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ABSTRACT: Fracture of the nominal 22Cr12NiMoWV (C422) steel main steam valve stem of the ultra-supercritical turbine
took place, which brought about an adverse influence on power generation security of the thermal power station. Based on the
failure analysis of the valve stem, improvement approaches should be put forward in order to avoid the occurrence of similar ac-
cidents. Appearance inspection, composition and metallography tests and fracture surface observation, combining with hardness

and impact toughness tests, were employed to investigate the fracture causes of the main steam valve stem. The results show that
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Composition of the valve stem meets the requirement of the 22Cr12NiMoWYV steel. However, there are net-like distributed seg-

regation microstructures in the steel, leading to that the mechanical properties of the steel cannot meet the standard requirement.

Moreover, other disadvantages such as unreasonable mechanical design and manufacturing and unreasonable heat treatment of

the valve stem were also found. Both right-angle transition at the location of reducing diameter and apparent machining tool

mark through the cross-holes result in stress concentration in the valve stem, even induce microcracks over there. The micro-

cracks preferentially propagate through the segregation microstructures of low mechanical properties, leading to fracture failure

of the valve stem. Accordingly, reasonable proposals were put forward from quality control, process normalization and so on.

KEY WORDS: 22Cr12NiMoWYV (C422) steel; valve stem; stress concentration; segregation; mechanical property; fracture fail-
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Fig.1 Morphologies of the fracture surface and machining
tool marks of the valve stem
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Fig.2 SEM image showing fracture surface of the valve stem
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Fig.3 Part diagram of the valve stem (a) and (b) partial morphology showing the hole edge to the reducing diameter site
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Tab.1 Chemical composition of the valve stem
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Fig.4 Optical cross-sectional images of the valve stem (a) before and (b) after etching
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Fig.5 Optical images showing fracture area microstructure of
the valve stem
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Fig.6 Optical cross-sectional image of the nitrided layer of the
valve stem (a) and (b) high-magnification image of the partial
area in Fig.a
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Fig.8 Microhardness test locations
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Tab.2 Vickers microhardness test results
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