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Table 1 Chemical composition of 30CrMnSiNi2A steel (/%)

o Cr Mn Si Ni S Mo \%

P N Ti 0 w H Cu

0.3 1.04 106 102 154 0.001 0.078 0.006

0.006 0.008 0.006 0.001 0.016 0.0001 0.12
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Fig.1 Dimensions of tensile specimen
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Fig.2 Surface (a~c) and cross-section (d~f) macro morphologies of
the joint at welding speed of 700 mm/min (a, d), 1000

mm/min (b, e), and 1300 mm/min (c, f)
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Table 2 Weld width and area under different welding speeds

Welding speed/mm min™ Top weld width/mm

Middle weld width/mm

Bottom weld width/mm  Weld area/mm?

700 1.66
1000 1.36
1300 1.36

1.25 1.30 4.41
0.84 0.69 3.12
0.79 0.61 2.96
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Fig.3 Microstructures of fusion zone at welding speed of 700 mm/min (a), 1000 mm/min (b), and 1300 mm/min (c)
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Fig.4 Microstructures of the heat-affected zone at welding speed of 700 mm/min (a), 2000 mm/min (b), and 1300 mm/min (c)
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Fig.5 Grain boundaries of joints at different welding speeds
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Fig. 6 Ratios of LAGB and HAGB in different joints Fig.7 Grain sizes of each area of the joints
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Fig.8 Inverse pole figures of joints at different welding speeds
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Fig.9 Hardness distribution of the joints in each area
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Fig.10 Tensile curves of joints at different welding speeds
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Fig.11 Fracture morphologies of base material (d) and joints at welding speed of 700 mm/min (a), 1000 mm/min (b),

and 1300 mm/min (c)
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Intensity/a.u.

1 3 5 7 9 11§
Energy/keV

Element wl%

C 5.93 22.46
Si 1.08 1.74
Cr 1.03 0.90
Mn 1.21 1.01
Fe 89.36 72.81
Ni 1.34 1.04
Cu 0.06 0.04

B 12 S [ 5 e T A R DX AT R 2 A

Fig.12 Precipitation phase distributions in heat-affected zone at different welding speeds: (a) 700 mm/min, (b) 1000 mm/min, and

(c) 1300 mm/min; (d) EDS spectrum; (e) SEM image corresponding to area A marked in Fig.12b; (f) chemical composition of

carbide
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Effect of Welding Speed on Microstructure and Mechanical Properties of
30CrMnSiNi2A Steel Electron Beam Welded Joint

Hong Min', Wang Shanlin', Sun Wenjun®, Lin Bo?, Wu Ming*, Zhang Hong?, He Jie?, Hua Yongping®, Wu Chengjun*
(1. Jiangxi Provincial Key Laboratory of Aviation Component Forming and Connection, Nanchang Hangkong University,
Nanchang 330063, China)

(2. Chengdu Aircraft Industrial (Group) Co., Ltd, Chengdu 610073, China)

Abstract: 30CrMnSiNi2A steel has become an important material for manufacturing aircraft landing gear and flaps due to its excellent
mass-strength ratio. The welding speed of electron beam welding in engineering applications can greatly affect the microstructure and
mechanical properties of 30CrMnSiNi2A steel. In this study, the microstructure of the joint changes from a small equiaxed tempered
sorbite and martensite mixed structure in the heat-affected zone to a dendritic lath martensite structure in the weld area. The microhardness
gradually increases from the base material to the center of the weld. The microhardness (HV ) of the weld area can reach up to 6940 MPa,
which is about twice that of the base material. The tensile strength is up to 842 MPa, reaching 96.9% of the base material strength. In
addition, as the welding speed increases, the grain size decreases and the microhardness increases. However, the decrease in the number of
HAGB and cementite is detrimental to the strength of the joint, and the tensile strength of the joint decreases with the increase in welding
speed. The fracture methods of the joints at different welding speeds are all brittle fractures.

Key words: 30CrMnSiNi2A steel; electron beam welding; microstructure; mechanical properties
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