Fatigue Life Enhancement of Welded Structures using Ultrasonic
Needle Peening

Vincent DESFONTAINE', Philippe MONTHERAT?, Frédéric CHATEAU', Dr Olivier BRIERE '

1 SONATS SAS, F-44475 Carquefou Cedex, France
2 Institut de Soudure, F-57970 Yutz, France

ABSTRACT

Ultrasonic Shot Peening technique is nowadays recognized as a mature process currently
covered by 2 aerospace industries specifications (BNAE and SAE/AMS), and used
worldwide for improving the resistance of high-value components. Ultrasonic Activation of
media principle is also used for Needle Straightening and Forming of Metal sheet
components.

A recent development is the Needle peening of Welds (also called Ultrasonic Impact
Treatment), a reliable, well-controlled and efficient technique for strengthening welded
assemblies, especially as regards to fatigue damage due to cyclic loads encountered during
service. Ultrasonic Needle Peening (Ultrasonic Impact Treatment) has been shown to bring
significant life enhancement thanks to the introduction of beneficial Compressive Stresses
combined with weld toe geometry reshape [2, 3, 4]. The process is able to increase the
number of fatigue cycles before crack initiation by factors of ten. This process is also an
alternative of toe grinding or TIG dressing.

Target end-user applications are found or expected in a large range of industries, such as
Transportation, Energy, Mining Exploitation, Oil & Gas, Heavy Industries and Infrastructures.

In this article, we will describe experimental fatigue tests and characterization results [1]
obtained on S355 steel welded specimens, that demonstrate and confirm life time
enhancement. The ultimate goal of this program is to establish best practices to guarantee
process repeatability and reliability whatever manual and automatic operations.
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INTRODUCTION

The Ultrasonic Needle Peening (UNP) also called Ultrasonic Impact Treatment (UIT) is a
process using vibrating tool to throw needles or indenters onto part surface. The treatment
creates dimples inducing compressive residual stresses and reshapes weld toes. This
technique uses a generator providing an electrical sine signal with 10 to 60 kHz to a
piezoelectric or magnetostrictive transducer which converts it into a mechanical
displacement. The sonotrode vibrating displacement (vibration amplitude) is commonly set
from 10 to 200um p/v.

The hand held peening head is terminated by an end piece which encapsulates needles.
These needles can vary according to their size, geometry, material and hardness.
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Fig. 1: Ultrasonic Needle Peening Process Principle

Ultrasonic Needle Peening is a post weld treatment mostly used as a manual operation but
largely predicted in the future as an automatic process in the order to get the full benefit of
material strength of welded components (For example, on high strength steel used in the
automotive industry for car body and frames).

This process is easy to manage and environmentally friendly. It is reliable and provides a
very cost effective post weld technique for new and repaired components.

EXPERIMENTAL DETAILS

The specimens: the program has been developed using steel MAG welded specimens. The
specimens have been specifically made of S355K2+n steel with a UTS=532MPa and
YS=417MPa. Prior welding, the plate scale was removed by grinding on approximately
60mm on each side of the vertical plate. To increase the consistency of the results the welds
have been achieved by a robotic arm applying 20 passes with 310A under 30V with
420mm/min travelling velocity. Welds have been filled using G3Si1 (SG6) filler metal and
shielded with M21 gas. Due to the required number of passes to create the large join, weld
passes have been alternatively applied on each side of the stringer to limit assembly
distortion while welding. In addition, the specimens have been stabilized at the 200°C
between passes.
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Fig. 2: Welded assembly and specimens

The Ultrasonic Needle Peening Equipment. A
portable equipment called StressVoyager®-UNP
was used and associated with a motorized travelling
wagon to perform the peening along the specimen
weld toes. The wagon also includes a cylinder pipe
to apply a permanent tool pressure against the
specimen. This 70N load was evaluated as
equivalent to an operator pressure during a manual
operation. The StressVoyager®-UNP is a 20kHz
version using a 1000W generator, CR20A piezo-
electrical transducer and a SO-PT-15-Ac-00 steel
sonotrode. The end piece, needles and process
parameters were varied according to the test matrix.

Fig. 3: Ultrasonic Needle Peening device built with a
StressVoyager®-UNP and a motorized wagon.

The peening head was tilted at 17° to correctly orientate the needle at the medium angle
created by the weld and the base plate. The fatigue testing of the specimen is a 4 point
bending testing which creates tensile stresses in the weld bottom. Only the bottom toes have
been ultrasonically needle peened. As references, nine (9) unpeened specimens have been
tested and compared with a literature referenced XIII-1817-00 [2]. 36 other specimens have
been tested under 4 parameter combinations as described in the following table.

Parameters Ci#1 C#2 C#3 C#4
Needle quantity 3 3 1 1
Needle type S3-15 S3-13 S3-15 S3-13
(tip radius) (3mm) (1.5mm) (3mm) (1.5mm)
Amplitude of vibration | 60 ump/v 60 ump/v 60 ump/v 60 um p/v
Travel velocity 8mm/s 8mm/s 8mm/s 8mm/s
Shifted Pass quantity 2 2 2 2

S3-13 and S3-15 are shrouded needles with @4mm and F3mm diameters.

The 2 passes have been shifted to enlarge the groove created by the indenters. The second
pass partially overlapped the first one. The target was to reproduce a typical groove width
observed when the operation is performed manually.

Before testing the specimen edges (at the weld toe) was ground to avoid premature failures.
Each specimen has been testing using a 4 point bending machine with stress ratio of R=0.1
with 20Hz sinusoidal signal. Additional specimens have been produced for residual stress
measurements done by X-Ray diffraction and roughness measurement with a 2D profile-
meter.



RESULTS

As expected, the Ultrasonic Needle peening treatment has created a plastic deformation of
the weld toes by generating a groove along the weld. Characterizations of each peened
samples have demonstrated that the needle peening introduced deep compressive stresses
in the toe. Maximum compressive stresses have been observed at the specimen surface and
they affected the material down to 2.5mm deep. In the figure 4 are shown the residual
stresses profiles on both directions: longitudinal and transversal. Conditions: C#1, C#2 and
C#3 are significantly similar while the C#4 shows a better compressive stress improvement
with a superficial stress reaching -850MPa. It is suspected that this difference can be issued
from another physical aspect and subject to particular additional characterizations (in
progress). As an important fatigue life aspect, the surface finish of grooved toes was also
characterized. The figure 5 shows the roughness measurements achieved for the
longitudinal and transversal direction next to the toe or groove. The roughness is significantly
improved after needle peening especially for transversal direction which is the most critical
direction for crack initiations. The conditions using 3mm tip radius needles have smoother
surface roughness than conditions using 1.5mm tip radius needles. As in our test matrix, all
needles are thrown with the same velocity, the sharpest needles (R=1.5mm) have a deeper
penetration in the toe and create deeper dimples resulting in a higher roughness.
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Fig.4: Residual stress distribution in both directions at weld toes for unpeened and
ultrasonically needle peened specimens.



25,0

21,4 211 BAswelded ®C#1 ®C#2 @BC# mC#

5,0 1

0,0 -
Longitudinal Transversal

Fig.5: Roughness measurement - longitudinal and transversal to the weld

The 45 specimens have been fatigue tested (9 unpeened and 36 peened). The results show
an improvement up to 50% in stress range at 2 million cycles. Fatigue life was increased at
least by a ratio of 3 and up to 5 for 350Mpa stress range. The UIT condition set 2 from study
XIlI-1817-00 has been used for comparison and validation of current work. Between both
studies results are found comparable. Whatever parameter sets, we still observed a
significant enhancement for all specimens. This demonstrates the low influence of varied
parameters as needle size and needle quantity. We observed better results on condition #2
which will require to be carefully analysed to highlight the dominant parameter.
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Fig.6: Fatigue S/N curves conducted up to 2 million cycles
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Fig.7: Stress Range at 2e6 cycles



The figure 8 shows the distribution of failures next to the toe. As expected, for untreated
specimens, failures were located in the weld toe(F) which is the most stressed area and for
the all series no failure was observed on the groove weld side (E) and on the root, Peened
samples mostly break in the same area but, some failures are located in base material,
showing that the weld joint is no longer the weakest point of the assembly.
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Fig.8: Failure location distribution next to the weld toe
CONCLUSIONS AND PROGRAM CONTINUATION

In this study, we investigated the influence of ultrasonic needle peening on S355 steel
components. The results show and confirm that the ultrasonic needle peening bring
significant fatigue life improvement on welded components. The process improves the
residual stresses distribution, the transversal roughness and reduces the notch effect.

This study also demonstrates the limited influence of first order parameters compared to their
influence in similar ultrasonic peening process as ultrasonic shot peening. Conditions #2, #3
and #4 show an equivalent benefit while condition #1 is slightly less. The fatigue limit at 2.10°
cycles was increased by 50%. Those results validate the current work in order to engage
further testing to highlight best parameters and working practices.

This test program is still running to evaluate and clarify best operating practices. The key
point of this process remains in the process control to limit and avoid variability due to the
manual operation. Additional testing and characterization are scheduled for other parameters
combinations and fatigue solicitations (loads and cycles).

REFERENCES

[1] Desfontaine V., Chateau F., Menan F., Fatigue limit improvement of 3565 MAG welded
joints by Ultrasonic Needle Peening (STRESSONIC ® process), Journée Membres IS
25/11/2010 Villepinte, France

[2] Statnikov E.S., Muktepavel V.O., Blomqvist A.,Comparison of Ultrasonic Impact
Treatment (UIT) and other Fatigue Life Improvement Methods. 53rd Annual Assembly of the
International Institute of Welding. IW-Doc. XIll-1817-00, Florence, 2000.

[3] Haagensen P.J., Statnikov E.S. and Lopez-Martinez L., Infroductory fatigue tests on
welded joints in high strength steel and aluminium improved by various methods including
ultrasonic impact treatment (UIT). 51st Annual Assembly of the International Institute of
Welding IW-Doc. XIII-1748-98, Hamburg, 1998

[4] Kudryavtsev Y., Kleiman J., Lobanov L., Knysh V. Prokopenko G., Rehabilitation and
Repair of Welded Elements and Structures by Ultrasonic Peening, IW-Doc. XIlI-2076-05




<<

  /ASCII85EncodePages false

  /AllowTransparency false

  /AutoPositionEPSFiles true

  /AutoRotatePages /None

  /Binding /Left

  /CalGrayProfile (Dot Gain 20%)

  /CalRGBProfile (sRGB IEC61966-2.1)

  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)

  /sRGBProfile (sRGB IEC61966-2.1)

  /CannotEmbedFontPolicy /Error

  /CompatibilityLevel 1.7

  /CompressObjects /Tags

  /CompressPages true

  /ConvertImagesToIndexed true

  /PassThroughJPEGImages true

  /CreateJobTicket false

  /DefaultRenderingIntent /Default

  /DetectBlends true

  /DetectCurves 0.0000

  /ColorConversionStrategy /CMYK

  /DoThumbnails false

  /EmbedAllFonts true

  /EmbedOpenType false

  /ParseICCProfilesInComments true

  /EmbedJobOptions true

  /DSCReportingLevel 0

  /EmitDSCWarnings false

  /EndPage -1

  /ImageMemory 1048576

  /LockDistillerParams false

  /MaxSubsetPct 100

  /Optimize true

  /OPM 1

  /ParseDSCComments true

  /ParseDSCCommentsForDocInfo true

  /PreserveCopyPage true

  /PreserveDICMYKValues true

  /PreserveEPSInfo true

  /PreserveFlatness true

  /PreserveHalftoneInfo false

  /PreserveOPIComments true

  /PreserveOverprintSettings true

  /StartPage 1

  /SubsetFonts true

  /TransferFunctionInfo /Apply

  /UCRandBGInfo /Preserve

  /UsePrologue false

  /ColorSettingsFile ()

  /AlwaysEmbed [ true

    /Arial-Black

    /Arial-BoldMT

    /ArialMT

  ]

  /NeverEmbed [ true

  ]

  /AntiAliasColorImages false

  /CropColorImages true

  /ColorImageMinResolution 300

  /ColorImageMinResolutionPolicy /OK

  /DownsampleColorImages true

  /ColorImageDownsampleType /Bicubic

  /ColorImageResolution 300

  /ColorImageDepth -1

  /ColorImageMinDownsampleDepth 1

  /ColorImageDownsampleThreshold 1.50000

  /EncodeColorImages true

  /ColorImageFilter /DCTEncode

  /AutoFilterColorImages true

  /ColorImageAutoFilterStrategy /JPEG

  /ColorACSImageDict <<

    /QFactor 0.40

    /HSamples [1 1 1 1] /VSamples [1 1 1 1]

  >>

  /ColorImageDict <<

    /QFactor 0.15

    /HSamples [1 1 1 1] /VSamples [1 1 1 1]

  >>

  /JPEG2000ColorACSImageDict <<

    /TileWidth 256

    /TileHeight 256

    /Quality 30

  >>

  /JPEG2000ColorImageDict <<

    /TileWidth 256

    /TileHeight 256

    /Quality 30

  >>

  /AntiAliasGrayImages false

  /CropGrayImages true

  /GrayImageMinResolution 300

  /GrayImageMinResolutionPolicy /OK

  /DownsampleGrayImages true

  /GrayImageDownsampleType /Bicubic

  /GrayImageResolution 300

  /GrayImageDepth -1

  /GrayImageMinDownsampleDepth 2

  /GrayImageDownsampleThreshold 1.50000

  /EncodeGrayImages true

  /GrayImageFilter /DCTEncode

  /AutoFilterGrayImages true

  /GrayImageAutoFilterStrategy /JPEG

  /GrayACSImageDict <<

    /QFactor 0.15

    /HSamples [1 1 1 1] /VSamples [1 1 1 1]

  >>

  /GrayImageDict <<

    /QFactor 0.15

    /HSamples [1 1 1 1] /VSamples [1 1 1 1]

  >>

  /JPEG2000GrayACSImageDict <<

    /TileWidth 256

    /TileHeight 256

    /Quality 30

  >>

  /JPEG2000GrayImageDict <<

    /TileWidth 256

    /TileHeight 256

    /Quality 30

  >>

  /AntiAliasMonoImages false

  /CropMonoImages true

  /MonoImageMinResolution 1200

  /MonoImageMinResolutionPolicy /OK

  /DownsampleMonoImages true

  /MonoImageDownsampleType /Bicubic

  /MonoImageResolution 1200

  /MonoImageDepth -1

  /MonoImageDownsampleThreshold 1.50000

  /EncodeMonoImages true

  /MonoImageFilter /CCITTFaxEncode

  /MonoImageDict <<

    /K -1

  >>

  /AllowPSXObjects false

  /CheckCompliance [

    /None

  ]

  /PDFX1aCheck false

  /PDFX3Check false

  /PDFXCompliantPDFOnly false

  /PDFXNoTrimBoxError true

  /PDFXTrimBoxToMediaBoxOffset [

    0.00000

    0.00000

    0.00000

    0.00000

  ]

  /PDFXSetBleedBoxToMediaBox true

  /PDFXBleedBoxToTrimBoxOffset [

    0.00000

    0.00000

    0.00000

    0.00000

  ]

  /PDFXOutputIntentProfile (None)

  /PDFXOutputConditionIdentifier ()

  /PDFXOutputCondition ()

  /PDFXRegistryName ()

  /PDFXTrapped /False



  /CreateJDFFile false

  /Description <<



    /BGR <>

    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>

    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>

    /CZE <>

    /DAN <>

    /DEU <>

    /ESP <>

    /ETI <>

    /FRA <>

    /GRE <>



    /HRV (Za stvaranje Adobe PDF dokumenata najpogodnijih za visokokvalitetni ispis prije tiskanja koristite ove postavke.  Stvoreni PDF dokumenti mogu se otvoriti Acrobat i Adobe Reader 5.0 i kasnijim verzijama.)

    /HUN <>

    /ITA <>

    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>

    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>

    /LTH <>

    /LVI <>

    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor prepress-afdrukken van hoge kwaliteit. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)

    /NOR <>

    /POL <>

    /PTB <>

    /RUM <>

    /RUS <>

    /SKY <>

    /SLV <>

    /SUO <>

    /SVE <>

    /TUR <>

    /UKR <>

    /ENU (Use these settings to create Adobe PDF documents best suited for high-quality prepress printing.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)

  >>

  /Namespace [

    (Adobe)

    (Common)

    (1.0)

  ]

  /OtherNamespaces [

    <<

      /AsReaderSpreads false

      /CropImagesToFrames true

      /ErrorControl /WarnAndContinue

      /FlattenerIgnoreSpreadOverrides false

      /IncludeGuidesGrids false

      /IncludeNonPrinting false

      /IncludeSlug false

      /Namespace [

        (Adobe)

        (InDesign)

        (4.0)

      ]

      /OmitPlacedBitmaps false

      /OmitPlacedEPS false

      /OmitPlacedPDF false

      /SimulateOverprint /Legacy

    >>

    <<

      /AddBleedMarks false

      /AddColorBars false

      /AddCropMarks false

      /AddPageInfo false

      /AddRegMarks false

      /ConvertColors /ConvertToCMYK

      /DestinationProfileName ()

      /DestinationProfileSelector /DocumentCMYK

      /Downsample16BitImages true

      /FlattenerPreset <<

        /PresetSelector /MediumResolution

      >>

      /FormElements false

      /GenerateStructure false

      /IncludeBookmarks false

      /IncludeHyperlinks false

      /IncludeInteractive false

      /IncludeLayers false

      /IncludeProfiles false

      /MultimediaHandling /UseObjectSettings

      /Namespace [

        (Adobe)

        (CreativeSuite)

        (2.0)

      ]

      /PDFXOutputIntentProfileSelector /DocumentCMYK

      /PreserveEditing true

      /UntaggedCMYKHandling /LeaveUntagged

      /UntaggedRGBHandling /UseDocumentProfile

      /UseDocumentBleed false

    >>

  ]

>> setdistillerparams

<<

  /HWResolution [2400 2400]

  /PageSize [612.000 792.000]

>> setpagedevice



