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Study on Laser Shock Forming and Fracture Behavior of Metal Sheet
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Abstract The cross-rolled AZ31 sheet and the cold-rolled molybdenum strip are shocked by the Thales Laser with
the maximum output pulse energy of 12.5 J. Properties of these two laser shock forming (LSF) are compared and
then fracture behavior and microstructure are analyzed and discussed. The results show that cold forming of AZ31
sheet and molybdenum strip with high strain rate is realized after continuously repeat laser shock under different
energy densities. The LSF fracture behavior of AZ31 sheet and molybdenum strip both perform thickness thinning
while a spallation phenomenon is observed during LSF of molybdenum strip. The fracture of AZ31 sheet is a mixture
of ductile and brittle fracture, while that of molybdenum strip is the brittle fracture. In addition, the effect of these
two metal sheet anisotropy and strain rate on the LSF formability with high energy, high strain rate and fracture

behavior is discussed.
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Fig. 1 Schematic of testing apparatus and deformation for LSF. (a) Testing apparatus; (b) schematic force
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Fig. 2 Microstructures of AZ31 alloy sheet. (a) Optical microscope (OM); (b) tensile fracture
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Fig. 3 Microstructures of pure Mo strip. (a) OM; (b) tensile fracture
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Fig. 4 Laser shock forming samples of metal sheet, (a) AZ31 alloy; (b) pure Mo
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Fig. 5 Macrofracture morphologies of the impact ruptures after LSF by different energy densities and five impacts.

(a) 3.0 GW/cm?; (b) 4.6 GW/cm?; (¢) 6.1 GW/cm?®

0403010-3



H |

Stk WOCRER B E N 3.0 GW/em® B % 22 iy
5 WG HIRE 3R H BE R 80, B LSF A% FRAE 5 Fifi fiE
LR IRU U R AN 3l N N = i o A
4.6 GW/cm?® i op 24 78 B £ K, It BF W 0502 W i g
R Z il E A O BOR

[l 6 J LSF J5 814 vh 24 11 0% 2 WL ik K 181 s
6 A 0L, = Fh 3% Ot A8 & % B (3. 0 GW/cm®,
4.6 GW/em? 1 6. 1 GW/em?®) 3% 22 wh i OB J5 414

7 W ol U 11T 3 4 2 B O o A T A A 2
WYy E M TR EL R OB OR WOt RE RO E N
4.6 GW/cem® it — A~ B R0 i of s X A0 AT A
LA 7 1) b BT R 23 [ UL AL 6 Ch) T BRIV ity v IX
WK . SRR L 2 R A
TE 755 BE i LA A A% 1R R 22 UL i AR Al 7E LSF i
FErh R B T W09 4% 1) Sk

& 6 ) BB 5 BE A 5 iR &S o il J5 i 8H LSE IR o il B 208 LT LB S, () 3.0 GW/em®;
(b) 4.6 GW/cm®; (¢) 6. 1GW/cm?
Fig. 6 Macrofracture morphologies of the impact ruptures after LSF by different energy densities and five impacts.
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Fig. 7 Macroscopic morphologies of the complete

spallation after LSF of pure Mo strip
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Fig. 8 Fracture morphologies of the impact ruptures of magnesium alloy sheet after LSF by laser energy density

6.1 GW/cm” and five impacts. (a) X300; (b) X450; (¢) B place in (b), X2000; (d) A place in (b), X4000
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Fig. 9 Fracture morphologies of the impact ruptures of Mo strip after LSF by different energy densities and five impacts.
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