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1. OBJECTIVE

The objective of this note is to introduce a post weld fatigue improvement technique for welds using
Ultrasonic Impact Treatment (UIT). The technique described can be applied to welds to improve their
fatigue performance for steel or aluminium structures subject to high levels of fatigue loading.

2. PRINCIPLES OF ULTRASONIC IMPACT TREATMENT
Ultrasonic impact treatment is a mechanical method that can be applied to a weld to reduce tensile
residual stresses and locally modify the weld geometry to improve fatigue performance.

UIT equipment consists of a generator and a hand held needle gun. UIT works by converting
harmonic resonations of an acoustically tuned body energised by an ultrasonic transducer into
mechanical impulses imparted into the surface of the material being treated, Figure 1. In the
conversion process the energising ultrasonic frequency of 27 kHz is converted to a mechanical
frequency of 200 Hz.

UIT is carried out on the toes of welds where it modifies the toe shape, reducing the acuity of the
mechanical notch. The UIT tool creates a zone of residual compressive stress at the weld toe where
stress concentration is greatest for residual and applied tensile loads.
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Figure 1 UIT power supply and hand tool

3. BENEFITS OF UIT
UIT provides two benefits with regard to fatigue enhancement. The first benefit is a localised
improvement in weld geometry, Figure 2a and 2b, Ref. 1.

Figure 2a Typical “as-welded” toe profile Figure 2b Rounded toe profile after UIT
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The second benefit is a reduction in the tensile residual stresses created as a result of welding, Figure
3a & 3b, Ref 2.
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Figure 3a Typical “as-welded” residual stress profileFigure 3b Residual stress profile after UIT

4. UIT RESEARCH

From its invention in Russia in 1972 UIT has been the subject of considerable research to
substantiate the beneficial effects with respect to fatigue performance. Institutions in the USA
including Lehigh University and the Laboratory of Steel Structures have conducted research aimed at
improving the fatigue performance of highway structures such as steel bridges, traffic signals and light
poles. Such work has demonstrated that the fatigue performance of as-welded structures can be
improved by one or two categories through the use of UIT.

5. APPLICATIONS

UIT can be applied to a wide range of welded materials (Steel, Iron, Aluminium, Nickel, Titanium,
Cobalt etc) for applications in bridges, ships, earthmoving equipment, railcars and any other
structures operating in a fatigue environment.

Structures can be treated as part of the manufacturing process, Figure 4, or on-site remedial work can
be carried out, Figure 5.

The equipment is relatively simple and compact. Power requirements are low. UIT can be applied in a
manufacturing facility or on site as an enhancement to weld repairs.

Figure 4 Mechanised UIT for production Figure 5 Portable UIT for on-site remedial work

6. FURTHER INFORMATION

Esonix UIT has recently been demonstrated in Australia and the technology will be available in the
near future. For further information contact WTIA on info@wtia.com.au.

References: www.appliedultrasonics.com, Laboratory of Steel Structures
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