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Ab stract
This study fo cuses on states of re sid ual stress in steels
which were sub jected to grind ing. Var i ous cool ing con di -
tions dur ing grind ing were ap plied. The sam ples were ana -
lysed em ploy ing X-ray dif frac tion method. The ob tained

2q(sin2y) dependences exibit y-split ting and hence the
method for eval u a tion of anisotropic states of re sid ual
stress pro posed by Doelle and Hauk was used to de ter mine
the stress ten sors. The in flu ence of cool ing pro cess on mac -
ro scopic re sid ual stress was stud ied.

In tro duc tion
This study fo cuses on states of re sid ual stress (RS) in steels
which were sub jected to grind ing. Var i ous cool ing con di -
tions dur ing grind ing were ap plied. The sam ples were ana -
lysed em ploy ing X-ray dif frac tion method. The ob tained

2q(sin2y) dependences exibit y-split ting and hence the
method for eval u a tion of anisotropic states of RS pro posed
by Doelle and Hauk [1] was used to de ter mine the stress
ten sors. The in flu ence of cool ing pro cess on mac ro scopic
RS was stud ied. 

Sam ples un der in ves ti ga tion
The mea sur ing was car ried out on five types of steels listed

in Ta ble 1. Be cause the y-split ting is ob served only in
multiphase ma te ri als, even with a small amount of sec ond
phase, and be cause the level of RS is sig nif i cantly af fected
by a car bon con tent, which in flu ences the mi cro scopic be -
hav iour of the ma te rial, the chem i cal com po si tion of stud -
ied ma te ri als is listed be low.

Square-shaped sam ples of di men sions 50×50×6 mm3

were ground on a face grind ing ma chine BPH 320 A with a
wheel made of alu minium ox ide (co run dum). The sam ples
were fixed on a mag netic ta ble. Grind ing con di tions were
as fol lows: the wheel speed was set to 35 m/s, tan gen tial
speed of ta ble drift was 10 m.min-1, ax ial ta ble drift was 1
mm per stroke, thick ness of re moved layer reached 0.02
mm. The grind ing wheel was trued up af ter each sam ple in
or der to main tain con stant grind ing con di tions. Prior to
machinig, all sam ples were sub jected to fine grind ing to en -
sure the same ini tial con di tions. 

An nealed (stress-releaved) sam ples were at dis posal so
that nec es sary un stressed lat tice plane spac ings of all five
types of steels could be ob tained.

Con di tions of cool ing
The re sult of me chan i cal sur face treat ments with a tan gen -
tial com po nent like mill ing, turn ing or grind ing is plastical
de for ma tion in the near-sur face re gion. This pro duces re -
sid ual stresses due to the greater elas tic re lax ation of this
re gion com pared to the bulk. Var i ous cool ing tech niques
are ap plied dur ing grind ing in or der to con duct the heat
away from the sur face and there fore to supress the or i gin of 
ten sile stress in ma te ri als. Both gas eous and liq uid cool ing
me di ums are com mon. In the ex per i ment, Cimtech A31F
was used as cool ing liq uid, the amount of in com ing liq uid
on the sam ples was 5 l per min ute. The source of cool ing air 
was Ranque-Hilsch vor tex tube, four tem per a tures of air
were cho sen: 0 °C, –10 °C, –20 °C, –28 °C. For com par i -
son, one sam ple was ground with out cool ing.

The Ranque-Hilsch vor tex tube is a de vice with out
mov ing me chan i cal parts that sep a rates a flow of com -
pressed gas into a hot stream and a cold stream. Com -
pressed air is ejected tan gen tially through a gen er a tor into
the vor tex spin cham ber. The air stream re volves at up to 1
mil lion ro ta tions per min ute to ward the hot end where

Sym bol Name Che mi cal com posi ti on, % weight

C Mn Mo Cr V Ni Si

12 050
Car bon ste el for sur fa ce coa -
ting

0.42-0.5 0.5-0.8 - 0-0.25 - 0-0.3 0.17-0.37

14 220 Mn-Cr ste el for ce men tati on 0.14-0.19 1.1-1.4 - 0.8-1.1 - - 0.17-0.37

17 135 Heat-re sistant Cr-Mo-V ste el 0.17-0.23 0.5-1 0.8-1.2 10-12.5 0.2-0.35 0.3-0.8 0.25-0.6

19 313 Low-al loy Mn-Cr-V ste el 0.8-0.9 1.75-2.1 - 0.2-0.4 0.1-0.2 0-0.35 0.15-0.35

19 852 Hig-spe ed Mo-W-Co ste el 0.8-0.9 0-0.45 4.5-5.5 3.8-4.6 1.5-2.2 - 0-0.45

Ta ble 1. Chem i cal com po si tion of ma te ri als.



some leaves the tube through the con trol valve. The re -
main ing air, which is still spin ning, is forced back through
the cen tre of this outer vor tex. The in ner stream gives off
ki netic en ergy in the form of heat to the outer stream and
ex its the vor tex tube as cold air. Dif fer ences as large as
+180K and –70K from the tem per a ture of the in let gas can
be ob tained from a suit ably de signed tube driven by air at
the pres sure of 1100 kPa. 

Ex per i men tal pro ce dure
The X-ray dif frac tion tech nique is a widely used tool for
mea sure ment of RS based on a change of the lat tice pa ram -
e ter. The po si tion shift of peaks of X-ray dif frac tion pat -
terns re flects the lat tice plane spac ing change and hence the 
mac ro scopic RS. Due to the lim i ta tions of X-ray pen e tra -
tion depth, the X-ray dif frac tion tech nique can only be used 
for sur face lay ers. For depth pro fil ing of RS be low the sur -
face, elec tro lytic pol ish ing should be per formed. 

The 2q(sin2y) dependences for (211) dif frac tion planes 

were in ves ti gated with w-diffractometer and CrKa ra di a -

tion (wave length l = 0.228965 nm). The di rec tion of the

mea sured strain ejy is de fined by the az i muth an gle j and

the tilt an gle y. Mea sur ing was car ried out in the grind ing

di rec tion (j = 0°, 180°) and in the trans verse di rec tion (j =

90°, 270°) cor re spond ing with pos i tive (j = 0°, 90°) and

neg a tive (j = 180°, 270°) tilt. The ob tained 2q(sin2y)

dependences exibit y-split ting for grind ing di rec tion as
shown in Fig ure 1. The pen e tra tion depth of used ra di a tion

into a-Fe for sin2y = 0,4 is approx. 4 mm [4].

y-split ting
In ves ti ga tion of sur faces of steels af ter grind ing led to so

called y-split ting. Eval u a tion of ex per i men tal data from
mea sur ing in pos i tive and neg a tive tilt (ro tat ing spec i men
by 180°) cor re sponds to dif fer ent val ues of RS, which

would mean that the stresses ob tained when the beam of in -
ci dent X-rays is in the grind ing di rec tion dif fer from those
ob tained when the beam of in ci dent X-rays im pinged the
sam ple sur face at the di rec tion op po site to the grind ing,
even if the geo met ric align ment be tween the in ci dent
X-rays and the sam ple is main tained. Var i ous ex pla na tions

of y-split ting have been put for ward. One of the most
widely used in ter pre ta tions of this phe nom e non is based on 
inhomogenities of the dis tri bu tion of the Bur gers vec tor of
dis lo ca tions with strong den sity gra di ents from the sur face. 
The other ex pla na tion takes into ac count the oc cur rence of
shear com po nents in the sur face lay ers which are con sid -
ered as a con se quence of ani so tropy, gra di ent or cou pled
stress ef fects on the re sid ual strains at the sur face. 

A method to eval u ate strain ten sor was pro posed by H.
Doelle and V. Hauk [1]. The lat tice plane spac ing ver sus

sin2y dis tri bu tions is mea sured in three az i muths j = 0°,

45°, 90° and the av er age strain a+ = 0.5(ejy>0°+ejy<0°) and

the de vi a tion from this av er age strain a- = 0.5(ejy>0°-ejy<0°)
are cal cu lated. The com plete strain ten sor can be eval u ated
by dif fer en ti at ing the ob tained dependences. If the X-ray
elas tic con stants are known, the stress ten sor com po nents
can be gained by us ing the Hooke law.

Con clu sions
Fol low ing con clu sions could be drawn from the ob tained
re sults:

· An anisotropic state of mac ro scopic re sid ual stresses
was found on the all in ves ti gated sur faces, i.e. all

dependences 2q(sin2y)  show y-split ting in grind ing di rec -
tion re gard less of method of cool ing.

· The val ues of shear re sid ual stress do not ex ceed 60
MPa and they are af fected nei ther by tem per a ture of cool -
ing nor by its way. This find ing cor re sponds with the com -
monly ob served fact that the shear stresses are
con se quences of the ge om e try of ma chin ing. 
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Fig ure 1.: The plot of 2q (sin2y) for 14 220 steel cooled with Ranque-Hilsch vor tex tube, 



· Cool ing with liq uid leads to dis tinc tively higher com -
pres sive re sid ual stresses in com par i son with cool ing us ing 
cold air from Ranque-Hilsch vor tex tube.

· Ab so lute value of stress com po nents s11 in vast ma -
jor ity of sam ples is al ways smaller than the stress com po -

nent s22.

· The con di tion that the val ues of stress com po nents s13

and s33 at the sur face are equal to zero is ful filled be cause
the val ues of cal cu lated stress ten sors are av er ages over the
pen e tra tion depth of ap plied ra di a tion. 
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Ab stract
The aim of this pa per is to pro vide a com par i son  of re sid ual 
stress states in the  sur face lay ers of nickel super al loy
Inconel 718 which were in ves ti gated em ploy ing X-ray
difraction anal y sis (XRA) and  elec tric etch ing method.
Two pa ram e ters of the sur face layer in teg rity were stud ied:
pol ished.sec tion. for de ter mi na tion of the af fected lay ers of 
cut ting area and phase changes, and sur face rough ness (Ra) 
ob tained af ter each method of ma chin ing. The mea sure -
ment was car ried out on sam ples ma chined  by EDM in fol -
low ing modes: fin ish ing us ing graph ite and cop per
elec trodes lead ing to re quested sur face of high qual ity i.e.

Ra » 0,55mm, and stock ing us ing graph ite and cop per elec -
trodes. EDM was com pared to clas si cal mill ing tech nol ogy 
both down-cut and up-cut. 

1. Zbytková napìtí a nekonvenèní technologie
obrábìní
Protože se libovolná interakce s materiálem realizuje pøes
jeho volný povrch, mùže stav povrchových vrstev souèástí
ovlivnit rozhodujícím zpùsobem užitkové vlastnosti celého 
objemu. Jedním z nejvýznamnìjších faktorù, který musí
být v této souvislosti uvažován, je distribuce zbytkových
napìtí doprovázejících každý technologický proces, pøi
nìmž dochází k nerovnomìrné plastické deformaci.

Zbytková napjatost v povrchových vrstvách øezné
plochy je dùsledkem kombinovaného úèinku mecha -
nických a tepelných pøíèin. Pùsobí-li mechanické zatížení
pøi nízkých teplotách, dochází v tenké povrchové vrstvì k
plastickým deformacím a ve vrstvách pod ní k deformaci
pružné. Po odlehèení se pružnì deformovaná èást snaží

vrátit do svého pùvodního stavu a pøi tom pùsobí tlakem na
vrstvu plasticky deformovanou. Tím vzniká ve zpevnìné
povrchové vrstvì napìtí tlakové a ve vrstvách spodních
tahové. Zároveò s plastickou deformací je povrchová
vrstva obrobené plochy vystavena úèinku tepla vznika jí cí -
ho pøi obrábìní. Plasticky deformovaná ohøátá povrchová
vrstva se snaží pøi ochlazování zmenšit svùj objem, èemuž
brání spodní studenìjší vrstvy; tak u povr chu vznikají tahy
a hloubìji tlaky. Úèinek plastické defor mace a teploty na
smìr a velikost zbytkových napìtí je tedy opaèný. Pøi tìch
zpùsobech obrábìní, kdy dominuje velké mechanické
zatížení povrchu (pøi menší teplotì) bude pravdìpodobnì
pøevažovat vliv plastické deformace a povrch zùstane
napjatý tlakovì. Pøi vysoké teplotì a malé zatìžující síle
vzniknou naopak v povrchové vrstvì tahy.

Druh a velikost zbytkových napìtí v povrchových
vrstvách je vždy funkcí obrábìného materiálu, zpùsobu a
podmínek obrábìní. Charakter zbytkových napìtí v povr -
chové vrstvì obrobku má vliv na jeho provozní vlastnosti.
Tlaková napìtí zvyšují mez únavy a zlepšují odolnost
povrchu obrobku proti opotøebení. Tahová napìtí naopak
mez únavy snižují a usnadòují rozrušení povrchových
vrstev troucích se ploch.

Studium vlivu pracovních podmínek na druh a velikost
zbytkových napìtí v povrchových vrstvách obrobku je
proto jedním z podkladù pro optimalizaci obrábìcího
procesu z hlediska kvality obrobku, a to zejména u souèástí 
aplikovaných v obtížných provozních podmínkách.

Rentgenografický difrakèní výzkum zbytkové napja -
tosti øezné plochy po nekonvenèních technologiích obrá -
bìní materiálu dosud nebyl systematicky provádìn. Pøitom
právì takové “nástroje” obrábìní jako je elektro erozivní
obrábìní (EDM- elec tro dis charge ma chin ing) [2]
umožòují øešit úlohy na kvalitativnì vyšší úrovni než
klasické zpùsoby opracování kovù. K základním pøed -
nostem progresivních metod úbìru materiálu pomocí
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