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ol MEEIIT, =2 - PR LY EI, 3EOP T H o

il

w

N, N—7a—brDOAHRTHDHE, =7 AL Z Wl £ © &
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faf M SN b 2 &N b o iz,
FEEH RO LN, A AN KRELSLDIFTEELS R,
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1.8 kg, XLV — MR OKERE C2.5~3.0 kg ThH o7=. FH ~
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1.5
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FoTRHIEZr»2BEEBEAMZEBRINDL FIENR

WD

M 2 4 T EHZE A TITHT, B TH 10%IE

bl

=2 X 7.

MY EICBIT DS2ETIX 0.25 mmPb A 0.35 mmPb

iéj‘(:\;'f‘/‘j 20%%%T%0f:ﬁi’b\ﬁqﬂbzﬁb\'f%lnggzz

FES, ERITHFEOFTERAMNEZRES LTS & H#

Y& 0.25 mmPb #n¥4 & 0.35 mmPb
EEn aen SN e

il ﬁﬁ 1

S ML LL S ML LL S ML LL S ML LL
A R

=7 m B XBYEKOY A X0 &
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3.0

'H & (kg/#)
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1.0

0.0

7.0

6.0
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3.0

e

E & (kg/#)
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2.0
1.0

0.0

X 1-

4 0.25 mmPb 1 4& 0.35 mmPb
S =¥ MEER ah

_ ot E I

-

SMLLL SMLLL S MLLL S M
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L LL

1-5 = — MR X B #EKO Y 4 XH oV HE

#4 & 0.25 mmPb #4 & 0.35 mmPb
HEER = S e
SMLLL SMLLL SMLLL S ML LL
YA X

6 XL — MBI XBEPEKOY A XH OFHEE
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3.1.1 KIREATE
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HAGREZICIE, Smmx28 mm ® TH &> W% %2 % v 27 T4
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500 pm ¢ !
High-vac. SEIl PC-std. 15kV x 50 2021/09/23) 00082

Fig. 2-1 A scanning electron microscopy image of the newly
developed shielding material.
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Table 2-1 List of samples.
Type Samole Weight”  Thickness?

p p (g- m?) (mm)
Shielding material ~ (Leaded) 3560 0.771

Existing Shielding material (Lead-free) 3119 0.952
Surface material 184 0.251

New shielding material 3143 1.325

Developed

New surface material 128 0.151

1) Under an ambient environment with 65%RH at 20 °C
2) Under a pressure of 0.59 kPa
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Thermal & humid sensor

1

| ‘/ —

Sample

Moisture-permeable waterproof fabric

Perforated polyetylene sheet(p0.3mm X 32)} Simulated skin

Wet filter papers (200% regain)

200

Heat plate 100 X 100mm

———Heat guard (insulator)

Fig. 2-2 A schematic of the measurement of the heat loss
and the temperature and humidity between sample

and s

imulated skin.

[The temperature of the simulated skin surface: 33 °C,

ambient envir

onmental condition: 25 °C, 50%RH
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Fig. 2-3 The moisture permeability of each sample using the
method of JIS L 1099 A-2-comliant (water method)
in ambient environment with 50% RH at 25 °C.
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Table 2-2 The thermal properties of each of the existing and
newly developed shielding and surface materials of
protective clothing. The standard error is shown in
parenthesis.

Thermal Thermal gmax (W-cm™®)
Sample conductivity conductance

W-m*k?) (W-m?k? Face Back Mean

Shielding 0.184 238.93 0.313 0.337 0.325
(Leaded) (0.003) (3.30) (0.020) (0.015) (0.012)
Shielding 0.210 2920.40 0.271 0.327 0.299
(Lead-free) (0.002) (2.23) (0.013) (0.014) (0.028)
Surf 0.041 164.20 0.192 0.112 0.152
uriace (0.000) (1.00) (0.006) (0.006) (0.040)
New 0.312 235.20 0.072 0.092 0.082
shielding (0.003) (2.40) (0.027) (0.004) (0.010)
New 0.034 293.00 0.135 0.130 0.133
surface (0.000) (2.60) (0.001) (0.002) (0.003)
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Fig. 2-4 The heat loss from the existing shielding material
(leaded &lead-free) and protective clothing and the
newly developed shielding material and protective
clothing upon drying and wetting. Protective
clothing means a shielding material covered on
both sides with the surface material.
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Fig. 2-5 The temperature and humidity within the existing and
newly developed protective clothing. Where protective
clothing means a shielding material covered on both
sides with the surface material. These are the average
curves for three measurements. (¥*** p<0.001)
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Table 2-3 The compression properties of the shielding and
of the
developed protective clothing The standard error

surface

materials

is shown in parenthesis.

LC : linearity,

existing

and

newly

WC : compression energy,

RC : Resilience, ¢ compression strain

oo LC we RC e

ample (N'm-m? (%) (mm)

. 0.617 0.0585 37.1 0.040
Shielding(Leaded) (0.046) (0.0114) (3.9) 0.011)
o 0.255 0.0581 34.4 0.111
Shielding(Lead-free) (0.067) (0.0054) (1.1) (0.036)
Surface 0.341 0.0738 39.4 0.098
(0.078) (0.0072) (4.1) (0.021)

New shieldin 0.395 0.2406 40.1 0.177
g (0.079) (0.0279) (1.9) (0.123)

New steface 0.407 0.0601 42.6 0.061
(0.034) (0.0014) (3.8) (0.004)
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ERICHERXRTAEEREICELSA ZERERINLTE. 20D &b,
P ERITFERCHVWS T, BfFEESHEICLERDS TH A9 Z L&

DR S ie.
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S(}llgzhfg)g (li};ideilfilige ) Surface New shielding New surface
| | ‘!

F B I

D=82.6+2.1 | D=88.8%*15 | D=92.8+0.9 | D=78.7x1.0 | D=78.8%1.3
B I T

D=82.1+25 D=87.9+1.3 D=742+3.1 D=78.5x2.4 D=76.5+£1.9

Mean +SE, Unit : %

Fig. 2-6 The drape coefficient values (D) of the shielding and

surface materials when stroked with a ring 2cm larger
than the radius of the pedestal of the tester. (F: face,

B: back)
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xbLC, BRI ERMEERrRMOMBEMNEEIELML L
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Stress (N)

Length direction Circumferential direction

10.0 10.0
95 New shielding 95
9.0 9.0
Surface ~—— _ _ Newshielding
85 F\ T Tm——— > 85 S T ———
New surface ~ New surface
80 % 8.0 r Surface
S~
-
15 r Shielding (Leaded) wn 75 |
70 + 70 b Shielding (Leaded)
6.5 | Shielding (Lead-free) 6.5 Shielding (Lead-free)
6‘0 1 | ! 1 ! 6'0 ! 1 Il 1 !
0 100 200 300 0 100 200 300
Time (s) Time (s)
Fig. 2-7 The stress relaxation curve (maximum stress: 10N).

These are the average curves for three measurements.

59



6. f& &&

RETE, XBRGERERICLDIERETE O HIKAMNEBERET
Dtz HAMELTHESLLTGEROEMHRM S X OREHM OIR
BHRBMES I OO MRS L, BEFE#ERICH VLA TW A
(B8 doWVWIEEH Y A7) BIOKEM BRI L. Hb#
DWRM TR 22T N6 RDMME2EMEL T Ay F LA
EATHD 2 LI X TCTHEBEINLTWDS., £, EWmMommz®E > &
mMICIEEZER KM HWSE R TWY D,
HEMMOEREIZODWTIE, BMEFOEHN YA T LITIERKTHY,
BHMICHERTOBE CTho7t. HEMMBIOHRE M O EIRME
EHEICELS 2D, FEABEYI 2L —va VERIZEBW CTIIB#
KNOBEEIBEFOLOIVABICERLI R I Rk, £
o, FEfMAEE, FLr—7MHoWEHRL»S, HEMM B X OH @
MoZorhI A EEoR ERREO AL, & 61T, J& )8R ME
DR GE I B, BT MR O K ME S o Tk, BT A & BT R M 8 E
FEFRBEOM-BENEEZ L DI ER b2, EHBEOHRE RO KA
OFT BN Dl nw LRI L.

oz & kv, HP#ERTERANREE, ZFRMEB X O &K iE
AHEOBENLERLRTWDI Z ERMFIN, 5%I1F, AETHEI
NEEHEMMBLOHREM ORI EXRZMERL TEHENER %

TW, BHEAMBRBDRICOWTHRIET Z2EHETH 5.

60



H3E BZEMEZ L OEBKEFE M XK #K
O iR B A5 M BE

il

1. #

T, BEHBEIFRKORESCHFBFEIELRLPERVWE O Lo TWD.
MO Z <1 X|MTHY, XBREIT-—MOLRL T U BEoM,
ERERE, CT(MEHRE) A, EHRLLLECES, BHEOBRAE
EZWICBWTEETHD. 72, PABRESLLE ORELE - &
BhEOABRBFIRORBFTLELTAZZHVWRVWREHIEESELTH
FEHmICAHARATHL. LrLAenb, ZHELLO XKEHSERRB
Wk ESHE - BRICED L ERIEFE T, WIEALRIC K DT IR
Sh, EEEEL*»ZTLIAREZEIBATVDS. 22T, HIEIMR
BEr T oooic, EREEFEN XBRBELR (LK, B#EKET
) BPHWLILTWS.

RO HFEXKILT, T — FREE=ALHEREOHKMBIEIC
WHDsWVWIERTFES 47T FU Lo B2 LERME, TheB 5
KEMPrLHRY, EEMICbEHME=AHBELI VTR UL X
BilEZEDYy— PP HAVWLERTWE o, EL T, Zd LM
BN FE R S LT D 12,81,82),

EEOLIL, F1IEICBWT ), RO RM, i, Bk, ik,
BEERLOBRPDLHEELZEH - o L. 612, FOH %2 kEHE
TL2OOHAMGERE LT, WHED MM LB ERMRM 422 %R

MrzHLbhhWwRHMEZEBEL CHLERZMERL, ToORMMERE

61



ENFBARBLIOCEANBALORE L 0. TR, Hb#
KoOomWZEEICER T 2B R2BRABDREL LD L2 5 A v
Ralb—varyERICEVHALMMCTLE.

FITHE 3ETIE, $ 2EAOICEVWTRELEZEFEBEMEZ L O
EREEFEMHE XBBELK (LR, HBh#ELK) DAKERS IOA
AEICEREFTERECIODNWT, HBREERLEBEBL CRIET 22 & % H

Mr L, Mo XBB#K (UK, BEHEcsT5) &8

L 7.

62



2. EBRAE
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v Y % Y

|._ Preparation ;I; Measuring =||
-20 0 5 20 35 45
Rest ;L Walking (4.5 km h'?) 4.{ Recovery
}4— Buckle up —»’47 Unbuckle
(Unit:min)
Fig.3-1 Protocol for wearing experiments.
(V: Subjective evaluation)
Existing Novel

Fig. 3-2 Belt position of the existing and novel protective

clothing.
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Buckle up : Unbuckle
Restki Walking %;Recovery
36 | | |
| | |
35 i i Existing :
[ [ [
| | |
. 34 i ;
o i i i
< ! ! !
S 3| i 71
i - I \
r |
32 : :
[ [ [
'[ i i i
| | |
31 Il 1 1 Il 1 1 Il 1

0O 5 10 15 20 25 30 35 40 45
Time (min)

Fig. 3-3 Changes in the temperature within
protective clothing (7cl) over time.

Time factor A: p<0.001***,
Sample factor B: p<0.001*** AxB: p<0.001%**
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Buckleup ! Unbuckle

Reste—— Walking —>Recovery
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20 (s ;
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0 5 10 15 20 25 30 35 40 45

Time (min)

Fig. 3-4 Changes in the humidity within protective
clothing (He¢l) over time.

Time factor A: p<0.001***,
Sample factor B: p<0.001*** AXB: n.s.
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KGR Tsk O fF R 2K 3-5 279 . KFEREIZ, KHEKF, B KE
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Buckle up . Unbuckle
Reste——— Walking 4’5Recovery
! : !
i .. i
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Fig. 3-5 Changes in the skin temperature (7sk) over time.

Time factor A: p<0.001***,
Sample factor B: p<0.001*** AxB: p<0.05%*
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Buckle up : Unbucllile
Restﬂié Walking 4>2Recovery
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| L |
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i i i
| | |
' i i
0'0 1 1 1 1 1 1 1 1

0 5 10 15 20 25 30 35 40 45

Time (min)
Fig. 3-6 Changes in the sweat rate (Sw) over time.

Time factor A: p<0.001***,
Sample factor B: p<0.01**, AXxB: n.s.
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Buckle up : Unbuckle
Reste————— Walking ———Recovery
B i i i

37.0

Existing |

36.8

36.6

Tty (°C)
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36.2
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0 5 10 15 20 25 30 35 40 45

Time (min)

Fig. 3-7 Changes in the tympanic temperature (7¢y) over time.

Time factor A: n.s.
Sample factor B: p<0.01**, AXxB: n.s.
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Buckle up ' Unbuckle
Reste——— Walking ——»iRecovery
130 ~ ! : :
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Fig. 3-8 Changes in the heart rate (HR) over time.

Time factor A: p<0.001***,
Sample factor B: p<0.001*** AXB: n.s.
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Thermal sensation (77S) Humid sensation (HS) Fatigue sensation (5
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Fig. 3-9 Changes in the subjective evaluations over time.

7S : Time factor A, p<0.001***,

Sample factor B, p<0.01**, AXxB: n.s.,
HS : A, p<0.001*** B, p<0.001*** AxB, n.s.,
FS: A, p<0.001*** B, n.s., AXB, n.s.
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Table 3-1 Correlation coefficients between the measurement
items (number of data = 88)
Tl Hel Tsk Sw Tty HR HF LF/HF TS HS
Tel
Hel |0.71%**
Tsk 10.75%%* (0.51%**
Sw [0.33%*%  0.52%** (0.27*
Tty [0.22% 0.21* 0.36**  0.07
HR |0.41%** 0.45%** (.36** 0.36** 0.29*%*
HF [-0.32** -0.34** -0.35%* -0.25%  -0.44*** -0.65%**
LF/HF0.18 0.30**  0.19 0.17 0.15 0.22* -0.42%**
7S [0.59*** 0.68*** 0.49*** 0.46*** 0.17 0.43***  -0.45%** (.34**
HS 0.69%** 0.69*** 0.53*** 0.46*** (.16 0.37%** -0.43%** (0.32%*  (.93%**
FS |0.51%** 0.47%%* 0.54*** 0.30** (.22% 0.26% -0.37*** 0.25% 0.79%** (,79%**

®%% p< 0.001, ** p<0.01, * p<0.05
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