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Development of extra-thick composite steel plate for extra-large
size plate vulcanizing machine

Wu Zaoqin', Kong Lingyi®, Wang Lei’, Luo Zong'an’
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Abstract: By adopting pre-heating before welding, vacuum electron beam welding, heating at low heating rate, rolling with reasonable
pass reduction rate and heat treatment process, the 45 steel ultra-thick composite steel plate of extra-large size (170 mmx 3420 mm x
10620 mm) plate vulcanizing machine was successfully produced. Its average hardness is 199 HB. The distribution of matrix inclusions
in the upper and lower composite surfaces is similar to that in the middle of the whole plate, and the result of metallurgical bonding is
good. The microstructure is relatively uniform after tempering, and the plate meets the requirements of level I flaw detection in GB/T
2970—2016. However, the research shows that the unreasonable pre-heating speed before welding aggravates the deformation of blank
during the vacuum welding. When the temperature is low and the microstructure stress is large, the cracks at surface areas occur easily.
In addition, these types of cracks are difficult to eliminate during the rolling process, so it is necessary to control the pre-heating speed be-
fore welding reasonably.
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Table 1 Chemical compositions of 45 steel ( %, mass fraction)

C Si Mn p S C Fe
0.46 0.27 0.61 0.012  0.005 0.56 Ak
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Fig. 1  Process flow of VRC
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Fig. 2 Schematic diagrams of double electron gun welding
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Fig.3 Schematic diagram of sampling at different positions along thickness

direction of 45 steel composite plate for mechanical properties test
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Table 2 Testing values of hardness at different positions
along thickness direction of 45 steel composite plate (HB)
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Fig. 4 Schematic diagram of sampling at different positions along thickness

direction of 45 steel composite plate for microstructure observation
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Fig. 5 Microstructures of inclusions for 45 steel composite plate at
different positions along thickness direction
(a) Upper composite surface  (b) 1/2 center

(c¢) Lower composite surface
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Fig. 6 Microstructures of 45 steel composite plate at different positions along thickness direction

(a) Near upper surface  (b) Upper composite surface  (c) 1/2 center  (d) Lower composite surface  (e) Near lower surface
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Fig.7 Defect schematic diagram during flaw detection of 45 8 45 4N AR BRI 5

steel composite plate Fig. 8 Flaw detection defect morphology of 45 steel composite plate
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Fig. 9 Deformation schematic diagrams of 45 steel blocks at end of pre-heating (a) and vacuuming (b)
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