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Experimental design for weld bead quality
control in laser beam welding

Xiong Lasen, Hu Lunji, Hu Xiyuan Xiu Qingsong
(Department of M aterial Science & Engineering, HUST, Wuhan, 430074 )

Abstract: Experimental design and compatible analysis technique are used to investigate effects of
laser beam process parameters on the weld bead geometry and back temperature in laser beam welding
under certain laser beam conditions. The established mathematical modle and the study results can be
used to control laser weld quality, optimize the process parameters.
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Table 1 Variables and thier levels
) ) levels ,
variables symbles unit low(= 1) high(+ 1) zero(0)
laser pow er P kW 1.6 2.0 1.8 '
welding speed v m/ min 1.5 1.1 1.3
defocused length A mm 0 -1 - 0.5 ( + 1) ’
( - 1) ’ ’
2 2
2 >
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Table 2 Welding conditions, design matrix and results

welding conditions

design matri

average value

No- P(x)) w(xy) M(x3) vy &, 2, x5 &), X3 ¥pn %3 H(mm) T(C)
1 1.6 1.5 0 +1 -1 -1 -1 +1 +1 +1 -1 079 207
2 2.0 1.5 0 +1 +1 -1 -1 -1 -1 +1 +1 1.13 249
3 1.6 1.1 0 +1 -1 +1 -1 -1 +1 -1 +1 1.18 350
4 2.0 1.1 0 +1 +1 +1 -1 +1 -1 -1 -1 1.21 367
5 1.6 1.5 -1 +1 -1 -1 +1 +1 -1 -1 +1 223 387
6 2.0 1.5 -1 +1 +1 -1 +1 -1 +1 -1 -1 2.35 427
7 1.6 L1 -1 +1 -1 +1 +1 -1 -1 +1 -1 230 487
8 2.0 1.1 -1 +1 +1 +1 +1 +1 +1 +1 +1 245 507
9 1.8 1.3 -0.5 0 0 0 0 0 0 0 0 1.74 380
v o v i
H = 0.838+ 0.550P— 0.5750— 0.295Af — 0.6500 Af (1)
T = 586+ 74P - 3260 - 274 — 101v Af (2)
, 5% , ,P=1.8kW,
v=1.3m/min, Af = - 0.5mm, 2 9 (n
, 5%, 1%
> s
(.2 ; P,v, of
, Table 3 The first partial derivative
H variables equation( 1) equation( 2)
s P(xy) aH /dP= 0.55 aT/9 P= 74
v , v (x,) aH /9 v= - 0.575— 0.65Af aT/dv= - 326- 101Af
) f(xy) OH /6f= - 0.295- 0.650 aT/9af = - 27— 101w
Table 4 The second partial derivative
' variables equation( 1) equation( 2)
, P(v)  9H/dPiv=0 a7/ 0 B v=0
PAf 8HIdPIAf= 0 92T/ 9PaAf= 0
’ v Af 92H /9 vdAf= - 0.65 92T/ dv0Af = - 101
5
5
v Af
L) () A
v H T )
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