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Crack arrest of Al-Mg alloy component with cracks by
electromagnetic heating

FU Yu-ming, WANG Jun-li, ZHENG Li-juan, XIANG Long, ZHANG Jin-sen

(Institute of Structure Damage and Restore, School of Mechanical Engineering,
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Abstract: Al-Mg alloys specimens with unilateral crack were used to perform electromagnetic heating crack arrest
experiment using a self-made ZL—2 super pulse current generation equipment, and the microstructures around the crack
tip were analyzed before and after discharge. The current density field, temperature field and thermal stress field were
obtained at the moment of the pulse current discharge by the thermal—electrical—structure coupling numerical analysis
method. The electrothermal stress intensity factors were theoretically calculated. The results show that there exists an
optimal discharge voltage value for the effect of the crack arrest. Under the action of appropriate super pulse current, the
crack tip around small-scale is instantly strengthen-heated, followed by rapid cooling under a great thermal compressive
stress. The microstructure has an obvious change, and the grains are refined. And the equivalent heat compression stress
generates around the crack tip, which has “clamping” role to the crack tip, and then prevents the crack expansion.
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Fig. 1 Specimen of Al-Mg alloys with unilateral crack (mm):

(a) Dimension figure; (b) Specimen figure
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Fig. 2 Macro morphologies of crack tip before (a) and after (b)

crack arrest
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Fig. 3 Microstructures of material at crack tip: (a) Before

crack arrest; (b) After crack arrest
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Table 1 Physical parameters of Al-Mg alloys

Material parameter Value
E/GPa 66.8
c/(Tkg "K' 1 088.6
MW-m K 92.1
o/(Qm) 9.12%X10°*
oK™ 2.73%107°

22 BUEEHBILZERSTHE
22.1 R EH AR
) S AT FLIH B Al-Mg & Gt i Wi A4
S IR, 30 10 FL A R R I SR
LR LA GRS, T R aIR
b AT 7y b, i B R R 4 R .
HELJL 2 B E 24 80 1 i FA B8 U IR S A 24 40 v
/N S 7 A SR K ) R 22 kL, AT



32 A G EE R

20134E 1 H

TSI B LA R AR R AR P T P T L, SR
R A, ERERHK. FRES AWK 5
J7s o

Ji(Am2)
0.239X 10°
= M 55000
e Bl o6sx10m
e Eoosoxion
~ E0333%10!

0.415X 1011
2 0.498 X 1011
ANy Co.ssox10m
N Y [ 0.663X 101
AV RN 0,746 % 101

4 Al-Mg &I RS RS B
Fig. 4 Current density vectors of Al-Mg alloy specimen:

(a) Current density overall profile; (b) Partial enlarged drawing

of current density near crack tip
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Fig. 5 Temperature contour bands around crack tip after pulse

discharge: (a) Temperature field overall profile; (b) Partial

enlarged drawing of temperature field near crack tip
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Fig. 6 Thermal stress field near crack tip after discharge:

(a) Thermal stress distribution in x direction; (b) Partial

enlarged drawing of thermal stress contour surface crack tip
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Fig. 7 Model of current-carrying plate with unilateral crack

under action of loading
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Fig. 8 Conformal map of Fig. 7
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