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Abstract. This work compares various mechanical surface treatment techniques applied to improve the properties of the
AISI 304 austenitic stainless steel. Effects of laser shock peening (LSP), water jet cavitation peening (WjCP), water jet
shot peening (WjSP), and ultrasonic impact treatment (UIT) on surface roughness, hardness, and residual stress were
studied. The results demonstrate that as compared to the untreated specimen (Ra = 3.06 um), all strain hardening meth-
ods demonstrate the decreased surface roughness parameters. The smallest Ra parameter of the wavy regular surface
microrelief is formed after the ultrasonic treatment. The surface hardness (22.1 HRCs) was respectively increased by
30.7%, 38.4%, 69.6%, and 73.2% after the LSP, WjCP, WjSP, and UIT treatments. All peening techniques induced com-
pressive residual stresses (ranged from —377 MPa to —693 MPa) in the near-surface layer. It is assumed that used treat-
ments can increase wear/corrosion resistance and fatigue life in the studied steel.

Keywords. Strain hardening, roughness, hardness, residual stress, laser shock peening, water jet cavitation peening,
water jet shot peening, ultrasonic impact treatment

Improvement in the surface properties of the end-products by changing their microrelief,
grain structure, hardness, and residual macrostresses is very relevant due to the fact that the destruc-
tion of the materials depends usually on the surface structural state. It is well known that enhancing
the operational properties of the metal components are largely provided by the surface plastic defor-
mation (SPD) methods due to the formation of specific microrelief on the surface and fine-grained
structure in sub-surface layers [1].

Currently, various peening methods, such as conventional shot peening (SP) [2], cavitation
peening (CP) [3], laser shock peening (LSP) [4], ultrasonic impact treatment (UIT) [5], and hammer
peening [6] are widely used for treatment both large-sized and small-sized metal components in the
industry to provide severe plastic deformation of their subsurface layers. Herewith, a specific micro-
relief required is formed on the surface, the surface hardness is increased, and compressive residual
macrostresses are provided as well. As a result, it allows increasing the wear resistance, corrosion
resistance, and fatigue performance of the end products.

It should also be noted that the multi-pin UIT technique can be regarded as the most effective
process to improve both the surface roughness and hardness of the surface layer [7]. The influences
of the mono-pin UIT treatment on the material properties were recently reviewed as compared to the
other peening techniques [8—10]. Therefore, the comparative studies of the multi-pin UIT technique
with the WjSP, WjCP and LSP peening methods for mechanical surface treatment of stainless steel
parts are virtually absent.

The aim of this work is to study and compare the effects of the LSP, WjCP, WjSP, and UIT on
the surface roughness, hardness, and residual stresses of the austenitic stainless steel AISI 304.

The plane specimens (48 mm x 48 mm x 3.0 mm) of AISI 304 stainless steel were exposed to
the laser shock peening (LSP), water jet cavitation peening (WjCP), water jet shot peening (WjSP),
and ultrasonic impact treatment (UIT) processes (Fig. 1). The peening methods used were described
in more detail elsewhere [5, 7].
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Fig. 1. Scheme of the LSP (@), WjCP (b), WjSP (c), and UIT processes (d)

LILLELEY

The results showed that all peening methods used led to a reduction in the surface roughness of
the treated surface (Fig. 2). In comparison with the untreated specimen (Ra = 3.06 um), the average
surface roughness of the peened specimens was respectively decreased by approx. 28%, 15%, 56%,
and 91% after the LSP, WCP, WSP, and UIT treatments. The most remarkable decrease in surface
roughness (Ra = 0.27 pm) was observed after the multi-pin UIT technique due to severe plastic de-
formation of high strain rate and high extent. As compared to the original state, the average surface
roughness differs by more than an order of value in this case. The LSP and WjCP peened surfaces
have roughness similar to that of the initial surface. It should also be noted that the surface roughness
was slightly reduced after the WjSP technique via high Ra values of the surface roughness in the
unpeened specimens (Fig. 2).
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Fig. 2. Surface roughness of AISI 304 stainless steel after the LSP, WjCP, WjSP, and UIT treatments
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Regardless of the treatment type, the surface hardness increases relatively to the unpeened spec-
imen due to the formation of ultrafine austenite/martensite grains (Fig. 3). The UIT and WjSP pro-
cesses led to the highest surface hardness among the studied peening treatments. The LSP and WjCP
of the used intensities demonstrate a saturation of the strain-induced hardening of the surface at the
levels of ~28 HRCs and ~30 HRC:s, respectively. It should be noted that the hardening ability of the
LSP process has not been exhausted for the studied regimes, and the hardness seems can be further
increased [7].
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Fig. 3. Surface hardness of AISI 304 stainless steel after the LSP, WjCP, WjSP, and UIT treatments

The residual macrostress values obtained by the X-ray stress analysis are given in Fig. 4.
The peening methods used led to a compressive residual stress formation. The WjCP technique in-
duces the lowest residual stresses as compared to other cases. The WjSP and LSP methods induce the
surface residual stresses of similar magnitudes regardless of the measurement direction (6x/ oy). The
highest magnitude of compressive residual stresses with regard to that of the unpeened surface was
observed after the multi-pin UIT technique (—693 MPa).
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Fig. 4. Residual stress in the AISI 304 stainless steel after the WjCP, LSP, WjSP, and UIT treatments

Thus, the surface microrelief formed by peening techniques in combination with the hardened
near-surface layers containing the fine-grained austenite/martensite microstructure and compressive
residual stresses is expected to provide the enhancement in the wear and corrosion resistance, as well
as the fatigue life of the studied steel. However, the enhancement extent depends on the treatment
method used.

The effects of LSP, WjCP, WjSP, and multi-pin UIT treatments on the surface roughness, hard-
ness, and residual stress of AISI 304 stainless steel were studied and compared. The obtained lead to
the following conclusions:

88 DOPYM IHKEHEPIB MEXAHIKIB



Cekuina lNporpecrBHa TexHika i TeXHOMOrifA MaWMHOOYAYBaHHS

e As compared to the initial state (Ra = 3.06 um), the surface roughness was respectively de-
creased by approximately 5.5%, 7.8%, 38.2%, and 91.1% after the LSP, WjCP, WjSP, and UIT treat-
ments;

e The surface hardness (22.1 HRCs) was increased after LSP (by 30.7%), WjCP (by 38.4%),
WjSP (by 69.6%), and UIT (by 73.2%) treatments;

e All peening methods applied induced compressive residual stresses (ranged from —377 MPa
to —693 MPa) in the near-surface layer.
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IHopiBHSIHHA NepeIOBUX METOAIB /JIs1 MEXaHIYHOI MOBEPXHEBOI 00POOKHU
AeTaJieil i3 HepKaBilO4Oi cTaJi

Jecuk JI.A., Cosima X., Mopaiok b.M., Maprine3 C., [I:kemesnincbkuii B.B., Jlamiki3 A.

Anomauin. B oaniii pobomi nopieniolomscsi pizHi Memoou MexaniuHol nosepxnHesoi 06poOKuU Oisi NONNULEHHSL 61ACTIU-
socmetl aycmenimuoi nepocasitouoi cmani 08X18H10. [locnioxceno ennue nazeproi yoaproi oopooru (LSP), kasimayiti-
Hol 00pobxu y 600i (WjCP), opobocmpymunnoi obpobru y 600i (WjSP) ma yrempaszseykosoi yoaproi oopooku (UIT) na
wopcmkicmy, meepoicms ma 3aIUWKO8I HANPYICeHH nogepxHi. Pesynomamu noxkasyroms, wo 6 nopieHaAnHi 3 HeoOpoo-
aenumu spaskamu (Ra = 3,06 mxm), 6ci guxopucmani memoou 0eqpopmayiinoeo 3MiyHeHHs OeMOHCIPYIOMb 3MEeHULeHH S
napamempie wopcmrocmi nosepxui. Xeunsicmuil pe2yisphutl Mikpopenbed 3 HatimeHuwum napamempom Ra ymeopio-
€mbcs nicasa yavmpaszeykoeoi oopobku. Teepdicms nosepxwi (22,1 HRCS) 36invwunaca na 30,7%, 38,4%, 69,6% ma
73,2% eionogiono nicas LSP, WjCP, WjSP ma UIT 06pobku. Bci memoou smiyHeHHs BUKIUKAIOMb 3ATUUKO8] Hanpy-
JHCeHHs cmucHeHHA (8apitosanucsa 8io —377 MIla 0o —693 Mlla) é npunogepxuesomy wapi. Ilepedbauaemocs, wo 3acmo-
cosani 06pOOKU MOXCYMb NIOSUWUMU ZHOCOCMIUKICIb/KOPO3ILHY CMILIKICMb 1 6MOMHY MIYHICMb 6 O0CHIONCY8AHIU
cmaii.

Kniouosi crnosa. /lepopmayitine smiynenns, wopcmkicms, meepoicmsp, 3aIUWKOS] HANPYNCEHHS, 1A3ePHA YOapHa 00po-
oxa, kasimayiiuna 0bpobka y 600i, OpobocmymunHa 06pobKa y 6001, YIbmpaseyKosa yoapHa 0o6pooKa
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