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Modeling and optimization of the effective parameters in the
pickling operation of the titanium alloy by the artificial neural
network and genetic algorithm

V. Alimirzaloo
Department of Engineering, Urmia University, Urmia, Iran
(Received 11 April 2015, accepted 7 June 2015)

Abstract

Alfa layer due to the hot forging of the titanium alloy is removed using the acid pickling operation. Because of the interaction
between the effective parameters, investigation and optimization of the effective parameters needs experimentation and
modeling methods. In this research effect of the temperature, operation time and percent of the hydrofluoric and nitric acids
on the surface roughness and depth of cutting are modeled and optimized. First the experiments are designed using taguchi
method and implemented. Then the process is modeled by an artificial neural network and the effect of the parameters on the
surface roughness and depth of cutting are investigated. Next by combining the artificial neural network with genetic
algorithm the process is optimized. Results show that a Multilayer Feed forward network with Levenberg-Marquardt
backpropagation learning algorithm and ten nods in the hidden layer could model the operation precisely. Increasing the
temperature and hydrofluoric acid percent cause to increase the depth of cutting. Nitric acid percent and operation
temperature have interaction in affecting on the amount of depth of cutting. Operation time have no affect on the roughness.
Increasing the temperature at low percent of hydrofluoric acid cause to decrease the roughness however it increases at high
percent of hydrofluoric acid.

Keywords: Acid pickling, titanium alloy, surface roughness, Avrtificial neural network, genetic algorithm.
E-mail of corresponding author: v.alimirzaloo@urmia.ac.ir
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1. Chemical Machining
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1. Amorphous
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2. Multilayer Feed forward back propagation
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1. Water bath
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Minimize: Ra
Constraints: Depth of cutting (mm):
0.15<H<0.20

1. Levenberg-Marquardt backpropagation algorithm
(trainlm)
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1. tournament selection
2 .proportionate selection
3 .ranking selection

4. Stochastic uniform

5 .single-point crossover
6 .scattered

Subjected to: Time (minute):

0.5<t<10

Temperature (°C):
20<T<40

Hydrofluoric acid:
0<HF%=<8

Nitric acid:
0<HNO3%<30
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Best Validation Performance is 0.0012885 at epoch 2

2 — Train
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---------------------------------------------------------- — Test
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