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Masaharu Suzeke: Studies on Physical Properties of Wooden Surface |
Relationship between feeling of touch of fingers
and frictional coefficient by sliding the models of human

skin on surface of wood and other materials
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Table 1. R B H & & # F

Methods of frictional test and frictional elements

RRE g = R s T
Methods Tvpe Erictional ol .
of test ype rictional elements

B—1 | B# 8 mmOMK, mEME 50g
Steel ball of the diameter: 8 mm. Vertical load:50g
B—2 | E&E 6 mmOE M

Thin steel column of the diameter: 6 mm

B—3 BEEL12mm, 75 % 6 mmOEEtEO MFRIZER 8.6 mm, 5 & ¢ mmd I L%

=g o TLARICBAGERBEENLES.
V=V Adhering a rubber stopper to the rotary steel column of the diameter:12mm
Bowpex— and the height: 6 mm, the rubber stopper (diameter : 8, 6mm) is covered
Lesen’s with artificial skin.
system

B—4 | B—3LRAUHRT, ToRITELIIES.

Same type of B— 3. The rubber stopper is covered with leather,
B—5 | B=3LAUHFRT, TR VEVYT 3 —s%hiiEd,

Same type of B— 3. The rubber stopper is covered with foamed poly-
urethane.

EHEOIENEFLV YA LIERemmD/ ST 7 4 VICHRISmmO[UREDIT S .
Replica of finger-print of finger-tip by paraffin of the diameter:é6mm.

| The steel ring of the diameter:i3mm is put on the replicated paraffin.
D—2 | #7R%RF 74 YRV ) AT ERA4ED—1 &R U,

Same type of D—1,except for replica of glass by paraffin of the diame-

ter:6mm.
D—3 | 5.4SmmOUEDHEL T MCIGERFE,IE, TOLIHEHEIMMOMRZO+
R 5,
S Eraser (diameter:5.45mm) is covered with artificial skin. Steel ring of
Micro- | the diameter:13mm is put on the eraser.
ic o . . ol 1 1o
scopic Ty [ Lo acsamse 002 D—3 AL,
system Same type of D—3, except the eraser is covered with leather.

D—s | SEE EFELAER emm, HE emmd A,
| Steel column polished like mirror. The diameter: émm and the height:
- 6mm,
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Table 2. Prx
1 2 3 4 ! 5 [ 7 8 9 10 11 12 13 14 15 16 17 18
1 0.2)0.3 0.8|0.1 0.5/0.3 0.1]0.3 0]0.4 0 0 0 0 0 0 0
210.8 0.5 0.9(0.4 0.6|0.1 0.3(0.! 0[0.3 0.4]0.2 0]10.2 0 0 0
3]10.7 0.5 0.410.1 0.7|0,4 0.3]0.3 0.2]0.5 0.1 0 0101 o] o 2
410.2 0.1]0.6 0.1 0.4]0.1 0.3]0.1 0]0.4 0.1]0.1 ¢] [¢] 0 o 0
5/10.9 0.6|0.9 0.9 0.9]10.3 0.3]0.2 0]0.5 0.210.2 0j0.1 0 0 Q0
610.5 0.40.3 0.6]|0.1 0.2 0 0 0 0 0.1 ¢] 0 0 ¢} 0 0
7107 0.9(/0.6 0.9{0.7 0.8 0.5]0.3 0.2|10.6 0.7|0.3 0.1]0.3 0 0 0
8(0.9 0.7(0.7 0.7 0.7 1 0.5 0.3 0.2|0.5 0.4(0.2 0102 o] 0 0
9107 0.9|0.7 0.9]0.8 1 0.7 0.7 010.7 0.6]0.1 0]0.4 0 0 0
01 1 0.8 111 1 0.8 0.8]1 0.7 0.910.8 0.5(0.56 0.4|0.40.3
11106.6 0.7]10.5 0.6 0.5 1 0.4 0.5(0 0.3 0.2]0.3 0]0.4 0 [O ]
211 0.60.9 0.94’0.8 0.910.3 0.6]|0. 0.1/0.8 0.2 0.3]0.4 002 0O
3|1 0.8]1 0.9‘0.8 1 0.7 0.8|10.9 0.2]0.7 0.8 0.410.4 0.2]:0.1 0
411 I 1 1 1 1 0.9 1 1 0.5"'1 0.7]10.6 0.4 0.1/0.4 O
51 0.8(10.9 1 !0.9 1 0.7 0.8|0.6 0.4[/0.6 0. 0.6 0.6 0.2‘0.2 0
1611 1 1 1 ‘ 1 1 1 1 1 0.6 1 1 0.8 0.9,0.8 |0.7 0.2
1711 1 1 1 1 1 1 1 1 0.6 |1 0.810.9 0.4(0.8 0.3 0
sl 1 |11 [ NS U A6 U N S SN U528 A6 S S I WS N I W NN I
Note : H¥FEE No.1—No.18 {3 Table 4 £,
Number | —18 of samples refer to Table 4.
Table 3. Xsx
1oz |3 «ls sz sf9 w|nz]ea|isasliyoe
1 0.84| 0.52-0.84j 1.28 0| 0.52 1.28/ 0.52 3.10{ 0.25 3.10[ 3.10 3.10] 3.10 3.1Q] 3. 10 3.10
2| 0.84 0-1.28 0.25-0,25} 1.28 0.52 1.23 3.10{ 0.52 0.25] 0.84 3. 1& 0.84 3.10] 3.10 3.10
3 [-0.82 (0] 0. 25} 1.28-0.52f 0.25 0.52 0.52 0. 84 0 1.28 3.10 3.10 1.28 3.10| 3.10 3.10
410.84 1.28-0.25 1.28 0.23] 1.28 0,52 1.28 3.10{ 0.25 1.28 1.28 3.104 3.10 3.1Q] 3.10 3.10
5 |-1.28-0. 25}-1. 28-1. 28 -1,28 0.52 0.52] 0.84 3. 10 0 0.84 0.84 3.10] 1.28 3.10{ 3.10 3.10
6|0 0.25] 0.52-0.25| 1.28 0.84 3.10{ 3.10 3.1 3.10 1.28 3.10 3.10; 3,10 3.10} 3.10 3.10
7 1-0.52-1. 281-0, 25-1. 28/-0. 52-0. 84| 0; 0.52 0.84{-0.25-0.52] 0.52 1.28 0,52 3.10 3.10 3.10
8 1-1.28-0. 52-0. 52-0. 52-0. 52-3. 10 0 0. 52 0. 84 0 0.25( 0.84 3.10/ 0.84 3.10] 3.10 3,10
9 1-0.52-1.28[-0. 52-1. 28-0. 84-3. 10|-0. 52-0. 52| 3.10/-0.52-0. 25| 1.28 3.10| 0.25 3.10] 3.1C 2,10
10 |-3. 10-3. 10-0. 84-3. 10{-3. 10-3. 10;-0. 84-0. 84i-3. 10 -0.52-1. 28| 0. 84 0-0.25 0. 25} 0.25 0.52
11 |-0.25-0.52/ 0 -0.25| 0 -3.10{ 0. 25 0 0.52 0. 52 0.84] 0.52 3.10) 0.25 3.10} 3.10 3.10
12 [-3. 10-0. 25}-1, 28-1. 28]-0. 84~-1. 28{+0. 52-0. 25; 0.25 1. 28-0. 84 0.84 0.52 0.25 3.10] 0.84 3.10
13 |-0. 25-0. 84/-3. 10-1. 28}-0. 84-3. 10[-0. 52-0. 84[-1. 23-0. 84]-0. 52-0. 84 0,25/ 0.25 0.84] 1.28 3.10
14 [-3.10-3, 10-3. 10-3. 10j-3. 10-3. 10|-1. 28-3. 10-3. 10 0-3. 10-0, 52|-0. 25 0.25 1.28/ 0.25 3.10
15 |-3, 10-0, 84i-1, 28-3, 10[-1. 28-3, 10[-0. 52-0. 84|-0. 25 0. 25/-0. 25-0. 25/-0. 25-0, 25 0. 84! 0.84 3.10
16 [-3.10-3. 10-3. 10-3. 10-3. 10-3. 10|-3. 10-3. 10}-3. 10-0. 25| —3f 10-3. 10j-0. 84-1, 28/-0. 84 -0, 52-0, 84
17 |-3.10-3. 10]-3. 10-3. 10;-3. 10—3.»10—3. 10-3. 10}-3. 10-0. 25{-3. 10-0. 84{~1. 28-0, 25/-0, 84 0. 52 3.10
18 |-3. 10-3. 10}-3. 10-3. 10-3. 10-3. 10[-3. 10-3. 10[-3. 10-0. 52}-3. 10-3. 10-3, 10-3. 10:-3. 10-0. 84'-3; 10
X 8.7 -18.91-20.88 -71.89-14.97 -34.92-7.62 -0.23-1.68 21311118 -1.58 11.38 .07 10.28 3693 0. 4.8
Y 1.8 - 106 106 -1.55- 0.83 - 1.94(- 047 051043 1.18- 0.2 -0.09 0.65 1.3 057 .08 1.1 2.68

Note : ZE¥IHS No. 1 »>No. 18 {2 Table4 &,
Numb»erl—»ls of samples refer to Table 4.

X: i Xsk Y : Sk(or §)
J=1
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NS OH, BEBE. 752, 47 X0 w) o o
[
—N—v AR, HET I T B °°

I vEHE

oy FREAK, BHELe =L EE M,
& LT ARESTED un-s,
&L, BEM, ATV VR, D
pr-3 3PHLTH 3 %
5. pr-g DALERBOGE, FRLA)
MeTid, L THENAREEE 5 o 4 '

ol

e}

Fig. 3 @3 D-10H4HRXT, 2D po, &
Fig. 10 S 0MEEH~<3 L,
FHTFETRMEFOREHESE L, RD L""’-l 7 3
AFVUVREDERT I /Ty Fifidk
BRETE pp WHSL, TOERBY Y
F, /%, AT, IXFFICHBLT
NE, BEELC=LED N ¥ ¥ TE,

AMEEOPRNEECETAHET k) -7 =

s,

wroy K 12

proy TEKRE

IRFAIR

(1)
W=50
Y o o
o
)
© %000 o0,
o o
IO"LI ] 1 ] 1 1 1 | 1 1 1 1 A 1 i 1
“T 2 3 4 5 6 7 8 ¢ 01 12 131415 16 17 18
’e I ©
2 o
5 ©
)
)
H .
S o ]
0= o
°
I o 07 e
- o 5
5 )
NN SN N R W< W H T ST S N NN N RS SR N T
4 5 b6 7 8 9 €12 3K 6178
Number of  sample
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B w1 DRR

Relationship between sensory values of
smoothness S and frictional coefficient by
slide of steel ball pp-;.

Fig.1

pp.g, tn-1 & S EDORMEHMNI G, po BAF VLR, BEERLLE, prs trg &0 ppy EHEL

Table 4. Figs. 1~3 icEHhni-HF
Samples used for tests of Figs. 1~3

HEES
N ul’l(’)ltl_)e T X B Samples
sample
1 R # B s Urea resin
2 =] e White paper
3 # 7 Z Glass
4 F ] Paulownia tomentosa StrupiL
5 7 + Fagus crenata BLume
2 4 3 3k
6 ;;;%W"' s NER Teak wood coated with amino-alkyd resin paint
7 AFVUVR e RF— 0 Stainless steel
8 iz % Ceramics
9 #7373 ;_ﬁf_ VAR Melamine resin sheet overlaid
10 g%g%/ TMF oy F Flywood coated with amino-alkyd colour paint
11 WEE L v=— I Polyvinyl chloride
12 h V] 7 Cercidiphyllum japonicum Sies. et Zuce.
13 < b v A Betula Maximowicziana ReceL
14 r i +* Zelkova serrata MaxixNo
1 e / * Chamaecyparis obtusa ExpLICHER
16 4 2 ¥ hHh 7 Acer mono Maximowicz
17 1 z + v Quercus crispula BLume
18 A + Torreya nucifera Sies. et Zucc.
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' (1)
1L © <] ¥/=50g
o] ° N
Note: W IR EH o
. - ° W denote vertical load.
Mea ° o MK Table4 2K,
1C o No. of sample refers to Table 4
o o °
o - . -
osl °© 0% oo Fig2 (1) AMBMIC X BMERFN
ot I“Illlll;13|%ll7j_1$ 1R-3
/ 10 I 12 13 2 & 10 ;
2 3 4 % 6 7 B8 9 1 15 1& (H) _']“‘.J: ﬁg’?‘{gf"ﬁlﬂﬂ4
05- (m (1) Frictional coefficient
' ° W-504 by slide of artificial
o ° skin un-s.
404 co o (1) Frictional coefficient
s o N
o o o by slide of leather pn-4.
¢ oo o ©
)
03— )
L S R e R R R A
Number of sampe
(1)
Are (s
sk A JC5
0
(8] o) el
B . @ [¢] o = o} [¢]
Note: W I kitif . Al 041 o ° o % °
W denote vertical load.
EURTR i Table 4 814, c3F °o 9o ¢
No. of sample refers to Tabled T Y SO T N S A N N A R R
Fig.3 (1) wv4v7s—5Lickd 23456787 0 RDUE LTS
FEFERE jen-s (1) RO (M
WELT N H L1774 wk -
VI & D PRI poy W-"707g
(1) Frictional coefficient 4+ ° .
by slide of foamed o N -~
o O ~ A A
polyv..lre‘thane RB-35. L oh ° Yo . o5 T, .
(1) Frictional coefficient " v P P A
by slide of paraffin . o Y, ° °
. . 03 ~ o v o, ov v
replicated by skin of
forefinger pp-_;.
oz
Yo, | — 1 1 H k3 1 1 1 1 1 1 [ 1 1 1 1 ]
12 3 4 5 6 7 8 9 10112 B3 M5 BB
LT A, Number of sample

BEBOD &SI, paes, pn-g TREHETF L EESAONEEFEO LHOT, #72, AREFFIIHLT
KB, BRREBECHIEEE U, 9 74 YO X IZhigARE L2 AD, MEtods BET T
B 7RSS DRRIC S 5 ARSI, DUDONOFFGAEEN, v e LT
b, EXITEKPEOMOPWYT 0T 7 4 YOI BWIEIIKIEL 3D, {EDPh 53 Ligkidgms
CRARYDITICH LT % (Fig. 3-1),

DO AMUET, AMFEHITD, Y207 T TORPIRZR S GRBRERIENCE, KT
ANEOERENT, $RODOERRROBRE SHEES LWL EOHEET T BENCR, 77RF
w7, HIZ, ERLEEN FEORHMREDEMNIL-T, RE-EBESIHLENDE5. 21
BHFANTIERFOMBOIHE LTHRIEMA 20N, AMEAEOSRE, FHORBIBEET, Kk
BT ROPTO—EDOEMERT .
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MBEMEIZOOT wpoy Z2HNLE, UEEBETIS O EONREL, HHOFEEOEEMN DL,
Fig. 1 PAOREDHERE S HETTFIZRT . 2L wpny MEO XSO OEFFTIIZ 508 & Lic,

Ij Va4 |) — e 0.25 r.ﬁ- & :33 (D) evvesresnreiinnaas 0.14
& P JE ceverernenernns 0. 30 171< - 0.24
v v H ereevesnieniennn(, 31
fiift = B ceeereeeeee0.16~~0. 19
T EF YRR e 0.18
l BY T ZFRIE  coeeeeeenenns 0.15

INSDFHR, AMFHERMAME LD TO2F 0 Lt 5, RO H IR OK

BENDS, EITAFEERMIZ DO T X ST L {Bikd 2,

AR

V  HEHVOEBNOREEL &+ X0 ik

V-l.®

BHEBIE LTRY, b FevRRC, ARMENZRN . OFREGENE DL CEh S, FRANORE

pa—s- " . oH -
Photo.2 R ¥31iFE#O BRI (H#TE) Photo.3 A F 3V QOMHRE (i)
DRIFCE DR Hri
Cross section of tangential surface Cross section of tangential surface
of early wood of No.31 annual ring of early wood of No.31 annual
of Cryptomeria japonica D. Don ring of Cryptomeria japonica D. Dox

(x85). (X 83).

Photo. 4 R FINFHOFMRM G ) Photo.5 | F=vGOEDRMEm (I

;] TR DREHE

Cross section of tangential surface Cross section of tangential surface

of late wood of No.31 annual ring of early wood of No.60 annual ring

of Cryptomeria japonica D. Don of A. Mayriana NMiyase et Kupo
(X 85). (X85).
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FXoBMiehd T, ThoofMRECRELND I NRBIZIER LI Thb, ERFHISmm
XS A 30mmX HESTI 20mm O 7w v 7 &R DTS O SRIED, & 2FETRITONT,
No. 1D T2 v 7 1ZEHFIE o oer No.11id ¥ »Em EAE) ZH23E5K 37 e b —LATUH T,
F10 MEANAHOH OB#SI B Photo. 2~5 . BERLD WAL AR TEL, REEZAEMA
HIC L AMNBET, KETHINPD EOTHIEIMELIZ b LEZ N3, BRIZAERNC 138
F2lE, RH 65%DF v —4 —ZRFET 5. MEMAKERI. 6~10.48ThH -7,

BIEFHER, N THEMBL Bowpen-Lesex DZEEIC K 2B KFHREET, #H#RAULLEETR
Tablel {Z7RT . PBHEEEFTLTE T > EREWHEN L PPRZ DR MTHEL 720 V-3
KEDOHELERERT

V-2, AR ERRHOBIERSR

Fig. 4 ~113 A FFEHOFHAOBTL2EARFS L LTHENICRT . E.W ZEHET, 9E,ot
HETOBETH S DLOREMNELET 5, L WEHRHT, E WEOBMARHTER (7.2) tH%7T 2,
HEilld Table 1 DEBBETIC L A [RBEEETS .

Fig. 4 REOHEMDLAT, MR L2 EESERBLOERT LD /MR, UL, B BEREI X
BERZ pos LOWD 2 O5TH %, .

Fig. 5 3d## M EEEFINCOVT o 2 EOT, BEAFETOEHRETR ZOMIEF
CTETY 5. Fig. 6i2135FEH (M) © w1 T, EHODFETRRETRT

Fig. 7iul#5 (3940 &304 GUER) OBEO w-s T, FERFUAGENTE S L, BEREKS
BARE 1P LEOEIZIL BT MEV, ZhZABRERT AEOLDEREERIVI D EEL LN,

04 (1)
W=|,652g
o o
03F © © 5 o
Hes © © 0o 4 o0 05~ o L.d
° e o e 7.d
[ R R T G |
0%y 5 4 5 6 7 € 9 0 1 oafl ° ° ° W-1l698g
016 . U o c ® 'y
o o D wesoq Ao o, e
o e} o 0 osl S c oo e ®
y o . bl
s o o o °
i !
o o ° N e R S B T
TEET N Y T N B | -
el 23 4 5 & 7 6 ',; !:J a W {7.2)-L.W-
E.wW (T.2)-tw-
Note : E.WREBHKH, TZ3BTHEE, L Wik Note: L.d RHcEHREICHE, T.d QERFECHE.
E gﬁﬁcz#ﬂﬁmﬁﬁﬁmﬁﬁﬁﬁ,$m@ E.W, T.Z, L.W 3Fig. 4 2R,
mm, : s
. E. W, T.Z, L. W denote every tangential g{r:c?iiﬂote the slide along longitudinal
w. - surfac of early wood, transitional zone, T.d d ) h lide al ¢ ial
late wood. - ‘enote the slide along tangentia
.7 Growth process within No. 31 annual ring du'ec':tlon. 3 .
_ . of SUGI-sapwood. Width of annual ring E.W, T.Z, L.W refer to Fig. 4.
L 3mm. o Fig. 5 $ROEFEEVF ) AL/ 7 4 VT
Fig 4 (1) $HEC X 3 BBEM po_s, (1DH LAEEEN uoy
%‘i‘kéfg‘fﬁ@ﬁﬁﬂﬂq (kR T Frictional coefficient by slide of paraf-

(I)NI:‘?ictional coefficient by slide fin replicated by skin of forefinger

of steel column up_s. KD-1.
() Frictional coefficient by slide

of steel ball pp_; (Slide along

longitudinal direction).
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W=1549
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07t o ©°
0 0 0 4c °
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Qs
( > o,
o
04
0-;_lllll|||l|114[¥||||11|lll'
“he g 4 6 8 0 12 M 16 1B 202 M %
£. W (F.2y=L-

Note: E.W BHHKMW, 7.Z BTEHEL. WEH £E.
A F D 1BERRP DR E B o (F IR IES. 4mm,
E.W, T.Z, L.WW denote every tangential
surface of early wood, transitional zone,
late wood. Growth process within No. 13
annual ring of SUGI-heartwood. Width of
annual ring 5.4mm.

Fig. 6 {E0&EELVF VALK /8574 v IT
& BB oo (BEETTITITHTIE)
Frictional coefficient by slide of paraf-
fin replicated by skin of forefinger
up-1 (Slide along longitudinal direction).

13-
o o Ld
1) e 7.
L2+ c _
c o W= 50%
(e}
.
L. o« % o °
e O a
1oF * ° wo
.
0?L1|||1||x|11
TN 2 3 4 % 6 7 8 9 100
E.W (7. Z2)-L.W~
zote: E.W,T.Z, LW B8XU L.d,T.d {I¥Fig.4,Fig
5B8H.
E.W, T.Z, L.W, Ld, T.d refer to Fig. 4
and Fig5.

Fig. 8 AZEBICL2FERER pra
Frictional coefficient by slide of artifi-
cial skin pg.3.

s c (o L.d
C ® 7.d
W} e @ © 0 o8 O W=50g
[ ] e O
_[1,;.5Q“DF . e 08 o
)
QJE?— ° 4
[ ]
b, —L L L 111111
P2 34 5 & 78 9 10 1t

E.W (T.2)-L.W-

s
- D 1970
o o
koo o ) o o
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Ao °
29 o o
"\ T R T S T N N
08%1a | 4L 5 & 7 8 15 W
E.w Ly~
19— -
il
Ai=i 97
o o o A 1,,,43
I o
Moz | © ° o 4
08 o
% 6
oL, Lt L1 | S R
Tbey 2 % 4 5 ¢ 7 8 % w0
£E.W (T.2)-t W~

Fig. 7 AGREIZXS

[Hfta v
Frictional coefficient by slide of
artificial skin(Slide along longit.
direction).

(1) AFOH 1384 FHRIES. 4mm,

(0) AF04 34ER I 3 mm,

(1) Heartwood of SUGIL. No. 13
annual ring. Width of annual ring
5.4mm.

(1) Sapwood of SUGI. No. 31 annual
ring. Width of annual ring 3 mm.

BRI s

o id
e 1l
® o o e LW=5os

[ o o
Cﬂ'— [ ] o] C C e O
At © © © * o
0.30{» o oe
0.25" L 1 1 I 1 1 ] i 1 ]
Nl 2 3 4 5 & 7 8 9 ic
£.w (7. Z)~L.At
Note: EW.T.Z,L.W bt LdT.u i3 Fig. 4, Fig.
5 BF,
EW, T.Z, L,W, L.d, T.d refer to Fig.4 and
Fig. 5.

Fig. 9 i 5 EBER uny
Frictional coefficient by slide of leather

|3, 0

<«~Note: E.W, Tz, L.W, L.d, T.d i3 Fig.4, Fig. 5
B,
EW, T.Z2, 1..W, L.d, T.d refer to Fig.4and
Fig5.
Fig.10 9V 2 V7 3 — LT X BIBEE pp-s
Frictional coefficient by slide of foam-
ed polyurethane pp-j;.
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Fig. 8 DABEMEN o/ pps Th, pas DHIZEEAL 1 LLET, WEEMRL 55, E WoONo.3
~5 THAEZ oD Fig. 7 ofiE X {—HL T3,

Fig. 9 0%, Fig. 10D v v 2 v 7 —2DMEED Fig. 8 LELCWNESETIEIHBL, poy, pas O
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SRRAZEA LN RAN SRR RO EO—RA R, i) LU, #HEFNIZ - TEDEDS
BOFEITIC R » T, F15MsEH L% .

Table5 3 1 RO 1§ (COBEGREMTH) 2007« JHOERICH LU TAFQERELEL T,
BEDBTAOPLTOEEEB0, TROICHEAE 1 LKl Y 5, Tables BADWMITIIRERS b
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Table 5. Srk:

1 2 3 4 5 6 7 8 9 | 10 11
1 1 1 1 1 1 0 0 0 0 0
2 0 0 1 0 0 0 0 0 0 0
3 0 1 1 1 1 o 0 0 0 0
4 0 0 0 0 0 0 0 0 0 0
5 0 1 0 1 0 1 0 0 0 0
6 0 1 0 1 1 1 0 1 0 0
7 1 1 1 1 0 0 (G 0 0 0
8 1 1 1 1 1 1 1 0 0 0
9 1 1 1 1 1 0 i 1 0 0
10 1 1 1 1 1 1 1 1 1 ¢
11 1 1 1 1 i 1 1 1 1 1

) @—-@ : HEFS, RFTHNERNOREBE, FHIE3mm.
Number of sample. Growth process within No. 31 annual ring of SUGI-sapwood.
% @—>® : BEHEE Tang. surface of early wood.
® : BfTHEKM Tang. surface of transitional zone.
@—>1 : BebtKRM Tang. surface of late wood.

Table 6. Prr

R 3 | o ; 5 6 7 8 9 o | n
1 0.733 | 0.733 | 0.666 | 0.600 | 0.333
2 0. 267 0.400 | 0.333 | 0. 266 | 0.200
3 0.267 | 0.600 0.400 | 0.400 | 0.266 | 0,133
4 0.334 | 0.667 | 0,600 0.333 | 0.266 | 0.200 | 0.133
5 0.400 | 0.734 | 0.600 | 0.667 0.333 | 0,333 | 0.133 | 0.066
6 0.667 | 0.800 | 0.734 | 0.734 | 0,667 0.400 | 0.200 | 0.036 | 0.066 | 0.066
7 | 0.867 | 0.800 | 0,667 | 0.600 | 0.333 | 0.266 | 0.200 | 0.066
8 | 0.867 | 0.867 | 0,800 | 0.657 C.266 | 0.133 | 0.066
9 0.934 | 0.954 | 0.784 | 0.734 | 0.200 | 0. 200
10 “ 0.934 | 0.800 | 0.867 | 0.800 0. 400
1 0.934 | 0.93¢ | 0.800 | 0.600

Table 7. Xsx

1 2 3 4 5 6 7 ! 9 1o| i
1 —~0.620/—0. 620 —0. £30|—0. 250 0. 430
2 0.620 0.250| 0.430 0.620] 0.840
3 0. 620/ —0. 250 0.250, 0.250| 0.6200 1.110 '
4 0. 430|—0. 430|— 0. 250 0.43C] 0.620] 0.840 1.110
5 0. 250|—0. 620]— 0. 250{—0. 430) 0.430] 0.430 1.110 1.510
6 —0. 430 —0. 840|— 0. 620 —0. 620{— 0. 430 0.250, 0.840{ 1.510 1.510] 1.510
7 —1. 110|—0. 840|— 0. £30|— 0. 250 0.430 0.620 0.840] 1.510
8 —1.110}— 1. 110— 0, 840l — 0. 430 0.620] 1.110 1.510
9 ~1.510—1.510—0. 620 0. 620 0.840} 0.84C
10 —1.510/—0. 840/— 1. 110,—0. 840 0. 250
1 —1.510—1.510—1.510—0.840;—0.250

Z=2Xox ‘

7 1.49 |~2.76 [~ 2.60 |- 2.75 |~2.43 |~2.68 |-0.77 | 0.25| 2.58| 4.05| 5.62
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Table 8. Matrix M

1 2 3 4 5 6 7 8 9 10| 11
1 s | —1 | —1 ) —1 | -1 ] =1
2 -1 s | —1 | =1 =1 ] =1
3 -1 | -1 6| —1 | -1 ] =1 -1
4 -1 | =1 ] -1 7 -1 =1 =1 =1
5 -1l -1 | =1 =1 8| -1 | =1 ] =1] -1
6 | -1 =1 =1 -1 0w | -1 -1 -1]=1]=-1
7 -1 | =1 -1 | =" 8 | —1 | -1 ]|=-1]=-1
8 —i |l =1 =1 ] =1 7 -1 l=1]-1
9 R R R T R 6 | —1|—-1
10 -1l -1 | =1 | =1 50-1
il -1 -1 il -1 1 =1 5

Table 9. Matrix L

1 2 3 4 5 | 6 | 7 | 8 | 9 ‘10'11
1 1 1 1 1 1 1 '
2 1 1 1 1 1 1
3 1 1 1 1 1 1 1
4 1 1 1 1 1 1 L 1
5 1 1 1 1 1 1 1 1 1
6 1 1 1 1 1 1 1 1 1 1 1
7 1 1 1 1 1 1 1 1 1
8 1 1 1 1 1 1 1 1
9 1 1 1 1 1 1 1
10 | 1 1 1 1 1 1
11 i 1 1 1 1 1 1

Table 10, Matrix N

1 2 3 4 5 6 | 7 8 | o 10 | 11
1 0.167 0 0 0 0 0 '
2 0 0. 167 0 0 0 0 |
3 2 0 0. 143 0 0 0 0
4 o 0 0 0.125 0 0 0 0
5 0 0 0 0 0.111 0 0 0 0
6 0 0 0 0 0 0.091 0 0 0 0 0
7 0 0 0 0 0.111 | 0 0 0 0
8 0 0 0 o | o2 0 0 0
9 0 0 0 0 | 0143] o0, 0
10 0 0 0 o |o.167, o
11 0 0 0 0 o |o.167

Mt Table 8 &5 S WHTINT, ERABICE wx, TNUAD Xox OFET L AR -1,
HELRNETAR O LD, WRED SERD BBA, HHEHEE LTHROFETRB T L,

(1) T5 M, §iERoHEkic ks (Table 8).

@ TIFIL, TP M2 TODEXIZ0, Z0{liz 1 DFFH]| (Table 9),

(3 TN, EABIZE 1ne+ 1, b3 0 ®F7% (Table 10),

@) I3 LN, (2D L &(3)D NAhid 3 (Table 11).

B) TN ([+LN), QWD LN Izc 5, TRTEMABICIL, i 0 ofFdc (J+LN)

/35, ThICITRI N %y % (Table 12).
®) SricT aHEEMAE Ty & LT Table 13 1255,
(0 MTy, MT, QTP M EFI<7 bv Ty DOHRT S, 22 MRIO1FTR (5X0)+



AMEROGMIHERICET TR 1 (%BK) — 15 —
Table 11. Matrix LN
1 2 \ 3 l 4 5 6 7 8 9 10 11
1 0.167 | 0.167 | 0.143 | 0.125| 0.111| 0,091
2 | 0.167] 0.167| 0.143| 0.125| 0.111| 0.091
3 | 0.167] 0.167 | 0.143| 0.125| 0.111| 0.091| o0.111
4 | 0.167] 0.167| 0.143] 0.125| 0.111| 0.091| 0.111 | 0.125
5 | 0.167| 0.167| 0.143 | 0.125| 0.111| 0.091 | 0.111| 0.125| 0.143
6 | 0.167| 0.167| 0.143| 0.125| 0.111| 0.091| 0.111 | 0.125| 0.143 | 0.167 | 0.167
7 ' 0.125| 0.111| 0.091| 0.111| 0.125| 0.143 | 0.167 | 0.167
8 | | 0.125| 0.111| 0.091| 0.111| 0.125| ©0.143 | 0.167 | 0. 167
9 ‘ 0.111 | 0.091| 0.111 | 0.125| 0.143 | 0.167 | 0. 167
10 | 0.091| 0.111| 0.125| 0.143 | 0.167 | 0. 167
1| l 0.091 | 0.111| 0.125] 0.143| 0,167 | 0.167
Table 12, Matrix ¥ (/+LN)
1 ‘ 2 | 3 4 | 5 6 'I 7 8 9 0 | 1
1 0. 1949! 0.0279 0.0239 0.0209 0.0185 0.0152
2 o.oz79§ 0.1949] 0.023%9 ©0.0209 0.0185 0.0152] [
3 0.0239 0.0239 0.1634 0.0179 0.0159 0.0130; 0.0159
4 0.0209 0,0209 0.0179/ 0.1406 0.0139] 0.0114 0,0139 0.0159
5 0.0185 0.0185 0.0159' ©0.0139 0.1233 0.0101 0.0123 0.0139 0.0159
6 0.0152 0.0152 0.0130 0.0114 0.0101] 0.0993 0.0101 ©0.0114 0.0130 0.01520.0152
7 | 0.0159, 0.0139 0.0i23 0.0101 0.1233 0.0139 0.0159 0.0185/0.0185
8 l 0.0159 0.0139 0.0114 0.0139 0.1406( 0.0179 0.02090.0202
9 0.0i59 0.0130 0.0159 0.0179 0.1634 0.02390.0239
10 0.0152 0.0185 0.0209 0.0239 0.19490.0279
11 | 0.0152 0.0185‘ 0.0209) 0.0239 0.02790. 1949
[
Table 13. §RYDPITOEHNEM S
Sensory values of smoothness §
No. of . , - ‘ -
Sa‘;n I;’le z z2 Ty MT, | MT2 aMTllI ME, | aT\ c ! S
1 1.29| 2.220 0 —15 225 | —5.298 6.788 o 1.782 )
2 —2.76 | 7.617 1 -9 81| —2.178] 5.938| 0.353| 1.641| 0.212
3 —2.60| 6.760 2 —7 49 | —2.472) 5.072| 0.706 | 1.293 ' 0.217
4 —2.75| 7.562 3 —4 16| —1.412 4.162 | 1.059 | 1.033, 0.310
5 —2.43{ 5.904 4 o ! 0 0 2.430| 1.412| 0.69 0.370
6 —2.68 | 7.182 5 0| 0 0 2.680| 1.766 | 0.612| 0.595
7 —0.77 | 0.592 6 0 | 0 0| 0.770| 2.119| 0.298 | 0.635
8 0.25| 0.062 7 4 16 1.412—1.162 | 2.472| 0.005 | 0.695
9 2.58| 6.656 8 7 49| 2,472 0.107 | 2.825! 0.111| 1.15¢
10 4,05 | 16.402 9 9 81 3.178 0.871 | 3.178 | 0.212| 1.608
11 5.62 | 31.58¢ 10 15 225| 5.298 0.322| 3.582| 0.120| 1.870
(F1XDI+H(—1X2)+(—1X3D+(—1X4)+(—1X5)+ 0=—15%%}% (Table 13),

{8)

(9)
{10

a, e RAHoHET 5,

a =vVE(Z)2L(MTy)?

21 Z%=92.546, T MT?=742
ME), ME,=Z—aMT, & LT3 (Table 13).
N (I+LN)+ ME,, N (I+LN) *ME %3 TC%2B5. #, No. 1 DEETIZ
(6. 7880 0.1949) + (5. 9388 0. 0279) + (5. 0724 X 0. 0239) + (4. 1628 X 0. 0209) + (2. 430X 0. 0185)
+(2.680%0. 0152) =1.7824 1 73 5 (Table 13).

i

soa =0.3532
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ay S, S=aTi+C—C1, 7220 C1i33% No.1 DC{l (Table 13),

Table13 @ § % Fig. 1LICRY . REM SAREVBETRIDPTVCLES5DT. SOBEHD
LBTHREIVCRARPO s SRKEHMERLY, DEBNEE PBANZRRFICEE LTS LA
i S olktic ) 2412, Fig 4-1 Ok, Fig. 7 O ALIEE, Fig. 90%, Fig.100vv 87
#— LN ER X BEBREROBL LB LTS, WFhoE4d, B EEHIEHEEX D ERERD
NEL, BRMOREBEORITE > TTRDPFTOVREEE 2 5, ZOREBERDIRIELE T4UL, Photo.
2~5THOPIELST, YIBKKED T3], THN] BB DL7 Y s VTEHAHERILAZRNT
LBk oic, LEBRHMERTHE, UNESERETH 2L 5L, WEIKEDDTNINZ CEEHH
T 2HAaHS >k

Photo. 2 ~ 5 DEEIBMICEM 7 0 2 —2 DR — Lk Hib+, BEROMLEN LTV MR

2. 5uDNETHS, NERARCNT 2/~ Y M THRTL, AFUHTR Fig. 12 0k 52733, BHE
i & W FREICH T THRAE L, LA No. 3 & No.10 Ti, HHFRIEEOK2HIGETDL, 34
B, FEMREEE/HELT, TOWREELETIRMOEMBTRDPIIETIZLIEN S,

T, MESHIPERERD /NS,

r\‘
-

0r
© TTICRULAROBT, BHFEMNSVHOT,
o © BRIk & 0 EHE TS 5 b0 (SRTTATRL
\ ko Fig. 4-1), Chick LTI VAED
12F o
S LAETE 2@ (Fig. 6, D& Pl Fig.
o8 ° IR EN, FIUEEE Fig. 12 LO/hS0) Z2#
o
o)
i R T2 &, NETHRERDBEBRERDNSV, TTEDHE
oo MEBOREIGE LD, < OREEMCERSES
oh o punEaLL, VEBEWESEINS € 3HAE
E.W (T.Z)-Lit- EZ Do WEOWINY, HEMMRITEY SRR E
Fig. 11 4RUDPTIOERRNEMS E26 W, S5 N LA BFEIC & - TH LV, 2
—>PegRm T micilE) MDA 1 &3
Sensory values of smoothness S vs. ST "
each tangential surface of early Fig. 1412/25 7 4 vDis, #5ZRDL 7Y hDiE
wood, transitional zone and late
wood (Slide along longit. direction). &7T, H¥OHFHIEHEBIHUNEL, BEFTHELEN
40
] o C
Ao ° o P30 o o
(o] lo)
(%)
P a ° o
o °° 20F 6 0 o © o
o
20 ° 10
. 1 1 : 1 1 L 1
e s 4 s e T 9':3, Nef A 5 & 0 12 4 6 8 20 22 2
. T.20-tW- Ew 7. 21w~
Note: E. W, T. Z, L. W3 Fig. 4 B/, Note : E. W. T. Z, L. W |3 Fig. 6 2/,
E. W, T. Z, L. W refer to Fig. 4. E. W, T Z L. W refer to Fig. 6.
Fig. 12 EhmEEoisg P Fig. 13 iEMmEREOE
Index of percent of contact area Index of percent of contact area

P. P.
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TIREHESTEA1.05g (FFRDLV 7Y #H) 2ELE

NEL 1B, ZOBKERMRE, BHEGTHELTEREDbR S, —F, Fig. 15 oLH
, B ERE TOPET 2 LN FEH AL 2

Lol BEHEOWMMEAEH I ZADOLT ) HIZL T, FNENEEARTRDLTHL,
HoEa

Fig. 16 {3 A%

fW)
p 64931 Repiica of
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Table 14. Fig.l4 (8B L UHF 7 2DV T U A OFER) HOosHIhL
1 XD n LY @
7 and a of eq. 15 calculated from Fig. 14 (Friction of replica
of finger and glass)

AZHERZDOVT Y A I . -
=R ¥t #* H Replica of surface skin of | 7'31{ l;: o ';7; ) 7
Tang. surfaces of forefinger I eplica ol glass
samples
n a n a
%mv wooff No. 2 0.927 0.522 0.949 | 0.431
" 4 0.917 0.516 0. 934 0,424
o 6 0.927 0.425 0.911 0. 387
¥ T R
Transitional zone 8 0.919 0,385 0.920 0. 354
B Wood*’f 0 0.911 0.324 0.943 0. 288

Table 15. Fig. 16 (AEREOBER) oSN ORD # 5L «
n and a of eq. 15 calculated from Fig. 16 (Friction of artificial

skin)
;Iézang.*sqlurfacgg(s of samples 1 of eq. 15 a of eq. 15
B ¥
Early woad No. 2 0. 837 1.216
“ 0. 805 1,144
” 0.838 1.193
” 0.771 1.186
4 10 0. 681 1,131
B 7 W om
. Transitional zone 13 0.709 1.047
B Late wood # 14 0.703 1.026
” 16 0.747 : 1.014

Table 16. Fig.18 (WitkiyiEigM) & Fig. 12 GERmBER) X DIy
ZEX LT 8 KD m, b
m and b of eq. 16 calculated from Fig. 18 (Elastic contact circle)

and Fig. 12 (Percent of contact area). m and b are approximation

E ) # [

| -3

Tang. surfaces of samples m b (X1079)
g2 %)
Early wood No. 2 1.00 2.21

” 4 0.916 2.31

” 6 0.719 7,65
i
Transitional zone 8 0.819 4,92
i %)
Late wood 10 0. 867 3.21
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Table 17. 4 RYDTXDORREICKRZTEKBEOLE
Effect of moisture content on probability of feeling of smoothness

(BEEFBSBRBES L 9T D2 ER Probability of smoothness of
even number compared with odd number)

b oWl =z Surfaces of ] o1 BhB & 5
ElER samples ‘ 7 # EW 1. Z | L. W
HEE S No. of samples .

Moisture content:8~9% ‘ No. 2 4 6 8 10 12 14 16
TROPFXOMHER| g 0.7 0.9 0.8 0.9 0.6 0.8 0.7 | 0.8
Probability of

smoothness 7L 0.8 0.5 0.6 0.8 0.6 0.9 0.5 0.6
# Kt F 5 No. of samples | _

Moisture content:18~20% No. 1 3 ° 7 9 11 13 15

Note: f, fL 252 #Hc T /- XEB/HANTHEE, Sliding a finger parallel or perpendicular to
fiber axis. E.W. T.Z, L.W {3 Fig. 16 2%, E.W, T.Z, L.W refer to Fig. 16
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Studies on Physical Properties of Wooden Surface I

Relationship between feeling of touch of fingers and frictional coefficient

by sliding the models of human skin on surface of wood and other materials

Masaharu Suzukr
Summary

In order to ascertain the surface characteristics of wood as related to amenities of the
wooden dwelliug house, it is important to study more the psychological characteristics of
feeling of sliding touch to wood and other internal architectural materials with relation to
physical measurements of sliding friction. And it is desired to quantificate feeling (impres-
sion) of sliding touch in comparison with frictional coefficient by slide of the models of finger
tip on wood and other materials.

(1) Methods of physical measurement of friction were Bowpen-Lesen's system (Photo. 1)
and microscopic drawing system. As illustrated by Photo. 1, sample is clamped on the stage
and this stage moves with piston-like strokes. The frictional force between sample and
frictional element (Table 1) is detected by the strain gauge of cantilever and automatically
recorded.

Microscopic drawing system is a method for observation of micro slip of frictional element
by travelling microscope.

In this experiment the direction of slide is along the longitudinal axis of wood and the
surface of wood is quartersawn.

(2) When steel ball (B—1) is slid on surfaces of wood and other materials, frictional
coefficient of wood is smaller than that of steel, synthetic résin. glass, paper, and ceramics as
shown on Fig. 1.

Sensory test comparison of a pair of samples was conducted to get sensory values of smooth-
ness of wooden surface and other materials. The results obtained are shown in Fig. 1-(II)
and Table 3 and increase of S (sensory values) indicate increase of smoothness.

Frictional coefficients between the above-mentioned samples and the paraffin replicated
by finger print are similar to that of steel ball (Fig. 3-(I1)), but frictional coefficients of
samples slid by artificial skin are considerably larger.

From these results, approximately, there is good agreement between sensory values and
frictional coefficients of every measurement.

(3) Frictional properties and sensory response of touch of soft wood are influenced by
surface structures within an annual ring.

Axes of abscisses of Figs. 4~10 show growth variations from the surface of early wood
to that of late wood within an annual ring of Cryptomeria japonica, and axes of ordinates
show frictional coefficient measured by various kinds of frictional elements as the model of
human skin. Each figure presents decreasing tendency of frictional coefficients with change
from early wood to late wood. Frictional coefficients slid by steel ball are smaller than others,
and those of artificial skin are nearly equal to 1.

The tendencies of decrease from early wood to late wood of the group of Figs. 7, 8 and 9
are a little different from those of the group of Figs. 4, 5 and 10.

Received December 25, 1969
(1) Wood Technology Division
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The result of sensory test of same samples is shown in Fig. 11. The sensory values of
the surface of late wood are larger than those of early wood.

From the microscopical observation of cross section of wooden surface, the percentage of
wooden surface area which can be contacted without deformation, is estimated as shown in
Figs. 12 and 13. The percentage of late wood surface contacted increases to twice early wood
surface. From this result, both feeling of smoothness by sliding finger and the difference of
frictional coefficients between the surface of early wood and that of latc wood, give a mean-
ingful correlation with percentage of contact area.

Generally, frictional force F and true contact area A between two bodies are given by,

F=aWn»
A=bsWm
from above equation,
p=aWn=1 e (1)
du = ﬂg”;zg FR-T5L @A eeveeiiiiiee i e e (2)

where W: vertical load, q, #, b, m: constant, u: frictional coefficient. If »—1<{0 and differential
increment dA is taking place, then du<0.

Figs. 14~16 show the decrese of frictional coefficient caused by vertical load on three fric-
tional elements and from these, #» and @ were calculated as Tables 13 and 14 and we can con-
firm that #<{1. This relationship between increased load and p can be made available for
explaning the difference of frictional coefficient between the surface of early wood and that
of late wood.

(4) If we touch an object with the fingers, two actions appear on that object: one is
sliding, the other is compressing. As for the experiment of compressing, the diameter of
contact circle between a glass hemisphere (or steel ball) and wooden surfaces is measured by
the method of Fig. 17. In the case of a glass hemisphere, the deformation of wooden surface
is elastic and in the case of a steel ball, the diameter of plastic deformation is measured.

The diameter of contact circle (Figs. 18 and 19) decreases with change from the surface
of early wood to that of late wood. Fig. 20 shows the sensory test of hardness of wooden surface
and the sensory value of the surface of late wood is larger than that of early wood, indicating
hard surface.

Variation of radial diameter of cell lumen of surface of each wood sample and sorption
time of constant amount of n-butyl alcohols are shown in Fig. 21. There is a good relationship
between hardness and porosity of wooden surface.

(5) Frictional coefficient increases with increase of moisture content (Fig. 22); but fric-
tional coefficient in dried surface is obviously larger than that of 8.5 percent of moisture
content. Frictional coefficients of the surface of late wood are not influenced by moisture
content under 16 percent.

The rise of temperature increases frictional coefficient of the surface of early wood.

(6) Wood samples were placed in the desiccator (relative humidity 65 percent) near the
window and after the lapse of time of ca. two vears, frictional coefficient and sensory values
of smoothness varied considerably (Fig. 25).



