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Figure 1

Schematic diagram of low cycle fatigue test process route

®2 UGTCA7TE&RAEFHBRSH
Table2 Low cycle fatigue test parameters of UGTC47 alloy

W EE/°C B/ % PRECIT ] /s i % N AR L R AR f/ Hz BRI R
900 0. 457 '
600 BHIE B —1 0.1 100,500

950 0.397




ZER LG GE M EEE UGTCAT & 4 1K 8 1 40 Of 25 9% 57 13 14 8 ik 4l 413 b

499

2xC1

D5.5+0.02

M12-6g

M12-6g

GB/T4459.5 B2/4.25 \2 _
22 X 16 22 GB/T4459.5 B2/4.25
[J0.015 -B 0,015/ AE]
Ra0.8 81.86 A
Ra (0.8 .
Bfvi:mm

B2 RAEFRBRXEREE
Figure2 Schematic diagram of low cycle fatigue test sample
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Figure 5 ¥y’ phase of dendritic core in cross section and longitudinal section of UGTC47 alloy after low
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Figure 8 Dislocation substructure of UGTC47 alloy after low cycle fatigue test at 900 and 950C
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Microstructure Evolution of Directionally Solidified UGTC47 Alloy Under
Low Cycle Fatigue with Compression Dwelling Time

LI Jiaxing', LU Mingang”,ZHENG Weiwei'
(1. State Key Laboratory for Advanced Metals and Materials, University of Science and Technology Beijing, Beijing
100083, China; 2. China United Gas Turbine Technology Co. Ltd. , Beijing 100016, China)

Abstract: When a heavy-duty gas turbine operates at high temperature, hot end components such as turbine blades are exposed
to a series of cycle loading conditions, which may lead to fracture failure. In this study, low-cycle fatigue test with
compression dwelling time under strain control was conducted and the microstructure evolution of UGTC47 alloy during fatigue
and its influence on fatigue properties were systematically investigated. It is found that UGTC47 alloy with standard heat
treatment shows different cyclic stress responses at 900 °C and 950 ‘C. At 900 °C there is a significant cycle hardening, cycle
stabilization stage and cycle softening stage, while at 950 “C it enters a slow cycle softening stage after a very short cycle
hardening until rapid softening failure. The stress-strain hysteresis loops at both temperatures show significant tension and
compression asymmetry. Microstructure degradation of the standard heat treated UGTC47 alloy during the low cycle fatigue at
900 °C and 950 °C is quite different. The microstructure showed good stability at 900 °C. The volume fraction of y' phase did
not change significantly, the y' phase size only increased slightly, the y' phase basically remained square shape, no rafting
structure was formed, and the y channel width increased less. However, the situation at 950 ‘C was quite different. The
volume fraction of y' phase decreased significantly at 500 cycles, and P-type rafting of y' phase was formed at the beginning of
cycling about 100 cycles. With the increase of cycling, the rafting degree of the y' phase and the width of y channel increased
rapidly. Microstructure degradation at 950 ‘C was significantly greater than that at 900 ‘C. The results provide data to support
for the application of UGTC47 alloy in heavy-duty gas turbine blades, and have significant engineering value for the design and
use of gas turbine blades with independent intellectual property rights.

Keywords: directional solidified UGTC47 alloy; low cycle fatigue; compression dwelling; hysteresis loop; microstructure

evolution; P-type rafting; heavy gas turbine; turbine blade
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