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Table 1 Chemistry composition of GH4169 alloy (mole

fraction, %)
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Fig. 1 Sheet fatigue specimens with central hole (Unit:

mm)
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Table 2 LCEF lives of GH4169 alloy after cold expansion and aging

Statue  No Fatigue cycle,n  Logarithm  Average of logarithm  Median estimate value, » ~ Standard deviation
1 7404 3.87
2 7048 3.85
AR 3.86 7278 0.04
3 6407 3.81
4 8394 3.92
5 18069 4.26
6 22918 436
CE 4.29 19536 0.06
7 21350 433
8 16474 4.22
9 5043 3.70
10 4394 3.64
AG 3.67 4717 0.02
11 4622 3.66
12 4833 3.68
13 8713 3.94
14 7937 3.90
CA 3.91 8188 0.03
15 8668 3.94
16 7498 3.87
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Fig. 2 Residual stress profile of CE and CA on hole edge
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Fig. 3 Original structure (a) and structure after (600 C, 500 h) aging (b)
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Fig. 4 Microstructure and diffraction patterns of GH4169 alloy after (600 C, 500 h) aging: (a) Microstructure, TEM image

(b) Diffraction pattern of position 1; (c) Analysis of position 1 diffraction patter; (d) Diffraction pattern analysis of position 2
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Effects of cold expansion and aging on high-temperature low-cycle
fatigue of GH4169 alloy with hole structure

WANG Xin"? HU Ren-gao’, XU Chun-ling"?, HU BO®, GU Yuan-xing’, TANG Zhi-hui" >

(1. Surface Engineering Institution, AECC Beijing Institute of Aeronautical Materials, Beijing 100095, China;
2. Aviation Key Laboratory of Advanced Corrosion and Protection on Aviation Materials,
AECC Beijing Institute of Aeronautical Materials, Beijing 100095, China;
3. AECC Sichuan Gas Turbine Establishment, Chengdu 610500, China)

Abstract: The GH4169 alloy center hole plate samples were cold-expanded, and the effects of cold expansion and
(600 C, 500 h) thermal aging on the low-cycle fatigue performance under the conditions of 600 °‘C, 820 MPa,
R=0.1, and triangular wave were studied. The results show that the median fatigue life estimation increases from
7278 cycles in the original state to 19536 cycles after cold expansion, representing an increase of about 2.5 times
and indicating that the cold expansion process significantly improves the high-temperature fatigue life. While the
thermal aging process is subjected, the fatigue life decreases from 7278 cycles to 4,717 cycles. The 35.8%
reduction indicates that fatigue weakening has occurred after thermal aging. The reason for fatigue weakening is
that thermal aging transforms the y" strengthening phase to J phase, therefore the content of strengthening phase
decreases while the number of J phases increases and the morphology changes. Additionally after thermal aging,
the original cold expansion surface residual compressive stress is reduced from —708 MPa to —483 MPa. The stable
part of compressive residual stress profiles that still plays a role of strengthening, and the weakening effect of the
reduction of the strengthening phase after thermal aging has a comprehensive effect, making the fatigue life of cold
expansion and thermal aging (8188 cycles) increases by 12.5% compared to the original life (7278 cycles).

Key words: cold expansion; aging; hole structure; low-cycle fatigue; J phase transformation

Foundation item: Project(MJ-2016-D-30) supported by the Civil Aircraft Research Project of Ministry of Industry
and Information Technology of China

Received date: 2020-04-14; Accepted date: 2020-09-07

Corresponding author: WANG Xin; Tel: +86-10-62496450; E-mail: rasheed990918@163.com

(i ¥i)



