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The optimization of aluminum alloy cleaner formulas
by combining the LHD algorithm with MLP neural

networks.

Ruixiang Lin!  Peihao He!
!(Dagao Industrial Technology Research Institute (Guangzhou) Co., Ltd., Guangzhou
510700, China)

Abstract:
Addressing the drawbacks of conventional formula design methods, such as being cumbersome, time-consuming,
resulting in material wastage, and yielding poor optimization outcomes, a novel approach for optimizing the
formula of aluminum alloy cleaners is proposed by combining the Latin Hypercube Design (LHD) algorithm with
the Multilayer Perceptron (MLP) neural network. Leveraging the comprehensive exploration of parameter space
using the LHD algorithm and the efficient modeling capability of the MLP neural network, the formula for
aluminum alloy cleaners was successfully optimized. With the optimized formula, the cleaning efficiency
increased from 87.9% to 98.24%, and the corrosion rate decreased from 4.2 mg to 0.3 mg. Regression analysis of
the model's predicted data against experimental data yielded a correlation coefficient greater than 0.98,
demonstrating consistency between predicted and experimental data.

Keywords:  Aluminum alloy cleaner; Latin Hypercube Design (LHD) algorithm; Multilayer

Perceptron (MLP) neural network
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Figure 1 =~ The LHD algorithm combined with the MLP neural network optimizes the flow chart of the cleaning agent

formulation
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Figure 2 In the MLP neural network model, there are five features in the input layer, three layers in the hidden layer, and

two nodes in the output layer
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Figure 3  The trend of loss function and accuracy during the training process of MLP neural network model.
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Table |  Training loss function, training accuracy, and F1 score for each fold in 5 K-fold cross-validations.

Training Loss Training F1 score
P& IRA
Accuracy
F1RIE 0. 3555 1. 000 0.9633
F2 B 0.3776 1. 000 0.9742

B3 WIrE 0. 3555 1. 000 1. 000
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Figure 4  The regression fitting curve of the net washing power predicted by the MLP neural network model and the

experimental data
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Figure 5  The regression fitting curve of the corrosion amount predicted by the MLP neural network model and the

experimental data
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Table 2  The optimal formula for the experiment, the predicted formula optimized by 10,000, 100,000 and 1 million sets

of data, as well as the corresponding net cleaning power, corrosion amount, and cleaning score

PORERE TOHLEE KB TOK RIETER S @t EE s

SEIG B FERC T 15.00 % 0.50 % 82.30 % 1.50% 0.70 % 87.90 % 4.20 mg 61.08
I AR AL TRIMAES T 19.83 % 2.63 % 74.36 % 1.44 % 1.74 % 94.78 % 1.08 mg 53.75
10 FFAHEERAL MBS 18.37 % 1.94 % 75.46 % 2.31 % 1.92 % 97.93 % 0.77 mg 51.82

100 FAHKAENALTRIAE T 24.73 % 2.27 % 69.42 % 2.15 % 2.43 % 98.24 % 0.31 mg 51.20

N T GRS R TS, AT DA 5 RO 7 BEAT — IR E R LS, 4
RICPIME, RIS X000 45 R S ga 45 RAEAT A B2 y = x G, HFIHHR?
. MR 3HATLLEH, RUEEEE 1, 10 S0ue 4 5 1 45 B OR s — 2ok

®3 X173, 10 J5A0 100 73 A 73 AR RO TR 7 #EAT SEIR R, 92T,
JE5 e B R e o B SR BRA, DA ST AN S B I R
Table 3 The experimental replicates of the predicted formulas optimized for 10,000, 100,000 and 1 million sets of data
were carried out to obtain the experimental values of net washing power, corrosion amount and cleaning fraction, as well as the

predicted value and experimental value

L THB AL 10 TABHRRAL TN 100 7JHBERALHN R

T A 7 fic 75 fic 75
TR 5355 71 94. 78 % 97.93 % 98. 24 %
0. 9967
SEEG 1 7 94. 40 % 98.00 % 98.10 %
TR JE5 ok 1.08 mg 0.77 mg 0.31 mg
0.9851
SEIG R Tl B 0.81 mg 0.64 mg 0.23 mg
TIN5 3 73 53.75 51. 82 51.20
0. 9939
SIS VE 4 53. 87 51. 65 51. 20

4 ZEig

ARSI RL 2 4 LHD SR AE B S0 18] o EAT 2 S0 RAE AT MLP A1 28 J 25 12 2
SRR, RSB TR iR Ve BT I R AL . e AL R
77, VEREMALEAR SR 45 RAT W] B3 e, BB 710 87,9 %, $2TH5 98. 24 %, J&
e 4.2 mg, FFEE 0.3 mg. JFHMMHERR, NITAMFHRA 7 EH . #
PRSI TT 58 o RIS T MLP o 22 o 28 AT T A A 2 v, AT DAAR 7 (i
TARETE Ve IR, BB I OIE IR, BRI RN TV . WA AT
ALERR 5 i Pe R BC T3 T A AU A HE VR Y 5 3 ) DAAE At S0 1 iC 7 O % LA B Ak
P A PR e M 4 1 AR I
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