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Introducing Compressive Residual Stress on Metal Surfaces by Irradiating Ultrasonic Wave with a Horn in
Water *

—Surface Modification by Irradiating Ultrasonic Wave in Liquid (Report 1)—

by NAKAGAWA Masayuki** and WATANABE Takehiko***

Ultrasonic wave of 19.5 kHz frequency oscillated with an ultrasonic transducer and amplified with a step type horn was irradiated on
metal surfaces in water to introduce compressive residual stress. Slight plastic deformation occurred at the surface region of pure metal such
as Cu and compressive residual stress was introduced. It seemed that the plastically deformed depth from the surface corresponded
approximately to the region where the compressive residual stress is extended from the surface. The higher compressive residual stress could
be introduced into the surface of Cu-Zn brass and SUS304 stainless steel because work-hardening was simultaneously induced to those alloys.
Furthermore, since martensitic transformation was induced by the plastic deformation in the case of SUS304, the lager compressive residual
stress could be introduced more deeply into the surface region. The residual stress of SUS304 surface reached to the maximum value of 574

MPa by irradiating for 5 min and the stress extended to the depth of about 170pm from the surface.

Key Words: Ultrasonic wave, Cavitation in water, Compressive residual stress, Plastic deformation, Yield stress
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Table 1 Mechanical properties of materials used.

UTS(MPa) YS(MPa) n
Cu 220 38 0.43
Fe 350 213 0.25
Al 82 28 0.28
S45C 568 343 0.25
Cu-Zn 361 144 0.37
SUS304 715 278 0.53
AS5083 320 154 0.25
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Table 2 Conditions for vacuum annealing

— Temperature(C1)  Time(h)
Cu 450 1
Fe 650 3.5
Al 345 1
S45C 600 1
Cu-Zn 400 2
SUS304 900 1
A5083 345 1
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Fig.1  Shape and size of a horn.
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Fig.2 Schematic of an apparatus for ultrasonic wave irradiation.
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Table 3 Conditions for X-ray stress measurement.

Material X- Diffraction pl s K(MPa/deg,)

Fe Cr-Ka (211)

Cu Co-Ka 400)

Al Co-Ka (420)
S45C Cr-Ka (211) of aFe
Cu-Zn Co-Ka 400)
SUS304 V-Ka (311) of yFe
A5083 Co-Ka (420)
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Fig.3 Loading pattern to measure micro-hardness.

Irradiation Area Detector

-318 PSPC, V filter

-116 PSPC, Fe filter
-69.5 PSPC, Fe filter
-318 2.3mmsq PSPC, V filter
-167 PSPC, Fe filter
-267 PSPC, Ti filter
-69.5 PSPC, Fe filter
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Table 4 Measuring conditions for micro-hardness.

Surface  Cross-section
Test load (mN) : F1 98.1 29.4
Normal load (mN): F0 19.6 5.88
Indentation depth(pum) 102 g o.7
Indentation speed (nm/s) 0.5 0.09
Holding time of F1 (s) 10 10
Unloading time (s) 10 10
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Fig. 4 Schematic to measure force caused by ultrasonic vibration.
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Fig. 5 The data obtained from the force sensor
when cavitation bubbles were intensively generated.
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Fig. 6 The data obtained from the force sensor
when few cavitation bubbles were generated.
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Fig. 8 Optical microscopic observation of Cu surfaces irradiated.
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Fig. 9 Irradiation time vs. surface compressive residual stress
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