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Abstract: After conventional fusion welding of 40Cr tempered steel, problems such as softening and embrittlement in the
heat affected zone lead to a decrease in its mechanical properties. In order to avoid these problems, the inertia friction weld-
ing of 40Cr tempered steel was carried out. Metallographic tests, microhardness tests and tensile tests were used to study the
effects of initial rotational speed and welding pressure on the mechanical properties and microstructure of welded joints. The
results show that when the initial rotational speed reaches 1 800 r/min and the welding pressure reaches 75 MPa, the weld in-
terface is continuous, the weld area is fine and uniform, there is no obvious grain growth in the heat-affected zone, and the
hardness of the weld area reaches 655 HV, and the hardness decreases from the centre of the weld to both sides to the hard-
ness of the base material of 260 HV, and there is no heat affected zone softening. Under hardening and tempering treatment,
the tensile properties of the specimens are close to those of the furnace-following specimens, with the tensile strength reach-
ing 704 MPa, and the ultrasonic flaw detection results show that the joints have reached the class A standard. Appropriate in-
crease in initial speed and welding pressure helps to improve the forming quality and mechanical properties of 40Cr inertia
friction welded joints. This study confirms that inertia friction welding can effectively solve the HAZ softening problem in
the welding of 40Cr tempered steel.
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Table 1 Chemical composition of 40Cr steel (wt. %)

C Si Mn Cr Fe
0.37~0.44 0.17~0.37 0.50~0.80 0.80~1.10 Bal.
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El1 C20-SF iR

Fig. 1 C20-SF rotary friction welding machine
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Table 2 Welding Process Parameter

SIS WG4/ (r-min™) JE71/MPa
IFW1200-25 1200 25
IFW1500-25 1500 25
IFW1800-50 1 800 50
IFW1200-75 1200 75
IFW1500-75 1500 75
IFW1800-75 1 800 75
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2.1 40Cr B EEERE SR M RE R B E KRG
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Fig.2 Hardness test point (unit:mm)
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Fig. 3 Fractured specimen of 40Cr inertia friction welded joints after

tensile test
J13K %) 75 MPa b, 823k 58 B B W #2 FF IFW1200-75
IRXAE 710 MPa, 35 I BER BE AP X HCIRAERY 97.5%
IFW 180075 iR FE BT I H8 B Ay 704 MPa, iA ATt
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B3k R S YUY P S GB/T 4162—2022 B M L
b, HA IFW1800-75 i FEHL 15 31 A HbnifE

R3 BHEEIAFHRSHRERRRGER

Table 3 Mechanical properties and ultrasonic flaw detection results of welded joints

s Tt ok TR ) T Y S A i Brhnim g WrE R Wi P AR A5 R
/(r+min") /MPa R,,,/MPa R /MPa A% Z1% (GB/T 4162—2022)
IFW1200-25 1200 25 525 663 24.5 65 G (BYL)
IFW1500-25 1500 25 538 699 23 65 G (BY)
IFW1800-50 1800 50 507 674 22 64 AR (BK)
IFW1200-75 1200 75 559 710 245 68 At (BYL)
IFW1500-75 1500 75 532 698 23 61 Ak (B
IFW1800-75 1800 75 530 704 23 64 G (AL

x4 BUMEPMLILXENFEESH

Table 3 Mechanical properties of base metal furnace-following

specimens
o MUtk aEfRRIE  PUhORE WS Whals

R,,,/MPa R /MPa A% EV/A

1 568 722 235 65

2 610 760 220 62

3 597 754 235 69

4 654 780 23.0 57

5 550 695 245 66

6 649 770 23.0 65

7 492 631 23.0 71

8 551 714 23.0 66
FHE 583.875 728.25 23.1875  65.125
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Fig.4 Macroscopic morphology of welded specimens
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Fig. 5 Macroscopic morphology of welded joint section
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Fig. 6 Defects in welded specimens
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Fig. 7 Microstructure of IFW1800-50 welded joint
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Fig. 8 Microstructures of inertia friction welded joints
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Fig. 9 Microstructures of grain transition zone at /2 of inertia fric-

tion welded joints
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Fig. 10 Hardness diagram of IFW1200-75 welded joints
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Fig. 11 Hardness diagram of IFW1800-75 welded joint
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