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Relation between Properties of Mechanically Processed Surfaces

of Wood and the Gloss Images.

Minoru Masupa, Hiroyuki Kato and Yoshihiko Horio
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Fig. 1 Optical diagram of a goniophotometer.
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Table 1. Conditions of surface processings.

SN T4

Processing tool

Notes

Circular saw Carbide tipped circular saw, 266mm ¢, 4200rpm
Planer Three braded planer, 5033rpm
Super-surfacer | Bias angle: 40° for hinoki and sugi, 20° for celtis, 15° for walnut

Abrasive paper | AA-180
Microtome Safety razor S-36
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Fig. 2 An example of the questionnaire
form.
7 v — b L
el (JBY) #5 3 : very glossy
B (D) #H 5 glossy (shiny)
L (B0) 2% 5 ; alittle glossy
B (B Y) 2350 i no gloss



303

SERORGER, EHEOGRET (RABHETER VGS-1D) A2HOTiTy, LM 60° S
60° o BESHDEIRE (JIS 7 8741), BL UM il FUHEOZ{E A2 ME L 2,
BEOMER, NEafmsEil (BARBETEY 7-1001 DP) 2HOWTHER 6 mT - o

2.3 B A A — DY B EBLRT

JaR oY MDA 4 — 2 L OBHGEH ST By, R—RE2HVTHOERERE %
fToto KR ZHES DL~ «—A—<v;huiw)@Lu¢«f &, Kaol (DY)
DA A— V% Fig. 218K 7 v — oM 5608 (HELTESTLY, TEOMB)
KHIZESUTRELTH 5 -7, RS BT REMETHRSE 168 BT 144, KTF2
%) T, AAREBICFCNR> THic0ofEMLs BTV EE L, HEOBHIBEALEK
HOWSEITIRIBAHEL, 754 v FORBMMIC L oA L 2,

3. R B LUEE

3.1 KA S B L URROMER S

3.1.1 K & ORERER

HUOBESEEHE & Ra ORIER R % Table 21SRY, I EA AR OB & Ra BYETHMD
FRIHANTRERBERL T3, BHICLERTHE2Y 2 by b EEAT 4 ATEETEE
RBOEEIKEV, THEEGER TR ERNY 2 2 » OMMEE SR X, FEE A5

Table 2. Surface roughness R,°

FIH S R ONMERER
Species  Grain & | Microtome Super- Planer Circular saw  Abrasive
direction surfacer paper
Hinoki R.JY 1.60 4.64 2.3 2.42 2.38
R. 2.96 6.60 5.64 3.87 1.88
T, 2.21 3.25 2.01 3.56 2.63
T. 2.34 3.91 3.14 4.30 1.85
Sugi Re 1.61 2.91 2.74 3.07 2.31
R 2.73 3.27 4,76 5.81 2.32
T, 1.84 2.64 2.70 4,48 2.55
T. 2.48 2.88 5.51 5.15 1.66
Walnut R, 3.37 1.738 2.57 3.91 2.73
R 5.7 6.55 7.05 5.69 3.06
T, 1.84 1.71 1.32 2.40 2.57
T. 4,21 5.16 4,05 7.81 5.16
Celtis Ry 2.58 2.71 1.95 4.67 3.67
R. 4.91 7.77 6.39 6.09 3.60
T, 1.91 3.36 3.59 2.56 3.78 -
T. 6.73 9.32 6.70 7.35 4,66

? average of measurements on 5 different lines, R,: center line average roughness

hinoki : Chamaecyparis obtusa Bndl., sugi: Cryptomeria japonica D.Don, walnut:
Juglans nigra Linn., celiis: Celtis philippinensis Blanco, R : radial plane, plane of
edge grain or quarter sawn grain, T : tangential plane, plane of flat sawn grain
The measuring direction is »: parallel to the grain,

: perpendicular to the grain.
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Table 3. Specular glossiness,

IELRE G

Species Grain & | Microtome Super- Planer Circular saw  Abrasive

direction surfacer paper
Hinoki R. 9.1 7.1 (63) 4.9 (58) 4.5 (67) 2.7 (55)

R, 6.1 5.1 4.8 4.0 (56) 2.4 (85)

T, 7.8 7.2 (58) 5.2 3.6 2.6 (68)

T. 5.5 5.3 4.4 3.6 (54) 2.2 (50)
Sugi R, 9.4 5.3 (59) 4.6 4.3 (659) 3.6

R: 6.6 (58) 4,4 4.0 34 3.2

T, 12.3 (63) 5.2 (59) 5.5 (82) 3.2 3.2

T. 5.4 (87) 4,2 4.3 3.5 (63) 3.2
Walnut R, 4.5 3.9 3.9 3.7 (63) 2.1

R. 3.7 3.7 (62 3.8 (718) 2.7 2.0

T, 4.7 4.0 5.1 4.1 (61) 1.6

T, 3.2 (60) 3.3 4.2 3.1 1.2
Celtis Rs 8.4 (61) 6.3 (58) 7.5 (B1) 5.1 (69) 3.9 65

R. 6.8 5.6 (55) 5.9 5.0 (55 34

T, 5.5 (58) 4,6 (67 4.8 5.3 (68) 3.6

T. 4.2 (55) 3.8 (58) 4.1 4.1 (62) 3.3 (6%

Angle of incidence is 60°.
Each value in parentheses indicates reflectance angle (deg) at which maximum glossiness
was measured. Others are 60°.
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Fig. 3 Microscopic photo of wood (sugi or
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Fig.4 Microscopic photo of wood (sugi or

Japanese cedar) surface sanded with
the abrasive paper observed under
normal incident light — tangential
plane.
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Fig. 5 Goniophotometric curves of reflected light of five different mechanically processed

wood (hinoki or Japanese cypress) surfaces — radial plane.
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Incident angle is 60°.

@ . incident parallel to the grain
O:
MT : microtome,
AP : abrasive paper

incident perpendicular to the grain
S8 ¢ super-surfacer,

CS: circular saw, PL: planer,
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Table 4. Kurtosis of gloss: S
FEIRARGRE © S

Species  Grain & | Microtome Supér- Planer Circular saw. Abrasive
direction surfacer paper
Hinoki R, 2.4 2.1 1.5 1.4 1.0
R. 1.1 1.1 11 1.1 1.0
T, 2.4 1.9 1.6 1.4 1.1
T 1.2 1.2 1.1 1.1 1.0
Sugi R, 2.9 2.0 1.7 1.6 1.1
R. 1.2 1.1 1.1 1.1 1.1
T, 3.2 2.1 2.0 1.5 1.1
Ty 1.1 1.1 1.1 1.1 1.1
Walnut  Rs 2.1 1.7 1.8 1.6 1.1
R. 1.1 1.2 1.1 1.1 1.2
T, 2.5 1.8 2.0 2.2 1.1
T, 1.1 1.1 1.1 1.2 1.1
Celtis Rs 1.9 1.5 1.9 1.5 1.1
R. 1.1 1.1 1.1 1.1 1.0
T, 1.5 1.4 1.5 1.5 1.0
T 1.1 1.1 1.1 1.1 1.0

S: kurtosis of the distribution of reflectance.
S=2X pw /(P + pw )
o indicates reflecting power and the subscript indicates receiving angle.

Table 5. Anisotropy of specular glossiness (//L1)
SIEEIREAE (Z/ L)

Species  Grain Microtome Super- Planer Circular saw  Abrasive
surfacer paper

Hinoki R 1.49 1.39 1.14 1.13 1.13
T 1.42 1.36 1.18 1.00 1.18

Sugi R 1.42 1.20 1.15 1.26 1,13
T 2.28 1.24 1.28 0.91 1.00

Walnut R 1.22 1.08 1.03 1.37 1.05
T 1.47 1.21 1.2l 1.32 1.33

Celtis R 1.24 1.13 1.27 1.02 1.15
T 1.81 1.21 1.17 1.29 1.09
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Table 6. Result of the visual judgement of gloss image.
O(RY) OA4 A —-VRMYT AT V- MER

Species  Grain Microtome Super- Planer Circular saw  Abrasive
surfacer paper

Hinoki R 4.2 4.5 2.9 2.1 0.8
T 4.5 34 2.7 2.3 0.7

Sugi R 5.3 4.2 2.9 2.8 0.9
T 5.6 4.5 3.0 3.3 1.8

Walnut R 3.7 3.4 3.3 1.6 0.7
T 2.9 2.9 3.1 2.0 0.8

Celtis R 5.0 4.4 3.7 2.7 1.0
T 4.9 3.8 3.4 3.1 1.3

08 (JBY) A2V, no gloss.

2.0 (BD) e b, a little glossy.

4 ;8 (Bo) %5, glossy (shiny).

6 3Rl (BY) 48 5, very glossy (extremely glossy).
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Table 7. Correlation coefficients between gloss image and physical properties.

o4 2 — & ER & OHIBHRY

Physical measurement Correlation

coefficient
log G,: glossiness — parallel to the grain 0.84
log G.: glossiness — perpendicular to the grain 0.81
G,/ /G, 0.46
GG -(.55
log S,: kurtosis — parallel to the grain 0.79
log 8.: kurtosis — perpendicular to the grain 0.39
V : lightness, Munsell value 0.06
log R..: roughness — parallel to the grain ~0.17
log R..: roughness — perpendicular to the grain 0.22

Table 8. Mutual correlation coefficients between physical properties.

BRI L o HE R

R,,/ Rux G/ G.L G/“G.x‘ S/ SL V G//G AL
R 1.00
R.. 0.28 1.00
G, =0.27  -0.07 1.00
G. ~0.17 0.06 0.88 1.00
Gr—G. —0.31 -0.19 0.89 0.58 1.00
S, -0.35  —0.07 0.80 0.63 0.80 1.00
S, ~0.24 0.13 0.27 0.29 0.20 0.46 1.00
\Y 0.22 0.12 0.21 0.37 0.00 ~0.29 ~0.39 1.00
Gs/G. 0.32 0.09 ~047 ~0.47 -0.80  -0.79 -0.16 0.02 1.00

BBHDOT, EECREOWKREMDA A~ EDMFEE T oy b3 5 & Figs. 6 BLUT &5,
;na@mmwﬂf*wa&,mm~+ﬁkkc T0.84, BAHEEG, TOSI MBSk, fth
OWFIBLEYEEE & OMBIFRBIC > W T HEH AT Table  TIRT . JEIRIEEL S ) OXEL
CHDA A - EDMEEIZ 0TI THO B DEVY, log Sy &log G, SHEICHBEAE L
(Table 8BWR), JIRALBIEZDLDOAMD A4 £ — JIZ{E LTV B E S Il LW,
—HEOMEITIE, SRR E R X SHEESE O, MEERMIcBEST 5 &, Woq 4 -
&R & 3B SNt (Table 7)o 58 - TR S Mib & 4 5 & K & o
WA IR S5, Fh, NREOKRE SOEICMBhc i LTl iod 34 £ - V%252 5,
:mb@mﬁn@%Mr AMOKDB IV OB (Y754 0NR) KEBbDEEZ LN
B

4 o4 =5
N 1] =1

PlE, B3, 2F, 940y b, 74 20 48>0, 5O 3 L -
(320 bk—b, A=t =7 o —4, Fl—d, HHE, ¥ F—r¥=) ZF0, SoA
A= O EEEYBR OB AN, T OEE, Ho 1 4 — I3 ﬁxmﬂ@ﬂﬁh$0kﬁi
B DX EIEE R SE O S EMBMH S A S o 1, TR D, KO L S HilaiE R
DY DH B erm,mmwmwkﬁm@&mméa%@4x~aa@mw¢a<,wm
D 3 7 o iR & CHIARNC STHP S ORSHC LD, oA A - IMNIEENDE, -7, 3



309

70 b= LEROTHEBEUNETAE, K0—RMOHEA4A-VEHA B ENTED, &
t,mmm:5®k%hM@£%®%¢mh%vwa547%W@k%uo%:?%%Mﬁm
ot EAEc X 2HIEA T 5 » bd)fxﬁh‘@uk"%?ﬁﬁm L7 (Figs. 3B8L054),
—HE s, AMUMIORHE S 2R TR E LT "B BT AR oftic 4 2 R IsE"
EHWECEARELL, B, COTOLINRGEUE & ST SRS BER S
(60°) o E 10° BN MIEIC BT 38R solbth s

i fid
AR AMED BlcH i O WEROZV S R, S L vl sEcahhv
PR OISR B OB B X U7 v — FIERCO R O R E I L, Dk
DIKOEERLES,

X MR

1) M R KERUEE 4 A - O KA EIT E N B KM TH 38 (434), 222-
228, 1983,
2) MO R AMo4q A—-DIcBAAOEBLURROEE ML 34 (383). 972978, 1985,
3) }mmm MO B UM EOBO MY 0I5E. FARRSREARNERRM. No. 360,
-9, 1986.
4) mw B Ham RMoRiE: KERBIORSE ik 99-114, 1987,

Summary

In this paper, the relation between physical properties of mechanically processed
wood surfaces and the gloss images were investigated, Wood sufaces processed with
five different tools 7. ¢. a microtome, a supersurfacer, a planer, a circular saw and an
abrasive paper were compared using four different species i e. hinoki (Japanese
cypress), sugi (Japanese cedar), walnut and celtis. And the following results were
obtained: the psychological image of gloss has high correlation coefficient with
logarithm of specular glossiness measured parallel to the grain, and also with
kurtosis (sharpness) of gloss. The kurtosis of gloss is defined by the ratio of the
specular glossiness to the glossiness at the £ 10° deviated from the specular
receiving angle. Roughness of the surface R, has no correlation with the gloss
image of wood in spite of the high correlation in other materials ¢ g plastics and
metals. This difference comes from the micro structure of wood. Processing by
microtome offers a finely flat section of wood cell walls, so that light reflects
specularly at the fine section and also at the inner surface of lumens. We propose
S, “"the kurtosis or sharpness of the gloss parallel to the grain” as a good indicator
for expressing the degree of fineness of mechanically processed 7 e. sawed, planed or
microtomed surfaces.





