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The main problems in machining of thin-walled parts made of high-strength aluminum alloys are
distortion and dimensional instability, which lead to an increase in distorted part and production
costs. This article attempts to investigate the correlation between machining-induced and
quench-induced residual stresses and the distortion of thin-walled parts made of AL7075 alloy.
The experiments are carried out in two steps. In the first step, the effects of polymer and uphill
quenching methods in comparison with water quenching in the reduction of residual stresses are
investigated on an experimental basis. By conducting the machining tests, the effect of residual
stress on distortion is investigated. In the second step, several experiments are carried out under
different machining conditions. To study the effect of mechanical and thermal loads on the
residual stresses and distortion, the machining force and temperature of cutting area are
measured. Finally, the correlation between the machining-induced residual stress and distortion
is studied by measurement of stress on some parts. The results indicate that both machining and
quench-induced residual stresses are effective in distortion of thin walled parts.
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Fig. 1 The time–heat diagram of the quenching parts 
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Fig. 2 Final geometry of work piece
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Table The different levels considered for each parameter 
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Fig. 3 The experimental set-up
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Fig. Measurement of distortion in the work piece by the form measurement
machine
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Fig. Measurement of residual stress in the parts by X-ray method
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Fig. 6 The Contour of residual stress distribution in the quenched parts
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Fig. 7 Residual stress distribution in axial and radial directions in the
quenched parts
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Fig. 8 The distortion average of the quenched part after machining
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Fig. 9 The variations of the distortion with increase in the machining force
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Fig. 10 The variations of the distortion with increase in the temperature
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Table 2 selected parts for residual stresses measurement 

    
(N)  (°C)  (µm) 

1    26914995.63  
2    3012131.78  
3    10120368.12  
4    768939.64  
5    4411125.87  
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Fig. 11 Distribution of residual stresses in tangential direction in the parts
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Fig. 12 Transfer of some part of generated temperature to the machined
surface and generating thermal gradient
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Fig. 13 The enclosed area in five stress diagrams
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Fig. 14 The relationship of enclosed area with distortion level
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