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SHOT PEENING PROCESS
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Summary

The paper discusses issue of selection of oscillatory shot peening parameters in terms of layout of
microgrooves and surface coverage by the microgrooves. There are presented results of modeling
and simulation of such method of burnishing, aimed at optimization of processing parameters.
Computer program developed on the base of calculation algorithms for relevant parameters of the
oscillatory shot peening should simulate conditions of real processing, creating possibilities to
change of virtual machine tool parameters, comparing intentional effect of the processing with the
one obtained in practice. Thanks to this, in a relatively short period of time it is possible to make
selection of optimal parameters of the oscillatory shot peening with respect to surface covered by
the Sr microgrooves in such type of microgrooves system.
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Modelowanie i symulacja procesu kulkowania oscylacyjnego

Streszczenie

W pracy przedstawiono zagadnienie doboru warunkédw procesu kulkowania oscylacyjnego z
uwzgled-nieniem kryteriéw uktadu mikrorowkéw oraz powierzchni pokrycia mikrorowkami.
Przedstawiono wyniki modelowania i symulacji tego sposobu nagniatania, w celu optymalizacji
parametréw obrobki. Na podstawie algorytmu obliczania odpowiednich korelacji parametrow
kulkowania oscylacyjnego opracowano program, ktéry odtwarza warunki rzeczywistej obrdbki,
poprzez zmiany wartosci parametrow wirtualnej obrabiarki. Poréwnano zamierzony efekt obrébki z
uzyskanym w praktyce. Umozliwia to w krétkim czasie dobdr optymalnych warunkéw procesu
nagniatania oscylacyjnego, przyjmujac jako kryterium rozmiar powierzchni pokrytej mikrorowkami Sr,
w tym uktad mikrorowkow.

Stowa kluczowe: kulkowanie oscylacyjne, mikrorowki, modelowanie i symulacja

1. Introduction

Burnishing operation belongs to one from methodsnighing treatment of
metals. The treatment consists in making use oéllgiastic deformations
generated in surface layer of a workpice in resfilpre-determined contact
interaction of a hard and smooth tool (generallyifg shape of a ball, disc or
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roller) with machined surface [1]. Actually, oneveéps a series of kinematics
solutions of machining systems and tools to thenishing. Methods of the
burnishing can be divided, when analyzing e.g. atter of the forces acting
during the burnishing, into two main groups, diffigr from each other with
mechanics of the machining process: i.e. staticoynadmic. [1-3].

To the first group belong such methods like, ametiggrs: roller finishing,
normal shot peening, finishing with oscillating les] and oscillatory shot
peening [1-3].

The oscillatory shot peening consists in additiofmating of oscillation
movement of the ball in direction of feed motiorhat results in generation of
sinusoidal traces (grooves) on machined surfa&d.[1-

The present study is continuation of the work ideld in the [4], while
developed program, written in universal C# languageables, except
microgrooves of the 1st, 2nd and 3rd type, additionodeling of quadrangle
and hexagonal microgrooves.

2. Mechanism of the oscillatory shot peening procss

In the process of the oscillatory shot peening,dhand smooth ball,
oscillating in plane of the lengthwise feed undpedfied thrust, displaces
together with feed of the burnishing, causing pafirmation of a continuous
groove on machined surface [1-3, 5]. Kinematicshef oscillatory shot peening
is presented in the Fig. 1. System of after-maclgitiaces on the surface results
from superimposition of three basic movements:

» oscillatory movement of the burnishing elementl{bia plane of the feed,

« rotational movement of the workpiece,

» feed movement of the burnishing element with resfiethe workpiece.

Fig. 1. Kinematics of the oscillatory shot peening
of the holes [4, 6]
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By changing values of individual movements, espigciaed and rotational
one, it is possible to generate various systenteefmicrogrooves on machined
surface, and also totally new micro-geometry ofeme irregularities in case of
superimposition of after-machining traces. Basigety of the after-machining
traces are shown in the Fig. 2 [1, 3, 4, 6,].

Fig. 2. Types of the after-machining traces on rireth

surface. 1st type — not intersecting; 2nd type dén

contact; 3rd type — intersection; 4th type — suppdsed;
5th type — quadrilateral; 6th type — hexagonaB[17]

?& %%

5 6

Number of the microgrooves and their systems orhmad surface can be
changed during the oscillatory burnishing by changehe following kinetic
parameters of the machining:

» oscillation frequency of the burnishing elememt. (number of dual

travels per second),

» number of rotations of the workpieng

» feed of the burnishinfj

» oscillation amplitude of the burnishing element

Mutual position of the microgrooves in circumfeiiahtdirection of the
workpiece is determined by the numheof the oscillations per single rotation
of the workpiece.

= (1)
n

This number shows how many times the wavelenhtbf a microgroove is
measured on circumference of the workpiece. Fraatipart of the quotientif}
shows value of displacement of the microgroovesmachined surface with
respect to each other, at each next rotation ofvtir&piece.

The wavelengthA of the microgrooves is described by the following
dependency:



www.czasopisma.pan.pl P N www.journals.pan.pl
P
‘\.,4
POLSKA AKADEMIA NAUK

8 B. Frydel, S. Plonka, P. Zyzak

Nz @)

where: D — diameter of the workpiece.

To perform correct operation of the oscillatory tsheening it is necessary
to select rotational speed of the workpiegcdeed of the burnishing elemeft
oscillation frequency of the burnishing elemey. , oscillation amplitude and

width of microgroove p, which mutual correlation decides on type of the
microgroove system, relative coverage of the serfgcand other characteristic

features of the microgrooves [1, 4].
Condition of generation of the 1st type micrograov@ot intersecting
traces) is the following dependency:

f >20p+ 2ein(70}) ()

where: p —half-width of the microgroovej —ratio of oscillation frequency of
the burnishing element to number of rotations ef workpiece{i} —fractional
part of the number .

Condition of generation of the 2nd type systemhef inicrogrooves (traces
being in contact) is the following dependency:

2(p-2[esingrdi}) < f <2p+2[esin(rHi}) 4)
from the (4) comes that:
f >2[0ingrHi}) (5)

Whereas, condition of generation of the 3rd typeragrooves system
(intersecting traces) is:

0< f < 2[@GBingry)) (6)
f >20p- 2&&inEr}) ©)

Surface with totally new micro-geometry of irregiti@s is generated when
the following condition is fulfilled:
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f <20pf1-{i}) (8)

Conditions of generation of different types of migroove system are as
follows [1-3]:

* radius of the burnishing element is considerabiglter than radius of the
workpiece,

» oscillations amplitude of the burnishing elemesiteiqual to value of
circular cam of the device,

* run of embossed microgrooves, creating regulatesyshas shape of
sinusoid having equation:

Y, =eE1;in[E2_?T[ﬂ + 207 [ﬁ}j+ f O 9)

where: T_. — oscillations period of the burnishing element.

On the base of the (1) and (2), the wavelength eterchined by the
dependency:

_ D
Nosc

A (10)

where: D —diameter of hole of the workpiece,

Surface are&S of the microgroove produced during one perig. of
oscillatory movement of the ball is determined wiike of the following
equation:

S=ZZEHDO(2[D+\/D2+4@2|]2) (11)

Marking byL, the length measured along generator of the sffae the
oscillatory shot peening, it is possible to evatuatirface of the workpiecg
covered by the microgrooves over the entire

§ =" (12)



www.czasopisma.pan.pl P N www journals.pan.pl
Y
S~
POLSKA AKADEMIA NAUK

10 B. Frydel, S. Plonka, P. Zyzak

From many mathematical models used to calculaticghesS, the Feldman
model, based on the following assumptions, gaiheduidest application [1]:

* burrs with heighh, located at the edge of the of the microgroovenate
taken into considerations, while the deptbf channels is assumed as constant
for a given process of the oscillatory shot peening

» shape and dimensional deformations of the micimgrs, connected with
elastic strain of machined materigj, are assumed as insignificantly small,

« half-width of the microgroove (Fig. 3), is calctdd from the formula [1]:

p=4d h (13)

where: d, — diameter of the burnishing bah,— depth of imprint of the ball
(microgroove).

§ - }a ”
h

P
Fig. 3. Section through the imprint of the burnighelement (ball)

For the microgrooves of the 1st type, the surfacexpressed as:

The dependencies (13) and (14) are true only ia ocasicrogrooves of the
1st type, i.e. not intersecting each other microges. In case of the traces being
in contact or intersecting each other, from thewated surface S one should
subtract the surface of contacts, or surface oérsections (S and $
respectively).

For the microgrooves of the 2nd type, the covergtace 8

_iqs-9)
§ = ==~ 1100% (15)

where surface of the contacts:
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167D @GS

3 30

[100% (16)

value G in the dependency (16) is calculated from the fdamu

, 20p-f
G=[i 242 17
\/{} al ol 17)
While, for the system of microgrooves of the 3rpeythe coverage area
S:
i{S-S)

=———=2[100% 18
ST o 6 (18)

where:

D2
4O, +et - 12)
> DR/ - f2

For kinetic model of microgroove’s generation it pessible to specify
equations for calculation of the microgroove’s aae in form of [6]:
« for system of microgrooves of the 1st type:

(19)

s=v. 2% (20)

0SC

where:V, —peripheral speed of the ball,
hence:

v, [B60Lp

Sr=n Or[D CFf

[100% (21)

» for system of the microgrooves of the 2nd type:
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s=AP_ et (22)
cosa Sy

« for system of microgrooves of the 3rd type:

s=Alp __ 2p’ (23)

cosa sinyUcow

Size of the mesh’s angle can be calculated withesapproximation from
the dependency:

218y (24)

tga =
g nD

3. Application to simulation of the oscillatory sho
peening process

To select optimal parameters of the oscillatoryt gfeening one developed
application program written in C# language. Choife this programming
language was dictated by its advantages such gtalriented programming,
string—orientated langue, memory garbage collectieioading of operators and
hardware interchangeability. The disadvantagesisftechnology are generally
a moderate capacity, lacking direct access to #néware and need of installed
.NET Framework environment. It has been confirmbadwever, that this
language is the best suited to implementation sigteapplication. To create the
solution one selected the Visual C# 2008 ExpressoBdpacket, being a free
system to construct application in C# language®]8To calculate conditions of
the generation and parameters of the microgrodweke calculation application
one made use of the equations (1)+(24).

Functionality of the developed application is cleéeazed by:

 simple input method of preset calculation paransete

* possibility of selection of a suitable correlaprenabling obtainment
with high accuracy of assumed degree of surfacerege by the microgrooves,

« visualization of the calculations,

* smoothness and speed of processing, with requacmliracy of the
calculations,

« text and graphic presentation of obtained results,

* print-out of results and diagrams,

« writing to file of obtained results and diagrams,
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e presence of the module with theoretical knowledgem area of
oscillatory shot peening and ,help” file,

» compatibility with various versions of Windows oggng system.

Selection algorithm of optimal parameters of thelltagory shot peening is
shown in the Fig. 4.

The calculation application developed on the bagfisthe algorithm
presented above comprises transparent panel toirgatg display of the data
obtained in process of selection of optimal paransefor the oscillatory shot
peening, and presentation of obtained degree diacmircoverage by the
microgrooves.

On the base of presented algorithm, after inpytrefletermined initial data
and performed calculations, the program searcheshé optimal solution. In
result of the calculations, the program finds dé@acorrelation of the feed rate,
rotations of the workpiece and frequency of thelllasions, resulting in final

/IDeklaracja wielkéci stalych:
Tablica posuwow: f[a] dla TUG 40
Srednica kulki dk=3

Pomiar=10

for (n=16: n<=1400 n++'

| for (nos=2000 nosc<=8000 nosc++) |

/Od czyt wiekdci zadanych:

Typ tokarki = ?

Srednica przedmiotu D= ?

Wktad mikrorowkéw T = 2
Przesunjcie fazy {i} = ?

Powierzchnia pokrycia Sr = ?

Tolerancja powierzchni pokrycia TSr= ?
Glgbokai¢ mikrorowkéw h = ?

Amplituda oscylacji e = ?

l

Fn=16600*h
ro=sqrt(dk*h)
p1=200*ro/Sr
p2=200*(ro+e)/Sr
p3=2*(ro+e*SinPI{i}))
pa=2*e*Sin(PI*{})
p5=2*ro-p4
p6=2*10+p4

Typ tokarki =TUG 40

i=nosc/r

for(a=0; a<78; at++)
p=fla]

nie

Fig. 4. Algorithm of calculation of suitable coraébns of parameters
of the oscillatory shot peening [9]
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tak

p>pl & p<pi
&& p>p4 &&p>ps
&&p<p6

tak

p>pl && p<pz
&& p>p3

s =((2"D)+Sqrt(D*D) +{4%e*ei)) (2P 0)(3*) )
=Sqrt({}-(i {§)+((2*10)-p)/ (8
fez = Sqrt((D*D)+(4e*e* i) }+2°D ‘ Eig :jsif;{fgle‘?g.’ g,“‘gm'gl‘;’y‘ e

fko=(200*r0*cz)/(3*D*p) fko =(*(s-sig)*100)/(PFD*p)

fko>SI-TSr &&
fko <Sr+TSr

fko>Sr-TSr &&
fko <Sr+TSr

lam=PI*D*n/nosc

lam=PI*D*n/nost alf=Atan(2*e*nosc/n*D)*180/P|
alf=Atan(2*e*nosc/n*D)*180/PI wynik=Abs(fko-Sr)
wynik=Abs(fko-Sr)

p>pl && p<p:
&& p>pa && p>p5
88 p<p6

tak

p>pl && p<p:
88 p<p4 && p<ps

sig2 =(2*10*10)((D*D)+(*i*( (4*e*e)-(p*p))))/(*D*((4**€) -(p*P))) s =((2"D)+Sqrt((D*D)+(4*e*e*i*i)) ) (2*PI0)/(34) )
s =((2*'D)+Sart((D*D)+(4*e*ei*i)))*(2*PI*ro)/(3*) g =Sant(i-{iF{H+((2*10)- p)/(8*e)))
fko =(1*(s-(2"5ig2))*100)/(PD*p) sig =16*PI"D*e g ¢* 9/(3%)

fko =(1*(s-ig)*100)/(PFD*p)

fko>SI-TSr &&
fko <Sr+TSr

fko>SI-TSr &&
fko <Sr+TSr

lam=PI*D*ninosc lam=PI*D*n/nosc
alf=Atan(2*e*nosc/n*D)*180/P1 alf=Atan(2*e*nosc/n*D)*180/P1
wynik=Abs|(fko-Sr) wynik=Abs(fko-Sr)

pomiar>wynik
&& lam <1,2

Fig. 4. (contd) Algorithm of calculation of suitabtorrelations of parameters
of the oscillatory shot peening [9]
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tak @ nie

RO

p>pl && p<pz

&& p<p4 && p>p5
&& p<pb

&& p<p4-0,5*10

&& p>p4-ro

Sig2 =(2*10* 10)*((D*D)+(*i*((4*e*e)- (p*p) DV(*D* ((4*€*e)-(p*p)))
s =((2*D)+Sqrt((D*D)+(4*e*e*i*)))*(2*Prro)/(3*)
fko =(i*(s-(2*sig2))*100)/(PI*D*p)

IIWielkosci wynikowe:
Sita naciskun =
Posuwf =

lam=PI*D*n/nosc Predkoéé obrotowan =
alf=Atan(2*e*nosc/n*D)*180/P| ngstotl iwos'§ osqllaq'inosc =
wynik=Abs(fko-Sr) Powierzchnia pokryci& =

Dhugosé fali A =

Kat siatki @ =

Liczba oscylacji =

pomiar>wynik
&&lam >1.8
&& lam<3

KONIEC

Fig. 4. (contd) Algorithm of calculation of suitabtorrelations of parameters
of the oscillatory shot peening [9]

degree of surface coverage included within alloeaterval. On the RH side in
the window of the calculation application are disgd results, to which the user
can attach diagram of the microgrooves. Necessangliton to display the
diagram is presence of calculation results. In edsen the program can not find
any results for the input data and preset covesag®, on the screen is displayed
suitable information. In the Fig. 5 and 6 are pnésg windows of the program
comprising exemplary input parameters, resultdefcalculations, and diagrams
with five types of the microgrooves.

A system of the microgrooves of the 2nd type (beémgontact) was taken
as a starting point to generation of the mesh wjtftem of quadrilateral and
hexagonal microgrooves. It has been noticed, tbatsbme values of the
wavelength of the microgroove (smaller than 1.2 mitjs possible to obtain
very small fillets of the runs. Therefore, it isggible to obtain a system of
quadrilateral microgrooves.
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Pk widok  Pomoc

Zadane parametry: Zadane parametry: Wyniki obliczers
oy v Tomtokakt WG4 | SianaciskuFi=332N
Stedrica powerzchri obeabiansi D (@) frmje 530 5| PUSUW =4,5 mm/obr. Stedica powierzchnicbrabiansi D (@) [mmje 1830 3 | PUSUW f=3,12 mm/obr.
Predkosé obrotowa =26 obrirmin (s n Predkosé obrotowa n=20 obr/min
Uktad macronbn: T v v
Czest. oscyladiinosc=2643 lmin . = Caest oscylacii nosc=3348 T/min
Prassuricci fazyim 056 2| powjerzchnia pokrycia Sr=30,06 % Gaeaiecs by 040 2 powierzchnia pokrycia Sr=24,3 %
® | DugoséfaiA=1,82mm e % < Diugoséfair=3,43mm
Tolerancie powiecchripokiycia TSi [x}e +/-15 & Kal siatki c=80,84 * Tolerancia powierzchni pokiycia TS [%}= +/-15 & Kat siatki a=71,14*
- ” - Liczbai=167,4
Ghebokodé mikioromkéw h [ 000 | Liczbai=101,65 Ghebokodt mikiorowkow h mnl= 00203 - _
e ey s e s~ Promien zaokr. mikrorowkar'=2,43 T s Il 15 - Promiefi zaokr. mikrorowka r'=467
~ Stopieri pokrycia Kp=40498,89 ‘Stopien pokrycia Kp=85502,77
X losé plam kontakiu N=0,08 na mm?
Dotacz wies mikcronkin Dokacz wies mikcronkn
‘Wykres mikrorowkow: ‘Wykres mikrorowkéw:
NNNNNNNN.
Wykanano abiczoni nrysoman wies Wykonano abcenis narysomano wikes

Fig. 5. Results of the calculations and diagranhefrhicrogrooves:
a) 1st type, b) 2nd type

o6 plarm kotakas N=02 no mim?

AKAR)
IAAARAR)
AAAAXAXKAXKXRR)

Fig. 6. Results of the calculations and diagram iofogrooves: a) 3 rd type,
b) rhomboidal, ¢) hexagonal

WAKARN

A

W

X

In case of the hexagonal microgrooves, one tookmtdge of conditions to
generation of the intersecting microgrooves. Owingfixed range of the
intersection (from 0.5 to 1 radius of the microgrep and limitation of usage
for the wavelength from 1.8 to 3 mm, it is possitdebtain a run characterized
by a big fillet, which in the contact point is coemsated by successive runs
intersecting this fillet. As result, in some apgroation this sector is seen as a
straight line. For the both systems of the microges it is possible to obtain a
solution laying in complete range of assumed diansdrom@50 to©200 mm.
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4. Summary

Developed application program enables modeling sintulation of the
oscillatory shot peening process on two types ofitg lathes: conventional one
of TUG 40 type and TUG 56 MN type with the SINUMER810D nc control
system.

Modeling and simulation of the oscillatory shot peg process with use of
developed application program enables very accuvatk respect to assumed,
surface coverage by the microgrooves, both in cske conventional turning
lathe and nc controlled turning lathe.

Limitation of feed rates for the TUG 56 MN turniteghe to 2 mm/rotation
has adverse effect on number of obtained assatsatid calculated results.
Making analysis of the oscillatory shot peeninggass one confirmed, that it is
very difficult to generate a system of quadrilat@rsd hexagonal microgrooves.

It was confirmed, that usage of the program preskint this paper enables
selection of optimal parameters, with respect tdfase coverage with the
microgrooves and system of the microgrooves, obwllatory shot peening in
relatively short time.
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