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Influence of Cutting Pressure on Laser Cut Quality
(Relationship between Cutting Pressure and Cut Quality)

Y.S.Yang , S.J.Na, W.B.Kim , and T.K.Kim

ABSTRACT

Laser cutting system uses a gas jet to remove the molten or varpozed material from the
workpiece. The quality of the laser cut can be strongly influenced by the gas flow charac-
teristics formed through the nozzle,

Laser cutting experiments were carried out for SS 41 and SUS 304 to investigate the re-
lationship between cut quality and cutting pressure. The cutting speed, nozzle pressure and
nozzle to workpiece distance were also considered. The cut specimens were inspected by
various manners such as dross observation, surface roughness test and kerf width measurement.
Based on the data of pressure measurement on workpiece and the results of cut surface in-
spection, the influence of the considered cutting conditions on cut uality could be evaluated.

The results of this study will be valuable in planning the optimal laser cutting process and
in designing the laser cutting nozzle.
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Specification of the CO:
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Table 1.

Output power 600W ( CW )
Laser medium QO, -N, -He
Wavelength 10.6 pm
Beam diameter 12 mm

Lens ZnSe

Lens focal length 5 in

Cutting gas 0,

Model Daw Woo VFA-600
{Conlm!ln:l rGg;HMLI
Mirror ”
LASER
_ Facusing Power
Supply
Gas shield
& Clamping

Scanning
System

Fig. 1 Schematic diagram of lasing

machine

goj Ay At JFg plA= FARTE
olx &8, £¥A# (focal distance ) Al
o] AT FA, stxe] FFe} 4Y, S L
=23 Aastel A, =&Y :°"3] & °3_?'
A ME 7tagtd, g, =adAaete] A

Qg Me ABagen teia Met w5
ot gol AA S o A

65

glo) &4 1 600 W
Al 5 A 2mm
4 78 0mm( focal point )
AT R
wE P IESY =8
1) 7t=dg s SEys
ol Aotolr] &FH Aud AAs=d 7t
kS 2oy AlgY

e
A= mE ZH ‘%g’rol Az gl LﬂrE} e &
¥t A Ao g Aaslal 3kg ol o) Aol M
4 jump 7b AR Wi E kg e o] ol
A A S sl o e ol 5kg ofo] Y
oA dlzell FEg o] sliAA HoE
3- 5khy /S AEFYUANZ Mestg o) Fol At

oA A7ty Sxot A dasEss 2HA
3] 93 =g WehsEA Addaith
@) w23 AHzetel A
e Z=A AdABANAM & 2 Ete] Az

7F @i gl whet 9k jump 7F B4 SR 7] W el
ojzle] Alsrrbgel Al &g A Hst
of ZelE Wsh7IRA Atk AA dY
AN wEF Agete] At FrMgel ot =
244 B3 ok gl e HA o] AX7
wf ol AFA 2 ol deliM e Aol BrHsIRA
o a#@A 3,3.5kg  cdol A mE I A 5ote)
ABe 3mm G 57k AstA7EA] A Y &% ch

WaA AN He
2 2 4

)
o
2
rE
3

= T =
e EAg wgslob goh ol EjsiM HE
e Ade FYsiado
(1) dross &3

HolA HehF Sgodol A shptel £
A o g ol AAS] AshiAe A

go A2 348 dazstd Ayads A8t
A7t} ol # 3k dross B HAR 7] s &
AR5 AstAA 7P A PEE dross & &



O& X

gl e, dross & AV E A«
7l sl AARNEY S o
2 H2E AR oz v wsld )

1 =4
kAl Afiie] ke ks HH e A}
FE7] WZe] B enrt SR vk o
Hut dlold detelMe dabg #u e A
54l 251 AR8-shEAlo] sheaty] W)
2=8E d2shl & = e $HHFE Holop

2l o] A Z%‘E}Al depdol 2245 A5 &
& Foli, B9 Bi¥de duadu sk A
s vEhd e o]t dgde Haw
& g As FANTE Folof @k AAF A
HEE SAdster 9l olf A =

oA Aake Hohyd £ vhd el AdvrAd ¥
B 9} macroetching ol 2|3 @A o] =2 o] Fig. 2
of vteEbu el A eA e gkl A st
Gog i ofgh Folxlal lo it 11 ghel v
nste] FE =7t 45 HolFn gloh wha
7ol A el HE 2 13 A FH)
AL FFEL 23] A H Fot
A gFokon, 2HAH 242 AHE 7T ot

A g7l B 2AA} AASS ¥ F ek

Figure 3°l& &47t9] AdRoA] A3 4

EEEE Yehi e, d9de] dxrt 2
Aol e v Ao 28] olm2a A&
B 4 vk 28y oy e Ak Adud
of °F 0.1 mmo] Fol Xk A& or wYstu
Ao 2 A7l= dgel HEd e ddz
Aol thai M Aol A48kt Figure 49+
FAUTE ASA AT A EF dad g
oA £A4g AE (top kerf width) & 4]

—--e— AA 7 0]
(a)

20 mm

(b)

Fig. 2 Typical cut geometrie and mi-

cro-structure

(a) SS41 (b)SUS 304

500 I
200g

400—

300

200

Materal : SS 41(KS)

T

‘
'
'
'
)
'
'
T
'
'
'

HAZ Base metal

Vickers hardness, Hv

PO

00 01 0.2

0.3 mm
Distance from cutting surface, x

04

Fig. 3 Hardness distribution in cut

zone of SS 41

e dvdn, dady s FAAESsE o
St b2 2 0.3 - 0.4 mm HYHoA] A

66



& fststel e :1711 kil

2y 2=
o T
}X] %?.ﬂ‘i}ol #HH A % atdgls E29]
A7 %92 @ 5 9 w8 w242 1.5
= A

mnQl Y et E ARG ¥ Aol
trk

& ghﬂ Apbeholl Al 8] A vhE o A vy z7le| whAlQ)
IEREE R B
o i 2.0 kg/ca®
H 2
nozzle da. 12mm : g:: :::;-:x
mm| convergent type A f
w: 4.0 hg/ea ™
2 4.5 hg/ca>
0.4 i 5.0 my:,:
[ B | '.'.,
£
‘9‘0.3
2
T
g02
o
2
01
0.05 1 1 3 4 mimin 5

Traverse speed

Fig. 4 Top kerf width for various cu-
tting parameter of convergent
nozzle (¢ 1.2 mm )

Figure 5ol &3 oz =

- A B DA S AU PN S _/‘;101»9; 4l

Aol Ariel ope) el AR 2

t HAA I el =Sy o) E g

o} A& HatAl7]H A wgle o]

]'—]

g

WHsHA B 1
A A DA S A =] o
Y25l dross o AHE A
(Fig.8&x). Ay gok
' 73‘%0%]% e o] 2 oA
0~30 Fm 2 Jebs 3 =Arje
e ez A Aawa
o 4= Ak AEIE A% #ol A
d e e] Ao A2 s k30 ~ 50 pmzA
4 73 -2 HhﬂoH Ed vlwmd & e
=, ol 2Edu 2t &%
l B axzhe] kAl et vl
Aog Alggch g8 A
—‘?—0 dross A&l W& HolF
AAS ATS Ho|R] F=A e

FrAratal o,

[} S )|

™ >\
d

2

o
oL T

v ol o
»w

p

o :L

|

o

o

ol —_—
.

19 9

|

oo o g
TP g X
£ 0\1 >'<O 29,
IR
f
,0
>|':

v
P
L

67

50f

aum

40
-
&
2 30p—~
£
<]
I
e
e 20 —
2
£
%
I
b3 10 _ upper low _ |

5541 o ®
SUS304 A A
o |
0 2 3 mm 4

Nozzle to workpiece distance

Fig. 5 Maximum roughness vs nozzle
to workpiece distance for con-
vergent nozzle (¢ 1.5 mnm, nozzle
pressure : 3kg /ch )

Figure 60l =598 9 =50 Jz5d
ze] Aujs Ads AsAAN Bugty e 2.
~2.3kg ehoiz Aol A A KA A7 EA
e} 7iA] gl dla) A Hehe Faa dw
He] HAAZIE Jepligde), SS41 742 # o]
H& g A ol Aag st Sl et
A 1 asla glew Zt Adzyd
o| Ujrf' A A7 191 HAzls 719 Al o 9

3 dot& eyt vlmy  ggus
Jﬂl@z;’ -ou] Aghzye]| uwh
& Aoz vlwA AA Yephuu, AxF oz B
= dyetdo] e A= A9
o] Aelet £t el dye
o] apolzt @A vehtA 2w AL
2 lE A7 glolA Avkd —4
Aol Al ok w7 A 2 v
eER ol =], oé
Atole] Aejet Ho
AHE7E Aol A+ }

waba] Aehd el A3

141/}__‘,1: 1% 7‘%

A TR
< 2.1

3

rl

o\
)

o
o l

T b

o o B
O -T A A T

] il

\._n‘

‘L‘l”ﬁ»’i
AE
B oY 2

I‘il‘

ﬁ.”

o

b
)
= HH-
flo
A
f‘ulo

2 P R )

>

o b
il
8.
=2
2]

1. rU,.
4>
;o
32
R
b
v = i

X

I T

filo

]

I
o

A 7.2] 7131
dgFo] A glvtn B4 Qomz A

st AleerdE AR

o

i
y

o L

t
)

ol B oW
1 s o
)
o
as)
o

4
)
o

il



O#® X
50 1 pressure  distance T f :‘] 7 " N
«m (kgicm?)  (mm) upper low i «gicrrt
£ L0 LN 25 05 a (O 5 nozzzle pressure - 3 kgiem'
‘:. ‘w30 08 o .
g .30 25 a A r
& ) ‘ v A B C D EFGHI
3 S S i | ' P!
= 2 { I ! 1 NI ;
E s | ' i ! NI
2 23 N N h
£ S ! i I Cror
] g Ll I i f '
z 2 | ! | I
4 oo TR
a L ] ! ! ] I
I I I ' P
a6 09 12 1.5 1.8 21 mimin 2.7 | | | | [
Traverse speed 0 1 L 1 i I .
0 1 2 3 4 mm 5
(a) Nozzte to workpiece distance
Fig. 7 Selected nozzle to workpiece
distance for cutting experi-
aim .
ments with convergent nozzle
"3 — (¢ 1.5m)
n
v
% —_— Hol| Faste] 2.6mm H A A Je 7} Aot
g °]WH94 dee 1kg cAd a2 eata g
570 Mmooy . Ael ~7e] Aol BT & 4 Aok a2y
z 25 o5 Reer oW U e En maAzke] A8st F713el web ok
2 R — & —Z
10 30 08 5 et HEE D AUFLAE PYEl wEE
30 25 A A - =
5 Lot 3 7 Aol Qevsh g FEH Aol
03 06 03 12 15 18 mmn 24 o] o]z 7 gl ot L] o] A Ely) AlF
e gl ubek AR EAE Asksls) A Slch,
aPelA GHY & vhg =A EAEH Q)
Fig. 6 Maximum roughness vs various ou} Aebie] dross AHE REA 0w AW

cutting speeds for uniform cu-

tting pressure of about 2.2 kg~
e (convergent nozzle, ¢ 1.2 mm)
(a) SS41 (b) SUS 304

SAtel o] 7els ste] o &
Atele} A

2 Al zst =&
AY m=EdYelM dllget =&

Azt wpet dHZEIE TS 2 WE
of oldj o] FHFEI dFZel vlAe I
2 A Qe AAE g A "t 9H
011*194 AHAAZY Fig. 7 BAEHAS A
H rEes g9 A4 1.omo|ed 44
E HZIOHH ehue debre] ofgid ezt

Fig.8 ol ©73 seldal 27l thate et
Uik 94 w=9ke ( 3kg e ) oA
7 A B obel Ay} Zrtgte] oiet

L WY
=E

qast

68

ZatAl vely ledl, oA L nE -NHUE
7}4 Ag7F GERYG v o 7R e A
et ol G438 dojxle A Eoleta /5
Hoh & AA ddA) JEGEe] s Hy
e FAEA Bt =2 G HEe] A
of ofzte] W o] A& Aoleta Algdnh o
ol el Al F7lE wmFo Wo] RFHRAy] i

of Agel Brbsagion 44 1.2me) 3%
ol @ AN E J%!%E o mhe} AutE
Aol 27 Wstge & 5 dUth aYE2 F
g AHgate) 2SEABE EARHE 2
WA RS} = F Alole) S F2E Fofd
ANME F58 AUELL ASFU7] o Rl
AU RS} wEAole] At FoW W sHE
=3 B FEF AYs BAE PR

=L
HaOE =

1.
AE



FFAUFEHA A58 A1E 1988, 3

—

o AN S g

Fig. 8 Cut shape on bottom side for various nozzle to workpiece distance of Fig. 7
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