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Development of the device which simulates infant®s perspiration and sweating
-For constructing baby sweating thermal manikin in the future-

Takako, Fukazawa
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8 g/m2h 25 g/m2h

Two devices have been developed to simulate perspiration and sweating from
infant’ s body surface in terms of constructing in the future baby sweating thermal manikin, which
simulates not only baby’ s body shape but also heat production and release. Both the devices
consisted of mainly two parts, which of the one was a simulating skin and the other was a water
supplier. The evaporated water vaﬁour from the device of simulating ﬁerspiration was resulted in the

rate of approximately 8 g/m2h, whose rate was in good agreement with infant’ s perspiration from
the body. In baby, sweat evaporates entirely and quickly because of a smaller amount of sweat rate,
e.g. 25 g/m2h, even if he/she is exposed to a hot environment. Its phenomenon was also seen in the
developed device of simulating infant’ s sweating with several sweat rate conditions. Therefore,
these results indicate that techniques of simulating perspiration and sweating can be able to apply

into constructing a baby thermal manikin.
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Microporous metal plate 05mm  1.0mm 1L5mm  20mm

Weight in dry condition (kg/m®) 0.78 1.57 2.23 4.05
Apparent volume (g/em®) 1.56 1.57 2.15 1.84

Porosity (%) 80.5 80.3 70 76.9

Water vapour permeability resistance (s/m) 39 79 150 189
Water absorbability (%) 477 16.2 16.2 35.4

Evaporated water vapour (g/m”h)

48+49 6.6+37 T4+127 185+18.0
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Location: p< 0.05

Buttock
Upper arm
Forearm

Location

Palm

Dosal hand
Thigh

Leg

Dorsal foot
Sole

0 10 20
Perspiration (g/m2h)

2 HREENSORE &KL
EALA B DA AR

30 IO 0.5 mm
£ @ 10mm
£ -
<
o
o 20 |—
e
ey -
£
5 10 -
o
©
>
o -
0 1 | 1 | 1 |
o] 10 20 30

Supplied water rate (g/mzh)

3 IRBMEFETT AL E ~ O AR &
(ZX LTHRITEHZ L > THIES N
TLHE R G 7~ D DFETT &

BV PR R T LERIRIBIC S D A D
BA, BUEARITN 46 Wim2 T, KEND
DI B REAB DO EEIE, £ 30 %

LB, T LT, HIROGE, BEA
I 70 Wim2 L& <, REND ORI
KT D AREREOETEIL, 8% REICE &%
HDOBTH-T-.

RN B R BE K&éﬁé,wm®ﬁﬁ

IR, R R TR
LEHZIHT D701, E?ﬂﬁ%ﬁﬁ%ibé.
L7228 - T, RBITHIC fé%%#%mmﬁ

X, IFORBICLDEBEBBINKFETDHZ L
kfoﬁé. L2 AN, ILIRORBIREEIL, =
B3 86 °C ICBEIET HECHEMT DL
N, RE—ElERT [4]. 2L C, %
WOITRIIARBETH D120, (KRN 37.2°C
WCEET D ERTFEAEL D [4]. ZORITEIT
BRCTEGEARD 25 % FRELRDZ L5
[3], ZITEL LT, £ 25 g/mzh (2HY

WZEIML T, RIR

TAHZEDRDbhoT.

Zhb Lk, Tﬁziﬁﬁﬁﬁfﬁ%%%i@ﬁ?ﬂ
PEFTF R BLEE ICB W T, BRRE Th D5
BB A~DKMAGEOREMEIX, ThEh,
8g/m?h & 25g/m2h ¢4 L L L7

(2) ke @R OPEREFEAT

FELBR R & & U CflE 3 2 R k& R A o 1t
PEIZOWTHET 272012, sEtEE2IIE L
7o, TORERE, £ 1LIORT., BEERICE
WCHEE & 72 D 4 FRFE O R4 R AR O W KM
X, 35-48% O#FHATH-7=. & b (kA)
DR REAERE T DKIYHRIL, 3045 % THD
ﬂ[t&i&,ﬂ,:h%%ﬁ@@ﬁ@&*
BUX, AEERAKRLEEULIEMETHD
CEZ))EEHAL éﬂfl

#£ 111X, KROTBIWIEAN D ITHOWNT, FrEk
@Eﬁ9%%#%®%ﬁ%fﬂﬁbkﬁ%%
L7, FBRERHEOES 1.0 mm DA,
%%ﬁﬁ)%@ﬁ?%a ifu\ WZSEVME A R L,
Fé 0.5 mm DFAITIE, BENL S DIRFE

i%%i%o%##%ht.ﬁé#15
mm & 2.0 mm DOEEITIX, FEALD O
EHRBOXODERELL o, THDOR
BL, BNUENY OBGREHRERBRIT,
0.5mm & 1.0 mm DORTH D EHEr I
7o, 22T, IRBWERTORBLEEIZIE, 2
nNo 2 MORHREREEH NS L LT

(3) IREWER T BLAE & O MEREREAm
ﬁﬁﬁ%ﬁﬁﬁ%%¢®@%&ﬁ“®@
FKREIL, LR OEBER T EICEE T 5 SCHR
FEORERICHESE, 25 g/im?h L L7z, &
52, 3T E 20 g/m?h & 15 g/mzh I2BT 5
%ﬁf?a)ﬁii%f TOWTHEHE L7z, FITEHT
THNE SIVT-HHRR R 9 fE T O D AT &%
HIFEE L, ZOYHIMEEX 3I1TRT. Rk
lEHK 2 JEZ :05mm & 1.0 mm) IZ
X DL G O OFEPRITEIE, G L7z
KELIZIELL —E L.

iR B0, JLRITTWRPIEREETH D
7o, BEGRRICRE INT, REVERITE
ELELTSH, BIFERLRWZD, ?Elbﬂ
éhﬁﬁi%%f IERTHEETH. REE
TIX, PRI iZﬁ@@%%%EW%%
HALER, M3izAbnd Lo, BFED
@%éﬁﬂ ﬂ%%%ﬁﬁ“@ﬁbtmk
FIERIETH o722 &1F, G L7k A A
Lk:k%ﬁ@?é.:@:&#% AT
THER U7 IR BRI R BLAE & 1, FLIL D%
TREZHFBEL TS Z J:#EEM Shi.

(4) NREZRHCAFBLAE E O PEREREAM
K@%ﬁﬁﬁ%%¢@@*&ﬁ %, 4 fE
MDORRE BN AR LT, RO
‘@KOWTﬁﬁLﬁ.ﬁﬁ&E,?ﬁbE,
Feika BAR T~ 2Kk &EITE, #IR
BENLDOANEATE 8 g/m?h 7&’ ﬂibf_.
FRoka B 4 FEZ AR & LT-BR oD, HRik
LRRET 9 AT D DOARFEREX 4 1ITRT.



thickness: 1.0 mm

Left b Right

Frontal
Evaporation rate of the simulate skin plate (g/m2h)

B2k thickness: 2.0 mm

Right

8

6

4

2

. L o
Frontal Frontal

Evaporation rate of the simulate skin plate (g/m2h) Evaporation rate of the simulate skin plate (g/m2h)

4 FEAEE 8 g/m2h &fEHfICE
VDB s B DR

20

Evaporeated rate (g/m2h)

0.5 1.0 1.5 20

Thickness of the simulated skin plate (mm)

5 NERAME 8 g/m?h SfEFRICHT
%K K 4 TR D OB

FEER BRI~ DR &I, F—Tho7IC
L b 6T, BEEBIIEBHOEIIZL -
TRORE ST

KRR BRI I 1T D LA R LK 5 1T
R BRSO ORI EIL, &BEK
DEZHN 0.5 mm DA, K 7gm2h TH
> 7. ﬂ%*ﬁ@fém 1.0 mm & 1.5 mm

DLFEITIE, ¥ 8g/m?h DK EERL
7-. Lﬁ’b&iﬁ% SFEHDOEZH 2.0 mm
272 B L&, T EITA 12 g/m2h IZFET
N5 L Lbla, KRR RL 256
[mCTHor.

INHORERLY, HLIROREARE /B
T 51201%, EE 0.5 mm, 1.0 mm, 1.5 mm @
Rk RIS, RNEABHEHEEPICHNS
B E L L ClEYTh D EEZ LN,

Kﬁnff’?ﬂ%btr,_f&%@ﬁ@% BE C R
EVERIT FFBLAEE 1, FLIL O AR & F8TT
%ﬁiﬁfﬁ—é kﬁ)ﬁﬁmuéﬂf\_- %\_VC, /\?(ﬁ

OFEE L LT, BEEERE ~ I il i 14 78

M ETH%E - WREITH7- LT, FLIEAISR
FH—< <X X o OBERISTATA.

<7 F 3k >
1. BBl Rl oREICB T IR ORI
JESRIESEERE (SIDS) 3 X% B O

B, RET-PRfEIE S, 53, 2006, 25-29

2. & H¥E, L Fofl 20 /8- HEELME
DR JEKR Gy B DFEEETIOWT, HARAE
P P2EE, 11, 2006, 33-37

3. E. N. Hey and G. Kats: Evaporative
water loss in the new-born baby, J.
Physiol., 200, 1969, 605-619

4. SFH  OBRE, SR 5, RE EEZ W
FRIR EBROMREMRE AT L EZ
NEEMT 5 EK, F v 7, 2002, 180-186

5. ERREHRLE

MestEm ) (BF 16 1)

(1) S, FERE T2 T 2D N6 BRI
i, PRt A=, Awefr, % 33 &, 2018,
2-6

(2) %ﬂ?‘r ¥, THORE, FERETICER

wu%ﬂ*ﬁéﬁb, %ﬁ‘f&@ {ﬁgﬁl’%, ﬁn}u

ﬁ, % 58 %, 15, 2017, 50-54

(3) Nakata H, Namba, M, Kakigi R,
Shibasaki M., Effects of face/head and
whole body cooling during passive
heat stress on human somatosensory
processing, American dJournal of
Physiology-Regulatory, Integrative
and Comparative Physiology, Z#if,
Vol. 312, No. 6, 2017, R996-R1003
DOI : 10.1152/ajpregu.00039.2017

(4) Ono, J., Hashiguchi, N., Sawatari, H.,
Ohkusa, T., Miyazono, M., Son, S.-y,
Magota, C., Tochihara, Y., Chishaki,
A., Effect of water bath temperature
on physiological parameters and
subjective sensation in older people,
Geriatrics & Gerontology
International, & #¢A, Vol. 17, 2017,
2164-2170
DOI: 10.1111/ggi.13053

(5) Hitoshi Wakabayashi, Takayuki
Nishimura, Titis Wijayanto, Shigeki
Watanuki, Yutaka Tochihara, Effect
of repeated forearm muscle cooling on
the adaptation of skeletal muscle
metabolism in humans, International
Journal of Biometeorology, & # A,
Vol. 61, No. 7, 2017, 1261-1267
DOI: 10.1007/s00484-016-1303-z

(6) Titis Wijayanto, Sayo Toramoto,
Yasuhiko Maeda, Su-Young Son,
Sonomi Umezaki, Yutaka Tochihara,
Cognitive performance during passive
heat exposure in Japanese males and
tropical Asian males from Southeast
Asian living in Japan, Journal of
Physiological Anthropology, Vol. 36,
No. 8, 2017, 1-11
DOI: 10.1186/s40101-016-0124-4

(7) Shibasaki M, Namba, M, Oshiro M,
Kakigi R, and Nakata H,,




(8

9

10)

1n

12)

13)

(14)

(15)

Suppression of cognitive function in
hyperthermia; From the viewpoint of
executive and inhibitive cognitive
processing, Scientific Reports, i A,
Vol. 7:43528, 2017, 1-8

DOI: 10.1038/srep43528

IR KEA, KR - E RO R
P ERBVERLROS, MRHERL B R,
‘A, 584, 1%, 2017, 20-25
R KEFA WBRA, IREFFIIEE
&l RS VE O B AR AL R &N IS &
L7284k, WA HE R, EA, B
58 %, 1, 2017, 108-114

Nakata H, Oshiro M, Namba, M, and
Shibasaki M., Effects of aerobic
exercise under different thermal
conditions on human somatosensory
processing, American dJournal of
Physiology-Regulatory, Integrative
and Comparative Physiology, Z#if,
Vol. 311, No. 4, 2016 , R629-R636
DOI: 10.1152/ajpregu.00153.2016
Shibasaki M, Namba, M, Oshiro M,
Crandall CG, and Nakata H., The
effects of elevations in internal
temperature on event-related
potentials during a single cognitive
task in humans, American Journal of
Physiology-Regulatory, Integrative
and Comparative Physiology, Z#if,
Vol. 311, No. 1, 2016, R33-R38

DOI: 10.1152/ajpregu.00086.2016
IR KET, KR - REREICBIT S
RIRFRE & AR —@m T CH M7 5 KRk
—, WRMERR IR R, AL, 5 68 &,
10 5, 2015, 585-590

Takako Fukazawa, Yutaka Tochihara,
The Thermal Manikin; a Useful and
Effective Device for Evaluating
Human  Thermal Environments,
Journal of the Human-Environment
System, e A, Vol. 18, No. 1, 2015,
21-28

Nakata H, Oshiro M, Namba, M, and
Shibasaki M., Effects of passive heat
stress on human somatosensory
processing, American dJournal of
Physiology-Regulatory, Integrative
and Comparative Physiology, Z#if,
Vol. 309, No. 11, 2015, R1387-R1396
DOI: 10.1152/ajpregu.00280.2015
Shibasaki M, Umemoto Y, Kinoshita
T, Kouda K, Ito T, Nakamura T,
Crandall CG, Tajima F., The role of
cardiac sympathetic innervation and

skin thermoreceptors on cardiac
responses during heat  stress,
American Journal of
Physiology-Heart Circulatory

Physiology, 2015, # &t , Vol. 308,

(16)

(=

(1

(2)

(3

(4)

(5)

(6)

(7)
(8

9

10)

1n

12)

13)

No. 11, H1336-H1342
DOI: 10.1152/ajpheart.00911.2014
S INEZAE S (RIRFREIERE O 28
b & KRA~DIRE, HAKRFERGE, &
e, #558°%, 25, 2015, 67-70

=¥E#R) (GE 301, 5 LHIFFEEL 10 1)

ER - KET, & /% =% I,
ERACMEIZ 31T 2 T i PR A R AR
RN D OZEBERT, NE-EIERE
RFE H 41 AR RE RV v
R A, 2017

IR KETL, 78U UBLE O E e
HAE DHIOFEAN, (—F) B AKIHERK
L TRRAXA NS LY, 2017
Takako FUKAZAWA, En-gyo Qui,
Relevance between thermal comfort
limit by metabolism in dJapanese
young female and male, The 17th
International Conference on
Environmental Ergonomics, 2017
Sl FHEHREE ORIEFIE & G BR
I, BAFBUERE 2 MRBUFESE
I+ —, 2017

EIR - KET, BRAGFEEICBIT5HE
BughEig, AARKRRTRE 69 (OF
Ak 29 ) FERKRE, 2017

ER - KET, & % =% -,
AR BT IS U 2 T M PR i Ry o> A=
B DBRROS, A ARHER S ER RS
2017 FEFERRE, 2017

Sl e — RNT A T RMbEBTE,
AARFECFRE 69 [Mke, 2017

Sl INERS A O IR I RE D4
b & KR-FAHIE TRE D=1z, TR
LHEFEORY:, AR - =7 O
XA DRANE-] (—H) AAFE R
PR A 72, 2016

EIR - KET, KREREEFE - LR
FEHRE T CORERE & RRIZELD
FEXRIR, TR & HREORZ, HAlk
V=T OREEEE 2 D RATE-] (—+h)
AARF BT SR A7 2, 2016
Shibasaki, Manabu, Cerebral blood
flow and cognitive function during
heat stress, The 6th International
Sports Network Forum in Nagano
2016, 2016

KE FE, M <6, BE
BE, HE SO, 2l 52, BN~ A7
aXZAT YV AE T2 BT I
PR IR O PR RAR W E O WE, 5
55 [Bl H ALK R4, 2016

A =<6, K& WE, Zk 7,
IREEMT IS DSEEk= 77 4
T v ADEA, 55 Al H RAER G T4,
2016

Ky W, Zk %, hH K&, &F
IR RF OGRS REAX NI X%t 2 BEE A Al
BLORHHHOME, & 55 [0 H AL

e
=S



(14)

(15)

(16)

a7

18)

19

(20)

(21)

(22)

(23)

(24)

(25)

(26)

@7

]G e, 2016

HIR KEL, & WBEE, BRANBM
IZBIT DIRMTREZNE, B AR FSH
66 [F1 (Fpk 28 4EE) kK=, 2016
Takako FUKAZAWA, Yuino
SHIBATA, Sachiyo IKEDA, Keiko
WATANABE, Yutaka TOCHIHARA,
Evaluation of thermal resistances of
individual clothing and clothing
ensembles for infant, The Fifth
International Conference on
Human-Environmental System, 2016
PRI, TR BT O PR M & — A
Bl LORA LY, (—f) B AR
mn iRy 30 JEMERE S 5 B2 Atk
WA B 2D ARY T A, 2016
R KEA, ¥ a— b AE—FOIRE

A (—f) B ARHHER SRR S
30 E4ESL A 5 b2 AP M - fl g A &

RDYVURT T N,
mHE R, 2016
Zlig F, FBEBREE TSI T D UE BRI
[l BR R & & O R Ei A o B 220 % fiF
Wik D), B 24 Bl HAEBN RS
£, 2016
e B, ZlE %, fH OKE, B
ABRFEICL DRI T T 5
SR AL L O mENC L 5%, H
AGEBEPLF A 24 ALK, 2016
IR KEA, iR, AIREERNS
DREAR B Z B LT LV EEOR
E, (—%h) BARBMERGLEER T2
2016 FFEEFER RS, 2016
B, BEEAGTE O K IMGE & 2R
REl B NAMEEEE & I0E BR A Ei O BT
BT 7ueA =7, % 93 BHA
AP RE:. 2016
BR KET, &R =% FX,
FEM ML, TR RIS S
- EE M E O RER D b DKL,
ANMEIERERFS 39 BIAM-4
HERER Y VR T A, 2015
& BT B b, EiE BRE
Craig Crandall, Ziff %, Z2EE RN
OSAENIR M E SOSPE, 5 54 Bl H ARER
G152y, 2015
B A, Rk B, NI B,
Craig Crandall, 2l 7, &ARIRKIZ
BT 5 T2 AT IR O i ML S, 56
54 Al H AR R FE, 2015
Kbk W, EEpr O HER, 2 %2, hH
K, Tk S5 B AN 2 VW 7o SRR
RF O FBENBERERTEAM, 2 54 [FI H AAK R
¥4y, 2015
IR KAEA, iR, AREERNS
DA JERFR B 2 Fiie U 7= AR & oo (R,
(—#t) AARFBUFSBEESSHE 37 [7]
Mot Fiss, 2015
e =R, Ry W, fH K&, 2
F 5, ZENEEAA L AKX D &R

(—4t) B A

IR 2SR AALER S BE 12 M T3 R,
Bl H AR SR Re, 2015
(28) IR X&T, mRE & =% %,
R 2 3T A T ER e PR I E R oD AR
B DBRROS, B ARHRHER TR RS
2015 FEFERKE, 2015
2R, ERIRR OB REZTEAT &
JEWEOE, B AfRHER LR RS
2015 R K=, 2015
(80) IR K&EF, =8 7=, T
ElEEFCRB T e oA - DERES,
HARFE 2 67 BK2, 2015

%71

(29)

(MF] GF3)

(1) 2 5, R KEF 4 158 4,
e v I ZOM T 46, AR 3
1 1.4 A4, 1.4.3 (KIEFEA,
1.4.5 B (K8ZAL) L RIEFRE, 1.4.6
HE) & RRRET, B 4 % 4.3.3 Btk
RE & A5 %L, WA HI5, 2016, 516 (35-40,
44-46, 46-47, 429-432)

(2) Shibasaki M and Davis SL., eds.,
Meyer F, Szygula Z, Boguslaw W,
CRC Press, Taylor & Francis Group,
Fluid Balance Human Perspiration
and Cutaneous Circulation,
Hydration, and Athletic Performance,
Sec I, chapt 3,2015, 457 (33-58)

(3) R K&ET & 124 4, AAFEY
o, LEHR, TR RO BRI 1.1
BRiE & KR R oO&E & RIEAREE,
2015, 650 (2-5)

6. HFFTHERE

(OB EE
IR KEFEF (FUKAZAWA, Takako)
FAVHE KT - HE - W=
WoeE &5 90423574

(B 5E 53
Wils # (TOCHIHARA, Yutaka)
FUIN KRS « S5 T2 e R (RF2ERE) - 4
HEHIR
MEEEZS : 50095907
£l % (SHIBASAKI, Manabu)
BRI TRF - EIERRER YR - B%
WM& S 00314526

B gE 1%
Kalev Kuklane (KUKLANE, Kalev)
Lund University (2 7 =—5 ) - Faculty
of Engineering, LTH, Division of
Ergonomics and Aerosol Technology -
Senior lecturer

Marjo Tourula (TOURULA, Marjo)
University of Oulu (7 ¢ > 7 > K), Thule
Institute Research Centre - Resercher



