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Integral forming process on coaxial electric vehicles with axle
head axle housing
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Abstract: For the drive axle housing of coaxial electric vehicle, the integral forming process with axle head axle housing was designed.
First, the seamless steel tube was firstly expanded and pressed to make a preformed tube blank, and then the circular tubes at both ends
were cold-reduced, hot extruded to form shaft head and shoulder connected to the inner side. Furthermore, the mechanical model of shaft
head extrusion forming was established, the flow trend of metal was analyzed, the influence laws of extrusion quantity and heating length of
upsetting area on the formation of shaft head and shoulder were revealed, and the approximate calculation formula of extrusion quantity was
given. For an axle hosing of electric vehicle with axle load of 80 kN, the influence laws of extrusion quantity s and heating length L of up-
setting area on the thickness of root for the shoulder and the fillet radius of the inner cavity were revealed by the finite element analysis and
1 : 1 engineering tests, and the suitable range of s and L was 36—39 mm and 34—44 mm, respectively. The results show that the designed
integral forming process is feasible, and provides the important evidence for production practice
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Fig. 1 Driving axle assembly of coaxial electric vehicles
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Fig. 2 Structure of axle housing for coaxial electric vehicles
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Fig. 4 Schematic diagrams of extrusion deformation

(a) Before extrusion  (b) After extrusion
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Table 1 Material property parameters of 20Mn2 steel tube
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Fig. 5 True stress-true strain curve of 20Mn2 steel tube
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Fig. 7 Tube blank after four-pass diameter reducing at end
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Table 2 Measurement results of diameter reducing at end
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Fig. 8 Setting of temperature ranges in simulation
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Fig. 9 True stress-true strain curves of 20Mn2 steel tube at

different temperatures
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Table 3 Main parameters of shoulder at different half cone

angles of die in the first extrusion forming (mm)
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Fig. 11 Variation of wall thickness at root of shoulder with half cone

angle of die in the first extrusion forming
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Fig. 12 Variation for fillet radius of inner cavity with half cone

angle of die in the first extrusion forming
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Fig. 13 Tube blank in the second extrusion forming at

extrusion quantity of 36 mm
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Table 4 Main parameters of shoulder at different extrusion

amounts in the second extrusion forming (mm)

PR s 32 34 36 38 40

B IR RABBER ¢ 17.54  17.67 18.29 18.46 18.83
IR f 242 R, 28.21 26.94 24.2  15.42 8.6l
MBI 242 R, 34.01  33.1 12.19  8.28 502
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Fig. 14 Variation for wall thickness at root of shoulder with

extrusion quantity in the second extrusion forming
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Fig. 15 Variation of fillet radius for inner cavity and outer corner of

shoulder with extrusion quantity in the second extrusion forming
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Fig. 16  Variation of wall thickness ¢, at root of shoulder with heating

length L of upsetting area in the second extrusion forming
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Fig. 17 Variation for fillet radius R, of inner cavity for shoulder with

heating length L of upsetting area in the second extrusion forming
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Table 6 Parameters of shoulder for workpieces at different

extrusion quantities (mm)

(b) s=36 mm

PrE s 34 36 38 40
BERE KR 17.24 18.22 18.36 18.52
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Fig. 24  Cutting parts of axle housing at different extrusion quantities
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Fig. 25 Cutting parts of axle housing at different heating lengths of upsetting area
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Table 7 Parameters of shoulder for workpieces at different

heating length of upsetting area (mm)
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