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Measurement of the amplitude and time-of-flight of the
shock wave in laser shock processing

WANG Fei, YAO Hong-bing, YUAN Bei, YU Shui-sheng, ZHANG Yong-kang
(School of Mechanic Engineering, Jiangsu University, Zhenjiang 212013, China)

Abstract: In order to study the relationship between the amplitude of the shock wave in air and the amplitude of the shock
wave in the workpiece, and the relationship between time-of-flight of the shock wave in air and the compressive residual stress in
the workpiece respectively, the acoustic emission sensor and the polyvinylidene fluoride piezoelectricity gauge were used to detect
laser induced plasma shock wave in air and the workpiece. In the experiment, the workpiece is 45* steel, the absorption layer is
Al foil, and the confinement layer is fluid overlays. The results show that with laser intensities increases, time-of-flight of the
shock wave in air decreases nonlinearly, and the amplitude of the shock wave in air and workpiece increases nonlinearly, and the
compressive residual siress closes to saturation. Findlly, the empirical formulas for the amplitude of the shock wave in air and the
amplitude in the workpiece, and for time of flight of the shock wave in air and the compressive residual stress in the workpiece
were established respectively, which could provide theoretical reference for quality assurance of laser shock processing.
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Fig. 1 Schematic diagram of the experimental setup composed of laser in-
duced plasma shock wave detection, 1—laser beam; 2—heam split-
ter; 3—shock wave propagating in air; 4-—confinement layer; 5—
absorption layer; 6—workpiece; 7—PVDF piezoelectricity gauge;
8—base; 9—plasma; 10—shock wave propagating in the work-
piece; 11-—photodiode; 12—acoustic emission sensor; 13—oscillo-

scope; l14—resistance
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Fig.2  The signal of laser induced plasma shock wave collected by the

acoustic emission sensor in air
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Table 1  Time of flight and the mean velocity of the shock wave in air and the compressive residual stress in the work piece in different laser intensities

laser intensity/ time of flight of the shock

mean velocity of the shock compressive residual

(10° W - em™2) wave in air/10 %5 wave in air/(m - s ') stress in the workpiece/ MPa
0.57 124. 064 403.02 151
0.85 114.614 436.25 199
1.13 102.456 488.01 225
1.41 98.337 508. 46 227
1.69 96. 696 517.08 228
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Fig. 3 The signal of laser induced shock wave detected by the PYDF piezoe-

lectricity gauge in the workpiece
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Tahle 2 The amplitude of the shock wave in air and the amplitude of the shock wave in the workpiece in different laser intensities

laser intensity/ (10° W - em ~?)

amplfiude of the shock wave in air/a. u.

amplitude of the shock wave in the workpiece/a. u.

0.57 1.3587 1.4844
0.85 1.5748 1.7267
1.13 1.8281 2.2931
1.41 2.5634 5. 1769
1.69 3.06 7.9375
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