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Welded Joints' Heat Affected Zone's Extension Prediction by Switching Welding Parameters
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Choosing welding parameters is an important step in welding process, directly influencing in the
heat input provided to welded joints. This heat input value, along with temperature distribution in
welded joints, provides, to the drafter, conditions of predicting the Heat Affected Zone (HAZ) extension,
the kind of microstructure to be formed, and therefore, the effects of residual stress. Three welding
parameters were switched, providing different welding conditions. Each condition was analyzed by
SmartWeld 2011 software and macrography to find and compare the extension of HAZ. As for the
residual stresses, calculated through Displacement of Coordinated Points (DCP) method. It is possible to
choose the best parameters for the welded joint by GMAW process considering the parameters in study.
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1. Introduction

In any fabrication process, some concerns must be
considered. Those may be regarding finish, dimensions,
chemical, electrical or most likely in welding, mechanical
properties. Regarding the last ones, the properties of the
weld metal itself are possible to control through the use of
consumables having suitably designed alloying additions,
but the heat affected zones adjacent to welds (HAZ) are often
the most critical regions with regard to potential failures'.
The HAZ determines the microstructural and metallurgical
changes of the weldment due to the heat generated during
welding process and, usually, because of large grain
microstructure, ductility and toughness of this area is poor,
being the heat input the most important factor among those
who affect HAZ?.

Still, due to thermal influence, a material, mechanical
element, or finished piece may, by the end of such process,
present internal stresses. Those are named residual stresses:
self-balanced stresses existing in materials in homogenous
temperature conditions and with no external load®. When
dealing with huge thermal variations, such stresses are
introduced by the large temperature gradient due to heating
and uneven cooling, and are originated mainly because of
cooling contractions, contributing, as well, intense surface
cooling and phase changing. In this research the used material
was a heat treatable steel, therefore it is possible to affirm
that the heat input and thermal gradient during welding
may affect phase changing, working point by point the
microstructure and the affected area's properties, resulting
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in this gradient being the main responsible for the existence
of residual stresses and distortions.

In the samples, welding voltage, speed and bevel angle
were switched. However, in order to be able to compare and
further analyze those, only one parameter was switched by
each sample, while the rest of them would remain constant. For
the bevel change scenario, the remaining welding parameters
were constant, in a way heat input would not change. Heat
input may be calculated by equation 1*.
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Where:

n - efficiency, process-dependent;

V - voltage (V);

I - current (A);

v - linear welding speed (mm/s).

Heat input is an important characteristic, because
just like pre-heat and interpass temperature, it influences
cooling rate, which affects mechanical properties and the
metallurgical structure of welded and heat affected regions®
therefore affecting HAZ's extension and residual stresses
distribution in welding.

2. Materials and Methods

2.1 Base metal

The sheets were provided by Atlantico Sul Shipyard,
from Suape's Harbor - Cabo de Santo Agostinho - PE, with
1200x 500 x 13,7 mm and ASTM A131 grade AH-36 class.
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In order for the samples to be welded, they had to be
prepared, being cut in 70 x 200 x 13,7 mm sizes, according
to rolling direction, so the weld beads were parallel to it.

2.2 Equipment, process and welding parameters

Naval steel ASTM A-131 grade AH-36 were used to
calculate residual stresses by Displacement of Coordinated
Points (DCP) method and samples were extracted to evaluate
ZTA's extensions. The sheets were machined as demonstrated
in Figure 1, with root height of 2 mm and bevel angle of
25°or 35°.

Figure 1. Sample machining.

Weldings were performed by GMAW process with a
semiautomatic MAG welding machine, as shown in Figure 2,
along with a gas-cutting machine adapted to move the pistol
(Figure 3), automating the operation.

The wire was AWS ER70S-6 with 1,2 mm diameter
and the gas was 75% Ar and 25% CO,. To simulate naval
panel welding, side locks were inserted as a way to impose
restrictions. The gas-cutting machine was aligned for the root
pass and the remaining ones. The passes were in alternated
directions, in order to reduce distortions. After each pass,
the vitreous enamel coating was removed with a steel brush.

Four pairs of 70 x 200 mm sheets were welded, two by
two, with parameters as listed in Table 1. With sample 1 as
the standard, for each following sample only one parameter
was switched, in a way that comparison between them was
possible for each parameter. The switched parameters were
bevel angle for sample 2, welding speed, for sample 3, and
welding voltage, for sample 4.

2.3 Residual stresses measurement

The method that was adopted to measure residual
stresses was the DCP¢, which consists in of measuring the
extension of previously mapped displacement points. For
so, five holes with 2 mm depth were drilled with a 2 mm
diameter (Figure 4) and their centers were mapped in X, Y.

The drilled holes distribution is as in Figure 5.
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Figure 2. MAG welding semiautomatic machine.

Figure 3. Gas-cutting machine.

A Coordinated Measurement Machine (CMM) with
computerized numerical control does the measuring and
mapping of the drilled holes (Figure 6).
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Table 1. Welding parameters.

Sample Averaf,zi/ ;/oltage Averag(e[:\ Surrent Welziri;f]/ ii)eed Average Input (W) Bevel angle (°)
1 19,53 173,67 6 565,38 25
2 19,99 169,33 6 564,13 35
3 19,49 174,75 3,5 972,98 25
4 26,91 178,42 6 800,15 25

Figure 4. Sample drilled holes.

Figure 5. Holes distribution in welded samples.

Figure 6. CMM mapping.

The next step is an annealing heat treatment (Figure 7),
currently the most used method to stress relieving*, at 740°C
in order to relieve the stresses, so it is possible to identify

Figure 7. Sample after heat treatm.

the displacement of previously mapped points, due to the
material's yielding. This condition happens because during
the heat treatment, back stress acts reversing the barriers,
contributing to the displacement in contrary direction of
plastification’.

The mapped points were displaced due to reverse yielding
and were remapped, according to the principle of coordinate
measurement, which has the objective of determining dimensional
parameters through coordinated points measurement over
the surface of some piece and mathematically process it®.
This makes it possible to calculate the strains through Eq. 2
in both length and crosswise direction.

_ AL
€=, 2

Where:

€: specific strain;

AL: variation in displacement of coordinated points (mm);

LO: displacement of coordinated point and sample
center (mm).

With coordinated point measured before and after heat
treatment, the welding strains can be found from Eq. (3)
and (4)’:
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Where:

o : lengthwise residual stress — welding direction (Pa);

o,: crosswise residual stress — normal to welding
direction (Pa);

& : specific lengthwise strain;

& specific crosswise strain;

E: material’s modulus of elasticity (GPa);

v: Poisson’s ratio.

Still, residual stress values ¢_and o, are obtained by
measuring € _and €, which are residual deformations in the
points where it is desired to know the residual stresses’.
To calculate it, modulus of elasticity of 207.000 MPa and
Poisson's ratio of 0,3 were used’.

2.4 HAZ measurement and modeling

Since these are multilayer welds, in order to effectively
measure HAZ's extension, the last pass was identified. For
so, macrographies were obtained (Figure 8) from specimens
obtained from each welded sample.

Figure 8. a) Macrography of specimen from sample 1. b) Macrography
of specimen from sample 2. ¢) Macrography of specimen from
sample 3. d) Macrography of specimen from sample 4.

The measurement was done with a dimensional
measurement device from an optical microscope in the
identified parts from the pictures.

To establish a comparison, some modeling of the weld
bead was performed with SmartWeld 2011 software, with
module ISO 2.5D. From this simulation, representations of
the gradients of reached temperatures on the transverse plan
of the weld bead. Then, it is only necessary to fill which
temperature is desired to be displayed. It is also necessary

Table 2. Residual stresses.
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to choose a material from a non-editable database within the
software. The ASTM A131 grade AH-36 steel is not on this
list, so AISI 1018 steel was selected, for it was the closest
possible match. SmartWeld does not support multilayer
welding, so this was a single-pass model. Since what is under
evaluation is the HAZ related to the last pass, this was not
a problem. The recrystallization temperature for the steel
under study is of 750°C'°, so this was the adopted value to
identify the isothermal that represents the beginning of HAZ.

3. Results and discussion

Residual stresses in both length and crosswise to the
weld bead were calculated for each of the five points of
each sample. Their modules were grouped according to
the distance between the studied point and the weld bead.
So points 1 and 2, which are 3 mm from the bead margin,
were grouped as one average, as points 3, 4 and 5, which
are 2 mm from the bead margin were grouped as another
average. Both averages were listed in Table 2.

The results are consistent with the range of residual
stress found in sheets of similar thickness!'. It is possible
to observe a decrease in residual stresses when raising the
bevel angle (from 25° to 35°), which demands more passes
and therefore, raises the volume of deposition. Analogously,
residual stresses are reduced by reducing welding speed, as
well as by increasing voltage, as both scenarios imply in an
increase of heat input. The heat input and layer number have
great effects on residual stress distribution. With the heat input
and welding layer number increasing, the residual stresses
have decreased. Using multiple-layer welding and higher
heat input can be useful to decrease the residual stress'?.

Table 3 lists the measurements of HAZ's extensions
experimentally obtained from each specimen.

Table 3. HAZ’s extensions as experimentally obtained.

Sample HAZ’s extension (mm)
1 1,80
2 1,60
3 2,10
4 2,00

Figure 9 displays the results of SmartWeld modelings.

From the models' images, HAZ's extensions were
obtained, as listed in Table 4.

It is noticeable that SmarWeld is an accurate tool for
uses as in the present study, and even most when taking

Sample |ox1,2al (MPa) |0x3.,4,5a (MPa) |oy1,2al (MPa) |oy3,4,5a] (MPa)
1 184,18 202,96 232,29 252,45
2 92,08 104,34 109,56 123,68
3 18,12 14,26 25,82 19,72
4 83,49 80,51 104,16 102,83
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Figure 9. a) Sample 1 modeling. b) Sample 2 modeling. ¢) Sample 3 modeling. d) Sample 4 modeling.

Table 4. HAZ’s extensions according to SmartWeld.

Sample HAZ’s extension (mm)
1 1,8
2 1,8
3 2,1
4 2,0

into account the few parameters demanded to produce such
modeling. Three of the samples (no. 1, 3 and 4) presented the
same HAZ extension as predicted by the software, while the
only divergent sample (no 2) presents a small error, if taking
into consideration the approximations and adaptations. Still,
the software has no option for bevel angle configuration.

If taking solely into consideration the smaller residual
stress values, smaller welding speeds should be chosen,
but this would mean bigger HAZ extensions. However,
if taking solely into consideration HAZ size, higher bevel
angles would be the choice, which in real life would demand
a greater volume of deposition, limiting this parameter, but
reducing residual stresses by half.

Switching welding parameters may increase residual
stress values while reducing HAZ's extension, and vice
versa, so it is up to the engineer to consider every aspect
when choosing them.

4. Conclusions

SmartWeld software has proved to be a reasonable tool
to predict HAZ's extension for a single pass weld, presenting
consistent values in comparison of the measurements of
samples 1, 3 and 4. The divergence in sample 2, with bevel
angle variation may be justified with the fact that the software
has no option for bevel angle configuration as a parameter.

When taking into consideration bevel change from 25°
to 35°, residual stresses were reduced by half, as expected.

Regarding the decrease in welding speed from 6 mm/s to
3,5 mm/s, HAZ's extension increased in 0,3 mm and residual
stresses decreased between 160 and 230 MPa, showing it
is possible to have a bigger HAZ, however, significantly
reducing residual stresses.

For the change of welding voltage from 19,53 V to
26,91V, HAZ's extension increased in 0,2 mm and residual
stresses decreased a little over a half. Once again, showing it
is possible to increase HAZ while reducing residual stresses.
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