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Role of Sulfur and Processing Variables on the
Temporal Evolution of Weld Pool
Geometry during Multikilowatt
Laser Beam Welding of Steels

The beneficial effects of sulfur on weld pool size and shape are
strongly dependent on controlling convective heat transfer

BY W. PITSCHENEDER, T. DesROY, K. MUNDRA AND R. EBNER

ABSTRACT. Temwporal evolution of weld
pool geametry during multikilowatt con-
duction mode laser spot welding of sleels
is examined by conducting over eighty
carefully planned experiments and con-
comitant analysis of the data by numerical
simulation of heat transfer and fiuid flow.
The variables invesligaled are the con-
centration of sulfur in steel, laser power,
power density and irradiation time,

The results show that the mere pres-
ence of sulfur is not a guarantee of high
weld metal aspect ratio. To achieve a
beneficial aspect ratio in steels contain-
ing sulfur, processing variables must be
controlled carefully so that conveclive
heat transier in lhe weld pool is impor-
tant. Only when convective heat transfer
is impuortant, /.e,, at high Peclet numbers,
concentration of sulfur affects both the
temporal evolution and the final shape
and size of the weld pool. At a given laser
pawer and concentration of sulfur, power
density is an imporlant factor in control-
ling the temporal evolution of weld pool
geometry. In the first few seconds of laser-
material interaction, the temperature
profiles, fluid flow, and the shape and
size of the weld pool change signifi-
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cantly. Heating of the workpiece contin-
ues with time much after the weld pool
geometry is essentially fully developed.
Our current understanding of heal trans-
fer and fluid flow in welding can serve as
a basis for improved understanding of the
temporal evolution of weld metal shape
and size for high-power conduction-
mode welding of steels with different sul-
fur contents.

Introduction

During welding, fluid flow and heat
transfer in the weld pool (Refs, 1-11) sig-
nificantly affect the shape and size of the
weld pool, and the microstructure and
praperlies ol the weldment, The flow of
liquid metal in the weld pool is driven
primarily by the spatial variation of sur-
face tension at the weld pool surface
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owing lo the existence of large tempoera-
ture gradients. For pure metals, the tem-
perature coeflicient of surface tension,
dydT, is negative, and the flow of the
maolten liquid is radially outward, ic,
irom the middle of the pool surface to the
solid-liquid interface. The presence ol
surface-active elements such as sulfur or
oxygen in steels significantly alters dy/dT,
and thereby affecls the fluid flow and
heat transfer in the weld pool. For exam-
ple, at high concentrations of sulfur in
stecls, dydl can become positive. This
can lead to radially inward flow of the
molten liquid and efficienl transport of
heat downward, resulting in large depth
of joint penetration.

Since the experimental work  of
Heiple and Roper (Refs, 12-15) in the
sarly eighties, the important role of sur-
face-active elements in controlling weld
joint penetration has heen emphasized in
the literature. However, in a previous
study (Refs. 16, 17), it was shown that in
the case of laser spat welds, the shape
and size of the weld pool, experimentally
observed as well as calculated using a
numerical model, were nol significantly
different when the sulfur content in steel
was varied from 90 to 240 ppm (Refs. 16,
171, The behavior was attributed to very
high temperatures reached on the pool
surface for the laser power (500 W CO,)
and the heam radius (0.17 mm) used in
the study. It was argued that the high tem-
peratures resulted in negative dydT over
muost of the weld pool surface cven when
the sulfur content was high. These results
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