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Abstract:
The presence of a casting defect known as a cold shot in a turbine blade may lead to 
the premature failure of the blade and result in a In-Flight Shut Down (IFSD) of the 
power plant. As cold shots are metallurgically very similar to the parent bulk 
material, they often cannot be detected by conventional nondestructive evaluation 
techniques. A cold shot defect is typically separated from the bulk alloy material 
by a thin layer of oxide, of the order of 1 micron in thickness. From a NDT 
standpoint, this challenge bears some similarities to that posed by lapping defects, 
such as that which precipitated the sudden failure of fuel channel N06 in a CANDU 
nuclear reactor at the Bruce site over 20 years ago.   In the current project, we 
are developing reference specimens that feature an internal oxide interface that is 
similar to that found in a cold shot or lapping defect.  The reference specimens 
consist of two polished discs of a nickel-based alloy, with the surface of one disc 
contaminated by a thin oxide layer. Several trials revealed that an oxide layer 
mimicking that found in a cold shot could be achieved by heating the ample to 1000C 
for 60 minutes, followed by slow cooling.  The two discs are then electron beam 
welded together, and subjected to Hot Isostatic Pressing (HIP) at elevated 
temperature to press them together to form one thicker disc.  This yields an 
embedded one-micron layer of oxide that mimics the interface between two streams of 
hot material brought together during the manufacturing process such as blade 
casting. Based on these specimens with manufactured "flaws", various NDT techniques 
can be evaluated for probability of detection of cold shots or lapping defects.   As 
a first step to find a suitable NDT technique, high frequency ultrasonic tests are 
conducted to assess the detectability of the layer. Results are compared with 
numerical modeling and destructive metallurgical examination of the manufactured 
defect.
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