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ABSTRACT The effects of laser power density on the mechanical properties of the LY 12CZ aluminum al-
loy( including surface hardness and fatigue strength) were described. The results showed that with the increase
of the laser power density, the material s hardness and fatigue strength increased. By microscopic analysis, the

microstructures of the shocked and unshocked materials were compared. In addition, the buildingup of the
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shocked wave was studied and explored.
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1 INTRODUCTION

As a new technology, the laser shock pro-
cessing( LSP) has been studied by many schol
ars' "7, The LSP can increase material s sur
face hardness and especially fatigue strength sig-
nificantly. Clauer'*! found that laser shock could
improve the 7075— T 6 aluminum plate s fretting
fatigue lives by 30~ 100 times.

Considering the actual application, we stud-
ied the effects of the smalkpower and multrpoint
laser shock on the LY 12CZ aluminum alloy. The
specimen surface can be protected and peak pres
sures can be further modified by applying an
opaque coating which is easy to remove after
laser irradiation. The coating was formed by
chemical method; the solution composition was:
lg/L Mn(H2PO4)2°2H20(1g) and 1~ 2 g/ L
NaF(1~ 2g).

When the intense laser beam strikes the
metal surface, the surface layer is instantaneous-
ly vaporized. The rapidly expanding high tem-
perature vapor exerts a pressure on the target
surface which then propagates into the specimen
as a stress wave. Higher surface pressure is ob-
tained by placing a transparent overlay on the
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opaque coating. Here water was chosen as the
overlay which confined the “blow-off” material
between it and the specimen surface for the dura
tion of the laser pulse.

2 EXPERIMENTAL

The LY 12CZ aluminum alloy( Cu 4. 61, Mg
1.51, Mn 0.58) was chosen for the LSP,
which consists of a solution treatment and natu-
ral aging at ambient temperature. Its normal
mechanical properties are: Oy ,= 372 MPa,

0,= 487 M Pa.

To imitate the actual shape of the spare
parts with the hole and notch, (a) and (b) specr
mens were used and their geometric sizes are
shown in Fig. 1.

The LSP

shown in Fig. 2. Excimer Laser, YAG Laser

experimental arrangement is

and Pumping Dye Laser were adopted to strike
the material; the laser shock parameters are list-

ed in Table 1.
3 RESULTS AND ANALYSIS

3.1 Shock hardening
The experiment was carried out on an NMT
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Fig.1 Specimen shape and geometric sizes(in mm)
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Fig. 2 Experimental arrangement of LSP
Table 1 Laser shock parameters
Export Pulse Beam Power Wave Sampl
Group Laser model energy width size density length ' (ﬁnp ¢
/m] / ns / mm /Weem™ 2 / Um shape
[ EMG20IMSC g, 28 %3 106X 10°  0.308  wiype
Excimer Laser ’
I YAG Laser 193 5 dl 4.92 % 10° 1.06 atype
i NpIinge
m U2M Pumping 20 0.15 d0.31 1.77 % 10" 0.532 brtype

Dye Laser

-1 Hardness Tester. The surface hardness of the
shocked specimens and the unshocked specimens
was measured. The results were presented in
Fig. 3. It is very evident that the hardness of the
LY 12CZ aluminum alloy is improved greatly af-
ter LSP. By the data processing, the imitating
curve equation of laser power density vs surface
hardness was obtained as follows:

Hv= 32.96lg>P— 549.56lgP+ 2349.93 (1)

3.2 Fatigue test

The fatigue specimens were prepared in ac
cordance with Fig. 1. With PW3- 10 high fre
quency almighty fatigue machine, the fatigue
lives of the unshocked and shocked specimens
were measured under the conditions of O,,,=
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350 If we define the condition fatigue strength
300 O, as the stress under the condition of N = 106,

O, under the two treatments was calculated as
250} follows:
200 1 \ \\. 1—shocked specimen
= 80} % \. 2—unshocked specimen
150 >
NN
\¢ !
g N
50 S -——-
140 N
0 \ .
7 9 11 13 X
lgP \
120 . .
5 5.4 5.8 6.2 6.6
lgN

Fig. 3 Curve of laser shock power
density vs surface hardness

135. 2 M Pa,
= 0. 085.

The fatigue test results were summarized in
Table 2.

By processing these data using the statistics
method' !, it can be seen that after the LSP, the
specimens median fatigue lives were improved
by 1.073~ 2. 065 times for Group I, by 1.52
~ 2. 925 times for Group II, and by 1.374~
13.996 times for Group III

The fatigue lives of Group III were also

O0,in= 11.5MPa and stress ratio R

measured under different loads, the data were
drawn in Fig. 4. In the range of chosen stress,
the fatigue lives of the shocked specimens could
be improved much more than those of the un-
shocked specimens.

By processing these data, we obtained the
follow ing equations:

for unshocked specimens:

0= 650.91- 90.91lgP

for shocked specimens:

Fig. 4 Fatigue curve of O vs IgN

for unshocked specimens:
Ojm= 105. 5MPa

for shocked specimens:

Om= 149. 1 M Pa

3.3 Microscopic analysis

With JEOL-100CX II Transmission Elec
tron Microscope, the areas which had been
shocked or unshocked were observed, as shown
in Fig. 5. Comparing these two photos, Fig. 5
(b) had higher dislocation density than Fig. 5
(a), which indicated that after the LSP, quite a
lot of dislocations were formed in the LY 12CZ a
luminum alloy. In the laser shock process, the
laser pulse transmits energy to the material sur-
face, where it 1s absorbed. When some of the
surface atoms vaporize and break off the surface,
a hydrodynamic stress wave is created, which
makes the material surface deform (< 5Hm); at

0= 456.9- 51.3lgP
Table 2 Fatigue lives of three grouns of specimens(Kkilo cvcle)
Group U nshocked Shocked Remarks
[ 228 188 195 190 270 279 318 285 235 338 588 264 atype specimen
I 220 229 148 210 195 201 350 310 650 360 356 600 a type specimen
1T 85 350 330 1200 218 * 950 650 1650 3000 1500 * Lriype specimen

E3

This group of specimens were measured at 0, = 142. 1 MPa, R= 0.085.
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the same time a lot of dislocations are produced,
the altered dislocation density is responsible for
the observed changes of properties in the materr
al.

The improvement of the strength is related
to the dislocation density as follows'®':

AT= aGbP"? (2)
where  ATis an additional value of the shearing
stress to resist the barrier of the dislocations, ais
a constant, G is the shear modulus, b is the
Burgers vector and Pis the dislocation density.

This equation clearly shows that AT increas
es with the increase of the dislocation density. In
other words, the material strength is improved.
That is the reason why the fatigue strength is
improved after the LSP. At every stress level,
the quantitative dislocations prevent

Fig. 5 TEM photos
(a) —Unshocked specimen, % 36 000;
(b) —Shocked specimen, X 48000

the forming of the persistant slip band, so as to
delay the fatigue crack initiation and propaga
tion.

Fig. 6 was taken under the stereo micro-
scope, some main cracks in the shocked speci-
mens were observed; the main cracks splitted
some less cracks during the propagation, which
evidently proved that quite a lot of dislocations
produced by the laser shock interacted with each
other to prevent the fatigue crack from forming
and propagating.

Fig. 6 Stereo microscopic photo, x 50

3.4 Stress wave

With the quartz pressure transducer and 2
440 instantaneous storage oscilloscope, the laser
shock wave was measured in the LY12CZ, as
shown in Fig. 7. The first peak showing negatr

Fig. 7 Stress wave photo
( specimen thickness: 0.1 mm;

50 ns/ div; 100 mV/ div)

ve oscillation in the oscilloscope is due to the
heat elastic shock wave which comes from the
heat expansion stress, the second peak is due to
the mechanical pressure which arises from the
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laser pressure and the antishock pressure of va
poration; the results of the interaction between
the expansion stress and the mechanical pressure
show positive oscillation in the oscilloscope. In
comparison with the building-up of the wave,
the attenuation of the stress wave is very slow.

4 CONCLUSIONS

(1) LSP can effectively improve LY 12CZ

from the expansion stress, the other is the me

chanical pressure which arises from the laser

pressure and the antishock pressure of vapora

tion.
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