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Abstract: To obtain good dissimilar material welded joints between Invar steel (4J36) and 06Cr19Nil0O steel, the forming

characteristics, microstructure, and mechanical properties of laser welding and TIG welding joints were systematically compared.
Laser welding (power: 2 700 W, speed: 1.2 m/min) and TIG welding (current: 65-75 A, voltage: 12 V) were adopted, and the weld
morphology, microstructure, hardness distribution, tensile properties, bending properties, and impact energy were analyzed. Results
indicate that both processes produce defect-free welds. Laser-welded joints form fine columnar crystals due to the high cooling rate,
with a microhardness of 140-150 HV, which is higher than that of TIG-welded joints of approximately 121 HV. The tensile
strength of laser-welded joints is 431 MPa, accounting for over 95% of the Invar steel base metal, with fractures occurring in the
Invar steel base metal zone. This outperforms TIG-welded joints, which have a tensile strength of 395 MPa and fracture in the weld
zone. Both welded joints pass the 180° bending test without cracks. The impact absorption energy of laser-welded joints (26. 1 J) is
higher than that of TIG-welded joints (25.5 J). The fine-grained microstructure and ductile fracture dimple characteristics indicate
that laser-welded joints have better comprehensive performance. This study provides data support and a theoretical foundation for

the welding of dissimilar materials in aviation applications.

Highlights: (1) Differences between laser welding and TIG welding processes were systematically compared, and the

microstructure evolution and performance mechanisms of dissimilar material welds were analyzed.
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(2) Based on the regulation mechanism of non-equilibrium solidification, this study revealed that ultra-fast cooling in

laser welding refined grains and enhanced the comprehensive performance of the joints.

(3) Based on Griffith theory and grain refinement strengthening theory, the intrinsic correlation between microstructure

and impact properties was elaborated.

Key words: Invar steel; stainless steel; dissimilar material welded joint; weld morphology; microstructure and property
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view of TIG welding; (c) front view of laser
welding; (d) front view of TIG welding

P SE U, TERRAE DR A L S il il
B PR eE, BURE O & AR, WE 3 FR. R
H Olympus S48 2 ISM-7900F 44 B 5 X i F 4%
LR, Zwick-Z100 J7 fEIRE L AT hr ik
By, BNEEE %K 1 mm/min, FE R SF UK 3(b) i
TN PERU A [CRE BEASGHFA T A B, AH OGS ECh
[B]#F 0.3 mm, 2 A 300 g, P1FF 15 s. FEZE I T
PR TE 1 N R Tl RN 1 N A= M ol RS W = S
80 mm x 10 mm X 3 mm, Wi+ H 55 mm x

Fig. 2

(b) st R

55+40.60

2.5+0.10

o

(c) i RS

B 3 BUEMERIAERT (mm)

Fig. 3 Sampling location and specimen size. (a) sam-
ple sampling location; (b) dimensions of the ten-
sile test sample; (c) dimensions of the impact test
sample
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Fig. 4 Invar/304 stainless steel welded morphology and
X-ray inspection results. (a) morphology of laser-
welded Invar/304 stainless steel dissimilar joints;
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Microstructure of laser welded joints in different
regions. (a) overall morphology of laser welded
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the weld center of laser welding joint; (d) micro-
structure of the Invar steel side of laser welded
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Microstructure of TIG welded joints in different
regions. (a) overall morphology of TIG welded
joint; (b) microstructure of the 304 stainless steel
side of TIG welded joint; (c) microstructure of the
weld center of TIG welding joint; (d) microstru-
cture of the Invar steel side of TIG welded joint
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Fig. 7 Formation mechanism of microstructure in Invar +
304 stainless steel weld seam by laser welding
and TIG welding
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Fig. 8 Microhardness distribution of Invar + 304 stain-
less steel joints by laser welding and TIG welding.
(a) transverse microhardness distribution of laser
welded joints; (b) longitudinal microhardness
distribution of laser welded joints; (c) transverse
microhardness distribution of TIG welded joints;
(d) longitudinal microhardness distribution of TIG
welded joints
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Fig. 9 Stress strain curves and data statistics of welded
joints under two welding processes. (a) stress-
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processes; (b) statistical chart of properties of
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