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Experiments on Residual Stress of Machined SurfaceBased on Indentation Work
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Abstract: The machined surface quality of controllable pitch propeller has a direct and important effect on its high
service performance and long service life. In this paper, the residual stress on workpiece surface is measured and
analyzed. The residual stress measurement method based on indentation work and the neural network solution
algorithm are adopted. The mechanical properties of Ni-Al bronze material are studied. The database obtained by finite
element simulation analysis is used to train the neural network, so that the residual stress of the Ni-Al bronze material
can be achieved. Through the calculation and analysis of the measured residual stress data of the Ni-Al bronze
workpieces, the effects of different machining parameters on the residual stress are studied experimentally. By
measurement experiments and data analysis, the relationship between the residual height or spindle speed and the
residual stress is obtained. The measurement experiments show that the residual stress measurement method based on
indentation work can evaluate the residual stress states of the Ni-Al bronze material under different machining
parameters, and can provide guidance for the process parameter optimization of actual machining and production.
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Fig.1 Typical curves of indentation load-displacement
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Fig.2 Diagram of loading curves with different stress

states
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Tab.1 Partial neural network training data

SRR Jef IR % /M Pa n B AN 1 /MPa FIRREE /mm | n#ksh /) | EES/T | BREM /N | RIRER/mm
10 989.011 30 0 —27 0.01 0.023 6 0.004 6 5.072 0.130 6
10 989.011 100 0 90 0.01 0.023 5 0.006 5 5.464 0.106 9
54 945.055 200 0 — 180 0.01 0.144 6 0.036 6 31.662 0.126 1
54 945.055 600 0 —540 0.01 0.249 7 0.159 3 60.410 0.106 3
54 945.055 600 0.5 540 0.01 0.1950 0.1121 47.606 0.0957
219 780.220 700 0.5 —420 0.01 0.762 0 0.359 8 181.010 0.107 0
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Fig.3 Process of residual stress calculation
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Fig.4 Interface of residual stress calculation program
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Tab.2 Chemical component of Ni-Al bronze material

JLE Cu| Al | Fe | Ni | Mn | Sn 7Zn Pb

HTI R/ % | 80.3 | 9.28 | 4.45 | 4.24 | 1.42 | 0.011 | 0.007 6 | 0.022
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Fig.5 Workpieces machined at different line spacing
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Tab.3 Calculation values of residual stress under different slots

B masy/s | WA/ | maes | o/ | PORERS IR ”%;A’Zf] / ﬁfﬁﬁ%{j}f
1 0.893 2 0.3151 9944 75.567 0.01505 0.025 08 83.698 63
! 2 0.946 1 0.338 6 9785 78.147 0.015 18 0.025 16 79.773 29 81756
1 0.914 3 0.317 2 9918 76.825 0.01541 0.025 08 97.952 12
’ 2 0.919 3 0.3194 9874.8 76.809 0.015 40 0.025 11 98.671 73 a1
1 0.896 2 0.3379 8982.2 74.537 0.014 54 0.025 16 78.730 42
’ 2 0.919 5 0.310 2 10 054.1 77.054 0.015 39 0.025 10 113.536 50 78906
1 0.9170 0.280 4 11 503.9 77.626 0.016 05 0.024 91 130.144 50
4 107.400
2 0.976 9 0.323 2 11 044.7 80.347 0.015 66 0.025 10 84.655 35
1 0.920 6 0.2919 10 978.2 78.013 0.015 68 0.025 02 122.446 80
° 2 0.881 4 0.284 9 10 714.9 75.237 0.016 29 0.025 09 118.189 00 120318
140 [ 2] CARLTON J. Marine propellers and propulsion [M].
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