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Effects of Cutting Direction
on the Laser Machining Characteristics of Wood'

Hyoung-Woo Lee™

ABSTRACT

When cutting 2. 0Ocm-thick red oak and hard maple with an air-jet-assisted carbon-dioxide laser of
2kW output power, maximum feed speed at the point of full penetration of the beam decreased with
increasing the angle between grain and cutting direction. Feed speed averaged 3.75 and 3. 38 meters
per minute for red cak and hard maple, respectively.

Gray-level of laser-cut surfaces were analyzed by image analysis system. The highest gray level
of laser-cut surface was obtained when red oak was cut parallel to grain by laser. Surface profiler
was used to scan the sawn and laser—cut surfaces. Center line average roughnesses of laser-cut sur-
faces were higher than those of sawn surfaces. Scanning electron micrographs showed the cell walls
which were melted by laser.

Keywords : Laser-machining of wood, machining characteristis of wood. cut-surface roughness test.
image analysis
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Table 1. Average weight of wood substance removed and maximum feed speed at the point of full
penetration of the laser beam by cutting angle.

Average weight of

Species Cutting angle wood substance removed Maximum f?Ed speed
(degree) (2) (m/min)
Red oak 0 1.19 4.10
30 1.24 3.70
45 1.25 3.70
90 1.29 3.50
Hard maple 0 1.36 3.60
30 1.31 3.30
45 1.48 3.30
90 1.25 3.30
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Table 2, Maximum and average gray levels of
laser-cut surfaces of red oak and hard
maple at different cutting angles.

Species Cuttinog angle Maximum Average
() gray level gray level
Red oak 0 3 29
30 62 20
45 687 21
90 85 28
Hard maple 0 180 42
30 125 38
45 123 35
90 101 22

bl A A e A 3 AEPAY ez
FHE AAE B2 FAE Hadest SRS 2
Y F7kse] TR ke S A s ool ¥ HE
%ol Bolethe AME dFdn sk v ©@E
Tl e 224 544 SEE BEE e 5 iUt
. HFol B £FYE BFetn el o

25

Species : oak
Cutting angle : 0°

~
o
o

Gray level
e
w

-
(-4

0 50 o0 150 Zoo 756 300 350
Number of pixels
2507 Species : oak
] Cutting angle : 30°
2007
- ]
> ]
21507
g1
© 100
5
0 "so foo 156 200 250 3oo 3Iso

Number of pixels

@ A FASEH GFUTe] 30 WA B Ae
FEAR T3 27\ 2 e A4 WA 53
58 3719) 493 davhae) o] 4% ol Foix)
7l el og 2adch 55w FAEAL 0
S8l A9 Aatol olal BAsE Aavtart A
o #3¢ B QU3 MEHRE Ao SASE) 1R
=7 e,

3.2. =lo|x HAtze| &4

3.2.1 EAH9| gray level

a8 18 gl EAH g shdxielskd 23 F gray
level®] %2 Z histogram .2 ¥t gled gray
levels] &1 gzt Hd g2 & 29 2o} zhife]
73-¢ g vl ¥l aH gray levelol & 3o
Ve dbgo] At o] Thgutol vla] ok i A
£ Hi US4 5 Utk 53], AR E Rejd ¥
g vrgro 2 M2 AL gray levele] vHE g3dh
ojMy el AL whFRe vis] darde] gray
levele] E& A& F3&0] & i 24$ Faha) b

250

Species : oak
Cutting angle : 45°

Gray level

0758 106 158 Joe 750 300 350
Number of pixels
Species : cak
Cutting angle : 0°
B
2
215
En)
5
1

6 30 100 150 200 750 300 350

Number of pixels

Fig. 1. Gray level histograms on the laser-cut surfaces of red oak.
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Fig. 2. Surface profiles on sawn and laser-cut surfaces of red oak and had maple.
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Table 3. Center line average roughnesses of sawn and laser-cut surfaces of red oak and maple by

four different cutting angles.
(Unit: micrometer;

Cutting angle(degree)

Species Sawn surface Laser-cut surface
0 30 45 %0 0 30 45 90
Red oak 18 29 22 31 61 91 124 126
Hard maple 13 9 9 9 18 19 19 20
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