A25

AR=YIITFICETB 54 HRAD—
Tribology in Sportswear

RieeX () @ BB (BE) WA &
Toshiaki Nishi, Takeshi Yamaguchi
Tohoku University

1. &

ZLDAR =Y =V TEEFICEIV V=T HPUCED &, EHFTICARREEL 5252 ENBEIND. 20T
O, BN THNBENIPEML 72N T IFAXANVORBENPEETNDGN, BRENZTIAZANVOZ v 7 PERIEE T
M SN T, REETIE, TXFAZANVOH v 7 HICRIETREBR EEEOREOMIICIEKSL, Bk
TEALANDHE v 7 WERFHREHCBET 25BN T 5 V.

2. RBAE
21 TXRAANVRBH

Table INZAMETHW T ¥ A X A VR OB L Rifim I oM (F— 28T v a w b 3D BRIAERE
VR-5200 IZ 8L W JE) &7 . fitk L OBF mAZnZhnftt (Warp) &HUR (Weft) OFMERT. 7 XTOTF
A B AR, M, EEE, BIREEEICENRD Z LB AR—Y v TIZES AV BND R Y = AT L THE
BINTEY, &7 FRAZANVERNITZENENER LW EETT L. £z, T7FAZA AR D & B IT#HK
RV E AT 5. RIFETIE, Table | M ORME S WAL SE, TXRAX A AVHBRBHETM EL L
SIHANTRE) 8T ENRRAEND T FAXANRBAFRENMETOERILICER Lz, —#lé LTTFF A
ANVRBRA B ORmEE SO A LR LA E Fig. 1 IR, ABZETIX, ARHERO A7 30% YS9 5 m
Mtz AWMEERE®d: EER L. 2, KENLREO Y v 7 EICIZKOSMNEEGT 5 2 ENBEIND 0, HifR
I COKRDIAR % RN E = L L7z, Figure 2V EBRZEE OB 277, RIERTNIZ AR T 10 B REHE L2 & 7
F2AXA N AT T AR EDO YY) a—> Ty —F (1 mm x 60 mm X 60 mm, 7 X7 kS HH GSSC4000-
IT) ICHEO A THAfh I W72, H LED XJR  (CCS HRA 45 LFV3-70BL-RA(A)) 2 b H L & Bl E IC ASH L,
N=T I TN LT NEZE ALY A4 X49um X 499um, 7L —ALL—h 100fps D CCD B AT (¥P=F 7 b
MRS HAS-L1) I CBIER Lz, JBITROERICEY, v a—r T 0 KOOI CIHEBEE & 22 572, Lazy
Snapping 7 /LY XA DTO 2 ELAERIZ L Y, KOBERER Aw 2 HEH L=,

Table 1 Surface and height distribution images of fabric samples A—FV
Fabric sample A B & D E F

Image

Height
distribution

Silicone rubber 2

g
£ Glass > S
E“ z g = \ N
2 \ﬂ‘ ) y \ \ Fabric fiber
Load area ratio N Half mirror T T~
00 7 ,,,,,,, at 3,0%,?"3 ,,,,,,,,,,,,, ~ g ™~ Waler
02 f 1 | | 4 ’&—ly r
00 02 04 06 08 1C LED .| Silicone rubber | High Low|

Load area ratio @ CCD camera

Fig. 1  Load area ratio at 30% Fig.2  Schematic view of experimental system for measuring area of water film Aw"
@3 definition?

22 2R

Figure 32 % » 7 PEFA O FE @S X 2 773~ A LRJE (60mmx 60 mm, HEXStE MY =7 4 FARAF 77 R
FX¥—ETN) L, BT FAXANVRES (60mm (fkI7m) X 25mm (BRJ7W) ) ZEftEd, FE T 20.0
mm/s 12T 400 mm IZ<BEL 72BN BT Fas ZHIE LT-. TR AZAVERBRA A—C TiE, ®BREE, #oTEIRRE
(k300 pLiET) , 5e&IBIIREE Ok 10 REIRIE) O 3 KYEICT FasBHIE L, TFAZ ANV D—F TiX
SEETEIVIRETOAFZRE L. 7V 78T SsSHEE L.

3. WRBLUEE

Figure 4DIZ& T F 2 X A LR TO Fas WERREZRT. TFAXANVEBNST A—C TlE, SKRKEOHEIMIEN

b7 A R —252025 B BEE  TREE
51



0
=

- [] Fabricsample A W Fabric sample D
Adhesion force against £ E 60 -
artificial skin sheet /7, g%? [] Fabricsample B [l Fabric sample E
g ig 40 L [ Fabricsample C [l Fabric sample F
55
= 5 p < 0.001
g 5< 20 ¢ #0001 <p<0.01
0.5 mm 7(m%m _ Fabric sample E r ’{-‘mi *0.0l=p<0.05
z 0
1 Dry Pertly Completely
5 Artificial skin sheet wet wet
Fig.3  Schematic view of adhesion Fig.4  Comparison of adhesion force against artificial skin sheet F for fabric
separation test against artificial samples A—F"
skin sheet? 80 ; ;
. z ¢ <& Fab lc A
Fas B LT 2 L Bbnd. £, 5 % S Ft“mTB
LFARIETDT % 2 5 4 LIRB E B S o T
N o — =p 30 & i
BEOGF 13, WHRIEOT % 27 4 LK E4ul “&%}a ] ¢ Fabresample €
B A—C L0 HIEV Fas 275 L=, 52 $ % . ¢ Fabricsample D
Figure 5V} IZSEBIEIVERIZ T D Fas éé 20k 7 g & Fabric sample E
L Aw DR & RT. T F 2 Z A VR & 01" | | . # Fabric sample F
FA—EIZBWTIE, Fas & AwlZIED 0 200 400 600 800
*H Eg L7, éﬁx 2 H FlEﬁ 2 Zk{% Area of water film 4, mm
an
2 Tﬁfigﬁ 72; ;; ;5_/;2 ~ ?22;2 Fig. 5  Relationship between adhesion force against artificial skin sheet /" and
< 3
o U ~ T area of water film Aw for a completely wet condition®
MaHEIL A =2 7 ZA DK & A =X
HADEGEh 0):‘@3@;: 9 % 3. Table %00 Hydrophilic | Hydrophobic 400
I MobNDEICTFRE A LR o 2 o | ' & Fabric sample A
AFOHBE, 1-2mmOBEBRBNEHT 5"5600 = % - Eg 600 |- % § 4 < Fabric sample B
. N - = < = -
ét‘&b’h 73){&@7‘%1&4/[/;*5%}#; g % -E % \& @ Fabric sample C
DHREMSTZZET Fas B/INEino = 400 4 % 400 - @@o .
> e 5] = 4 Fabric sample D
mrEZONS. DFEY, L VIREHD z Z S os»‘z\@% _
BAARE S L0 ORI TS 5 e IR ] ¢ febresmeleE
x, FAS73§i%7J[]’§‘%.’> LEZBND. < ] pabricsampleF
Figure 6010 Aw (Z R IE 3 Hfil /4 0 & 0 45 90 135 180 0 20 40 60
@3 0))?}%7&/7—";_. ﬁ;\fﬂ( PECH B 0> 90° Contact angle 9, deg. Load area ratio @, %
DBFE T Aw NS holzZ 2 LY, @ ®
BOKTETH 5 2 & TRBI R L E & Fig. 6 Area of water Aw versus (a) contact angle § and (b) load area ratio
NELEZBND. £, 0k osSlE Do)
FER—THDLTFALANEKBRT A— e ; i i
C T3, AW&QO?’ﬁ)IEO)*BEg%?Lf: Fabric sample D&E F AB&C
XY, KERERINTHEA, i Contact angle 8 | High (Hydrophobic) Low (Hydrophilic)
DB K EWVIT RN L, Meniscus height 4 High Low
AR E 3K Tl 72 Sz 2 & BoRE Loggjrglrano Low High
at 30% o3
s é:l/ ®- e A ¢ . - == Schematic view gf Fa'j:}— g J gf J g/ | Fabric fiber
ui@%gﬁ’ﬁ%%i U > Flg' 7 L“"j—\‘j‘ of contact condition J J h \’ J J gf gf :
INCENTT XFALANDE v 71k between fabric and R T ~/ﬁ14 —S— Li
136, h, 3 ICXVIRESND Z LR skin Skin Waer " I y
ﬂﬁ 3 Stickiness Very low Low Low High
4. B#E Fig. 7  Classification chart of fabric samples with respect to contact angle 6,

T X RAH AT EKEO NN
fEABEINL, ZOENE LT F 2
2 A NOREANE, FiE S AR
TAHZENRHALNE T2, BRI

li T AL A VDB idbﬁu, PRSI S % KRR S R E WG R 72 5 NS KIEDO B miE 3/ &

ZBWT, HENNISNZ ERbroT.

%%Xﬁ

1)  T. Nishi, A. Matsumura, M. Koshida, T. Matsumoto, T. Yamaguchi, Influences of Wettability and Geometry on Adhesion
Force between Sportswear Fabric and Human/artificial Skin, Tribology Online, 18, 6 (2023) 353 -364.

2) LiY, Sunl, Tang CK, Shum HY, Lazy snapping, ACM Transactions on Graphics; 23, 3 (2004) 303.

3) P.G. De Gennes, F. Brochard-Wyart, D. Qu’er’e, Special interfaces. Capillarity and Wetting Phenomena: Drops, Bubbles,

meniscus height /4, load area ratio at 30% @o.3, schematic cross-

sectional view of contact condition, and stickiness for completely wet

condition?

Pearls, Waves, New York: Springer (2004) 215.

b7 A R —252025 B BEE  TREE

52

Vg





