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Ab stract
Among other tech niques in use for mod i fi ca tion of the sur -
face, the la ser beam treat ment is re mark able with its po ten -
tial for tai lor ing the sur face prop er ties. For met als and
al loys it was proved that de sired prop er ties such as en -
hanced re sis tance to wear, cor ro sion and ox i da tion can be
achieved. In me dium and high car bon steels these ef fects
are well pro nounced and be came a topic of in ter est in sci -
en tific pa pers. In con trast, de spite the broad use of low car -
bon steels the in for ma tion on la ser treat ment of their
sur face is rather scarce. Also lit tle re search has been car ried 
out to re veal the in flu ence of the ini tial microstructure on
the fi nal prop er ties of the la ser treated ma te rial. These are
the ob jec tives of the pre sented pa per. Two dif fer ent ma te ri -
als were pre pared from 08kp mild rolled sheet steel us ing
dif fer ent met al lur gi cal treat ments and sub jected to la ser
treat ment. GIABD method suit able for thin films was used
to study the changes of the re sid ual stresses via the adapted

sin2y method with ap plied re frac tion cor rec tion and on the
sur face. It has been shown that the re frac tion cor rec tion for
GIABD eval u a tion of re sid ual stresses is oblig a tory for ac -
cu rate es ti ma tion of the dif frac tion peaks po si tions. The ap -
plied la ser treat ment in creases the re sid ual stress val ues,
which show de pend ence from the type of ma te rial and ani -
so tropy in re la tion to the roll ing di rec tion.

In tro duc tion

Sur face la ser treat ment is be ing used to achieve en hanced
re sis tance to wear, cor ro sion and ox i da tion of met als and
al loys. Steels are among the ma te ri als most of ten mod i fied
by sur face la ser treat ment and re cently are the main topic of 
sci en tific in ves ti ga tions in this field.

The pres ent pa per dem on strates GIABD X-ray tech -
nique in its ap pli ca tion to re sid ual stress anal y sis  of sur face 
la ser treated low car bon mild sheet steels.  

Ma te rial and ex per i men tal tech niques

The in ves ti gated ma te rial is 08kp (rim ming) mild sheet
steel (equiv a lent to 1008 steel), pro duced by
“Kremikovtzi” Ltd, Bul garia. The chem i cal com po si tion
is: C 0.05 %, Mn 0.34 %, Cu 0.11%, Ni 0.03 %, Al 0.03 %,
S 0.018 %, P 0.014 % and Fe bal ance. Two dif fer ent
materials were pre pared from the ini tial steel namely hot
rolled (HR) with thick ness 0.46mm and cold rolled (CR)
with thick ness 2.6mm sheet.

Two sets of rect an gu lar sam ples sized 3 ´ 2.6 cm were
cut from each ma te rial and then me chan i cally graded, pol -
ished and degreased. First set was used to study the struc -
ture of the ini tial ma te ri als. The sec ond set was sub jected to 
la ser sur face treat ment with Nd:glass pulsed la ser. The fol -
low ing la ser beam pa ram e ters have been ap plied: en ergy 7J 
for HR and 6J for CR spec i mens, pulse du ra tion 7 ms, beam 
di am e ter 2 mm. Be cause CR ma te rial is thin ner than HR
ma te rial the en ergy of la ser pulse for CR ma te rial was cho -
sen lower in or der to main tain the same tem per a ture field
for both ma te ri als.

GIABD anal y sis was per formed with Cu Ka ra di a tion
by URD6 Seifert&Co diffractometer which al lows sep a -
rate ro ta tion of the sam ple holder and de tec tor. The
goniometer set up was re ar ranged to per form GIABD ex -
per i ments by in tro duc ing an ad di tional 15 cm long Soller
cas sette on the dif fracted beam path be tween the sam ple
holder and the sec ond ary plane graph ite mono chro ma tor
placed in front of the scin til la tion de tec tor (Fig. 1). The 1
mm wide slits in the cas sette are placed ver ti cal which al -
lows to avoid the high hor i zon tal broad en ing and thus to
im prove sig nif i cantly the qual ity of the reg is tered pat terns
[1]. 

The dif frac tion pat terns were taken in GIABD ge om e -
try, which is sche mat i cally shown in Fig. 2. Ac cord ing to it
the crys tal lo graphic planes in Bragg po si tion sat is fy ing

Bragg equa tion are those mak ing an an gle  with the sur face. 

The pat tern is reg is tered by a rotating the de tec tor ap ply ing  

0.10 steps and count ing times of 60 s (2 scan) and keep ing
the in ci dent an gle con stant. For the quantitative es ti ma tion
of the pa ram e ters of the reg is tered peaks they have been
com puter sim u lated ap ply ing few dif fer ent fit ting func -
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Fig. 1. Setup of URD-6 diffractometer for GIABD anal y sis.



tions as sug gested in [2]. In all cases fit ting with Pseudo -
Voight gave the best re sults.

Ex per i men tal re sults and dis cus sion

Re sid ual macro-stresses have been es ti mated via sin2y

method real ised in GIABD ge om e try. Due to the well-pro -
nounced crys tal lo graphic tex ture the method was ap plied
to more elastically iso tro pic crys tal lo graphic di rec tion d for 

which the de pend ence d{200} ver sus sin2y showed a good

lin ear ity. The registered {200} a-Fe dif frac tion peaks have 
been com puter fit ted for es ti mate the cen tre of the peak 
2

200
q fit . Then 2

200
q fit  val ues have been cor rected to elim i nate

the re frac tion in flu ence, the last be ing more pro nounced
when the in ci dent X-ray beam falls at rel a tively low an gles
onto the sur face. The re frac tion cor rec tion has been real -
ised by the fol low ing equa tion pub lished in [3]:
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Nav - Avo ga dro’s num ber; l - the X-ray wave length; r -
phys i cal den sity;  Z - atomic num ber; M - atomic mass. 

The es ti mated in this in ves ti ga tion d -value for a-Fe is
equal to  2.36 x 10-5.

Af ter nu mer i cal solv ing of equa tion (2) the ob tained  
2

200
q fit val ues were sub sti tuted in Bragg equa tion and thus the 

true d<200> val ues were es ti mated and used for the lin ear

plots d<200> ver sus sin2q. The main equa tion for the es ti ma -

tion of re sid ual stresses (sj ) is taken from [4]:
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where E, n are X-ray elas tic con stants namely Young’s

modulus E<200> =1.35x105  MPa and Pois son’s ra tio n<220> =
0.37,  cal cu lated for the in ves ti gated <200> di rec tion as it is 
de scribed in Ref.[5]; d0, ¶ ¶ yyd / sin 2  - the in ter cept on the 
d-axis and the gra di ent in the lin ear plot d-spac ing ver sus

sin2y re spec tively. 
The re sid ual-stress anal y sis has been per formed in two

per pen dic u lar sur face di rec tions, i.e. along the roll ing (RD) 
and trans verse (TD) di rec tion. In Fig. 3 the de pend ence dy

ver sus sin2y of the ini tial and la ser treated samples along
RD is rep re sented.

From the plots in Fig. 3 it is ob vi ous that af ter the re -
frac tion cor rec tion the data points dif fer sig nif i cantly from
those with out cor rec tion, which shows that this cor rec tion
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Fig. 2. Sche matic of GIABD ge om e try; N and  n – nor mals to the
sur face and to crys tal lo graphic planes.

a) HR ini tial

b) HR la ser treated

c) CR initial

d) CR laser treated

Fig. 3.  Interplanar d-spac ing ver sus sin2y  plots for the ma te -
ri als be fore and af ter the la ser treat ment.



is oblig a tory. The pos i tive slope of the lin ear fits de ter -
mines the ex is tence of ten sile re sid ual macro-stresses.
Qual i ta tively sim i lar are the plots for TD (not shown in the

fig ure). The es ti mated sj val ues in both ana lysed sur face
di rec tions are given in Ta ble 1. It is ob vi ous that due to dif -
fer ent na ture of the pro cesses dur ing cold- and hot-roll ing
the re sid ual macro-stress val ues in the ini tial ma te ri als are
dif fer ent be ing higher in HR sheet. This is prob a bly due to
the fact that dur ing hot roll ing in ad di tion to plas tic de for -
ma tion the ma te rial un der goes through poly mor phous
trans for ma tions and pre cip i ta tion from oversaturated solid
so lu tions [6]. From the ta ble it fol lows that in both ini tial
ma te ri als the re sid ual stresses are about twice higher in RD
than in TD. As can be seen the ap plied la ser treat ment in -
tro duces ad di tional ten sile re sid ual stresses but their val ues 
are de pend ent both on the ma te rial and the di rec tion. Thus,
the dif fer ences in pa ram e ters and ani so tropy of the ini tial
microstructure causes dif fer ent and anisotropic be hav iour
dur ing the la ser treat ment as dis cussed in [6] and leads to
the ob served dif fer ent and anisotropic val ues of the in tro -
duced with the laser treatment residual macro-stresses in
each particular material.

Sum mary

GIABD method has been de vel oped and ap plied for the in -
ves ti ga tion of re sid ual macro-stresses and their evo lu tion
dur ing sur face la ser treat ment of HR and CR mild sheet
steels. It has been shown that the re frac tion cor rec tion for

GIABD eval u a tion of re sid ual stresses is oblig a tory as it
should be for all quan ti ta tive GIABD anal y ses based on the 
ac cu rate es ti ma tion of the dif frac tion peaks po si tions. The
roll ing pro cess leads to the for ma tion of anisotropic re sid -
ual stresses in both ana lysed sur face di rec tions namely roll -
ing (RD) and trans verse (TD) di rec tion. The stresses are
higher in HR than in CR ini tial sheet. This is prob a bly due
to  the poly mor phous phase trans for ma tions and pre cip i ta -
tion from oversaturated solid so lu tions oc cur ring dur ing
hot roll ing and pos si bly con trib ut ing to the re sid ual stress
for ma tion. The ap plied la ser treat ment slightly in creases
the re sid ual stress values in RD and significantly along TD
of both investigated mild sheet steels.

Acknowledgements. The au thors would like to ex press
their grat i tude to So fia Uni ver sity Sci en tific Fund and to
Al ex an der von Humboldt Foun da tion for the par tial fi nan -
cial and tech ni cal sup port for this in ves ti ga tion.

Ref er ences

1. M. O. Eatough, R.P. Goehner, Adv. X-ray Anal. 37 (1994)
167.

2. J. I. Lankford, Prog. Cryst. Growth Charact. 14 (1987)
185.

3. B.L. Ballard, P.K. Predecki, D.N. Braski, Adv. X-ray Anal.
37 (1994) 189.

4. P.S. Prevey, in Met als Hand book, Ninth Edi tion, 1 (1986),
380.

5. I. Iordanova, V. Antonov, S. Gurkovsky, Surf. And
Coat.technol., 153 (2002) 267.

6. I. Iordanova, V. Antonov, Galvanotechnik, 2 (2005), 323.

Ó Krystalografická spoleènost

78                               X-Ray GIABD in ap pli ca tion to la ser treated steel sur faces

Ma te rial Ini tial La ser trea ted

RD TD RD TD

HR 862 472 895 687

CR 618 343 623 904

Ta ble 1. Re sid ual macro-stresses sj , MPa.


