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Problem Statement and Objectives
Advanced high strength steels (AHSSs) have evolving applications in the
automotive industry due to the increasing demand in higher levels of car safety
and fuel efficiency. Fusion welding of AHSS generally produces undermatching
weldments due to the limited strengths of the commercially available welding
consumables, as well as detrimental tensile residual stress in the softened heataffected zone (HAZ). Low transformation temperature welding (LTTW)
consumables could outperform other methods regarding control of residual
stress in thin plate welds by phase transformation. However, there is limited
research on LTTW consumables for welding of AHSS thin plates.
This research aims to:
• Design an LTTW wire for arc welding of thin plates of advanced high strength
steels;
• Demonstrate the effectiveness of LTTW consumable in residual stress control.

Experimental and Simulation Methods
•

Experimental details

Table 1 Wire composition (wt. %) and calculated Ms (°C)

Ø The LTTW consumable,
namely EH200B, was
designed
based
on
Schaeffler diagram [1].
Ø Gas metal arc welding (GMAW) was used to produce bead-on-plate (BOP) welds for
residual stress evaluation and lap joints for fatigue testing.
Ø Residual stress was measured by neutron diffraction method using at the HB-2B 2nd
Generation Neutron Residual Stress facility (NRSF2) beam line of the High Flux Isotope
Reactor (HFIR) at Oak Ridge National Laboratory (ORNL).

•

Simulation model
Ø Finite element (FE) code SYSWELD considering thermal-mechanical-metallurgical
effect [2] was used to predict the distortion and residual stress of the BOP welds.

Results and Discussions
• Microstructure in the BOP welds
Ø Grain boundary ferrite (GBF), ferrite with second phase (FS), and acicular
ferrite (AF) were present in the microstructure at the top weld region using
ER70S-3 wire (Figure 1(a)). While for EH200B, the microstructure constituted
a large fraction of martensite (M) and retained austenite (RA) (Figure 1(b)).

Figure 1 Weld microstructure by LOM using (a) ER70S-3, (b) EH200B wires.

• Residual stresses in BOP welds
Ø The EH200B wire demonstrated
to be effective in controlling
residual stress in the HAZ
(Figure 4).
Ø FE analysis demonstrated that
the conventional wire induced
large tensile stress in the weld
zone, the LTTW wire induced
compressive residual stress in
the weld (Figure 5).
Ø The discrepancy could be
attributed to the relatively large
sampling area in neutron
measurement, as indicated in
Figure 5(b-c).

Ø For EH200B, the fraction of RA varied from 13% at the weld top, 9% in the
middle, to 7% at the bottom (Figure 2)

Figure 2 EBSD results from the (a) top, (b) middle and (c) bottom locations of the
EH200B weld transverse cross section. Red: martensite, green: austenite.

• Distortion in BOP welded plates
Ø Along both longitudinal direction (LD) and transverse direction (TD), the
welded plates using two different wires exhibited opposite distortion patterns
(Figure 3).
Ø The simulation results showed reasonable agreement with the experimental
measurement.

Figure 3 Comparison of distortion contour maps obtained from experiment
and FE analysis in BOP welds using ER70S-3 and EH200B, respectively.

Figure 4 LD residual stress measured by neutron
diffraction method.

Figure 5 (a) LD residual stress profiles averaged in the sampling areas marked in (b)
and (c) cross-sectional stress contour predicted by FE analysis .

• Microhardness and fatigue life of Lap Joints
Ø The base metal exhibited an average hardness of 300HV. EH200B wire was
overmatching due to the presence of >87% of martensite phase, while ER70S-3
wire was undermatching because of the prevalent ferrite phase (Figure 6)
Ø EH200B nearly doubled the fatigue life of the DP980 thin sheets lap joints.

Figure 6 Vickers hardness line mapping results of the weld transverse cross
sections using (a) ER70S-3 and (b) EH200B wires, respectively.

Conclusions
•
•
•
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