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Abstract

Based on the leakage section of a low-temperature superheater in a 630 MW subcritical coal-fired
power generation unit, a systematic failure analysis study was conducted. Through comprehensive
characterization methods including macroscopic inspection, room-temperature tensile testing, Brinell
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hardness testing, and metallographic analysis of the original leakage section and adjacent erosion-
damaged sections, the root cause and evolution mechanism of the failure were thoroughly revealed.
The analysis shows that the failure was directly caused by severe local wall thinning on the outer
arc surface of the low-temperature superheater tube panel bend, with the minimum wall thickness
less than 3 mm, significantly below the design requirement (nominal wall thickness 6 mm). This
resulted in a substantial reduction in the effective load-bearing cross-section, ultimately leading to
ductile overload fracture under normal operating stress. Both the basic mechanical properties and
the matrix microstructure of the material met the technical requirements of the SA-210C standard,
with no evidence of microstructural degradation due to long-term overheating, aging, or severe cor-
rosion.
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Figure 1. Photograph of the submitted sample pipe
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Figure 2. Photographs of sampling positions
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Figure 3. Macrographic inspection photographs
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Table 1. Tensile test results at room temperature
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Table 2. Hardness test results
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Figure 4. Metallographic structure at the fracture opening
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Figure 5. Metallographlc structure at the wall-thinning area of the burst pipe
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