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Experimental Study on Laser Shock Peening of TC17 Titanium Alloy
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ABSTRACT: The work aims to explore a more efficient laser shock peening method, and improve fatigue life of TC17 titanium
alloy sheet bars. Firstly, TC17 titanium alloy sheet bars were peened with four optical paths, then surface residual stress of the
sheet bars was measured with LXRD-X-ray stress analyzer, and finally surface roughness test was performed to the sheet bars.
New sheet bars were selected to perform stress distribution test and determine stress level of the TC17 titanium alloy sheet bars
in first-order bending mode. Then, fatigue comparison test was performed to original sheet bars and shock peened ones at the
stress level. A residual compressive stress layer took shape on the surface of the sheet bars. Provided with the same laser energy,
residual stress of elliptic spot peened area wasabout 1.33 times that of rectangular spot peened area.Residual stress value in each
point in the elliptic area differed slightly from each other. Surface roughness of peened area was 0.25 ~0.34 mm, and for un-
peened area, 0.13 ~0.16 mm. In the fatigue test, the sheet bars not receiving laser impact peening fractured in 6 ~ 11 minutes.
Among 4 sheet bars receiving laser impact peening, one did not fracture, and the other three fractured in 59, 381 and 709 min,

respectively. Laser shock peening can enhance properties of materials, peening ofelliptic spot is superior tothat of square spot.
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Surface roughness of sheet bars increases by 1 times and fatigue life by 53 times after laser shock peening.

KEY WORDS: laser shock peening; fatigue; stress; surface roughness; titanium alloy
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Tab.1 Main technical parameters of laser

Parameters Value
Output wavelength/nm 1064
Repeat frequency/Hz 2
Pulse width/ns 15~20
Maximum energy/J Single way:10,
gy Dual way:20
Energy adjustment range/J 40 ~ 20
Energy adjustment step size/J 0.25
Internal magnification (series) 7
Divergence angle/mrad <3
Cooling system (volune)/L 30
94.0
=
e
E
Unit: mm
80.0
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Fig.1 Laser peened area of sample
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Fig.2 Schematic diagram for strain gauge pasting position
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Tab.2 Test data of stress distribution

Strain gauge Strain Strain gauge Strain
numbering numbering

1 0.613 5 0.701

2 0.921 6 1.000

3 0.801 7 0.924

4 0.691 8 0.795
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Tab.3 Surface residual stress of sheet bars

Test area Residual stress on the surface/MPa
1 —539.86., —538.55. —539.09
2 —432.12, —411.09., —-392.91
3 —540.11, —541.13, —539.66
4 —423.76, —389.36, —412.43
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Tab.4 Surface roughness of sample

Measured Measured size Rz/mm
size name
No peening 0.13, 0.14, 0.14, 0.15, 0.15. 0.16

Peening 0.25,0.27, 0.29, 0.30, 0.31, 0.34
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Tab.5 Fatigue test comparison results of TC17 titanium alloy sheet bars

Plate number Fatigue life (cycle)

Remarks Average fatigue life (cycle)

No LSP-1 1.7x10° 6 min broken
No LSP-2 1.9x10° 6 min broken s
S _ 2.475%10
No LSP -3 3.3x10 11 min broken
No LSP -4 3.0x10° 10 min broken
LSP-1 1.65%x10° 59 min broken
LSP-2 10.66x10° 381 min broken ;
s ] 1.303x10
LSP-3 1.98%x10 709 min broken
LSP-4 2x107 Not broken, pass
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