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4. The Improvement of Non-destructive inspections by using Thermal Stress Analysis System

by Takashi HONDA* and Etsuji Y OSHIHISA*

Abstract; Defects in construction machines are inspected at the regular interval of a time period without any
consideration in the amount and the frequency of aload in a construction field. In order to ensure the safety of
construction machines till next inspection, the periodical inspection based on a remaining life estimated by non-
destructive test (NDT) and working condition in service is necessary. The NDT mainly applied to construction
machines is the visual inspection. However, detection of a flaw using this technique is difficult since machinery
is usually painted in order to prevent it from rust. Therefore, the effective non-destructive technique which
replace the visual inspection is needed for the life prediction of construction machines.

A number of non-destructive test such as penetration, magnetic, radiation and ultrasonic test have been
developed to detect defects in structural components. Among those methods, the thermographic non-destructive
technique is relatively new method based on the measurement of infrared radiation emitted from the surface of a
body. Since this method can not only detect a flaw but also measure it's size in two-dimensional, the authors
have been investigating NDT using thermal stress analysis (TSA) system. As the results, it was found that 4mm
crack was detectable and crack lengths estimated from measurement images also agreed well with those
measured by the optical microscope. However, stress intensity factor ranges evaluated by measurement resuilts,
which is the most important parameter of estimating the remaining life, were somewhat lower than comparative
numerical values.

In this study, in order to improve the accuracy of stress intensity factor range evaluated by TSA, the source of
the error between measurement values and numerical values was clarified and the improve method aided by
numerical analyses was devised. Also, TSA was applied to several types of tubular specimens in order to
confirm the accuracy of measurement results for curved surfaces. The main results obtained in this study are as
follows:

(1) The accuracy of stress intensity factors calculated by the hybrid expansion method can not be improved due
to inaccuracy of stress valuesin the vicinity of acrack tip.

(2) Stress intensity factor ranges evaluated by the hybrid method aided by finite element analyses were often
larger than the values obtained by the extrapol ation method.

(3) TSA is applicable to stress measurements of tubular specimens because the stress distributions measured
were constant from the center to the edge of specimens.

(4) The stress concentrations at the weld toe in tubular T joint specimen can be observed by TSA. Also, the
artificial crack, of which length is4mm, in the tubular specimen can be detected by TSA
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Fig.1 A schematic of the infrared stress analysis method.
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Fig.2 The configuration of CT specimens.
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Fig.3 A schematic of the hybrid expansion method

Table 1 Mechanical properties of the materials used.
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Material Yield stress ( MPa) Tensile strength (MPa) Elongation (%)
SM490A 402 520 27
S45C 450 550 30
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