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Study on the TIG-droplet Hybrid Additive Manufacturing of
45 Steel/Lead Alloy Bimetallic Structure

DU Jun™, JIANG Minbo, ZHANG Yongheng, XU Siyuan, WEI Zhengying
School of Mechanical Engineering, Xi’an Jiaotong University, Xi’an 710049, China

he traditional steel/lead bonding structures are based on bonding process, which can lead to serious problems in the application and long-

term storage, such as local strap debonding, aging and strength degradation. The above-mentioned problems seriously affect the integrity,
long-term stability and environmental adaptability of steel/lead composite structures. This paper puts forward a novel additive manufacturing me-
thod to fabricate 45 steel/lead alloy bimetallic structures by direct metallurgical connection, which is a combination of droplet deposition manufac-
turing and variable-polarity TIG arc process. The microstructure and mechanical properties of the fabricated samples were analyzed by using many
experimental means such as OM, SEM, EDS, microhardness test, and so on. The results showed that a nonlinear relationship existed between
the heat input of the welding arc and the feature sizes ( deposition height and width) of the lead alloy deposited layers. No evidence of cracks and
micro voids was found at the bonding interface. The thickness of the interfacial reaction layer is within the range of 30—70 um. The average inter-
facial bonding strength of the fabricated sample can reach 28.4 MPa, which is much higher than 4.2 MPa of the report. The fracture location is al-

ways on the side of lead alloy deposited layers.
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Fig.1 Schematic of TIG-droplet hybrid additive manufacturing
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Table 1 Chemical compositions ( mass fraction,% ) for the 45 steel and
lead alloy
Sh Sn Cl Zr Al 1 H, Pb
TS 2
10.66 2.93 2 0.17 0.85 0.48 0.1 S
454 C Mn Si Cu Ni Cr Fe

0.45  0.77 0.3 0.03 0.01 0.01 AR

R2 45 WEHE RIS
Table 2 Related thermophysical properties for the 45 steel and lead alloy

B B8 LA
P 15
FnisC kg - m~? AH/K! J kg K!
a4 283 8 947 15.7x107° 212.9
458 1540 7 890 11.3x107° 502
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Table 3 Process parameters for TIG assisted droplet deposition manufactu-

ring of steel/lead bimetallic structures

TZS5H HUE
YA G 1T HAR/mm 2.1
B AR 7 AR/ Ha 10
G A vh i B/ (m/s) 0.85
WA SRR IR EE /K 565
PRBEIR A/ K 298
45 FEAR B I /K 298
45 WFHAARFE BN H L/ (mm/s) 4,5,6
A TIG LB FLJE/ A 180, 200, 220, 240
VA FL 7 45 L 0.5
Jok i FL AT %6 Ha 50
HH/mm 5.5
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B2 /AT A T IR SR T A0 : (a) BB IR 5 () AR
TR B T A
Fig.2 As-fabricated sample and cross-section of steel/lead bimetallic struc-

ture: (a) as-fabricated sample; (b) cross-section of sample
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Fig.3 Influence of TIG welding peak current on the feature sizes of deposits
at three different travel speeds of 45 steel substrate: (a) deposition width vs
peak current; (b) deposition height vs peak current
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Fig.4 Macro and micro structure characteristics of the interface of fabricated

£-3D

steel/lead bimetallic structure: (a) optical image of macrostructure at the inter-
face region; (b) microstructure of lead alloy deposited layer; (c¢) SEM image of
the interface region; (d) high-magnification SEM image of the reactive interface
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Fig.5 SEM image and line scan pattern of the bonding interface of steel/
lead bimetallic structure; (a) SEM image; (b) line scan pattern
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Fig.6 XRD pattern of steel/lead bimetallic interface
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Fig.7  Cross-section of fabricated sample and micro-hardness distribution ;
(a) measurement location; (b) micro-hardness distribution at steel/lead in-

terface
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Fig.8 Tension specimens, fracture position and fracture morphology of the

as-fabricated steel/lead bimetallic structures; (a) tension specimens and

overlapping section; (b) fracture position; (c) fracture morphology
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