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Abstract. The ultrasonic impact treatment (UIT) is relatively new and promising process for fatigue life improvement of welded
elements and structures. In most industrial applications this process is known as ultrasonic peening (UP). The beneficial effect of UP
is achieved mainly by relieving of tensile residual stresses and introducing of compressive residual stresses into surface layers of a
material. The secondary factors in fatigue improvement by UP are decreasing of stress concentration in weld toe zones and
enhancement of mechanical properties of the surface layers of the material. Fatigue testing of welded specimens showed that UP is
the most efficient improvement treatment as compared with traditional techniques such as grinding, TIG-dressing, heat treatment,
hammer peening and application of LTT electrodes. The developed computerized complex for UP was successfully applied for
increasing the fatigue life and corrosion resistance of welded elements, elimination of distortions caused by welding and other
technological processes, residual stress relieving, increasing of the hardness of the surface of materials. The UP could be effectively
applied for fatigue life improvement during manufacturing, rehabilitation and repair of welded elements and structures. The
areas/industries where the UP process was applied successfully include: Shipbuilding, Railway and Highway Bridges, Construction
Equipment, Mining, Automotive, Aerospace. The results of fatigue testing of welded elements in as-welded condition and after
application of UP are considered in this paper. It is shown that UP is the most effective and economic technique for increasing of
fatigue strength of welded elements in materials of different strength. These results also show a strong tendency of increasing of
fatigue strength of welded elements after application of UP with the increase in mechanical properties of the material used.
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Introduction

The ultrasonic impact treatment (UIT) is one of the most efficient techniques for fatigue life improvement of
welded elements and structures [1-7]. In most industrial applications this process is also known as ultrasonic peening
(UP) [8-12]. The beneficial effect of UIT/UP is achieved mainly by relieving of harmful tensile residual stresses and
introducing of compressive residual stresses into surface layers of materials, decreasing of stress concentration in weld
toe zones and enhancement of mechanical properties of surface layers of the material. The fatigue testing of welded
specimens showed that the UP is the most efficient improvement treatment when compared with such traditional
techniques as grinding, TIG-dressing, heat treatment, hammer peening, shot peening and application of LTT electrodes
[1, 13, 14].
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Fig. 1. Different modifications of the basic ultrasonic peening system for fatigue life improvement of welded elements and
structures
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A number of ultrasonic peening systems were developed for different applications (Fig.1). All of them include
an ultrasonic generator (20-27 kHz) and a treatment tool with an ultrasonic piezoceramic transducer that converts the
ultrasonic energy into mechanical motion of special freely moving strikers. Special software for optimum application of
UP, i.e. maximum possible increase in fatigue life of parts and welded elements with minimum cost, labor and power
consumption was also developed. The developed UP systems shown in Figure 1 could be used for treatment of weld
toes and larger surface areas. UP Systems were designed to allow the operator to use them conveniently in horizontal
and vertical applications (Fig. 1¢). Recently, a new ultrasonic system (Fig. 1d) was designed to perform underwater UP
at the depth of up to 30 meters [26]. The design of the UP systems is based on "Power on Demand" concept. Using this
concept, the power and other operating parameters of the UP equipment are adjusted to produce the necessary changes
in residual stresses, stress concentration and mechanical properties of the surface layers of materials to attain the
maximum possible increase in fatigue life of welded elements and structures. From other side, this approach prevents
the possibility to overwork the treated surface and decrease the efficiency of UP.

The effects of different improvement treatments, including the UP treatment, on the fatigue life of welded
elements depend on the mechanical properties of used material, the type of welded joints, the parameters of cyclic
loading and other factors. For effective application of UP, depending on the above-mentioned factors, a software
package for Optimum Application of UP was developed that is based on original predictive model. In the optimum
application, a maximum possible increase in fatigue life of welded elements with minimum time/labor/cost is thought
[15].

The developed technology and computerized complex for UP were successfully applied for increasing of the
fatigue life of welded elements, elimination of distortions caused by welding and other technological processes,
relieving of residual stress, increasing of the hardness of the surface of materials and surface nanocrystallization. The
areas/industries where the UP was applied successfully include: Railway and Highway Bridges, Construction
equipment, Shipbuilding, Mining, Automotive and Aerospace, to name a few.

Application of up for fatigue improvement

The ultrasonic treatment can be applied effectively for fatigue life improvement during manufacturing,
rehabilitation and repair of welded elements and structures. The areas/industries where the UP was applied successfully
include: Railway and Highway Bridges, Construction Equipment, Shipbuilding, Mining, Automotive and
Aerospace. An example of application of UP for repair and rehabilitation of welded elements subjected to fatigue
loading in mining industry is shown in Figure 2a. Around 300 meters of welds, critical from fatigue point of view, were
UP treated to provide improved fatigue performance of two large grinding mills located near Labrador City, NL,
Canada (Fig. 2a)

Fig. 2. Application of UP for rehabilitation of welded elements of a) a large grinding mill (left insert) and b) an
automotive stamping press (right insert)

In another case, the ultrasonic peening (UP) was used successfully in an automotive stamping press with a
capacity of 5400 tons and with up to 15 loading cycles per minute and about 7 millions cycles of loading per year that
was stopped for regular maintenance (Fig. 2b). A few more detailed results of application of ultrasonic treatment for
fatigue life improvement during manufacturing, rehabilitation and repair of welded elements and structures are
discussed below.

Manufacturing and Rehabilitation

In a study aimed at evaluation of the effectiveness of UP application in welding application, three series of large-
scale welded samples, designed as shown in Figure 3a, were subjected to fatigue testing in as-welded condition, with
UP applied before fatigue testing and with UP applied after fatigue loading with the number of cycles corresponding to
50% of the expected fatigue life of samples in as-welded condition [9].

The sample material properties were as follows: yield strength — 360 MPa, ultimate strength — 420 MPa. The
samples were tested at a stress ratio R=0. Test frequency - 5 Hz. The UP treatment parameters were as follows: speed of
treatment — 0.4 meter/minute, level of the oscillation amplitude - 4, a working head with one row of four 3 mm diameter
pins was used in all tests.
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Fig. 3. Results of fatigue testing of the large-scale welded samples. a) The general view of welded sample for
fatigue testing; b) Fatigue curves of welded elements (transverse non-load-carrying attachment): 1 —in as
welded condition, 2 — UP was applied before fatigue testing, 3 — UP was applied after fatigue loading with the
number of cycles corresponding to 50% of expected fatigue life of samples in as-welded condition

As can be seen from Fig. 3b that presents the results of the fatigue testing of all three series of samples, the UP
caused a significant increase in fatigue strength of the considered welded element for both series of UP treated samples
(lines 2 and 3 in Fig. 3b). The increase in limit stress range at N=2-10° cycles of welded samples is 49% (from 119 MPa
to 177 MPa) for UP treated samples before fatigue loading and is 66% (from 119 MPa to 197 MPa) for UP treated
samples after fatigue loading, with the number of cycles corresponding to 50% of the expected fatigue life of the
samples in as-welded condition. A slightly higher increase of fatigue life of UP treated welded elements for fatigue
curve 3 could be explained by a more beneficial redistribution of residual stresses by UP after cyclic loading than in as-
welded condition and/or by “healing” of fatigue damaged material by recrystallization [27] during UP in comparison
with the fatigue curve 2.

Weld Repair

In a different study [7, 10], UP was applied to a number of large-scale welded specimens containing non-load
carrying longitudinal attachments designed for fatigue testing (Fig. 4a) to study the prevention of possible initiation of
fatigue cracks in existing welded elements and structures that are in service by applying UP during the weld repair of
fatigue cracks. Figure 4a shows the drawing of a large-scale welded specimen containing non-load carrying
longitudinal attachments designed for fatigue testing [7]. Material properties: yield strength — 360 MPa, ultimate
strength — 420 MPa. Such specimens were tested in as-welded condition and after weld repair with and without
application of UP. The testing conditions were zero-to-tension stress cycles (R=0) with different level of maximum
stresses. Test frequency - 5 Hz.

The fatigue testing was stopped and the number of cycles was recorded when the length of fatigue crack on
surface reached 20 mm. Then, the fatigue crack was repaired by gouging and welding and the fatigue test was
continued. After repair, a number of samples were subjected to UP. The weld toe of the “new” weld was UP treated.
The results of fatigue testing of welded specimens in as-welded condition and after weld repair of fatigue cracks are
presented in Figure 4b.
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Fig. 4. Fatigue testing of large welded elements. a) Schematic drawing of the welded specimen for fatigue testing at different
conditions of treatment: W — as-welded condition; R - repair by gouging and welding; R/UP — repair by gouging, welding and
UP; b) Results of fatigue testing of welded elements: 1 - as-welded condition, 2, 3 and 4 — after first, second and third weld
repair, 5, 6 and 7 - after first, second and third weld repair with application of UP
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As can be seen from Fig. 4b, the fatigue testing of large scale specimens had shown that the repair of fatigue
cracks by welding is restoring the fatigue strength of welded elements to the initial as-welded condition. Second and
third repair of fatigue cracks also practically restored the fatigue life of repaired welded elements to initial as-welded
condition (lines 2 and 3 in Fig. 4b).

The application of UP after weld repair increased the fatigue life of welded elements 3-4 times (line 5 in Fig.
4b). Practically the same significant fatigue improvement of repaired welded elements by UP is observed also after
second and third repair of fatigue cracks in welded elements (lines 6 and7 in Fig. 4b).

Comparison between weld improvement treatments

Results of two studies that are presented below show that benefits from UIT/UP are higher then from other
techniques and especially strong when the treatment is applied to welded high strength steels. In one of the studies, four
series of large-scale welded samples were subjected to fatigue testing to evaluate the effectiveness of UIT/UP
application for fatigue life improvement of welded elements made from 350 MPa and 700 MPa yield strength steels that
were also compared to results from TIG-dressing treatment [13]. The fatigue specimens were designed as 80 mm wide
by 8 mm thick steel plates with longitudinal non-load carrying fillet welded attachments, as shown in Figure Sa.

All testing has been conducted under constant amplitude axial tension in servo-hydraulic fatigue testing
machines. The applied stress ratio has been R=0.1, with test frequencies varying from 2 to 6 Hz depending on load
levels. Failure is defined to have taken place upon complete separation of the specimen. The results of fatigue testing
are presented in Figure 5b. As can be seen from Figure 5b and table 1 below, the UIT/UP provided significant increase
in fatigue performance of considered welded element for 700 MPa yield strength steel. The increase in limit stress range
at 2 millions cycles of loading was 81% for welded samples treated by UIT/UP in comparison with as-welded
condition, while TIG-dressing provided a 36% increase in limit stress range of welded element (see Table 1).
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Fig. 5. UP treatment of high strength steel samples. a) Schematic of a welded specimen made of 350 and 700 MPa yield
strength steel and designed for fatigue testing [13]; b) Results of fatigue testing for 350 and 700 MPa yield strength
steel welded specimens [13]: 1- in as-welded condition, 350 MPa and 700 MPa yield strength steels, 2 - after UIT, 350
MPa yield strength steel, 3- after UI'T/UP, 700 MPa yield strength steel, 4- FAT 112 design curve

Table 1
Increase in Limit Stress Range of Welded Element Treated by UP and TIG at 2 Millions Cycles of
Loading [13]

S-N Curve Slope, m FAT value Improvement in FAT value [%]
[MPa]
As-welded S355 and S700 -3 (fixed) 71.3 -
UIT/UP S700 -5(fixed) 129.4 81
Robotized TIG-dressing S700 -3 (fixed) 97.0 36

In a different study, four series of large-scale welded samples were subjected also to fatigue testing to evaluate
the effectiveness of UIT/UP and LTT electrode’s applications for fatigue life improvement of welded elements made
from 960 MPa yield strength steel [14]. The fatigue specimens were designed as 50 mm wide by 6 mm thick steel plates
with longitudinal non-load carrying fillet welded attachments, as shown in Figure 6a.

The testing has been conducted under constant amplitude using R=-1. All of the as-welded specimens failed at
the weld toe at the end of the longitudinal stiffeners. For the improved by UIT/UP welds, tested using constant
amplitude loading, a variety of other failure modes were observed. The results of fatigue testing are presented in Figure
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6b. As can be seen from Figure 6b, the UIT/UP treatment with an instrument based on piezoelectric transducer provided
the highest increase in fatigue performance of considered welded element for 960 MPa yield strength steel in
comparison with the efficiency of application of magnetostrictive transducer and LTT electrodes.
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Fig. 6. UP treatment of high strength steel samples. a) Specimen geometry for fatigue testing of 960 MPa yield
strength steel welded elements [14]; b) Fatigue test results for 960 MPa yield strength steel welded specimens [14]:
1- in as-welded condition (results of approximation of fatigue data received earlier), 2 and 3 - after UI'T/UP based

on using magnetostrictive and piezoelectric transducers respectively, 4- after application of LTT electrodes

Conclusions

In summary, the developed computerized complex for UP was successfully used in different applications in
Railway and Highway Bridges, Mining, Construction Equipment, Shipbuilding, Automotive and Aerospace industries
for increasing the fatigue life of welded elements. It was shown that the Ultrasonic Impact Treatment (UIT/UP), while
being a relatively new technique, demonstrated very promising results in fatigue life improvement of welded elements
and structures in materials of different strength including HSS with the yield strength of 700-1000 MPa. The results of
fatigue testing show a strong tendency of increasing of fatigue strength of welded elements after application of UP for
materials with increased mechanical properties, thus allowing using to a greater degree the advantages of the HSS in
welded elements, subjected to fatigue loading.

The fatigue testing of welded specimens also demonstrated that the UP is the most efficient improvement
treatment as compared with such post weld techniques as TIG-dressing and application of LTT electrodes. While not
discussed I n this paper, UP was used successfully in many applications for elimination of distortions caused by welding
and other technological processes, relieving of residual stress, increasing of the hardness of material surfaces and
surface nanocrystallization.

¢ eKTUBHOCTH yIbTPa3BYKOBOI 00padOTKH B yBeJIU4YeHHUH 10JITOBEYHOCTH
CBAPHBIX JIECMEHTOB U KOHCTPYKIMH

SAxo6 Kneiiman, FOpuii KyapsBues, Anexcanap Jlyrosckoii

Annomayun. Ynempaseykosas yoapuas obpabomxa (UIT) sgrisiemcs omHOCUMENbHO HOBLIM U NEPCNEKMUBHBIM NPOYECCOM
VAYYUeEHUs YCMANOCMHOU NPOYHOCU CBAPHBIX DNEMEHMO8 U KOHCMPYKYUU. B 6onbuuncmee npoMuluieHHblX NpUMeHeHUl Jmom
npoyecc usgecmen kaxk ynompaszgykosas obpabomxa (UP). Braconpusmmuwiti s¢ppexm UP Odocmueaemcss nymém cHsmus
DPACMALUBAIOUUX  OCIIATNOYHBIX HANPANCEHUT U B6E0EHUS CHCUMAIOWUX OCMAMOYHLIX HANPANCEHUL 8 NOBEPXHOCMHbIE CNOU
mamepuana. Bmopuunvimu paxmopamu nosviuienus ycmanocmu UP aenaomesa ymenbuleHue KOHYeHMpayuy HanpaxceHuti 8 30Hax
CBAPHO20 WA U YIYYUIEHUE MEXAHUYECKUX CBOUCME NOBEPXHOCHIHBIX CNO€8 MAMepuand. Ycmanocmuvle UCNbIMAHUS CEAPHLIX
o6pasyos nokazanu, umo UP sensemca Haubonee spghekmusHbiM MEmooom YayuuleHus 00I208e4HOCIU NO CPABHEHUIO ¢ MAKUMU
MPAOUYUOHHBIMU 0Opabomkamu Kax wiugosanue, mepmoodpabomra, Mexauuweckas yoapuas  o006pabomka u NpumeHeHue
NeKmpooo8 ¢  Huzkomemnepamypuvimu nepexodamu (LTT). Paspabomannvlii  KOMRbIOMEPUSUPOBAHHBIIL  KOMNUAEKC — OJis
YIbmMpaszeyKoeou yoapHou obpabomka yCnewtHo NPUMEHANCA O NPOONEHUs YCMANOCHMHO20 CPOKA CAYHCObL U KOPPOZUOHHOU
CMOUKOCIU C8APHBIX DNIEMEHMOS, YCMPAHEHUS UCKANCEHUTl, BbI36AHHbIX CEAPKOU U OpYUMU MEXHONOSUYECKUMU NPOYeccami,
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CHAMUA OCMAMOYUHBIX HANPAXCEHU, NOBLIUEHUA MBEPOOCU NOBEPXHOCIU MAMeEPUAnos. Yivmpaseykosas yoapuas oopabomka
ModHcem IPPEKMUBHO NPUMEHAMbCA OIS YIVYUEHUA YCMATOCHHOU NPOYHOCIU NPU NPOU3B00CEE, BOCCIMAHOBNIEHUU U PEMOHME
ceapuvlx dnemenmos u Koncmpykyuil. Obracmu / ompaciu, 8 KOMOPbIX YIbMpa3eyKogds YOapHas o06pabomka Obiia yCneuHo
NPUMEHEHA, BKIIUAIM. CYOOCHPOCHUE, HCENe3HOOOPOICHBIE U UWIOCCElHble MOCHbL, CIpPOUmelbHoe 000pyO0osanue, 20pHoe 0eio,
asmomodurecmpoetue, a3pOKOCMUYECKYI0 NPOMBIULIEHHOCHb. Pesynibmamvl  ycmaniocmubix UCHOIMAHUL CEAPHBIX IEMEHIMO8,
NPOBEOEHHBIX KAK CpaA3y NOCie C8apKu, MAaK u NOcie NPUMEHEeHUs YIbMpAa3eyKoeol YOapHOU 00pabomKu paccmompervl 6 3moil
cmamve. [Tokasano, umo UP saensemcs naubonee sp@hekmusHbiM 1 SKOHOMUUHBIM MEMOOOM NOBbIUEHUS YCIMALOCMHOU NPOYHOCIU
CBAPHBIX DNEMEHMOE8 6 MAMEPUANAX PASIUYHON NPOYHOCHU. DMu pe3yIomamsl makice OeMOHCMPUPYIOM CUTLHYIO MEHOEHYUIO K
VBenuueHuo  YCmanoCmHol NPOYHOCMU  CEAPHBIX IJIEMEHNO6 Nocie NPUMEeHeHUs YAbmpazeyKosou yOapHou obpabomku ¢
yeenuueHueM MeXanuyecKux C80UCme UCnoIb3yemMo20 Mamepuald.

Kurouesvie crnosa: ocmamourvie HAnpadjcerus; yibmpaseyKoeou Menoo YnpouHeHUs, N008OOHAs YIbMPA36YKOB8Asl YOapHas
obpabomxka; UltraPeen®; ycmanocmuas npouHocms

EdexTuBHICTH YIABTPa3BYKOBOI 00P0O0KH NpH 30i1bIIEHHI JOBrOBIiYHOCTI
3BAPHHUX 3’€IHAHb TA KOHCTPYKIIi

SAxo6 Kueiiman, IOpiii Kyapsasues, Onexcanjp Jlyroscbkuii

Anomayisn. Yrempaszeykoea yoapua 06pooka (UIT) € 6i0HOCHO HOGUM I NEPCREKMUBHUM RPOYECOM NOKPAWEHHSL 6MOMHOT MIYHOCMI
36apHUX eNleMeHmie ma KOHCMpYKyitl. B 6inbuiocmi npomuciosux 3acmocysans yeti npoyec i0omull AK yIbmpazeykosa oopooxa
(UP). Cnpuamausuii egpexm UP 0ocazacmbcs wAXOM 3HAMMA 3aTUKOBUX HANPYHCEHD, WO PO3MAZYIOMY, | 86€0€HHS 3ANUUKOBUX
Hanpysicenb, w0 CMUCKAlOmy, 6 nogepxmesi wapu mamepiany. Bmopunnumu gaxmopamu niosuwenns emomu UP € 3menuwienns
KOHYeHmpayii Hanpyicenb 8 30HaX 36apHO20 WBA [ NONINUIEHHS MeXAHIYHUX 6l1acmugocmell No6epxHesux wapie mamepiary. Bmomni
eunpodysanns 36apHux 3paskie nokaszanu, wo UP € naiibinow eghpexmusHum memooom noainuieHHs 0068208i4HOCII 68 NOPIGHAHHI 3
Mmakumu mpaouyitinumu oopodKkamu K wiaig)yeanus, mepmoobpodka, mexaniuna yoapua o6podKa i 3acmocy8ants enekmpoois 3
Huzbkomemnepamyprumu nepexooamu (LTT). Po3pobaenuii xomn'iomepuzoeanuti KomMmiexkc 018 yIivmpaseykogeoi yoaproi 06pooku
6Y10 YCRIWHO 3ACMOCOBAHO 0151 NPOOOBI’CEHHSL BMOMHO20 MEPMIHY CIYHCOU | KOPOZIUHOI CMIKOCMI 36APHUX eleMEHMIB, YCYHEeHHS
CHOMBOPEHb, GUKIUKAHUX 36aPI0OGAHHAM MA IHUWUMU MEXHONOIYHUMU NPOYecami, 3HAMMSA 3aTUWKOGUX HANPYIICeHb, NiOBUUEHHS
meepoocmi nogepxui mamepianis. Yiompaseykoea yoapHa oopobxa mosxce epekmusHo 3acmoco8y8amucs 0 NOANUEHHS 6IMOMHOT
MiyHocmi npu 6UpoOHUYMEI, 8IOHOBNIEHHT | peMOHMI 36apHUX eleMenmis i koncmpykyit. Oonacmi / eanysi, 8 AKUX YIbMPA38yKoed
yoapua 06pobka 6yaa yCniuHO 3aCmoco8aHa, 8KIIOYAIOMb. CYOHOOYOVBAHHS, 3ANI3HUYHI | wiocelini mocmu, OydisenbHe 001a0HAHHS,
2ipHuda cnpasa, asmomoobinedyoy8ants, aepoKocmMiuHa npomMuciosicme. Pezyibmamu 8momHux unpobyeans 36apHux enemenmis,
nposedenux K 8i0pazy Nicis 36aplO6aHHs, Max i NICIA 3aCMOCY8AHHA YIbMPA38YK0BoT yoapHoi 06podKu, po3ensanymi 6 yiil cmammi.
Hoxazano, wo UP ¢ Hatibinbw epekmusHum i eKOHOMIYHUM MemoOOM NIOGUWEHHS GMOMHOI MIYHOCMI 36APHUX e/leMeHmI8 8
Mmamepianax pizHoi miyHocmi. LI pesyrbmamu maxodc 0eMOHCMPYIOMb CUIbHY MEHOeHYil0 00 30LIbUleHHsT 6MOMHOI MIYHOCMI
36aApHUX eleMeHmi8 NICIA 3ACMOCY8AHHA YIbMPA3EYKO60I yOapHoi 06pobKu 3i 30iNbUEHHAM MEXAHIYHUX 6IACMUBOCell Mamepiay,
WO GUKOPUCHIOBYEMBCL.

Knouosi cnosa: 3anuukosi HanpysicenHs, YIbmMpazeyKosull mMemoo 30inbuieHHsA; Ni0800HA YIbmpa3gyKkosa YOoapHa o00pooKa;
UltraPeen®, smomna miynicmes
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