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The Study of the Measuring System of the Clothing Pressure and the
Comfortable Pressure Level for the Evaluation of the Clothing Mobility

by

Noriko Itoh, Heizaburou Nakagawa, Nobuko Tutumi

Tottori University Faculty of Education

ABSTRACT

The applicability of the air bag system for measuring clothing
pressure was studied by investigating the relationship between
measured and calculated pressure. These values were obtained under
the distinguished conditions which were the volume of the air bag,
the curvature and the compression of the model, the cloths on the
model and the deformation of elongation. And, the regression ana-
lysis was carried out by using differences between measured and
calculated pressure which obtained under these conditions.

As the results, the measured pressure from this air bag system
changed according to these condition. But, the processed pressure
from the formulas of the regression analysis very adapted to the
calculated one. And, the clothing pressure and the comfort of the
support type sportwears (swimming suit, reotaled, spat) were mea-
sured. The comfortable pressure level of these wears was b~ 10 gf/
cm?® on the inside of them, for example, the part of the abdomen, the
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hip or the thigh. High 20 gf cm’
not decline the general comfort
strap or the waist band.
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pressure on the outside of them did
sensation, for example, the shoulder
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B1 The measuring system of clothing pressure
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%1 The samples
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No. Fibers Thickness (mm) * BRECHIVEl | Weight

wale | course | (g/c)
] iii:ﬁ;;f:fﬂe 220 0.647 20 24 | 0.0261
2 iii::l;fﬁfne 209 0.413 17 | 27 | 0.0110
3 iiitﬂ;if:fne 28 0.496 15 | 19 | 0.0233

7 =Ny 7DOEFEE], 15 2ml L&A
SEARORISE I DZEALE, ZEROES B X
UHIRERORL 2 6 EHOXIEREF L, &6
i< SRR Z AV TR L 72

EERIE, B2 R MRS ORI 22T KE
FMTREREBLE R Z i, REORILS
AR EEEL, =7 -y 7 E2ZFEKEFVE
KEHOMICEA LK. COBROEN® Y4+ DK
IGENZRIEL, BAREORREE L. 438,
C ORIE X i RE T TiT - 1.

—7, BE#RETEAEE Kirk 5> OMRTERYZH
W, TEEOHETRD .

P=F1/r1+F2/r2

P HEEREEME (gf/cm?)

Fl ! vx=ARDskN (gf/cm)

F2 :a—-xAmoik (gf/cm)

rl [ ZHEAEREFVOY T — W HRORHR
F&E (cm)

r2 [ ZEEREFAD T — 2FROHEF
% (cm)

TCZT, RAF1EF2iE, #HEBLAFRGD
mERE, BIRdTv—+ v 7L o@EAROE
#EE 50 mm (o3t LTk, T OMERLS, G
TIERIFIE 2 ik U 7-—ihdeg sk — s T ok
7 - R D SF 1 FEEZER S 2155 0
V=T 54 Vv IEPR RS 2 LT, &%
F Tk 7o L RIfE & BEERET R EOXIED SR8

~* I on compressing 0.5gf/cn’ load

FOREBERI LI, B, IOoOlIER, [
—&MTHROEL 3[ED2fT - 1z,

2) ERBEARE R & BE 3R F A~ DO XIS
AR O REE W R B % KX 4 i RATEHRSK,
ZHEAORE S PR, 17—y 7 0ELKE
BLUMOMEREEDHBRTE/ x5 2 -5 & L
T, BT & ERE O£ > W TG &
o, EERHEMEIGOED Y 2 o EEER K
W, WIRERIEICBY 517 =3y 2 HROH
a2 B 5 b DR %17 - 1.

3) BEHHMER R — v ¥ = 7 OPLEEIRE

HEYuEIcER STV AR R R — v v =
7 OWARE L~ EEET S i, R2ITRT
HIROKE 3SHE, v4 49— F 2B L U
R Ry SEHIE-OVWT, ERAKEIT -
25y 7 AL O RD I B OWEHRIE & DBIFRIC
DUWTHRE L1, BEE R, RELSRRALTLI&
ThH5. WREDOFERHEER I IR

BB, IhoOHRIERIEIC BT 2RERNE
X, WFhbEE22E 1°C, BES0xX 5% R
H, X 10 cm/sec LT OfEREZE N TIT - 72,

2. RBRERBELUEER

2. 1 T7—Ny I DERMEOIRE

2.1. 1 T7—NyIDEXEOHE

B4ic, =7—"y70D%EZE%E 1.0ml & 15
m/ AL L o 5E O RAME & BEiiRE TR iE & OB



—290—

%+ 2 The samples of stretch sportswear

Fibers Weight (g) | Size | Price(yen) Remarks
Nylon 80%
1 .
L Polyurethane 20% L B S
Swimming Nylon 80%
2 3.
suit L Polyurethane 20% Pate v e
Nylon 80% :
M3 78. i
Polvirethane 20% 8.13 M 6000 . for racing
Acrylic 57%
R1 [ Cotton 37% 81.78 M 5400
Leotard Polyurethane 6%
Nylon 80%
R2 55. M
Polyurethane 209 o:at 4800
Nylon 75%
S1 Polyurethane 25% 65.02 M 4500 | 3/4 length
Nylon 80%
Spat S2 70.88 =
pa Polyurethane 20% 0 M 4600 half-length
Nylon 80%
S3 Polyurethane 20% 70.40 M 4000 half-length
£ 3 Characterics of the subject(n=5)
Hich Body | Bust | Waist | Hip Maximum thigh
& weight | girth | girth | girth girth
mean | 160.3 50.2 83.2 61.8 89.2 47.3
S.D. 2.0 3.1 4.8 1.2 3.3 1.9
unit : cm

%%, MllifxkeFV (r=876cm) B L UKEEF
v (9.85cm) ETHIE L ERZERT. Hike s
NOBE, TT =Ny ) DBEJIEBOFENKE
W, ZERE 1.0 ml OFERHE A EERRETEE I H K
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EBHREL, HEVPRESBBZICLIN-T, &
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5. —Fh, KEEFVETS, HRERSAE
{RBBITLEN-T, FEISKEHDD,
Bitde s L3 EHEETREY, $R8bE, ZE
Ao EERIC, ZEEROES SALHKOEH
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F4 vk x;ﬁm‘yﬂ.'_‘-;f—' Vol. ].5



Rigid Model A (r=28.76cm)
40 Sample 1

30 f &

20

N4

O:1.0ml(y=1,618x—1.861 (r=0.986))
&0 1.5ml (y=1.169x—3.176 (r=0.978) )

Calculated Pressure (gf/cn?)
Calculated Pressure (gf/cr)

0 L L o
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40+ Elastic Model B (r=9,85¢cm)
Sample 1

30 ¢

20 A’/
Y

10

:1.0m/ (y=1.697x—2.403 (r=0.987)
=0,983)

Om/ )
A0 1.5ml (y=1.362x+0.017 (r )

10 20 30 40
Measured Pressure (gf/cm)

10 20 30 40
Measured Pressure (gf/cm®)

B4 The relation between measured and calculated pressure

40 |-

30 - : R
>
09%/0 A4S

/

b
Calculated Pressure (gf/cm)

10 +
Rigid Model A

O:r= 8.76 (y=1.618x—1.861 (r=0.986))

Ar=11.21 (v=1.098x+1.135 (r=0.975) )

O r=12.90 (y=0.847x +2.256 (r=0.956))

~ Calculated Pressure (gf/cm)

0 L

40 L
<
.\‘.\‘\\
30+ @a?%‘
20 t
10 | 2
Elastic Mode! B
O:r= 9.85(y=1.697x—2.403 (r=0.987))
A r=11.86 (y=1.712x—2.386 (r=0.950))
[0:r=13.20 (y=1.307x—1.292 (r=0.950))

10 20 30 ?0
Measured Pressure (gf/cn)

10 20 30 40
Measured Pressure (gf/cm)

B45 The relation between measured and calculated pressure

(Sample 1 Air:1.0md
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# 4 Analysis of variance

Source Sum of Squares | DF | mean Square F  value Signicance
Sample A 6025.215 2 3012.608 236.75 * %k
Air volume B 6656.740 3 2218.913 174.37 % %
Shape of model C 562.181 1 562.181 44.18 % %
Compressibility D of model 2296.055 1 2296.055 180.44 * %k
Radius of model E 1386.124 2 693.062 54.46 % %
AXB 444.925 4 111.231 8.74 % %
AXC 654.708 2 327.354 25.73 % %
AXD 95.600 2 47.800 3.76 *
AXE 1145.465 4 286.366 22.50 % %
BXC 3.016 1 3.016 . 0.24
BxD 743.937 3 247.979 19.49 * %
BXE 407.609 4 101.902 8.01 *
CxD 54.968 1 54.968 4.32 * %
CXE 105.476 2 52.738 4.14 *
DXE 144.482 2 72.241 5.68 * %
Error 14188.479 1115 12.725 56.88
Corrected Total 38798.953 1149 — —

Rigid Model A (r =8.76cm)

* % P<0.11 =* P<0.05

40 + 40+ Elastic Model B (r=9.85cm)
3 g
‘-.,“‘-
* 30 % 30}
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o2} o 20
= =]
2 2
= ~
3 2
S 10t S 10f
A O:i1(y=1.618x—1.861(r=0.986)) O 11 (y=1.697x—2.403 (r=0.987))
A2 (y=1.564x—3.586 (r=10.911)) A2 (y=1.787x+0.724 (r=0.927))
0:3(y=1.713x+4.634 (r=0.809)) 0:3(y=1.617x+4.332(r=0.947))
0 - 0

20

30 40

Measured Pressure (gf/cm)

10 20 30 10
Measured Pressure (gf/cn)

B 6 The relation between measured and calculated pressure
(Air: 1.0mi)
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%5 The formulas of regression analysis on some conditions

(Strip-biaxial deformation, Volume of air=1.0m/)

—293 —

Type of model Formula of regression ADJ R-square
Rigid model ¥y=-0.600*x,+1.226**x,—0.024x ,+3.777 0.858
Elastic model | ¥ =-—0.091x,+1.559**x,—0.003x,—1.973 0.867
Rigid model+ '
o Y =—0.474** % ,+1.353"* % ,+0.237** ¥ ;—0.012 % ,+0.871 0.855
Elastic model
(Strip-biaxial deformation, volume of air=1.5m/)
Rigid model ¥y=—0.168%,+1.019**x,—0.034*x ,—0.494 0.951
Elastic model ¥ =0.015x,+1.309x,+0.005x ,—3.690** 0.931
igi +
Rigid modelt | ) _ 1370 +1.102°% 2 ,40.369 %, —0.015 % ,—2.952* 0.93¢
Elastic model
(Biaxial deformation, volume of air=1.0m/)
Rigid model y=-—1.468**x,+1.322**x ,—0.178**x ,+22.615** 0.808
Elastic model Yy =-—1.422**x,+1.590**x ,—0.033 x,+16.645** 0.873
.. +
Rigid modelt |\, _ ) \0jeer 41.393% ,40.203%* % ,—0.115%* x , +18.876** 0.824
Elastic model

X, . Radius of model

X, : Measured pressure

x ; . Compressibility of model
*% I P<0.01 *P <0.0_5
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x, : Sample (knitted fabric)
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10 20
Measured Pressure (gf/cn?)
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Calculated Pressure (gf/cm)
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10 20
Processed Pressure (gf/cm?)

B17-1 The relation between calculated and measured or processed® pressure of the thigh
% ! processed pressure are gotton by using the regressived formulas '

L]
=
.
.

Py
%D
O

(@]

Calculated Pressure (gf/cm)
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Measured Pressure (gf/cm)
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O:R1 [J:R3 A :!R6
®:U2 M:U4 A:U5

10 20
Processed Pressure (gf/cm)

Calculated Pressure (gf/cnt)
N
| 2

BI7-2 The relation between calculated and measured or processed® pressure of the hip

% ! processed pressure are gotton by using the regressived formulas
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#F 6 The colthing pressure and the comfort evaluation of some stretch sportwears

Clothing pressure of some points (unit - gf/cm’) Comfort evaluation
Sample Co essive | Total
@ |6 ®|®|® ® | ® | Compression | ~OTPresSY 2
points comfort
Swimming | mean| 6.3| 8.8| 9.2| 8.3|18.0(30.3|50.1(19.0]26.7]14.9 a little shulder rather
Suit M1 | SD. 1.3} 3.5| 1.3| 3.0| 4.4(12.2| 59| 7.9| 5.8] 4.9 —0.6 back 0.8
M2 |mean| 3.9 5.9| 7.2 5.5|114.028.2145.0|15.830.9|15.0 a little shoulder rather
S.D. 1.1 3.0 2.9 2.0| 5.4| 5.7 7.0f 85| 5.9| 6.4 —0.8 back 0.8
M3 |mean| 5.1| 8.6 8.8| 7.2115.5|24.4124.5]117.3(34.3]|14.5 a little back rather
S.D. 1.0f 2.7| 2.3 4.6 6.3] 5.7 6.3| 6.9 6.1| 6.3 —0.8 0.4
Leotard mean| 5.0| 8.7| 6.3| 4.4 7.7|119.4(42.3(15.2(24.2| 9.6 a little shoulder rather
R1 | SD. 1.2 2.6) 1.1| 1.6 3.2| 2.8| 80| 1.6| 4.5| 2.7 ~1.0 0.8
R2 |mean| 4.8 7.7| 7.0 4.7 9.0/25.2(139.0|11.4|19.2| 8.6 a little shoulder rather
S.D. 0.5 1.6 2.4] 1.2 5.2 3.9| 4.9 3.0| 5.8] 3.9 —0.8 1.0
Clothing pressure Comfort evaluation
Sample Compressive | Total
® | @ | 0| ®| ® | @ | ® |Compression © p_r v
points comfort
Spat S1 |mean| 8.3[10.6 11.8|11.1|12.0|16.011.9 a little thigh rather
.1, 2.1 4.7 2.7 2.9 3.9 3.5 1.8 —0.6 0.6
S2 |mean| 6.0 6.8 9.0]11.2]20.8|28.6] 20.3 nothing thigh goad
S.D. 1.5 1.5 2.0| 2.6| 4.5| 6.2 2.7 0.8 1.8
S3 |mean| 5.3| 6.7 8.9 9.7122.9|30.819.5 nothing thigh good
S.D. 1.2 2.2 2.21 1.8 3.1| 1.7} 5.2 0.8 1.6

— 666 —
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B8 The measuring points

Swimming Suit

of clothing pressure
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