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The turbine blades used in aircraft engines belong to the group of structural elements which determine flight safety. The are assessed according to strict requirements concerning the manufacturing process and quality control. Therefore, the conducted research is directed to increasing material durability in elevated temperature, mainly improvement of creep, fatigue and corrosion resistance. Those assumptions are met by directionally solidified blade castings made of nickel superalloys. The conditions of manufacturing process of single crystal blade castings are restricted by worldwide manufacturers of aircraft engines and are published in a very limited and general form. 
The performed experimental research and numerical simulation of solidification process, carried out in the Department of Material Science and the Research and Development Laboratory for Aerospace Materials, confirm a decisive influence of temperature gradient and withdrawal rate of ceramic shell mould on the formation of defects, microstructure and crystal structure perfectness of 80mm high single crystal casts. Therefore, establishing a critical withdrawal velocity of mould, on the basis of experimentally determined solidification process parameters, is the main goal of current dissertation. The dependence of predicted shape of solidification front, microstructure morphology and formed defects on withdrawal velocity of mould, shape of CMSX-4 single crystal castings manufactured by the Bridgeman method was determined.
The performed analysis of research results and literature data allowed to couch a thesis which indicates that the temperature gradient and solidification rate depend on cast geometry and withdrawal velocity of the mould. Furthermore, those parameters determine shape and morphology of solidification front and microstructure, also formation of defects in nickel superalloys single crystal castings manufactured using Bridgman method. Cast geometry, also critical values of temperature gradient and crystallization rate, which ensure obtaining single crystal castings without casting defects, can be determined. The conducted verification research was divided into several stages:
1. Literature data analysis and selection of solidification process parameters – heating rate 
and heating temperature of ceramic shell mould, pouring temperature of liquid alloy during casting process, mould withdrawal velocity. Establishing the planned values of temperature gradient and dendrite arm spacing, also location of casting defects formation. 
2. Design and manufacture of suitable, auxiliary accessories. Establishing the geometry of selector, starter and casting samples, also their location in model assembly.
3. Development of methodology for temperature measurement during heating up, pouring and solidification of mould also during cooling of single crystal casting which is withdrawn in vacuum with a specific rate.
4. Establishing the predicted values of solidification process parameters and the shape of solidification front in the cast volume which is not submitted to temperature measurements – internal and external part of casting, particularly in the areas where casting cross-section change. Selection of thermal and physical coefficients (cast, mould and ambient), boundary conditions for numerical simulation, also their experimental verification. 
5. Establishing critical areas in single crystal castings while taking into account the solidification parameters, morphology of their microstructure and formation of defects. Determination of critical conditions of solidification process – values of transverse temperature gradient and shape of liquidus isotherm in the area of change of cast cross section – airfoil and root.
6. The development of method for controlling liquidus isothermal line in critical blade areas (platform), through designing and application of internal thermal baffle.

All scheduled investigations for verification of undertaken assumptions
and research hypotheses were conducted. The scope of presented research was carried out with a use of state of art machinery and highly advanced technology.
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