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Applicability of Laser Welding to Steel Strip for Cold Rolling
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Synopsis :

Applicability of the CO**2 laser welding to hot-rolled steel coils for a higher efficiency
production of cold rolled steel strip is discussed with emphasis on how to determine
welding conditions best suited to each production line and on increasing fit-up tolerance.
Rollability of welds is evaluated in rimmed, killed, and silicon steels by using reverse
bend test and miniature mill rolling. As a result, the CO**2 laser welding is found
applicable to cold-rolled sheet steel production, and the weld joints of 3% silicon steel

have shown good rollability.
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Bpplicability of the CO; laser welding to hot-rolled steel coils for a higher efficiency production of cold-

rolled steel strip is discussed with emphasis on how to determine welding conditions best suited to each produc-

tion line and on increasing fit-up tolerance.

Rollability of welds is evaluated in rimmed, killed, and silicon steels by using reverse bend test and miniature

mill rolling. As a result, the CO, laser welding is found applicable to cold-rolled sheet steel production, and the

weld joints of 3% silicon steel have shown good rollability.
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Table 1 Specification of COz laser

Output power 2 000W, CW
Laser medium CO2-N2-He
Wavelength 10.64m

Beam diameter 25mm

Cavity length 8m

Gas system Fast-flow, axial

Excitation Gas discharge, 30kV
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Table 2 Comparison among means for determining
focus location

Deviation of determined
Means | Condition focus location Note
(mm) _
. 0 300m/min,
Standard
b 2kW 2.5 -
[ 0.5 -
F/5
d 0.4 4m /min
e 02 Tm/min

(al Measuring diameter of the beam with moving acrylic plate
{b) Checking longitudinal cross section of laser beam with
acrylic plate
e} Determing mean point between cross sectional
equi-energy density planes of the beam
{d] Regarding focus as on surface when deepest penetration
is obtained

(e} Regarding focus as on surface when narrowest kerf
width is obtained
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Table 3 Diameter of focused beam

Means Condition Diameter Note
{mm}
a _ _
—_— lkw —— _— —_—— . —
f 0.15 Sm/min
. Fi5 -
g 1.15
a 05 300m /min
- — W —
f 0.18 Sm/min
- F/5
g 145

{al Narrowest width of burn pattern on moving acrylic
plate

f) Narrowest gap through which the beam car pass

{g) Diameter of drilled hole in thin acrylie plate by
focused beam
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BT A-FI ), —HURILRERIRE A T Table 4 Cooling time to 500C in weld metal
L EAAREOMRE KD, Figs o, Y : =
-‘ * vk I o L = f Type of | Thickness Welding condition Calculated
L PR E 200 FIR T OB S Ly, P Gneed | cooling time®
steel {mm) (z;e)r ( ]/Jee. ) {s)
. ;A Iy m/min
2 AHRE Rimmed 32 2 15 10
V—FEEREOIREE S A 2 RIT O8] A AR Kitled 32 2 L5 10
BREERATRRR TS, BEIRERERNE Silicon A 20 2 3 10
B O mHIBIRIL R 9 Rosenthal DR TFb Silicon B 32 2 15 17
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Table 5 Fitup tolerance for defocused beam welding

Thickness| Fitup | Focus | Syeed |Welding**

telerance|location” Note
imm) (mm! imm) tm/mint:idirection
0.7 0 6 A—B
0.16 0 6 B—A
.25 15 2 A—B
05 -
023 13 2 B—A
020 2 08 A—B
0.26 3 1 A— B |Blackencd
0.2¢ 0 3 A—B
020 0 3 B—A
L0
0.30 15 1 A—B
0.30 15 1 B—A
0.28 0 1 A—B
015 0 1 B—A
146
050 15 05 A—B
032 15 05 B—A
+  Distance from the plate surface

«» Refer to Fig. 4

Tahle 6 Fitup tolerance for iron powder inserting

Fit-up Particle| Focus Speed | Welding

Thickness ! tolerance | size |location ) ) ]
Photo. 2 Microstructure of laser welded rimmed steel (mm ] (mm} {gm} | (mm?} (m/min] direction
05 0.15 145—177 0 6 A—DB
' 020 <44 0 6 | A—B

53 RETBEOIrEE

" 035 149—177 0 3 A—~B
LG (Square Butt Welding) DFFF 1] ' 040 | <44 a 3 | A—B
LR L T - L?ELTTHY, Figd @ " 023 |149-177| O 1 | A—B
KBRS EHGCTEOFEHERDE Z EHTE A, ' 0620 <44 0 1 A—B

Table 3 754 2kW, F/5 TRFFFELIZ 20000
0.2mm TH-2Z Ehbh b,

e ) Table 7 Fitup toleranece for inclned welding
FEME AL ATATRIZE, 2EOLONH

24 Thickness| FituP | Angle Foeus | Speed | Welding
@ . tolerance location

(1) E—aEoink (mm) (mmd | trad! | {mm) |lm/min}idirection
(2) BN TR 05 0.14 043 & 4 A—B
(3) B 10 018 043 0 15 A—B
) 74 —Er7ikE 15 945 | 043 | 0 05 | A-B
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Table 8 Fitup tolerance for the welding with weaving

. ) 7
Thickness! Fit-up We“"“g Focf:s Speed !Welding
i itolerance Repetition W idth location ] \!d' )
{mm) tmm) | (1rmmy lmmd| (mm? Im/min} direction
0.10 13 06 0 15 A—R
05
035" 13 06 0 15 A—-B
0 040 20 06 0 10 A—B
' 030 20 04 | 0 19 | B—aA
16 060 40 06 0 05 A—B
' 850 40 04 |- 0 05 | B—A
« Backing
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Fig.6 Hardness distribution in welded joint
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Fig.7 Hardness distribution of welded
at various welding speeds

Table 10 Results of tensile test of welded joints

Type of | Thickness|Power Welding | Tensile | scation
speed strength of
steel (mm) | (kW) (m/min)} (kgf/mm)| rupture
Rimmed 32 2 15 31 W.M.
Killed 32 2 15 32 B.M.
Silicon A 20 2 3 56 B.M.
Silicon B 32 2 15 55 B.M.

BOMSEMS 5L LM TE DL LSBT
hihd,

6-3 R{EShIYIEN

EEFEE L & oMM EHI M L T, FREE O
W REMIFIEEREA Vv b b, BERE D
FHIRD L —FiE AT o KRN EE 2~
R4 Table 111377, (RN BN — FIg D
IRV IRIEIET £ ph RS s b hu RS T R

Tahle 9 Chemical compositions of materials used (wt. %)

Type of steel C Si Mn Al P 5 0 N

Rimmed 0068 0003 0.35 0001 0014 0018 00370 00018
Killed 0,042 0020 031 0055 0013 0015 00024 00076
Silicon A 0.009 277 017 0.27 0014 0.005 00020 00040
Silicon B 0.034 315 007 0061 0.0c8 0004 0.0020 00037
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Steel A, 2mm thick, TIG 6 000 J/cm

Steel A, 2mm thick, Laser 340J/em

Steel B, 32mm thick, Laser 800J/em
Photo. 3 Cress sections of TIG and Laser welded beads
of silicon steels A and B
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Table 11 Results of reverse bend test

Table 12 Resnits of test rolling of welded joints

! Number of

Thickness | Radius

of repetition
bending to
rupture
9
2
25
4
63
65
Kilied 32 30 67 B.M.
0
T4
73
Silicon A 20 20 75 B.M.
83
21,5
. 8
Silicon B 32 30 9 B.M.

2

Type of Location

of

steel Imm } rupture

{mm )

Rimmed 32 30 WM. *

+  Porous bead

6-4 [EHESER

Table 10 & a] Ui &0 THM L2286 T 4 B
FEIEAE TITIE L Fo iR % Table 12125755, T
I EE G RIBEIZ LDk, 12T
#ELRE, ML, BHLb L4 w,
HBELEE RS SIEM LI Ted wd, K
RIS SRR L E RN H - 712 L F#R

Type of Pass schedule Crack length®
steel {mm) (mm]
Rimmed 32-25-20-16-11-08 0
Killed ki 0
Silicon A [ 20-17-12 08-04-05 o 0
Silicon B | 32-25-20-16-11-08-06-05 0

»  Total crack iength on rolled welded joint
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