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A Probabilistic Model for Crack Formation in Laser Cutting of Ceramics

In-Seok Choi’, Seoung-Hwan Lee”, Sun-Eung Ahn™""

ABSTRACT

Ceramics are being increasingly used in industry due to their outstanding physical and chemical properties. But these
materials are difficult to machine by traditional machining processes, because they are hard and brittle. Recently, as one
of various alternative processes, laser-beam machining is widely used in the cutting of ceramics. Although the use of
lasers presents a number of advantages over other methods, one of the problems associated with this process is the
uncertain formation of cracks that result from the thermal stresses. This paper presents a Bayesian probabilistic modeling

of crack formation over thin alumina plates during laser cutting.

Key Words : Laser cutting (2l ©] 4 “A©h), Crack formation (7 €

E59), Alumina (&F 1)

1. M2

Age RJae e LEgME IRZE, I
T gehAQl A, W2 whEAFY L o)
A & FAStE Hold A253E 7HA
o1} JhEo] ofHY @A AEFHoZ A}
geolgith metA ZiEe] 1uE e o
oJolZE FTE o] 83 cutt-off grinding ©] 2ol o
27k oAl hgwge] AmEe gl o Z
o] szt #olA W& of &7 Hdolrh #olA
e ol &% st vEHolnE FyvdE, ¥
T &, JAFH 7t F Agel Uvke A
o] ol 9 mzhrolmz Aud} e
HAAE 7HE A ode TAH Ze EAH

30 e oy

@ 2028 29 5 HE
* dHdEn dgd A7) AT
b SFdistn 7)1 A&
b gguistn Al Fst Tt

gAY, Bayesian probabilistic model (H] 0] A]¢} &

AFHAZI ol thate] @& A7t o] FoiHA
2 9ok Smith H& FAE O golA F, &
Fove] FAE sty dFnve g E4S
AYHoz AT Glass P metallic glass
o] #Holx Ad Al Tt dI3EATH 2R
A FEAEYE ol &ste] FXH R FEIIR
o B Li T FolA da A Bt 2x
o deEHY REE nEstd Hdd Z2ANXE
st Lu S AUy o] g5t
ojAe] Z¥a Age FA, dHolAH FAEGE
(scanning speed)°l] W& Hdk A4S FE350
] Hector ¥, Yilbas ", Lu 15 & #lolA 7}F A &
EEYe 43EE ATtk

Ag7A e d72735 AHEH #Holxe A



AT AYFTEHINA A19d AT

———————

FEWA %7t A4, 1 o
FAEE §9 g4z B
A% 24

HHAY AA KA A A B
o)A F5&e wsloA
‘ﬂﬂ'ﬂ AHAHZ (cutting
3 AgdEn A, AA="
R FAEE. BloA] FEY
Ed3te SERAS A8

front angle) o}
YALBZD -
Al AdAAGHE
27} 8o,
2. O el el
dolA 71Fe €4 Z2AMxelrz JHF
e exTst B4sn o LETHE Fe
HE TG, WA o] HeMe #HolA
Al dFruge 22 HAEARe] 84
i A g AWt ok

% ot oo Hy

ok
=T
4

1 € ZE(Thermal field)

Laser beam
)
l / /

Fig. 1 Laser Cutting Coordinate System

Fig. 1 3 7Zro] golA 7+F A 2A3E dd
el RE3d ZdolE 7Fx]= ¥4 uncut infinite
elastic plate)?] F3=49 29 449 &5 o

o
AA 3 o] TRA2E FAYHE B 5
Ly=0°A €58FL L9 42 o2 &
=
q
T(x) = T(x,0) = ik exp(Ax)K o (Afx]) (1)

91

A7[M, TX)E y=0 oA 2EEE VE F

AEE, D ¥ G844AS, A= V/2D, q 899
A%,k €AZAF, h B FAY FA, KO =

0=t 2 FwAEFE vepdTH
2.2 4 23 (Thermal stress)
2= q(q =1 B3 DHA (static unit point)
Aol Fao] Aol @Adel LA &HF
o B y=0°A &9 quasi-static 3] ¥
E7t dojAll,

Oy (x)=

[slgr(x)Klolxb Ko(xlxl)——} )

A7, 6,(x) = y=0 A HFS £F, u
E AGAE, m= 1+v)a, o SE3A4ASF, vE
EogH], K02 1 2 2 T A (modified) S
LERdTH

Fig. 2 € A& d9ZAdA 7d% ool
thoof B €99 FEde AFSEH
B, O AFEAME 4E5SHol LAY
9L FudFgHol My QFSHRY F
o FAsA DG

u‘5x10m
0

§ 05 alAx)

[

C

15

2
L .
5 -

-25

Fig. 2 Stress Distribution

=90
S

Lu 52 ols} 2& 799 w4 And T
A, AolAEE, FASE S T2Ax e
o wskst mastel ATSPAY, AFANe A
9t AL $¢ THE AFER 2ol ¥
~et %84 gael WANA BT 2

ERCIAs

_L.



14 - o]y g B LTI A A19A A9w
100 4
* | = NoCrack ! Laser Beam
90 o
4 s crack
sy Linear Fit
= 70 4 8
E 60 " n
£ ; .
T s0] . . Cutting Front
Q -
& 404 . LI = e
304 w7 - [ ]
20
10 T T T T T T
200 300 400 500 600 700
Power[W]

Fig. 3 Plot of Raw Experimental Data of Feed Rate
versus Laser Power [¥

Fig. 3 & #o]x&d 9 £58 WAy dA
g TS #F AP dHoln YA HRE
e 7Ieez 3¢ 24 oA dAHe
F Atk 2y FgAGd dE FY
4 ExyMs g whYL &
yUebdch ojgd S vehlle
AR W, A5 A EFY,
Bzt B4 58 €
golA Ad Al B
Z50) so} Al el A
fia- %‘*@/Hl%@a AAstA €tk e 2
AreAE AA, oA A FAEEE W)
A7 A E%Ol dAste dARE 4¥He=z
AASA T AAY A¥zANA dhAH] W3}
5 2450 YAULAN FALAE FES F8
e dERda S ALt

GE24YS dstode e Al vhERHs 2
7188ty Bd 59 MTE AMgstd AdAWS
st 2ol Bass, old B WEE o
2 o) BB

3. HE Bl A
golA HdA Fig. 4 9 Z2o] A H(cutting

front)e] FAA= 1 Hebzde] Wl o3 oA
FE5 &9 W37 A Powell 5 FFHE )
o] 29, A5 71¥d AEHE £, An9
sto] AbSEE £9, Mz o3 dAd= &4
o] #Re 2Aste ddAHe #F FHE
BT,

o

k-3

=
S

f

[e]
R

b

Fig. 4 Schematic of Cutting Front

A@B)PLaser = cosBA(n",8)](2,) 3)
o714, A & W] A=
FHE W9 A%, pE Y937 (circular angle), z
= BHOERES Zo], §& HUHEH, I
e Bt Ael AN} §ad Aol

LZ_‘]’ APLaser =

iy mloﬁr

W dojdtim s Frde U FEE A
89 7t AHEHE aﬂ(PT) Ao g3l
AHEEE FH(P,) AEd AT EE4] (py)
oz x¥d 7 Sk

A(z,B)PLaser =Pr + Py +Py @)

Pr =bgsVpe(T, - Ty) (5)

m = DbgsVpee 6)

_ k(T —TO)J_ ;
16D 12 [ 2DJ M
arctan
)

A7NM, T AA HolA &Y, b, & Hg
Z st Adgo], pe UE, cEHY, T, & &
T4, To= 794 —f’:E, e £8E, D €3
AAFE ehd,

JFEA RS HolAul Ale]ol Al Lz
ol st HeEFHAL do|A W nHH 7]
ol diste] AddEEta 5 3l @_Jﬂ"d
€ vl2wH dA ¢ n o WP AW HAYe) 5

22 29 Aoz B 5 Il cai MUE go]
AENES 5t fx2d saetE Poievig
ol g3t Ztzte] EHAL S
sk



=AY ZEINA A 19W AM9E

ZA

dx

Fig. 5 Orientation and Size of Surface Element
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Table 1 Properties of Alumina

Properties value
Alumina Content 96 %
Mechanical| Bulk Density 3.8
Properties [\ater Absorption 0%
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Compressive Strength | 20,000 kg/cnf
Young’s Modulus 3.05% 10* ke/crt
Linear Expansion Coeff.
Thermal at 25-400°C 7.1%x10*C
Properties at 25-800°C 8.2x10*C
Heat Conductivity(25C)| 0.55 cal/cm sec C
Specific Heat (257TC) 0.185 cal/gC
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