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Table 1 Static mechanical properties of Ti.AINb
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Table 2 Parameters of electromagnetic coupling treatment

(EMCT)
Electric Frequency Magnetic Interval
Group Golgvy  fHz | NUMDET ool gs  Number
uT -
EMCT 0.6 75 150 1.2 10 20

Yield . .
strength/MPa Tensile strength/MPa Elastic modulus/GPa
940 1096 121
57
16 | 7 | 16
[s2]
R45.6
2

Bl il R

Fig.1 Dimensions of the fatigue specimen

Bl 2 LRSS AL B AR R
Fig.2 Schematic of the working principle of EMCT

3 BRARBINE AR

Fig.3 Locations of residual stress measurement
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Table 3 Fatigue results of TiAINb EBW joint before and after EMCT

Group Load/kN Stress amplitude/MPa Number N¢
36 600 UT-1 10 733
uT-2 12 583
3.0 500 uT-3 23985
uT UT-4 33476
2.4 400 UT-5 88 609
UT-6 136 953
uT-7 92 586
1.8 300 uT-8 257 313
36 600 EMCT-1 11722
EMCT-2 15 363
3.0 500 EMCT-3 20 601
EMCT-4 38 463
EMCT 2.4 400 EMCT-5 164 290
EMCT-6 128 220
EMCT-7 106 409
1.8 300 EMCT-8 365 844
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Fig.4 S-N curves of Ti,AINb EBW joint before and after
EMCT
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Fig.5 Residual stress distribution of sample 1-sample 4 (a-d), change of average residual stress (e) in weld zone before and

after EMCT
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Fig.6 OM image of Ti,AINb EBW joint
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Fig.7 SEM images of FZ with and without EMCT: (a, b) UT sample, and (c, d) EMCT sample
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Table 4 Different contents of phase in FZ of EBW joint
before and after EMCT (vol%o)

Group O phase B2 phase
uT 41.7 58.3
EMCT 42.5 57.5
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Fig.8 SEM images of HAZ with and without EMCT: (a, b) UT sample and (c, d) EMCT sample
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Fig.9 KAM maps of Ti,AINb EBW joint before and after EMCT: (a) UT sample and (b) EMCT sample
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Fig.10 GB distribution of Ti,AINb EBW joint before and after EMCT: (a) UT sample and (b) EMCT sample
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Fig.11 Recrystallization distribution of Ti,AINb EBW joint before and after EMCT: (a) UT sample and (b) EMCT sample
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Fig.12 Bright field TEM images in FZ of UT and EMCT Ti,AINb EBW joint: (a-c) typical microstructure in UT sample and

(d-f) typical microstructure in EMCT sample
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Fig.13 Bright field TEM images in HAZ of UT and EMCT Ti,AINb EBW joint: (a-c) typical microstructure in UT sample and

(d-f) typical microstructure in EMCT sample
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Effect of Electromagnetic Coupling Treatment on Fatigue Lifetime of Ti,AINb
Electron Beam Welding Joint

Wang Xiaotong"?, Zhao Tong®, Wang Yuan'?, Huang Kunlan*?, Zhang Qianwen*?
(1. School of Mechanical Engineering, Sichuan University, Chengdu 610065, China)
(2. Yibin Institute, Sichuan University, Yibin 644005, China)
(3. AVIC Manufacturing Technology Institute, Beijing 100024, China)

Abstract: During the welding process of the aero-engine magazine, the weld will directly affect the fatigue performance and
service life of the whole magazine as a weak part. The post-weld heat treatment is normally used to eliminate the welding thermal
stress, uniform the structure of weld joint and improve the performance; however the improvement effect on fatigue life is
insufficient. This research innovatively proposes the electromagnetic coupling treatment technology to regulate the heat treated
Ti,AINb electron beam welds to improve the fatigue life of welded joints and at the same time investigates the evolution of the
material structure in the weld joints after electromagnetic coupling treatment. The results show that the fatigue limit of the weld
joint is increased from 134.2 MPa to 159.4 MPa, an improvement of 18.8%. After the electromagnetic coupling treatment, the
residual compressive stress is increased by up to 128.7%. Meanwhile, without changing the material structure and phase
composition, dislocation walls and dislocation entanglement are generated within the material without changing the microstructure
and phase composition, and the fatigue crack source is moved from the surface to the subsurface, thus reducing fatigue crack
expansion rate, resulting in the improvement of fatigue performance. The coupling effect of Joule heat effect, electron wind effect
and magnetoplastic effect promotes the dislocation movement and enhances the fatigue crack expansion. This study provides a new
method to enhance the fatigue life of welds and provides a feasibility basis for electromagnetic coupling treatment to enhance the
fatigue performance of welds.
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