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Effects of welding conditions on welding defects
in CO; laser welding of TRIP steels

FAadistn dqed 3553 gAY, 4719, A, @

Fadsta A5FE FAE

I. 48

AE2e] Audky, AAE de AZFAY, A8 77 (resources recycling, exhaust gas,
and so on) Z3}o] AHZ3tn AFARJMATAHN PHFE7] A% =go] HAAZHCRE ZAFHI
dom, 7 dEo 2 FHol T AAAANE o8& AFA =S E oAt E A4
He Az A% i AF7 AAE FAHeE 843 HAET ok

HIZo (2)1ZEF FAAAR HHHE o3 nAdANES FEAZ C-MnSiAl YA TRIP
o] AFAE AANE AFE ¥ Jow AFAe FAaF JpEEFH T U &3
AAANE @3 Wygo] A, v=ede] vHE Byt ole} A& & & BHo] JhEd) A4tk
A A, B ¥ n&yHo|ALEHe] A F4HI Ut

et B dPdAe AEAY BEQ] wHe BAAY AAE 2ole IZE
(800-1000Mpa) TRIPZ %ol #H o] &S AAn A & £HTAY MEe Ysixe
Hte A sjAsior & FAJA SFAFY] YA 7FE FEEL AT LFH o|&Rst g
He H3AHY £FZAE A2 AFA AHsrieddd BT AFAALANY ol
A&FH71E] ol 1 HEHE Yt 3.

o. 438y

B AFoA AFEE dlo]lA FX+= Pulse-CO; Laser system(% Y TRUMPFA}LS] TLF6000
turbo)o. 2 o)X ylel 27A& 0.3mme TEMy star moder} AFE3HET. £ AEH o A48 )
2= TRIPZQ 80TR-M, 100TR-R 279} A&E:7A33 7 CHSP0Co|x A3} FAES
Tablelo] YebdTh Z#-g 100x50mmzZ A9&n o] o]y 400W 712 dAnpste] ofH&E
o2 AHL 8 F ZE £HEZAOE Bead-On-Plate & 4 & 3 th.

473 ¥ A3 2 Al Digital Camerast AAAv|A R FP3lo, v 22L& A
H AGFE A¥ste] #2000A72 AR GvE 1um diamond paste2 A Avwlsle], 2%-Natal&
oz 25CoA 10%3 BAAA BAEF) v=E 71FEL Image Analyzerg o] &3}
= =

m ad+ 9 a3

TRIP7Z 2] #HolAd |HA FZE Are %% Z2FAAFNES AR Hstd, &89 &
HEEE ARAANIT ArdEd 2FAGH wE &3 v=eo FAFE AEIY Bt
80TR-M Z WL Ao s £8L 6kW, £HEEE 6m/min®E TAAI| Ar FFS 10, 20,
30 ¢/min, ¥ AEYE 4, -2, 0, 2, 4Fd2 83t vim3tgth photole Arfrd ¥s}o)| u}

_34_



g H=9 @z Fods vehd Relth @dAME BB 7IFol TSI, (dMe duA
o] A3, (b)ellA ®lmH FEF vl=r} BAHIT photo.2s ZH A W3le] @t W=
o gzt FI3AE vehd Aolth -4, -2, 2FdilM = W 7|Fo] #FHL, 4FdiM = dd
Zol #AEHW, 0FdlA ¥3F 8= FA4E vebdo. oo AFA=ZREH, Ar F3FE 2074
/min7} HZan zFAs OFd7E A3E Aoz A=, o]F9 432 Ar 2 20/
/ming =F7ZE 0Fd2 2AANA st

98 45,5 55 6kWRZ £ SYdA7A $HEEE WA &1 &9 78 HES
Bokoh. Figldel Uetd A4} Zo] &Ho| I71e4FE AEFo] gold A& ddgol 47
e Hu $HEEY) 2oldE € 4 o9 6kWA] 80TR-M, 100TR-R, CHSP60CS| ) &4
49 =& Z7} 9, 9, 8m/mine. 2 eyttt E£§ TRIPZ S 80TR-M, 100TR-Ro] 4 & 733
Z<Q CHSPeOCHTH Ardoz Ad $H&E=rsE ¥4 vehdon, =g 8TR-MEcheE
100TR-Re] Hdl &§H&=7 24 Yetdoh

Photo.3+= 80TR-M7}o] &4 &£x W3o| @& Cross Section F4S IA M= ¥
FEH 2 Aotk () ATEIH, b)E HIEZo] FL& vz Y AFH, (e F
de] vargeolt. &3 £xrt VST ()9 A (b)o] FHE WIH, A5 (09
HE ¥etA do. 83 59 Sl e 8559 FL AR, FE EE FEEA
B3 23, Fig2st 2o &3 $=7t S7184E 4% =22 ge Fhoa F& FH
Aoy, shF Hl=F £ Fo] FolA Photo39] (b)oh &2 Hl=Zo] nluny Fdg 17 F
7t Bt 835 2A Y BAE o]F3 Ue HAZe ZAZA7F 4% REoa2 HAZE 9
71€ AEMRYT. Figde &3 S=Hste wet HAZS| 4%, 3%, 33 &g =33
RAe.2, $3&E7 S7HEFE HAZY Fo] Folxg ¢ # dow, F¥7 713 Heon,
5,88 €22 vgch

£H £ w3 wg v oo AFS ZAES Httl Photods HIE=Q e BF
22X, (@) A gt " b=, b EW 71F, ()t Spatter2 M, LA ZH-LE Table 2
of Yetdutel Zo] ML SHETY W JjFo] LT, ¢ &4 E4A 09 AA
o X} Spatter @/o] LAEHE AS & F Atk v= WFE HFgo 2= Photo5olA] Heuked
2ol £3F AR yiFo] LAHM, AR HTiE FyRd ]Fo] Wo] wAyHL}. Figde
43 &= Wgd & JFELEN, £E Fd g NFEL FU F gaEie oA, B
&4 &} AA F2AA4 ZIFECl M HSSE ¢ $ Atk

2
£

oft oo it

Qe lu £ ot Ay

V. 88

127%= TRIP ZE& CO; #HolAyez {HI ZAF 4489 £ FAdHEA 717,
Spatter)® W& AFWAR 7IF)d vlAE Ar 7%, 2HAY, &9, 88 =579 2o &4
x99 4 M HEIG Ao AiE g 2o

(1) 23 A== 0Fd, Arfr%-& 20 ¢ /min7} A3}

(2 &40l 2&+5 S &Y4EY] Arle HY £HEEE Folloh

@) S¢d8AxdA v 1A Fert S5 £HzA0=E Yzdo.

(4 EAEFL ALY 9 71go] AET, SHF 24H £99 AANA Spatters} LAY

= A
5) NF 71T FR] A
6) 71FEL §HE= S

), Ay Hoh Furgel wgel .
% 42 Fopycoh

_35h



Table 1. Chemical compositions of materials used

Materials C Mn Si Mo N Nb T Fe {mm)
80TR-M 0.20 1.5 1.5 - 0.01 - - Bal. 1.25
100TR-R | 0.17 2.2 0.5 0.2 - 0.04 - Bal. 1.23
CHSP60C | 0.08 1.5 0.5 - - - 0.04 | Bal. 1.20
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(a) Welding speed : 4m/min | (b) Welding soeed : 7m/min | (c) Welling speed : 10m/min |

Photo3 Shapes of bead with welding speed in TRIP steels

. pas flow rate 10 ¢/mim

welded by 6kw laser power and 20 ¢ /min Ar gas
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(b) Lamer power . GMW, welding speed - Bmfmin, focus distance . BFd, 98 tiow rate - 28 ¢/min

Photo.5 Appearance of bead with welding speed in

longitudinal section
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Photo. 2 Appearance and shapes of bead with focus distance in TRIP steels welded by 6kW laser power and
6m/min welding speed and 20 ¢ /min Ar gas
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Fig.1 Maximum welding speed for full penetration with laser power
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Fig.2 Weld metal bead width with welding speed
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Fig.3 HAZ width with welding speed
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Photo.4 Classification of bead appearance
Table 2 Weld defects of bead appearance
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Fig.4 Porosity fraction with welding speed
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