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( 1. Background
Motivation: Hand-Held Laser Tack Welding (utilizing a portable laser with wire feed) produces deep,
compact tack welds that could eliminate oversized tacks. However, it is not yet qualified for Navy
shipbuilding due to the lack of established standards and uncharacterized effects on weld properties.
Objectives: [
» Reveal the microstructural characteristics in HSLA-65 fillet welds made by the hybrid process: .
initial handheld laser tack welding step followed by the subsequent flux core arc weld (FCAW).
« Understand the microstructural formation mechanisms for process and microstructure

\_ Optimization, which eventually leads to performance optimization. T —————. ]
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¢ 2. Experimental Procedure

» Optical Microscopy was performed in the heat affected zone (HAZ), fusion zone (FZ), and reheated regions for microstructural constituent
identification using different etching methods:
» Martensite/austenite (MA) constituent etch using a modified Le Pera’s etch [1]
+ Step 1: a 1g sodium metabisulfite + 100 ml distilled water solution and a 4g picric acid + 100 ml pure ethanol solution were mixed just
before etching. The sample was immersed in the mixture for 20s, removed, and rinsed/immersed in isopropanol.
+ Step 2: electrolytically etch in a solution of 5g picric acid, 25g sodium hydroxide, and 100ml of distilled water with a voltage of 5v for
100s-140s. Afterwards, rinse the sample in water..
« Nital etch for ferritic microstructural characteristics using 3% nitric acid in ethanol for bainite formation. A cotton ball was immersed in the
Nital solution; the sample was swabbed with the wet cotton ball for 10-15 seconds and then immediately thoroughly rinsed with DI water

\._and blow dried with a heat gun. J
( 3. MA Constituent Analysis \( 4. Microstructure Formation Analysis )
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+ Unconsumed tack weld FZ reheated by subsequent weld (Zone 3) et
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history that is expected to resultin  bainite laths and some lower
high fractions of bainite and MA bainite plates throughout the
constituents. microstructure.

- - Within vertical traverse of a multi-pass weld, with single-sided hand-
Zone 5:7.96% MA | | held laser welds placed along one groove face across the thickness,
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« Near the top of the multi-pass weld, it no longer resembles zone

5. CO“C'USiOhSIFUtU re Work ) 3 of t_hg single hybrid fillet weld as no more bainit_e laths or plates
are visible, it appears to be mostly polygonal ferrite.
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» Unconsumed laser tack weld FZ (zone 3) possesses higher \_ J
fractions of upper and lower bainite as well as a 50-70% higher g D\
area fraction of martensite-austenite constituent than that of . Acknowle_dgm_e nts
equivalent HAZ in weld samples without the laser tack weld. » This work was supported by the National Shipbuilding Research Program
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) ) * The authors would like to acknowledge Scott Grove of HII-Newport News
makes zone 3 an area of interest for property evaluation, Shipbuilding, John McGrorey of NAVSEA, and Jim Thomas of Naval
although it is a relatively small zone. Surface Warfare Center - Carderock Division for their insights during
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» Conduct mechanical testing to reveal the impact of zone 3.
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\__establish robust guideline to eliminate it consistently. _/ [21A Mishchenko & A. Scotti, J Mater Sci (2021) 56:1694-1712

» This combination of high fractions of upper and lower bainite
and MA constituent is expected to induce lower toughness. This
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