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Abstract: In order to explore the influence of cold expansion process parameters on the fatigue life of nickel
base superalloy GH4169, a low cycle fatigue life prediction model of GH4169 perforated plate after cold expan-
sion was established, and its accuracy was verified by experiments. On this basis, five process parameters includ-
ing interference value, front chamfer, back chamfer, friction coefficient and mandrel material were systematically
studied under the conditions of 600°C, 820MPa and stress ratio of 0.1. The results show that increasing interference
value can significantly improve the fatigue life, but too large interference value will lead to over extrusion. Increas-

ing the front chamfer properly can help to improve the fatigue life of the extrusion surface. The back chamfer has
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little effect on the fatigue life. The increase of friction coefficient will have a negative impact on the strengthening

benefit of cold expansion. The yield strength of mandrel material should be greater than that of extruded material.

Key words: Hole structure; Expansion strengthening; Nickel-based superalloy; Numerical simulation;

Process parameters; Low cycle fatigue life
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Fig. 1 Dimensions of the plate specimen with central hole

(mm)

Fig. 2 Dimensions of the mandrel (mm)
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Table 1 Material parameters of GH4169 and 300M steel"”
Material E/GPa K/MPa n v
GH4169 196.0 1874.58 0.08464 0.30
300M steel 178.9 2425.42 0.03894 0.32
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Fig. 3 Comparison between experimental data and

simulation results of residual stresses
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Fig.4 Comparison of residual stress before and after

relaxation
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Table 2 Material properties of GH4169 superalloy under 600°C

ol,/MPa E/GPa v Q /MPa b

C/GPa b% A n m

840 150 0.32 187.5 1167.42

10.52 42.815

1.154x107" 2916 -0.3602
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Table 3 GH4169 material parameters of SWT model based

on critical distance'”
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Fig.5 Extraction path of data
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Table 4 Low cycle fatigue life test results of hole structure

Test No.  Interference value Quantity Fatigue life/cycle

6151
6397
1 No expansion 5 7057
7340
8339
6988
2 0.95% 3 7412
14738
15633
3 1.43% 3 52306
79785
4 1.90% 1 71965
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Fig. 6 Comparison of forecast results and test life
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Fig. 7 Simulation life under different interference value
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Fig. 8 Simulation life under different front chamfer
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Fig. 9 Simulation life under different back chamfer
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