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Fig.1 Powder morphology (a) and phase composition (b) of Ti-
22Al-25Nb alloy
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Table 1 Process parameters of ball milling

Milling speed/ Ball-to-powder  Milling time/

No. r-min™ mass ratio min
1 100 5:1 360
2 150 15:1 240
3 200 25:1 120
4 300 30:1 80
5 400 40:1 60
6 200 50:1 40
73 200 60:1 60
74 300 60:1 40
75 400 60:1 20
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Fig.2 XRD patterns (a) and SEM morphologies (bi1~bs) of Ti-22Al-25Nb alloy powder before and after the ball milling: (b1) 200 r/min,

5:1, 6 h; (b2) 200 r/min, 25:1, 2 h; (bs) 200 r/min, 25:1, 6 h
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Fig.3  Architecture of the ball milling BP artificial neural
network model of Ti-22AI-25Nb alloy powder
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Fig.4 Relationship between the number of hidden layer nodes
and the model performance: (a) mean square error of

network and (b) convergence steps
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Fig.5 Fitting curves of the predicted values and experimental

values: (a) training sample and (b) forecast sample

values by ANN and experimental values by
mechanical milling
Sample number Rexp/nm Rnn/nm Error/%
7 13.2 13.567 2.78
14 12.8 13.350 4.30
22 12.4 12.998 4.82
26 12.7 13.055 2.80
31 10.7 10.874 1.62
36 11.3 11.482 1.61
42 12.0 11.550 3.75
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Fig.6 XRD patterns of prediction sample
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Fig.7 SEM morphologies of prediction data: (a) 200 r/min, 40:1, 60 min; (b) 200 r/min, 60:1, 40 min; (c) 300 r/min, 40:1, 40 min; (d) 300
r/min, 50:1, 40 min; (e) 300 r/min, 60:1, 60 min; (f) 400 r/min, 30:1, 80 min; (g) 400 r/min, 50:1, 40 min; (h) 400 r/min, 60:1, 60 min
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Ball Milling Processing of Fine Crystal Ti,AlNb-based Alloy Powder Based on
Back-propagation Neural Network

Zhang Heng, Sun Yu, Hu Lianxi
(State Key Laboratory of Metal Precision Hot Working, Harbin Institute of Technology, Harbin 150001, China)

Abstract: An artificial-neural-network (ANN) model which is used for the prediction of properties of the as-milled powder was developed
for the analysis and prediction of correlations between processing (high-energy planetary ball milling) parameters and the morphological
characteristics of Ti,AINb-based alloy powder by applying the back-propagation (BP) neural network technique. In the BP model, the input
parameters of the neural network model were milling speed, milling time and ball-to-powder weight ratio. The output of the model was the
properties of the as-milled powder (specifically crystallite size). The number of node in the hidden layer was 9. Input and output functions
were tansig and purelin, respectively. The accuracy of the established artificial neural network model was tested by the test data sample. It
is shown that the predicted values coincide well with the test results owing to the advantages in fault-tolerance and commonality. Not only
can the trained neural network model be used to predict the crystallite size of the as-milled Ti.AINb-based alloy powder, but also can make
up for deficiency of all kinds of physical model for ball milling process in application and expression, which has application value and
far-reaching significance for the research work of the actual powder metallurgy process.
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