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Evaluation of Liquation Cracking Susceptibility of CM247LC Superalloy
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Abstract: In this study, the liquation cracking susceptibility in the heat-affected zone of CM247LC superalloy
gas turbine blades during repair welding was quantitatively evaluated using a newly developed pre-weld
Varestraint test method. The repair welding geometry was replicated through Varestraint tests for the pre-
weld bead. The liquation cracking susceptibility, that is, the liquation cracking temperature range (LCTR),
could be evaluated through temperature visualization at the time of crack formation during the Varestraint
test. The LCTR of CM247LC alloy repair welds (heat-affected zone of the second layer weld) was 280 K.
Compared to the LCTR of as-cast (620 K) and aged (65 K) CM247LC, metallurgical mechanisms for controlling
the LCTR of repair welds were examined based on the microstructural characterization and Scheil’s
solidification calculations for the pre-weld. The LCTR of the CM247LC alloy repair weld was influenced by
the MC carbide fraction and the segregated concentration of trace and impurity elements, such as B and S
in pre-weld solidification path. A process design capable of reducing the fraction of MC carbides and
solidification segregation of trace impurity elements is required. Based on the experimental and theoretical
results, the proposed modified Varestraint testing method for dissimilar welds is expected to analyze the
solidification cracking behavior effectively in manufacturing high-soundness CM247LC superalloy welds.
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Fig. 1. Schematic description for repair welding of CM247LC alloy turbine blade and objective of this study (HAZ: heat-affected zone).

Table 1. Chemical composition of material used (mass%).

Material Ni C Cr Co Mo W

Ta Ti Al B Zr Hf P S

CM247LC  Bal. 0.07 8.1 9.2 0.5 9.5

32 0.7 56 0015 0.015 14 <0.0006 <0.0002
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Fig. 2. (a) appearance and (b) schematic illustration of the Varestraint test with GTAW.
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Fig. 3. Procedures of pre-weld Varestraint test; (a) side and (b) cross-sectional view.
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Table 2. Conditions of the pre-weld Varestraint test.
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Table 3. Specifications of the infrared-thermovision camera used.

Parameters Conditions Parameter Conditions
Welding Autogenous GTAW 640 x 480 pixels at 50 Hz
Arc voltage 18V Resolution 640 x 240 pixels at 100 Hz
Pre-welding Are curtent 1004 Detector 6[112(3122 i?ciljbegkz)?r?etf:
Arc length 1 mm
Welding speed 1 mm/s Minimum focus distance 025m
Shield gas Argon (99.99% purity) Spectral range 7.5-14 (Long-wave infrared)
Welding Spot GTAW Temperature acquisition range 298-2273 K
Arc voltage 18V Response time <8ms
Arc current 60 A Temperature accuracy 2K
‘ Arc length 2 mm Emissivity 0.6
Varestraint test L
Welding time 10s
Shield gas Argon (99.99% purity) (liquation cracking temperature range, LCTR)E =% 3}
Bending strain 0.5-3.0% At B el AMSE & dspyTilet A E 3
Bending rate 400 mm/s of goFslal 3tk CM247LC &35-¢] vAlZ2] #4&
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Fig. 4. Cross-sectional microstructure characterized via EBSD for CM247LC welds (IQ: image quality, IPF: inverse pole figure).
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Fig. 5. Back-scattered electron (BSE) image and elemental distributions analyzed by EPMA at the fusion zone (region “A” denoted in Fig.

4) of CM247LC welds.
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Fig. 6. Appearance and liquation cracking behavior after the pre-weld Varestraint test.
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Fig. 9. Relationship between condition of testing materials and
liquation cracking temperature range (*: adopted from Ref. 4,11).
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Table 4. Conditions of Scheil calculation by Thermo-calc (*: adopted from Ref. 10).

Input parameters Values
CM247LC Cooling rate 146.3 K/s (*)
(Pre-welding) Solidification completion rate 99.9%
Cooling rate 2.8K/s
C(XISZ_ACZ;)C Secondary dendrite arm spacing 24.3 um (measured)
Solidification completion rate 99.9%
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Fig. 11. Calculated solidification segregation behavior of (a) B and (b) S for the conditions of pre-welding and casting of CM247LC alloy.
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