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Development of high-speed non-contact dry cleaving technology using stealth
cracks generated in brittle materials

Morita, Hidetoshi
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In this study, we verified the conditions for non-contact dry cutting

technology of glass using the phenomenon that a vertical crack grows by the tensile stress generated
in front of the heat source by the laser. As a result, it was found that when the laser irradiation
was scanned at a single point, the area of tensile stress in front of the laser was narrow and
there was a compressive stress field in front of it, so that the occurrence rate of warp in the
laser scanning direction was high. Therefore, the experiment and analysis was conducted under the
condition that two heat sources were arranged in the scanning direction and a wide range of tensile
stress field generated behind the front heat source and a narrow high tensile stress field generated
in front of the rear heat source were superposed. As a result, the occurrence rate of warp was

reduced, and a condition was found that dry cutting of 100 mm/s was possible for a laser output of
30 W.



B X C—19, F—-19—1, 2—19 (@)

1. WFZEBHAA Y P DT 5

Wattt Bl Cdo B T 2%, BHSCHBIEORIT T A, TLERAY— 740 DT A AT LA
IR EREA BT SN TV, BIE, 77 A0FIWNIIE, M1IRTEI7%, b—FHRHE
BEARkmL, BEHEH (A7 T7A47) 2FELTEWTLHL—HYRIITALATMIBERTHD.
COMTIE, 810 LADRZL, BWENEm & 25 E0A ) v bS5, LrL, Kozt
b&w%ﬁ,MI@fm@m_L<,m%%mwé & CHE TR A BT A A, BTN
AARE—RIZI2 S TOVD HDOIIIMMNRNT &R0, U —H—~—0 BNEDHREDRENTE
T 5.

—J5, AWFFEE TIT > TW D EEEIEN LOWIE BN\ T, ' 5% W T & R
REEEUNGBZELTEEZ A, IZ@iouﬁ%iﬁﬁémI%ﬂiw%mﬁ',ﬁ%ﬂ v
ITLCWAERT IR MRS NT=. ZhiE, MERFOSRIENIC L2 b0 B2 b, Z0HS5%
FIAT2Z LT, mETKHDOLENDNET LWEIREINIC 25 & 27
2. WHIEOHK

ABFFED HIE @ﬁ%@%@fﬁ:XA%%%L,%ET*%I&@@wﬁbwﬂmmI
&ﬁ®%%%ﬁ5:kf%é FOEHOIZET, X2 OEBROFEMAFE L, KEXHROBEE
P L, $RE & HORE 21 TE 2 NS %2 FEM fifT & EBRN DI ST 5.

3. HrgED Ik
3. 1 SEBhE

;hif@%%ﬁ BiL, BVRERPHOEBE L7y ANET7 Ty by IZTHIE
MHRIe o Tz, RIFFETIE, BIRR 2 RO MICE 2 125512, K EERME X RICE
DX BE G2 D ERET 5%, B
B BHITH 7Ty b kv 7 ERD v1—59Kr Lot
L IONFROFERFEITo. £, L— ‘
Yo 2 SBHERNTZD L)L —F
H )1 EEE L. X3 I EEMEX A
R L—PRIERN SR S L —Y
i, AKDIT—ZNLTal A—HIZA
SEh, TEE D TR E LT,
REDFAF LU RIZE ST, REVFA
AL, ~AZICRE L THEOBIR E LT
#, ﬁ@z}f~bvyfv$ﬁ%kb
FEBL X TENT DL NFRE
7. THICEY, BAXERO X 9726}1‘/#:
ThHhoTH 77 v b by 7P TERNBITZ
HEHTY, 2 RBHATOERGITZAD
Lotz 00, Laser
3. 2 [ 2 AIRSHC & B AEHT -/ ~

FATHIRICE N T, L—F 2T ZX|Z[F 61355 maging Lens  Collmator Laser
G 3mEESELEZA, HTADNR oot

FTAEBNCKIh L2, LasL, TR ZE
TIE%IZ, BEELTEASERLST
% @%%mﬂ&’%@ BiksEHZ L

\Ei/j 3 IEI,{EE&HL%{R%O< 5 Sliding Robot
_kf% ZZUNHER L CEIWT ISR DI 5
@Ti&mﬁ&%zt.%@*#i,v—

Mirror

Homogenizer Lens  Collimator

CO, Laser

W) P=145 W, #E v=100 mm/s T, (X 3 2Bt E
PN A mmEALTZHE, 2mmES LD ;

Wi a7 T LR T B g Y
ST FEOREVIESEEZE 2 TERAEIT- L __yning direction . %x
7=, IILTZX %fwkﬁi IR LR 72 o ' Z

7. £2C, ZOFEBREFHTFEMIZLD
B3I 21TV, JRIRIC DWW THRREZ 1T
> 7.

ENTET VA X 4 RS RNTE T VT

X 4 FEM f#41E 7 /L



RIGREE U, WEREME, Bl OO A% EE LTV CRIS T ow RO, MR
ZHONHEIZETOPERT 258 OIS TIIERRE IO 8EFHHEICLY K 2EH L. 77
A1 76x26xt1.0mm O AT 7 A (SCHOTT 41 B270) Z AV, ZOWPHE 99%FK 1 1Rk, 72
B, YU UK, WERYER RIIRRE, H T RO IR R DA E B L~ M5
I, L—WHT P=145W, #HE v=100 mm/s TEJE A 4mm AidE S C, 2mm RiIR S w203 5 b
— P EERSELEEORNPHATHS. KX, 2mm B IBFOIE NI MERLTEY, L—
PERE FIITEREIS I3 A LT LE 9 2%, BJROZIBRREO MBI X 5 EMEIS /1355, RORE]
MBS BIBIC N ZLEL TWD Z 0N ghoT-. LvL, ZOMNG, L—3 % 2 SHEE
T5ZET, 1 REOMBRIZHAET D51RICI1EE, 2 KB OMERTS D59k T135 % B
S, WEOEWSIRIE NG Z2REIEDLENTEL L2 FEMBITNORA L., g
TOEATZEL Y, BIWNZIIREVGIRIC N ZRESELZ X0, MTHAICESZE LR
SIRIS N ZRESEDHINAERZELEZEZOND D, L—F %2 ilBJT 52 & T, RVSIEE
TmsFAEL, FEIZAEFIE < OTIERWnEZ 2T

T, ETROR LTS T, 2 ARE O 21T o7, 2 RBRHT 554, 1 AH O
BT 7 Ao F VB r 527, 250

TEHEWNSESDORIE LTH K107 2phitinecc)

PR = MENIEA %
ML, ARROUNERE L 1A i | gt | oo | L)
B2 880 Jiokka1:2 &L, BUYR 2550 730 1.03 8 9%106
fMk@% 4d=10, 20, 30, 35, 40, 45, 50 mm & YUUE | KU | b | B
WO R TCRRT A T o 72 K61, 2 5K [GPal [] [C] [MPam!?]
OEIEH B OB de & BI8RIE ) o & DB 715 0.219 724 0.76
RERSEBIIELTCND. LT, e Heat Source Vl
Z"L&Eéﬁ:&iﬁ%jﬁ’glaﬁﬁ}ﬁ Oxx & 2 ){—:T\H\E\E'—J-&: Scanning direction X ;

L0 34 LT BRI ) OhE & O RETR & X

TITRT. T ORER, EOWSIZHBNT
b, 1B E 2 SEORERFED Ad=45,

50 mm 35 THIBRIG ) OWEH AN Z & A3
BN o T2,

3. 3 B2 mBEIC X255 s e
BT IR O EHT S Fe s & BRI BB 4d=45 5 HEHERERIZB T B0 oy oA

e

mm, ]/“—‘"j:@ 1 ,‘,J—Z_'\ E @Hjjj P1=16W, 2 AE\\ 20 Second heat source center
HOH 1% P=32W T, E v=50mm/s 7> 5 bz
1000 mm/s £ T, 50 mm/s [k T A=A IR 15 { o e [
ATV, T D% 38T 21T 572, FEBRI N o warred Il
ZRER2ETF AT, UL, Yok g ' A |
EIZBNTY, B9 ORVEIRZTS = & L R N
X TE otz 0

W, LAH O & P=21WIC L TR RINIE
%?ﬁok.ﬂsﬂﬁﬁ%fﬁlﬁﬁ%ﬁ f% o 10 o0 10 0 4
BiE2S 45 mm DA, LAY v=50 mm/s T de [mm]

WK L7, UL, 1AEOH A K6 Ad mo5aRE ) & SR E 2 & O Bk do o BIf%
16W OEA LD b, 20 W OEAD 75, (y=0, 4d=10, 20, 30, 35, 40, 45, 50 mm)
KONNEL oot 20, Hh%

Pi=21W & LT, FRMHERES 20 mm, 30 NN ]

mm, 35 mm, 40 mm, 45 mm CEBRZ{T 40 p i .

Vv, E T, LR P82 W OB 1 F "0 w0 B s s-stsm
DHDEFRGBIT T, EBROFER, BJERM ¥ | =

FREES 20 mm & 35 mm Thg b FIWHIT AL ¢ e 0020 | 40 03003535 | o5 S0
L, ZOEOMHEES B WERZ R L 0 10 « 0P 838
2. BAJRIEIFEEEAS 40 mm DL CIIpkshR

D TEMo Tz HEE T TE5EEIC b o $ 0

0 5 10 15 20 25 30 35 40

IEF20, v=80mm/s DL T 9(@)d &
NI O Bl 72 o7e. F72, 1A
REHZBW T, E O CHEIW 21T 5

Width of tensile stress[mm]

T ESHOFIRIE 1 ox DR S ERKRFIRY IET)



Z kT, ILYD LI b RENSTTWD, Fole EREFETET TV oTz.
T, 2HBRHTH-TH, BJRMBEEENILNS &, KIL)DHAED L I, KREIKY BRAE
L, Fol ERNFETET Wi ol.

WIZ, EHNER2Z =05 mm, t=03 mm DA T ATHEREIT-7-. t=05 mm, (21T 5%
RAEX 101/ T. EBROFEE, H7ADEINt=05 mm OFE, t=1 mm OH 7 A TIEEIWNIC
) L7a o 72 v=80 mm/s THEIWHIZ L35 = LA k=AY, BEEEEREAS 35 mm LI LTl
HIWr3 2 2 LR, BTS2 BRI EOIES e E o 72, F72, KEOHE, 1R
FCbLEIW AT 272,

WIZ, BT AOEINt=03mm TEBR LZEREZXK 1117, I, v=00mm/s LLEDOTE
I EEE T HERSATREIC R o 7-. L, ZOH T A TIE, MOEEOBRESTY, 1AKHT
BB ATEECTH -T2, ZNHDOFERMND, Y T 2 TlE 1 SIREHNC X DEIW A rTREZR S L
RN no ey, T AEMN t=1mm OFE T2 SBSHZ T2 2 &L TR THREB AT
ETCNWDH, SIOICHRVETEARGET DURERDH D EBZZHILD.

WIZ, T DERFERE2EET D202, W IHERERESRIT 21T - 7=, BIWFICRzh L= 54
THD1ABEOHT P1=21W, 2 .5 HDOH ) P=32W, H 7 ZDJE X t=1 mm, ZAJE R EEE 20 mm,
AL v=70 mm/s THENT 21TV, S IIERIREL K Z RO, K D3 T A OIEERIMEE Kie &
Mz5HE, TENRAOTHIZLENTEDS, KIKed 1 X REWiEhzaX 12 (- L. KiT
FRERIC 2 s H OBJRED S OFEEE de, i
WCHTADEZZLE>TEY, KiKe» 1 50

]
KO REWERA T T ADRS BT T 1 a0l ol
< S — @ Success(2point)
b4 }\ LTWa. ﬁg*ﬁ@ﬁ%, T A O)i‘%ﬁ 20 L A Failure(2point)

»
|
»
»
»

NOERETCEHIFANTRETHY, I 7
AFIT7N Ty bEnbHEBEZ LD, L
L, EETiE, 74v 5y b Tid< 3 sk
FizkvEW LT A, 2t LRED

BRI L > CREITHEAI T ZANFEE L, W e 0 s w0 10

2 A ORI K DB, 2 O & 7 e

LTI L, BN E ZAETIEDDAD 8 EMHE & 2 RHIREEIC 31T 200 LA fHIE

BHEL TS L EZLND. 20k, 4 (t=1.0mm)

BITREOMM R X2 A M2 5 7=, B _ ,
AR 2RI L CEREITH 72 & D%tk \

20 -

o> ror)
>
>
»
>
»
>

10

0

Distance between heat sources[mm]
*
*
*

DETHD. £z, L—FEETOXA (@) 2 SURE O (b) 1 /S HRSF DA

SeSiiE &, 7 v A a s A IV CHE 9 K0 2S5E LK L 5GA 0RBRA

BT DUERDD. B S
3.4 AL IEO 2 ST X5 ER o T T T e e
BT DO FEER T, 1 5 HOMEETH Z s w0 A folueloon)
AEFNCHMENE L, 2 5 H O AL E i wle e a1
Loz, [ X t=0.5mm O HF AT %: 20

1%, 80mm/s £ TLRIHTE o7, :

Z 2T, HBEERHIT D720, SNEL e £l -

SARNE D 1 AEOBBIER AN & L SR i

T8 A O EIN T LT 524 12 >\ CHREE TP Nty
2179, M4 DONEROEEEIC Y v R 10 AEAEHE & 2 R EEREE IS 1T D00 Tk N2 aE ik
VAL F—REMTAHILT 1 B (t=0.5 mm) e
EH LD LI NFERELE L. = O] T T T| &
EV, AT AT v 2 —&FIF L THHA A S S B S B e
7 A4 THESH 10mm, 20mm DA T 3w

EREA(ToT. ZORELEME 131077 I

T, 1 AEOH D% 20w TREE o

L, 2 HOL—H%H% 15, 20, 25, 30W 2 olom i i .
LT, EEHEERORDESE T L 5 L ? ? 5

=, 2 AUB O A AR B T I I BT Ny,
o l=h, M E BT 5 EHRaIlZAT T 11 AERHE & 2 SRR 3 B0 TRk e
£ T RS A B U (=03 mm)



14 a:%u[ﬂsﬁ. L 71:: ﬁ 5 2z %i—\‘j— /:,\ IEI D) Second heat source center First heat source center

ERTIL, £TMTHMERETRO XS e \.!_ > 66l
AR BT, TGO 2 S E 2120 4o R .
DHRVITNEL oot 02500 o b

RIC, ZORY DFERICONTERS E 03750 - R
B2, IR A4 THRORES 2K 2 %Eiit{ﬂ;: * ) !' 1 KilKic I
CHEBEAT o T, MTAEME, L—H S e [E—
MZENZH P1=20W, P,=30W, & 7 i D —
v=95mm/s T % . = D EERFER X 15 |2 0870 | ] I Lo
R MR T4 7R &0, 25mm D -1.0000 S r— ".]- T . '
%/ﬁ\&i, }i @ @Fﬁﬁé{i%&i? V&AT&) dc(mm)
HA%, 5mm LIBE, EORMMESORE 1o s b o Bl L 7S50 5 & 200 O ik
LTWHZ ERbnrsd. ZUE, 1RED 35 ey
BRI O BEIE S5 & - TR Y w0 A ngeenure
MFEL, TOH%, AKOBITH DB E b o
OGRS S CHER Loz & g " .
Zbhb. g 20
4. WFFERCR g ©

INETOMENLLTDOZ LWL
ANy 10 55550708090 100 10— 120
(1) % 2 IR G, 1 AR LY Velocity (mmis)

HE A LICEF]TH Y, i v=80 mm/s 13 EEME L 2 HAD L= HAICBT 5
TRIAFWTHZENTERL. £, I LRSI
EJFFIFR L 20 mm 2> 5 35 mm OfEIEK

THRIENRE <, FEFE? 40mm 2L
2% ERRIIEMET D 2 L AH S
o7z, -

Q) IS THERAREENT NS, L—F % 2 5 B 14 R T AHWr LA T 2

RS EHT=H T AEI 70Ty MY = s
/o0, EEOERTIIIAL v M e BT
Lif:ﬁ%foﬁﬁlofi :*Wj:, 1 /ﬁﬁ@ﬁﬁ % 20
X o TRALM a2k - g 15
T, 2 REPBIEH LA LEZEZ2 N gfL 10 s
5. 2

) Aiak o 1 S B oMEGEIZ T A REE 3 0 % T 520 25 30 3
ﬁ@ﬂ%ﬁ—é f:&)a:’ 1 l,f_:*,\a %@fﬁ‘jﬁfﬁ]ﬂ: Length of initial scribing line (mm)
ROHRBICER LIRE T oL = [0 15 % 2L & &0 DR AN & OBYIR

A, 1 BB TIAE L TuNT= R 2
THZENTE ., £z, A7 74 7N LORKGEEEEENHZKOEGE LV 20mm/s 7] E
L7-.

4) 1 REZETHEICEWFEIIZ LIESEA, KO O3AE1E, 2.5mm LLFOGEIXT v & K7L
BECTREL, ZNULOEITHIE, WA T4 THEHSICBWTRE L. 5%,
ZDRY DAL 2 mH OB THAT D HBEE INE T2 HFIEICOWT, MREET A MER
H5.

<SR >
1) FRERME, L—VHEEUS 2RI U etEbr Bl o JEEABRE N TEIF O "l fgtE, L— Il T¥a5E
22-1(2015).

2) FrhEk—, BFERAIK, Ak 27 R PR S B AR T SRR U4 (2015).

3) MIABLY, MIEMIESIFAM, KEEEFE(1976).

4) SCHOTT #k, B270 F#it3%.

5) WHRIEZ, FIHIEE, SR, ANIEK, ZHE, Eonfe, Tl 77 AL N K7y 7, 3E
£ (1999).

6) O.V.Mazurin, Handbook of Glass Data, Elsevier Science Ltd 256(1983).

7) Dingyu Li, etc, Temperature dependence of the three-point bending fracture behavior of soda-lime-silica glass with
surface scratch, Journal of Non-Crystalline Solids, 409(2015).



50

2019

50
2019

49
2018

49

2018




13

2019




