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Fig 1 Nomenclature for geometry of finger joints
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4.1

90°

12

50
/min 16
1
Teble 1 Cutting conditions
K f &KOHE
Factor B Levelr o
A v ¥ — FRAE % Z A0
A. Position of knife edge Alternate Even
ThEEIH s 9 % L
B. Precutting Exist Non-exist
SRR
C. Feeding speed (m/min) 8 16
© AN = 7iHIDARH ft _H i H
D. Grain of scarf surface LR LT

7y 85— [nHREL

Revolution of cutter

Ay ¥ = O BRI
Sharpness of knife edge

5000 r.p.m.

o F
Sharp

i Hik RO ER]
Cutting method Up milling
[ B

Species Ezomatsu

T fae

Width of annual ring (W.R.)

(Picea jezoensis Carr.)

1.4 (0.9~2.1)mm

&=
Specific gravity (S.G.)
KR
Moisture content (M.C.)

0.39 (C.36~0.45)

13.9 (10.8~15.4) %

/min
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B a5
Rotary direction

. KBRS 5 3 —
- 20 Cutter for

main-cutting (

THEEIR A 2 9 —

Ly
NP,

Cutter for
precutting _~
—d
(1:75) ri- W% MO m
7°36° Feeding direction
—___ | I
i 1 — 3
'S T By 8~ A
$100 & Cut-in side of cutter
$160
# oy &~ LR
(Unit : mm) Cut-out side of cutter
5 7
Fig 5 Nominal size of mini-finger cutter used in this Fig 7 Cutting method
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Fig 6 Position of knife edge of cutter Factor A



Fig 8 Grain of scarf surface Factor D

5,000
4.2
4.2.1
45 x 20 300 8
No
0 1
Factor A
1
3 A
9
Factor B 2 13 15
1
6 ’ ‘ 7
12 8
Factor C Factor D

16
Fig 9 Assignment ror experimerltal factors to
Lis orthogonal array

16



2
Teble 2 Experimental conditions

HKBRh &5 By Y = FRNE T IEl &M 2 —7HOAH
Specimen A.Position of B.Precutting C.Feeding speed D.Grain of scarf
No. knife edge (m / min) surface
1 2 HAlternate » ) Exist 8 LR
2 do. do. 8 LT
3 do. do. 16 LR
4 do. do. 16 LT
5 do. % L Non-exist 8 LR
6 do. do. 8 LT
7 do. do. 16 LR
8 do. do. 16 L1
9 % A0 Even & 1) Exist 8 LR
10 do. do. 8 LT
11 do. do. 16 LR
12 do. do. 16 LT
13 do. % L Non-exist 8 LR
14 do. do 8 LT
15 do. do 16 LR
16 do. do 16 LT
Depth-0mm
Depth-1mm
Depth-2mm
Depth-3mm g A

Depth-4mm

45

10

o:Measuring point

| -
Cutter- 1

(=
Cutter - 2

C:*o*h°*h°“”‘*“‘*-v

Cutter -10

[
Cutter - 11

45

Fig 10 Measuring method of finger shape
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600

1 100




4.3
4.3.1

No.9
10

16

o 0.56

o 3.48

Table 3 Variance analysis of measuring data of finger shapes

11

No.7

W T4 v A — NG T AV H=F oy TIED G
Factor Valley width Variance of chip thickness
FAH BHE o B Bt PHM HEE 5 8 aidt
s.S. d.f. m.s. Fo s.s. d.f. m.s. Fo
# oy ¥ — A RALE
A.Position of knife edge 2.51 1 2.51 0.01 0.391 1 0.391 1.91
Rzl
B.Precutting 51.28 1 51.28 0.12  0.462 1 0.462 2.27
ryvpr.8: 4
C.Feeding speed 154.69 1 154.69 0.36 0.640 1 0.640 3.14
2 H—7HDAKRHE
D.Grain of scarf surface 297.96 1 297.96 0.69 0.164 1 0.164 0.81
AXB 4.78 1 4.78 0.11 0.038 1 0.038 0.19
AXC 154.69 1 154.69 0.36 0.093 1 0.093 0.46
AXD 211.64 1 211.64 0.45 0.504 1 0.504 2.47
BXxC 97.51 1 97.51 0.23  0.000 1 0.000 0.00
BXD 37.28 1 37.28 0.09 0.003 1 0.003 0.01
CXD 700.01 1 700.01 1.61  0.031 1 0.031 0.15
€ 2167.90 5 433.58 1.019 5 0.204
T 3880.25 15 3.3¢5 15 !
* 5 Significant at 95  level

Footnote  * * 1 Significant at 99  level



10 11 12 10

11
11
9.7 11.0
11 No.
tand
AN — 7 EHDOERBERIHHET S 71 v —& A H— 7 EOHEF
Finger length for linear limit of scarf surface Slope of scarf surface

EHH AHE 5 S Rt FHH AmE 5 f. At
s.s. d.f. m.s. Fo S.S. d.f. m.s. Fo
6.89 1 6.89 15.63% 1.300 1 1.300 351.24**
0.04 1 0.04 0.09 0.023 1 0.023 6.08*
1.27 1 1.27 2.87 0.004 1 0.004 1.13
0.14 1 0.14 0.32 0.007 1 0.007 1.94
0.02 1 0.02 0.04 0.002 1 0.002 0.54
0.39 1 0.39 0.87 0.003 1 0.003 0.67
0.02 1 0.02 0.04 0.008 1 0.008 2.18
0.02 1 0.02 0.04 0.003 1 0.003 0.67
0.14 1 0.14 0.32 0.004 1 0.004 0.97
0.14 1 0.14 0.32 0.003 1 0.003 0.81
2,20 5 0.44 0.019 5 0.004

11.26 15 1.374 15




RN s AN

Chip thickness {t)

NG AN

Chip thickness (t)

&

40 Specimen No. 7
7y s =YL
% O@ 3% s Oﬂ onoa o : Cut-out side of cutter
0, o, %, 0, %,
3, A 3, £ 3, B 5 — A B
o z ° 5 . _—
S % 2 2 ,)),5 0 : Cut-in side of cutter
30+ o> i 8’5 8> )
(o)
[3 L] L] ®
° \
AN
201 . . " .
o
. ] 8 U
o
. 8 s 8
(o]
. ] [} )
o
1.0 . s o )
— o
. ] 8 o ]
o
L——J‘ * & ) o® e
[e] \\
0 | L | 1 1 1 1 1 L 1 i 1 L J
0 2 0 2 2 0 2 C 2 4 6 8 10 12
¥
(mm)
40~ .
Specimen No. 9
Q (9} Q o] Q
T % \9\% 0%, o, 0%, # 5= L)
‘o \ N '5\} 3 ® : Cut-out side of cutter
7
5 NG s N EX B s 5 —UBAS ]
30k g’)’ > O.O) 027 o o : Cut-in side of cutter
g oe ] -]
zor e s
° 8
] Q ]
s ° 8
10
L] ] 8
]
oe o
\
0 1 { L 1 1 | t 1 ! 1 1 1 | J
0 2 2 0 2 0 2 0 2 4 6 8 10 12
(mm)

TA AR 5 D Bk
Distance from finger bottom (x)

11
Fig 11 Examples of measuring data for finger shape



8.05 7.48

7.5
4.3.2
16
27
4
Teble 4 Variance analysis of defects of scarf surface
i BiFh EILH
Factor * Raised grain Wooly grain
FhHH BEE S5 8 ot FHH AEE 5 B ot
8 d.f. m.s. Fo Shsk d.f. m.s. Fo

# oy 5 — AEME
A.Position of knife edge 2.41 ¢ 1.206 1.26 0.11 | 0.11 0.11

S ALl
B.Precutting 1.16 2 0.580 0.61 1.03 1 1.03 1.03

REMHE
C.Feeding speed 8.67 2 4.337 4.53* §9.11 1 0.11 0.11

AH—7HDAH
D.Grain of scarf surface 16.66 2 8.330 8.69** 9.26 il 9.26 9.31**
AXB 1.00 2 0.502 0.52 0.11 1 0.11 0.11
AXC 351 2 1.754 183 1.03 i 1.03 1.03
AXD 4.92 2 2.459 2.57 0.11 il 0.11 0.11
BXC 3401 2 1.754 1.83 0.11 1 0.11 0.11
BXD 1.16 2 0.580 0.61 1.03 1 1.03 1.03
CXD 4.92 2 2.459 2.87 0.11 1 0.11 0.11

el 9.09 10 0.909 1.49 5 0.30

e2 583.01 608 0.959 305.44 304 1.01

e 592.10 618 0.958 306.93 309 0.99

T 640.02 638 319.96 319

Specimen No. 4

Wooly grain Raisedgrain
1
Photo 1 Examples for wooly grain and raised grain of scarf surface
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200

200

6000
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4.04 ELERER R
2 o : Finger length for linear limit o
3.48 Sy
2
g7 KA
_g - Alternate position
57
£7 z2ufiR 8 3 <
S v LI N4 < a
<7 Even position 7> % e
= : >
= _ Level 4
T - v
1/2 N Level 3
N .._Level 2
0.56 ) . S>> Level 1
2 ~
0 <=
0 BR8R 53281\ (mm)
B BRRROC =
TR TR
D
Finger length
12 4
Fig 12 4levels of finger length Factor A
5 A
Table 5 Level of finger length Factor A
(Unit: mm)
R By ¥ — NRNE ('7 f oy H— }Eﬁ%u)
Level Position of knife edge Tip
a1 zzaa thickness
F Z A0
Alternate Even ) i (ty)
1 11.70 10.90 (0.56)
2 10.70 9.95 (0.82)
3 9.70 9.00 (1.08)
4 8.70 i 8.05 (1.32)
12
5.1.2
42 x 40 400
FactorA
7 6_ 2 o1
3 12 *13
7, \IA
5 10
3 15
Factor B FactorC
13 Ls

Fig 13 Assignment for experimental factors
to Lus orthognal array
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6
Table 6 Cutting and insertlng conditions

A Ko

Factor Level
R ABSE RN 7z % hHu0
B.Position of knife edge  Alternate Even

A,

C.Inserting speed (mm/min)

&5 £BM
See Table £.

2.5 100

TR
Finger length
I Aok R

T 5 A1

Glue

By — BRI

Sharpness of cutter

1 fii 11
Precutting
AR R

Feeding speed

i &

Species

V-2 Bt

Loy s = LR BRI A
Resorcinol resin (non hardener)

%A
Sharp
%L

Non-exist

16m/min
Ravacavd
Ezomatsu

Width of annual ring (W.R.) 1,6 (1.3~2.2)mm

G

Moisture content (M.C.)

14.8 (14.3~15.2) %

7
Table 7 Exper imerltalconditions for inscrting test

R

Specimen

17,18
19,20

21,22

knife

& 1 Alternate

# A0

2.5mm min

oy = HEfE
B.Position of

edge

do.
do.
do.
do.
do.
do.
do.
Even

do.

T4 v H-RDRSE AR
A.Level of C.Inserting
finger langth speed (mm/min)

1 2.5
1 100
2 2.5
2 100
3 2.5
3 100
4 2.5
4 100
1 2.5
1 100
2 2.5
2 100
3 2.5
3 100
4 2.5
i 00

13

No

16m min

100mm

min



400 qI
l T4 o A= D

Finger cutting
£ 2

Ficlall
’5?}1 Plhning of surfaces

Test piece for W.R, M.C.
< L d—;
S¢ T 11 9

T4 v = FOWE
l Measuring of finger length
hy 5 — AL M
Cutt-in side of cutter

Ay — U L
Cut-out side of cutter

—
L.
“—105—4 ‘L l‘iq (Unit . mm)
Load
BRI
Glue \\
MK
Load

14
Fig 14 Preparation of small specimens and method for inserting test

14
105

ton

5.1.3
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8 1
Table 8 Variance analysis of straight line  of load displacement curve

LSS s I i . FERIG A
Factor -~ Slope Endpressure at lower limit (o1 Endpressure at upper limit (o;)
FHH FHE 5 T gt THHL (A i it F LA ARE i ikt
S.S. d.f. m.s. Fo s.s.  df. m.s. Fo s.8. d.f. m.s. Yo
#oy 8 — ARl E
B.Position of knife edge 63993 1 63993 2.07 10 1 10 0.04 81 1 81 0.13
EERE R
A.Finger length 2639284 3 879761  28.52** 7657 3 2552 10.90** 28937 3 9646  15.78**
I ARAE
C.Inserting speed 7 1 7 0.00 276 1 276 1.18 1668 1 1668 2.73
AXB 36768 3 12256 0.40 226 3 75 0.32 670 3 223 0.37
AXC 42769 3 14256 0.46 457 3 152 0.65 2269 3 756 1.24
BxC 40115 1 40115 1.30 15 1 15 0.06 332 1 332 0.54
el 44084 3 14695 692 3 231 1597 3 532
e2 541985 16 33874 3758 16 235 10015 16 626
e 586069 19 48569 4450 19 466 11612 19 1158
77T 3409004 31 1 30973 31 45568 31 -
2
(ke/em?) D type B type A type
300~ r i 1 1
® ®® L' ﬁﬁl
120]
] ® & ® @
B ® ® 5 A @
0 ® ]
: =
200~ End- | Type of L-Dcurve | N
pressue D B A A :
6max| © A& @
A
5 !)L\ 62 | o a o
w
@ L
[ ]
S i 61 A ® 5
g i n =27*
@ 7 m
100+ A
~ © 77 kglem?
ailam
. oo — \. o
o — A
- o__og— .
o o—¢ am &
[}
-
0 L‘L ! 1 L L L 1 I ) |
o 8 9 10 K 12
T4 (mm)

Finger length (1_1:)
16

Fig 16 Relationship between endpressure and finger length for inserting test
Footnote Data of specimen No.14 22 25 28 31 are excluded from the figure
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No.22 28 25 14 31

16
10.70 11.74
t to tt to 6.8 ° .2 0.22
0.20
10.17 10.71
0.12 0.21
8.08 9.81
0.37 0.81 ,
10.0 10.7
0.1 0.2

100 150kg o
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0.1

0.3
B
5.2
5.2.1
9 x99 700 5
10
10

Table 10 Experimental conditions of inserting test

95
for full-size specimens. £ %
-
oy — SRR L °’:I:>[
Sharpness of cutter dull
7y 7 = TR E Z " .
Position of knife edge Alternate ;1 v 0 EIH)

o ting
Pl 5L m‘;’cr cut
Precutting Non-exist Test piece for W.R., S.G., M.C.
LN :

Feeding speed 8 m/min ;
PR
Finger length 10.56 mm
TE A SE B e EE R 70y — A AN % g — L
Inserting speed Non-control Cut-in side of Lu!tcr Cut-out side of cutter
A RN i HOE X [
Glue Resorcinol resin
(non hardener)
B Sy
Species Ezomatsu l._. N L A
I T {(Unit :

Load

i

|
>

A A
Glue )

Load

17
Fig 17 Preparation of full size specimens and method
For inserting test
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10.56
100ton
100
5.2.2
11
18
11
Table 11 Results of inserting test for full-size specimens
hEa R B TE AHFES )
@K!‘;ﬁh'ﬁi/;‘ . Emfpressu]re(l\q/un") R
Specimen W.R. S.G. M.C. ——————————— Type of
No. (mm) (%) 2 gz omax L-D curve
1 2.5 0.36 9.6 96 188 249 B
2 1.3 0.38 10.6 123 225 286 B
3 5.0 0.39 9.3 102 193 272 B
4 0.8 0.40 10.1 123 247 303 B
5 1.7 0.49 11.9 112 230 337 B
(kg/cm?) Specimen No. 5 (56=0.49)
350 Omax
Load ( 6 ) o °
Ooo
3001 4 K
5 Specimen No. 1 (56=0.36
250 é"‘c“
SR,
2 200k
8
(=T
150
61
100
¢
§§
50 o
o
00
0 o 2 1 { 1 [¢) 1 1 L 1 1
o] 1 2 3 0 1 2 3 4 5
5 i (mm)
Displacement
18

Fig 18 Two examples ofload displacement curve for inserting test
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120kg cn?

10.5
164kg cm®  77kg o
28
10 12 2 120kg
550
12
Tablel2 Manufacture conditions of finger joints
for tensile test
By 8 —BFIE i
Sharpness of cutter dull
7y 8 = W RATE < H
Position of knife edge Alternate
T HI L
Precutting Non-exist
A
Feeding speed 8 m/ min
T4 v H—&
_ Finger length 10.53 (10.43~10.65) mm
TYRTL L e —
Endpressure 195kg/ ol
[T AR
Inserting speed 2.5 mm. / min

T2 RFTL oy — R ER
Time for holding endpressure 10sec
1% 475 PV A
lue Resorcinol resin
AR - L
Aqueous vinyl urethane

o Py
Species Ezomatsu
G T i
Width of annual ring (W.R.) 1.1 (1.0~1.1) mm
& )
Specific gravity (S.G.) 0.38 (0.38~0.39)
kR

~ Moisture content (M.C.) ~11.0 (10.8~11.1) %

mm

cm

16



kg B k1

11 Edge Center Edge
N e ) \
A 1 N N R N N NN

550 N N N
Ny N
74 v A= ™~ NNNN N
Finger cutting NN N
Test piece for \*
-“ R SRR
i
a9 A
74—y NN
l Finger joint N N i N N N N
N N
AV NN
——v N N N
@ 114 ( 285pitchs ) N
Planing of surfaces L ERTDIR n
14 :Scraped part by a saw
o~ Small tensile specimen
= ¥
[
240 L 80 |
(Unit : mm)
19
Fig 19 Preparation of finger joints and small tensile specimerns.
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100 15 19
250
ton 125kg o
ton 2.5 min
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(kg/cm? . kg/cm?) .
af)oc_m ) Specimen No. 1 (Resorcinol resin) (eo%/im Specimen No.3 (Aqueous vinyl urethane )
=
5 | »
© 24 600 600
L
b=}
R Lo
l.ooL 400

soo~ _Specimen No. 2 (Resorcinol resin)

. Ju

Tensile strength
R i B
[+2]
S
T

600

le

goo- _opecimen No.4 ( Aqueous vinyl urethane )

Edge

| 400
Center Edge Edge

Center
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Position of tensile specimens

20

Position of tensile specimens

Fig 20 Relationship between tensile strength and position of tensile specimen
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Table 13 Variance analysis of tensile strength for
Small finger joints '
'
" ¥ FHH HEE B f Bt 500 !
Factor S.S. d.f. m.s. Fo :
i 13RI ER T O FREXT & '
Picking position '
of specimen 59155 13 4550 1.01 '
1
EHH ) . '
B.Glue 219375 1 219375  48.88 +
AXB 21647 13 1665 0.37 400%- S ————
125666 28 4488 B1 B2
c N LSy )= AEEZLTL 5
T 425843 55 Resorcinol Aqueous viny!
- N resin urethane
21 B
Fig 21 Effect graph of glue Factor B

Edge
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