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Abstract

This paper shows the possibility whether shot peening treatment would be alternative
method to bias spring. We conducted Ultrasonic Shot Peening (USP) at low temperature to
induce compressive residual stress, which react as an outer force. Further to obtain the
useful residual stress on SMA behavior, we developed the Frozen Ultrasonic Shot Peening
(FUSP) treatment to meet the SMA function. As a result, the effective two way characteristic
of SMA by frozen shot peening treatment was confirmed. And in order to confirm the
durability of SMA, we conducted the fatigue test.
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Introduction

It could be possible that Shape Memory Alloy (SMA) memorize the shape at the stable
Austenite phase in high temperature. On the other hand, it could not be possible that the
shape at the stable Martensite phase in low temperature is memorized. So in case of using
SMA as a kind of actuator by the change of temperature, the outer force should be required
in low temperature. Normally spring is well known as a typical outer force though, the
number of assembled part should be increased.

At this background, in order to confirm the possibility whether shot peening treatment would
work as bias spring, we conducted USP to induce a compressive residual stress, which
react as an outer force. Further we developed FUSP that SMA can put a characteristic in the
condition, which was made a full martensite in the ultra low temperature.

As a result, it was confirmed that the effective two way characteristic of SMA by FUSP
treatment. Further at fatigue test, the strain of two way was decreased by 10% at first 18
cycles, but shot peening treatment could keep the same strain until 10,000 cycles due to the
effective compressive residual stress.

Experimental Methods

Ultrasonic Shot Peening

Shot peening was carried out by using Stressonic® [1] which is ultrasonically shot peening.
Figure 1 shows the principle of this equipment and table 1 shows the shot peening
conditions. In this study, we used polished bearing ball with a diameter of 0.8 mm and the
hardness of HV800 for Stressonic® peening device. 100% coverage time would be 8
seconds at this study. Because after shot peening we had to conduct the heat treatment for
shape memory at 480 degree C 40min keep then water quench, we selected much bigger
coverage time in order to keep the effective residual stress distribution even after heat
memory treatment. So, we conducted 120 seconds, which is equivalent to 1,500% coverage.
In order to induce the compressive residual stress at the proper material condition that is
fully martensite crystal state, we developed the frozen ultrasonic equipment. Figure 2 shows
the schematic illustration of device and the appearance of the device. We used the liquid
nitrogen to keep the specimens a cold condition through heat exchanger during the
treatment.



Table 1 Shot peening conditions

Sonotrode diameter 70mm dia.
Shot Material SuUJ2
Shot diameter 0.8mm
Shot hardness 800HV
Injection volume 4.83g(Posession rate 30%)
Amplitude 70um
Injection distance 10mm
Injecting time 120 sec
@ Arc height 0.208mmA
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Fig. 1 The principle of ultrasonic shot peening
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Fig. 2 The developed frozen Ultrasonic Shot Peening device

Shape Memory Specimens

Base ingot used in this study is Ti-Ni SHS (Self Propagating High Temperature Synthesis)
material whose compositions are Ti-50.8at%Ni and Ti-50.0at%Ni [2]-[3]. Tensile tests
specimens were made by centrifugal precision casting method. Here, three-phase 200V
40KVA casting machine with input current of approximate 115A and mold revolution speed
of 1300 rpm that is available of melting and casting ingot-weighing 330g at one time was
used. The geometry of specimen is 2mm(Width) X 50mm(Length) with the thickness of 1mm.
Here, Figure 3 shows the principle of two-way characteristics by shot peening treatment.
When shot peening treatment is conducted on one side as Figure 3(a), compressive residual
stress could be induced at plastic deformation layer. According to the other study, it is
difficult causing effect the phase transformation by heat changing at the plastic deformed
region. Other saying, the peened surface could be considered to be changed amorphous
condition from nominal shape memory alloy structure, which is not affected by heat
treatment. In case of the specimen, which is peened as shown in figure 3(b), plastic
deformed phase should behave as bias spring, as a result the deformation could be done
even at the cooling stage.
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Fig.3 The principle of two-way characteristics
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Fig.4 Experimental procedure at Temperature - Strain diagram
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Fig.5 Comparison between room temperature USP (left) and Frozen USP (right)

Experimental Results

Two-way characteristics

In order to confirm this function, we prepared the specimen which is pasted the strain gauge
on both side. After calibration at austenite phase that is 50 to 60 degree C, we measured the
strain — temperature at from —60 to 60 degree C. Figure 4 shows experimental procedure.



Bending strain is determined from relationship between f-strain (peened surface) and r-
strain(the opposite unpeened side) by using the above formula in Figure 4. Figure 5 shows
the comparison between the effect of ultrasonic shot peening at room temperature and that
at frozen temperature. As shown in this figure, we confirmed that the developed frozen shot
peening shows the bigger strain with 0.2%, which is 1.5 times higher than the room
temperature treatment. It is considered that the peening treatment at fully martensite phase
causes the bigger compressive residual stress layer.

Fatigue characteristics of the specimens which is conducted by frozen treatment
Figure 6 shows the fatigue testing machine. As shown in this figure, the specimen is
repeatedly dipped in to low temperature bath (-30 degree C) and high temperature bath at
60 degree C. Here, we used antifreeze liquid at low temperature bath. We measured the
strain at each cycle, just before taking away from each bath after holding a several seconds.
Traverse speed at each slider is 300mm/s and the dipping time is 30s at each bath. After
several cyclic and 10,000 cyclic, we took away the specimen from the testing machine and
measured the strain in order to obtain the hysteresis loop at a strain — temperature diagram
by putting into the other thermostatic bath. In this thermostatic bath, the temperature is
changed from —40 degree C to 60 degree C for the hysteresis loop.

Figure 7 shows the variation of strain during the fatigue test at peened side (f-strain at above
definition). Here (C) means the value at cold bath with —30 degree C and H is hot bath with
60 degree C. It was confirmed that the specimens is well deformed repeatedly and the
variation of strain is constantly 600 . during entire fatigue testing(f-strain (H) at Figure 7).
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Fig.7 Strain on the ventral surface during the fatigue test



Figure 8 shows the temperature - strain diagram at each cycle, which is measured in
thermostatic bath. Here, (a) is just before the fatigue test and (b) is also after a few cycles in
advance to fatigue testing. (c) is just after fatigue testing. And f-strain and r-strain means the
value at each side of specimen as mentioned before. And table 2 indicates the value of
strain at -10 degree C and 0 degree C during the cooling process. The hysteresis loop was
confirmed at each specimen at heating and cooling process. And also the shape of these
loops at (b) and (c) were almost same.
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Fig.8 Temperature and strain diagram



It was confirmed that two - way strain by shot peening treatment at 18" cycles was about
10% decreasing compared to the vale at 1% cycle. However, at comparison between 18"
and 10,117™ cycles, almost same strain was obtained. This results shows that the
characteristic of deformation can be kept until first several cyclic deformation (like 18" cycle
at this study). It is considered that shot peening treatment could improve the fatigue
characteristic.

Table 2 Bending strain at each degree C

Cycle - 10 degree C | 0 degree C
1 1,567 1,366
18 1,373 1,206
10,117 1,373 1,250

Conclusions

In the present study, the frozen Ultrasonic Shot Peening treatment, Stressonic® on two —
way characteristic was conducted to confirm the two-way characteristic. And the fatigue
testing were conducted by bending from the deformation due to the temperature variation.
Following is a summary of the results obtained;

(1) We confirmed that the developed frozen Ultrasonic Shot Peening treatment shows the
bigger strain with 0.2%, which is 1.5 times higher than the room temperature treatment. It is
considered that the peening treatment at fully martensite phase causes the bigger
compressive residual stress layer.

(2) Two - way strain by shot peening treatment at 18th cycles was about 10% decreasing
compared to the value at 1st cycle. However, at comparison between 18th and 10,117th
cycles, almost same strain was obtained. These results show that the characteristic of
deformation can be kept after first several cyclic deformation. It is considered that shot
peening treatment could improve the fatigue characteristic.

Acknowledgements

The authors sincerely acknowledge the encouragement and assistance given by Mr. Masaki
Hayashi, Department of Aerospace Engineering, Graduate School of Engineering Nagoya
University.

References

[1] Jean-Michel Duchazeaubeneix, SONATS, Proceedings of ICSP 7th, 1999, 444 — 452,
[2] Japanese Patent Application No.2009-060169

[3] Y Yoshimi, K Kitamura, Titanium Japan, Vol.54, No.4




<<

  /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



