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Structural properties of TB19 heavy plate welded
by electron beam welding

LIU Xi-lin, YANG Rui, YAN Yang-yang, WANG Nai-you, SONG De-jun

(Luoyang Ship Materials Research Institute, Luoyang 471039, China)

Abstract: The thick plate TB19 was jointed by large high-voltage electron beam welding, achieving a 130 mm depth
without defects. The organizational structure of the joints was analyzed; the mechanical properties, micro hardness testing

and the fracture toughness test were done. The plastic nature can match the toughness. The TB19 joints welded by EBW
will be of highly efficient and high quality.
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Table 1 Mechanical properties of TB19

Rw/MPa Al% aiy/(kJ'm2) Kic/(MPa-m'?)
1280 7.3 268.75 77.73
130
mm
1
2

1
Fig.1 Microstructure of welding joint
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Table 2 Welding parameters

Speed-up  Focusing  Welding ~ Welding
Working
voltage, current, current, speed,
distance/mm
wd/kV I/mA I/mA  v/(mm-s)
150 2250 225 3 600
2
2.1
130 mm  TBI19
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4 2
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Fig.2 Sampling positions
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Table 3  Electronic beam welding test results for mechanical

property of TB19 welding joint

Position a/ Kic/
R/MPa Al%
No. (kIm™?2)  (MPam'?)

1 1 400 2.00 100.0
67.97

2 1 405 2.00 87.5

3 1 400 1.75 87.5
71.46

4 1200 4.50 137.5

5 1245 5.25 125.0
78.94

6 1200 5.50 150.0

7 1220 5.50 137.5
88.28

8 1290 5.50 162.5

3
2 1-3

1 400~1 400 MPa
1.75%~2%
87.5~100 kJ-m 2 4~8
1 200~1 290 MPa 0.96
4.5%~5.5% 125~162.5 kI'm?
0.9

3 KIC KIC

TB19
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Fig.3 Metallurgical structures of upper part of welding joint
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Kic

20 um

130

centre: (a) In higher magnification; (b) In lower magnification
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Fig.4 Metallurgical structures of middle part of welding joint

centre: (a) In higher magnification; (b) In lower magnification

5
Fig.5 Metallurgical structures of base coat of welding joint

centre: (a) In higher magnification; (b) In lower magnification
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Table 4 Microhardness of welding joint
Upper part Middle part Base coat
Fusion Heat-affected Base Fusion Heat-affected Base Fusion Heat-affected Base
area zone material area zone material area zone material
359 367 367 339 348 342 352 355 369

Fig.6  Fractographs of upper coat of welding joint: (a) Fracture metallograph; (b) Intergranular crack pattern; (c) Transcrystalline

rupture pattern

Fig.7 Fractographs of base coat of welding joint: (a) Fracture metallographical; (b) Intergranular crack pattern; (c) Transcrystalline

rupture pattern
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