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Characteristics of inertia radial friction welding joints of
small size T3/35CrMnSi dissimilar metal materials
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Abstract: Based on the difficulty of inertia radial friction welding small size T3/35CrMnSi dissimilar metal materials, the
characteristics of joints of T3/35CrMnSi were analyzed by SEM, EDS, microhardness test and shear strength test. The results show
that plastic deformation layer, dynamic recrystallization, and diffusion and dissolution of elements occur in the joint transition region,
achieving metallurgical bonding. The thickness of the plastic deformation layer changes with spindle speed, friction pressure, forging
pressure; when the thickness is about 5 pm, the interface quality is the best. The joint mechanical properties and the width of heat
affected zone are relative to the plastic deformation layer, martensitic transformation and material properties. In the case that the
spindle speed is more than 1800 r/min, the forging pressure is more than 190 MPa, the welding joints are bonded successfully and
have no local spot defects.
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Fig.1 Schematic diagram (a) and welding equipment (b) of
35CrMnSi inertia radial friction welding
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Table 1 Chemical composition of T3 (mass fraction, %)
1.1 Cu Pb Bi S o
99.7 0.01 0.02 0.01 0.1
1(a) T3
35CrMnSi ( 2 35CrMnSi
0.5 2.5 mm) Table 2 Chemical composition of 35CrMnSi (mass fraction, %)
C Si Mn Cr
P
0.32-0.39 1.10-1.40 0.80-1.10 1.10-1.40
[4-7]
CT-25 1(b) 1.3
(n(t) ®) 93% 3%
(P1) P GO ® 20" min
35CrMnSi
1.2
T3 35CrMnSi 3
35CrMnSi d 20 mm> 50 mm T3 35CtMnSi
3

d 30 mm>=3.5 mm( )>4.5
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3 T3 35CrMnSi
Table 3 Parameters of inertia radial friction welding for
T3 and 35CrMnSi
Sample i apeed)  presane/ presure/ VEI0nE
© (kem) (rmin) MPa  Mpa UM/
1 0.636 1 800 56 190 0.8
2 0.636 2 400 56 200 0.8
3 0.636 3000 56 210 0.8
8% CuCl, T3 2
4% Fig.2  Microstructure and energy spectrum analysis of
35CrMnSi KQ-100E welding joints
TESCAN Vega LMUSEM
(SEM) (EDS) 4 2
HV-1000 Table 4 Corresponding data of EDS analysis in Fig.2 (molar
fraction, %)
049 N 35CrMnSi Location C 0 Si Cr Fe Cu
49N 20s 3 1 657 621 034 071 8264 3.53
2 327 1.03 - - 1.03 94.67
2 mm QIWE 3 597 360 — - 102 8941
4 391 139 - - - 94.67
Total 6.31 4.04 - - 24.84 64.82
2
Cu Fe
2.1
3 2.2
35CrMnSi 35CrMnSi/T3 Nano Measurer
T3 2 2 3 3
10
T3 35CrMnSi
4 1
9 um 2 48 um
T3 3 5 um
35CrMnSi > 1 3
T3
35CrMnSi
4 « 2
( 2)
1 Cu 3.53% 4 Cu
94.67% Fe 1 82.64% 3 2 !
3 1.02% o
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Fig.3 Interface morphologies and micro-
structures of plastic deformation layers:

(a) Sample 1; (b) Sample 2; (c) Sample 3
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Fig.5 Hardness curve of welding joints
3
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2 Fig.6 Shear strengths of joints of T3/35CrMnSi by inertia
3 radial friction welding
24
[11-12]
( 5) | 7 1 800 r/min 190
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190 MPa
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Fig.7 Morphologies of sample without joining at spindle
speed of 1 800 r/min and forging pressure of 190 MPa:

(a) Macrostructure; (b) Microstructure
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Fig.8 Heat flow effect at interface between T3 and 35CrMnSi
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