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Abstract 
Ultrasonic nanocrystal surface modification (UNSM) technology is a surface enhancement 
technology analogous to shot peening, laser shot peening (LSP), ultrasonic peening (UP), 
deep rolling (DR) and low plasticity burnishing (LPB). The UNSM utilizes ultrasonic vibration 
energy to maximize coverage and stress-field density. In this process, a tool-steel, tungsten 
carbide or ceramic ball is attached to an ultrasonic device and strikes the surface of a 
workpiece 20,000 to 40,000 times per second and 1,000 to 100,000 shots per square 
millimeter. The UNSM treatment induces deep compressive residual stress comparable to 
LSP and DR, but improves surface roughness not like other technologies and also produces 
a uniformly distributed micro dimples on the surface. Steel alloys, Cu alloys, Ti alloys and Al 
alloys are treated by UNSM and their mechanical properties are analyzed and compared 
before and after UNSM treatment.                                                                                                                                    
 
Keywords: UNSM (Ultrasonic Nanocrystal Surface Modification) technology, Surface 
technology, Fatigue, Wear, Friction 
 
1. Introduction 
UNSM technology is patented and developed in South Korea [1]. The main concept and 
mechanism of UNSM shown in Figure 1 are as following [2,3,4]. A tungsten carbide ball 
attached to an ultrasonic device strikes the surface of a workpiece 20,000 or more times per 
second with 1,000 to 10,000 shots per square millimeter. These strikes, which can be described 
as micro cold forging, bring severe plastic deformation to surface layers and thus induce 
nanocrystalline structure. This nano-structural modification of the surface layer can improve both 
the strength (hardness) and ductility (toughness) of the workpiece simultaneously according to 
the well-known Hall-Petch theory [5,6]. This process also improves surface integrity and surface 
hardness, makes micro dimples, and induces compressive residual stress in surface layers. The 
UNSM effects and their anticipated benefits as well as comparison of surface texturing 
technologies are summarized in Table 1 and 2, respectively [7,8,9]. In this paper, the 
changes in mechanical characteristics generated by UNSM treatment and their effects on 
fatigue, wear, friction and rolling contact fatigue strength are summarized. Possible 
applications of this UNSM technology for the innovative design and manufacturing of 
machine systems are suggested.  
 

 
Fig.1. UNSM Mechanism and UNSM Device along with CNC Turning Machine. 

 

Table 1. The Effects of UNSM Treatment and Their Anticipated Benefits. 



Effects of UNSM treatment Anticipated benefits 
Deep compressive residual stresses 

(Greater than 1000MPa into depths of 
more than 2000 μm) 

1) Improved LCF and HCF endurance limit 
2) Improved rolling contact fatigue strength 

3) Improved stress corrosion cracking resistance 
Micro dimples surface 

(Area: 1-2 μm 2,Depth: sub micron, 
Pattern pitch: few μm) 

1) Reduced surface roughness 
2) Decreased friction coefficient 

3) Reduced wear rate 
Increased hardness 

(into depths of more than 1500 μm) 
1) Reduced wear rate 

2) Improved LCF and HCF endurance limit 
Nanocrystalline structure 

(Grain Sizes of 50-200nm into depths of 
100 μm) 

1) Increased tensile strength and hardness 
2) Increased fatigue strength 
3) Increased wear resistance 

 
Table 2. The Effects of UNSM Treatment and Their Anticipated Benefits 

 
 
2. Improvement of Mechanical Properties 
2-1. Compressive Residual Stress by UNSM Treatment  
Many kinds of steel alloys and non-ferrous metals have been treated by UNSM technology. 
Compressive residual stress of a typical tool steel SKD 61(equivalent H13) treated by UNSM 
is shown in Figure 2A, a typical bearing steel SUJ2 (equivalent H13) is shown in Figure 2B, 
a Ti-6Al-4V for medical and aircraft design is shown in Figure 2C and a SUS 304 for power 
plant parts is shown Figure 2D. Comparison between deep rolling and UNSM is shown also 
in Figure 2D [4, 10, 11, 12, 13]. 

  A:SKD61 (H13)               B:SUJ2 (SAE52110) 

          

     C: Ti-6Al-4V                 D: SUS304 (AISI304) 

                 

Fig.2. Compressive Residual Stress Treated by UNSM Technology. 

2-2. Improvement of Surface Integrity and Micro Dimples on the Surface Treated by UNSM 
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2D and 3D topography of ground specimen and UNSM treated specimen after grinding 
made of bearing steel (SUJ2) are shown in Figure 3. The roughness is improved from    
Ra=0.19 to Ra=0.11. Not only surface roughness is improved but also relieving micro hair 
cracks and micro dimples are induced by UNSM treatment. In case of Ti-6Al-4V, the 
roughness is improved from Ra=0.7 to Ra=0.2. The micro dimpled structure after UNSM 
treatment shows that entrapped oil volume is improved significantly [4,8,9].  

Before UNSM (A)        After UNSM (B) 

 

Fig.3. Improvement of Surface Integrity and Micro Dimpled Surface by UNSM. 

2-3. Increase of Surface Hardness by UNSM Treatment   
Surface hardness of a SKD 61(H13) specimen treated by UNSM increased from Hv480 to 
Hv720 as shown on Figure 4A, SUJ2 specimen increased from Hv740 to Hv890 as shown 
on Figure 4B. For Ti alloy, Al alloy, Cu alloy and Super alloys specimens treated by UNSM 
surface hardness increased as shown on Table 3. [4,7,9]. 

A: SKD61 (H13)                           B: SUJ2 (SAE52110) 

 
Fig.4. Increase of Surface Hardness by UNSM Treatment. 

Table 3. Increase of Surface Hardness by UNSM Treatment. 

 Ti–6Al-
4V CP Ti Inconel

738 
Inconel

690 WASPALOY Cu-Zn 
alloy 

Al6061-
T6 

Untreated 
Hardness (HV) 380 115 405 164 420 130 100 

UNSM-treated 
Hardness (HV) 424 142 448 280 510 210 141 

 
2-4. Refinement and Nanocrystallization by UNSM Treatment   
Micro cold forging on the surface by 20,000 or 40,000 strikes per second induces severe plastic 
deformation, which refines the structure from micrograins into nanocrystal. TEM and XRD 
analysis after UNSM treatment on SUS 304 show 30-45 nm grain size till depth 30 µm from 
surface. It is refined almost 1/1,000. as shown in Figure 5 and Table 4, respectively. [3,12] 
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Fig.5. Comparison of FWHM and TEM. 

Table 4. Calculation of Grain Size. 
 
 
 
 

 
3. Test Results of Fatigue, Wear, Friction and Rolling Contact Fatigue 
3-1. Improvement of Fatigue Strength by UNSM Treatment   
In order to evaluate the effects of the compressive residual stress, the improved surface integrity 
and hardness, and nanocrystal structure on fatigue strength of UNSM treated SKD 61 specimen, 
rotary bending test was carried out and its results are shown in the left of Figure.6.  

  

Fig.6 Improvement of Fatigue Strength by UNSM Treatment: SKD 61(H13). 

Fatigue strength is increased by more than 25% and fish-eye of fracture surface after UNSM 
treatment explains the effect of improvement as shown in the right of Figure 6 [11,14]. 
Tension/compression fatigue test and torsion fatigue test were carried out for several different 
steel alloys, Ti alloys and Al alloys.  
 
 
3-2. Reduction of Friction Coefficient and Wear Rate by UNSM Treatment 

0

0,5

1

1,5

2

2,5

0,00 0,20 0,40

Depth [mm]

FW
H

M
 [°

] DRUNSM

SP

Depth from surface(㎛) Grain size (㎚) 
5 30 

10 36 
20 42 
30 45 



In order to evaluate the effects of the micro dimpled surface, the improved surface integrity and 
hardness, and compressive residual stress of SKD 61 specimens, a pin-on-disc test in dry 
condition was carried out. The wear rate and the friction coefficient of UNSM treated specimens 
are reduced to 4% and to 52% of untreated specimens respectively, as shown in Figure 7. 
Industrial tests of real trimming knives had been carried out for several years and summary of 
test results are shown in Table 5 [4,11,14]. 

 
Fig.7. Reduction of Friction Coefficient and Wear Rate by UNSM Treatment: SKD 61. 

Table 5. Summary of Field Test Results on Trimming Knives at POSCO, etc.. 

Type of knife Steel grade Result Remarks 
UNSM 80 TRIP 16Coils 2 times improvement Conventional 8Coils 
UNSM General 2004’: 80km, 2007’: 110km 1.6~2.4 times improvement Conventional 50km 

 
3-3. Improvement of Rolling Contact Fatigue Strength and Reduction of Friction 
Torque by UNSM Treatment 
In order to evaluate the integrated effects of UNSM treatment on the compressive residual 
stress, the improved surface roughness and hardness, the micro dimpled surface, and 
nanocrystal structure of UNSM treated bearings steel (SUJ2), two kinds of rolling contact 
fatigue strength test were carried out as shown in Figure 9. The life cycle of UNSM treated 
specimens in 6 balls test is increased from 6.3 million to 25.7 million by more than 4 times. 
The life cycle of UNSM treated specimens in roller test is increased from 4.9 million to 10.2 
million by more than 2 times. Friction torque of UNSM treated specimens is 20~30% lower 
than that of untreated specimens as shown in Figure 8 [4,8]. 

 Before UNSM After UNSM 
6-Ball RCF 6,380,000 Cycles 26,000,000 Cycles 
Roller RCF 3,000,000 Cycles 10,000,000 Cycles 

 
 
 
 
 

 

 

Fig.8. Friction Torque of 6 Balls Test Specimens Before and After UNSM (500rpm, 8,000N) 

4. Conclusion and Implications 
The most important implication of UNSM technology is that UNSM technology improves surface 

 
Average 
friction 

coefficient 

Average 
wear 

amount 
UNSM- 
treated 0.22 0.039 

Untreated 0.42 1.179 



integrity and surface hardness, makes micro dimples, and induces compressive residual stress 
and nanocrystallization in surface layers simultaneously, therefore reducing friction and 
increasing fatigue life. For rolling bearings, rotating shaft, sliding bearings as critical components 
of any dynamic systems the UNSM can give integrated effects and benefits as shown in Table 1. 
A crankshaft in engines, compressors, pumps, and etc. is a typical example of a rotating shaft. 
By using UNSM treatment designer can chose a smaller journal diameter and length thus the 
size and the weight of engine can become smaller and lighter without losing durability/reliability, 
and therefore the fuel efficiency and cost can be improved. Hub bearings of axle system in 
automobiles are also typical rolling bearings which size can become one size smaller – such that 
the weight of axle system can become lighter without losing durability/reliability and the fuel 
efficiency and cost can be improved at the same time. So UNSM technology can be used for 
innovation of design and manufacturing technology. 
 
5. References 
 
[1] DesignMecha Co., Ltd, www.designmecha.co.kr 
[2] C.H. Han, Y.S. Pyoun and C.S. Kim, Ultrasonic Micro-Burnishing in View of Eco-Materials 

Processing Advances in Technology of Materials and Materials Processing, Vol.3, 2001, pp. 89-92. 
[3] I.H. Cho, G. H. Song, C.S. Kim, A. Nobuhide, C.M Suh, J.H. Park, A. Combs, J. Park, and Y.S. 

Pyoun, Nano structured surface modification of tool steel and its beneficial effects in 
mechanical properties, Journal of Mechanical Science and Technology, Vol.19, 2005, pp. 
2151-2156. 

[4] I.H. Cho, Y.S. Pyoun, et al., Nano surface modification of hub bearing race ways for 
increasing the dynamic load rating and decreasing the friction loss, 07APAC-280, 2007. 

[5] E.O. Hall, Proceedings of Physical Society of London, B64, 1951, pp.747. 
[6] N.J. Petch, Journal of Iron and Steel Institute, 174, 1953, pp.25.  
[7] Y.S. Pyoun, C.M. Suh, et. al., The ultrasonic nano-crystal surface modification technology   

and its application to improve fatigue strength, wear resistance, and service life & energy 
efficiency of bearings, Proceeding of ICSP-10, pp. 416-421 , Tokyo, Japan. 

[8] Y.S. Pyoun, I.H. Cho, C.S Kim, J.H. Park, C.S. Lee, I.G Park, I.S. Cho and J. Park, 
Tribological and RCF effects of UNSM treatment on the bearings 2nd International 
Conference on Advanced Tribology, Paper No. iCAT-124, Singapore, 2008. 

[9] Y.S. Pyoun, J.H. Park, I.H. Cho., C.M. Suh, A. Amanov, A. Gafurov and J. Park, 
Tribological characteristics of radial journal bearings by ultrasonic nanocrystal surface 
modification technology, AMDP-2008, 13-15 October, Beijing, China, 2008. 

[10] Y.S. Pyoun, H.S. Kim, K.G. Son, G.H. Song, M.K. Kim, J.H. Kang, B.U. Choi, J. Park, I.H. 
Cho, C.S. Kim, J.H. Park and J. Kinney, Development of D2 Tool Steel Trimming Knives with 
Nanoscale Microstructure, Proceedings of the AISTech  Vol 2, 2005, pp. 465~468, NC.,USA 

[11] C.M. Suh, G.H. Song, M.S. Suh and Y.S. Pyoun, Fatigue and mechanical characteristics of 
nano-structured tool steel by ultrasonic cold forging technology, Materials Science and 
Engineering A, Vol.443, 2007, pp. 101-106. 

[12] K.S. Shin, J.L. Dong, K. Shin, D.H. Yoo, J.S. Jung, S.J. Kim and J.H. Kim, Microsructure 
evolution and mechanical properties of SUS304 by ultrasonic and air blast shot peening, 
Proceeding of ICSP-10, pp. 523-528, Tokyo, Japan 

[13] Y.J. Park and Y.S. Pyoun, Development of Ultrasonic Nanocrystal Surface Modification 
(UNSM) Technology Poster Presentation at the Defense Manufacturing Conference 2005, 
Orlando, FL, Nov. 28-30, 2005. 

[14] C.S. Suh, G.H. Song, H.D. Park and Y.S. Pyoun, A Study of the Mechanical 
Characteristics of Ultrasonic Cold Forged SKD 61 International Journal of Modern 
Physics B, vol.20, 2006, pp. 4541-4546 



<<
  /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


