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Parameters Analysis of Residual Stress Induced
by Laser Shock Processing

Wu Xiangian Huang Chenguang Song Hongwei
(Institute of Mechanics, Chinese Academy of Sciences, Beijing 100190, China )

Abstract The paper focuses on the influencing parameters to the plastically affected depth and maximum residual
stress in the metallic target after laser shock processing. Firstly, the dimensional anaysis methodis employed to find
the controlling parameters, and the relationships of plastically affected depth, maximum residual stress versus peak
pressure, pressure duration and laser spot size are given. Secondly, a two- dimensional axisymmetric finite element
model based on LS—- DYNA package is built, and the dynamic responses of metallic target subject to laser shock
processing are computed with different input parameters. The result shows that the plasticaly affected depth is
proportional to pressure duration, and the maximum residual stress is independent with it, but both of them are not
affec¢ed by laser spot size within a certain range, while they have approximate linear relationship with peak pressure
after reaching to a certain level

Key words laser technique; laser shock processing; plastically affected depth; residual stress, dimensional analysis

1
( ’
) (10" W/ em®) : ,
’ [1~4]
: 20106 01 13; : 2010 03 02
(10972228) ( YZ200930)
(1982—), , s
E- mail: wuxianqian@ imech. ac. cn
(1969—), . ,

E- mail: huangeg@ imech. ac. cn ( )



2633

10
— L., 1, —%
) (atras>.. . ai'") f|: T T (v L dhy)?
A+ 2 Aan
? ? q s Y r T, r B 3
[5~ 10] (alva®...al) (a'a?.. .afr‘f)] (3)
Ballard """ n=k
CHa M mf(ﬂ,ﬁ,...,ﬂ,_a
plrt) =
p(t)expl— r*/(2R)*] 1 Johnson
’ - Cook ,
Lp Om,
’ ’ Lo= f(P.TRERVA B0 CE), (4
a, = g[P,T,R,E,p,\;A,B,n, c,a, (5)
I P , T ,R
7E 7p 7v 2
A,B, n s C
[171
: LS- DYNA , €
dim P = [ML™'T?], dimT= [T], dim R = [L],
(6)
dimE = [ML™'T ?*],dim P= [ML™’],
2
5 1 dimA = [ML'T?],dim B= [ML'T?]. (7)
) n,C, € s L, O
dim L, = [L],dim 0w = [ML™'T?]. (8)
. E Hugoniot G,
= d—q_ H = —1_ VOV
’ de’ 1-2v"’
’ dim E' = [ML™'L™?], dim & = [ML 'L™] (9
Fabbro '% W. Zhang ' " l /. dim [ 149
(LSD)
be LP:f(P7T7R7E5E/79q'I)7 (10)
apbro L) On= g(P,TRE,E,Q0). (11)
_ 1/2 7172
P_AZ(HEJZI, (1) moo .
Z i JE/ P a R, 1
, ,_E/p’ OH’ E; ,_E/p T
, Hugoniot
Hugoniot
2.2
11 Ll n al
a,...,an s a L, =/ ,/E/pﬂﬁ R ., 1
a:f(al,az,m,...,ak,aml,...,ay). (2) JE/Ps T JE/p’OH’E’ NE/P T’
k . (12)
n— k ,

(e o k.o
| JE7p o BN 7D T



2634

37
_ Ly {ﬂ R .L] (14) Gruneisen ,
JE/Pe T o e/t 0,= (A+ B&)(1+ Cln € ), (19)
Om ﬂ L. L _ —)
P= &l fgp T (15) = e %
,8=1s"", 4
P _R _,1
Ly,= JE/p-'r.f[oH, 5P T], (16) ,Ly On ) 1
1) P= 4GPa . L
P 1 ; ;
= P’g[a’ﬁ)'_}, (17) Jesp T

(16)

LP:R°f*[£, Jng% (18)
R

1
16) ~ (18 , Ll
(16) ~ (18) T
2 P 2
Lp T ’
R 5 On P
R ., 1
JE/p 1
3
2 ,
R LS- DYNA
1 )
p(r.t)= p(t)expl- r*/(2R)7] ,
10000 ns, s
601601, 600000
Johnson— Cook
symmetry axis
I o non-reflecting
metal target Dotkdary

/

1

Fig. 1 Numerical model
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