR Efs
Hz BT, AR A S it T e fi T AR 3G K B 2.33 £
VA FR SR FEAR T 20.1%, A A& 7R
EE.

(b) A5 i

(a) JF HHTH

B5 Wik My M a1

RIER 2 AR 3 MIELE R, 2500 KRl
fB paves EIRIEAE proax FIHEARTIFALL Rate 3475
e, Wikl 6 Fros.

M 3 FIE 6 TN, HITRAGIS paves Pmax
B BB AN Rate (HIE KR % . 1EH 6(a)F, &
M [P35 3R pave FEASAAE, HoAth 9 N 43 1 FEAK

F] 83.6%~91.4%; FEE 6(b)F, WE(EHETR prax B
RAEH B R, PRILE] 58.4%~87.3%, AL /DM HES
R AEANER: R 6(c)t, HEMmFLL Rate

P T 1.50~2.78 fiF, A4 i X3 ) G 1R AT 3
S
B Pl
25 B Pue

JE 5% (kPa)

M, M, My M, Myi Mg M, F, F F
W (100)

(@) JEHEIIE pov

B Paver
B P2

M, M, M, M, F

WikE (100)

M, M, M,

(b) FEHRIE(E prax

B Rate,
B Rate,

LA AR EL (%)

M, M, M, M, Mj M M, F, F, F
WikE (10N)

(c) ALk Rate

B 6 i L arE fM L R



1

Tekscan

33

x3 MUEHEMENSHUELER

IR 2 5

WS
M; M, M; M, Ms M; M; F, F, Fs
Pavgz (kPa) 20.1 15.8 15.6 14.0 17.5 18.8 18.8 13.9 16.8 14.3
Pmaxz (kPa) 56.4 48.6 52.1 58.7 48.7 47.9 63.4 39.9 57.2 36.1
S, (cm?) 1201.1 18023 17214 16120 1763.3 18632 19367 13167 15453  1203.0
Rate, (%) 7.0 9.4 10.3 8.8 10.2 10.9 8.7 8.9 9.8 8.2

4 RSt

Syt AT E #h R A R e A,
5ot % 2 ik TR AR AR A T o W e B O B ) R s AE
X DN 3 ) A B R SR U R A o ke et g FH A S
i A B R LA TN H RS, FUETEEA
B R . A AL sl N, K ki AR 5
B R T ORI, SN A UL S ik T 3 FE )
A4k, B E Ms 1 Rate fHYES T 2.78 1%,
M3.7 HENE] 10.2, X 53050 A2 A R I i i f
L RESZ I FH PRSI 4 RAHVI & .

A SCHE F sE AN A T R R AT & FE VRN R AR,
HRHE Psv Psov Pos H 70 ALI NAK ST Z 5000 i i 2
ARMABEL I ELAR T, KA Tekscan (X2l
IR LR i B A s, SRIR A
R T S A g TP EEE. B
HUAH S 98 R ©L 28 T-6 4 Ak 3 7= i 1
Wite BT BT R H R R, ARSI AT FH
TEA K BIELAAR A B 215040 Pei iSRRI sh & )
Gy AN S AT, a0k Ak ST FRAH OCHH 5K

2 £ X #

HAYASAKA S, SHIBATA'Y, GOTO Y, et al. Bathing in
a bathtub and health status: a cross-sectional study [J].
Complementary Therapies in Clinical Practice, 2010,
16(4): 219-221.

TIDWELL D J, EASTWOOD P R, BOYER D, et al.
Bathtub for the elderly and handicapped [J]. Applied
Ergonomics, 1992, 23(4): 284-287.

[10]

[11]

[14]

KRR, T3 b B IR e AR 56 BETH AT SE[D]. o8
TR K22, 2010.

E3. AR AR B [D]. SN R
T.K2%, 2013.

WRIUZS. AR R S0 3 PE Bk F S (D). #Es:
KRR, 2007.

E X AW E /. 7wt AR RS 2
ArEE N GB/T 12985—91[S]. dbai: H K brdkH
JiAE, 2015.

AT, HEB, R, S TR R A VG R
R EFE T FE[T). ¥R THE, 2014, 36(11): 1399-1344.
MRz IR R A T A 3 ) 3 R T D VA
Fi[D]. KF: FHIKF, 2012.

YU C Y, LO Y H, CHIOU W K. The 3D scanner
formeasuring body surface area: a simplified calculation
in the Chineseadult [J].
34(3): 273-278.

EAER, P, R NRRITI AT R R
QR [T]. AR, 2013, 19(3): 41-44.

Tekscan, Inc. Pressure mapping sensor 5315 [EB/OL].
[2016-05-20]. https://www.tekscan.com/products-solutions/

Applied Ergonomics, 2003,

pressure-mapping-sensors/5315.

L. P AU D] s#8: DY),
2006.

FKFEIR, BT, WA, & BT IREAE R X R
LTS & S B Je (0. B 2 2R R, 2016, 3703):
410-416.

SAMMIE CAD Ltd. Anthropometry: creating size
diversity within your human models (2008) [EB/OL].
[2015-07-01].

sammie/anthro.html.

http://www.lboro.ac.uk/microsites/lds/



