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Table 1 Chemical composition of 6061 aluminum alloy
Wix Al Si Cu Fe Mn Mg \% Zn Ti
Fitw/% RE 0.067 0.3 0. 006 0.002 5 0.0017 0.011 0.008 3 0.0017
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(a)—schematic diagram ; (b)—picture of real products.
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Figure 1 Diagram of the tensile specimen
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Figure 2 Test point distribution of the Box-Behnken
design
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Table 2 Tensile test parameter factors and levels for
Box-Behnken response surface design
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Table 3 Design and results of the BBD test

5 t(A)/C H (B)/min R (C)/(mmemin ") R,/MPa E/%
1 —30 5 5 112 29.5
2 200 5 5 70 23.0
3 —30 25 5 114 27.0
4 200 25 5 65 22.0
5 —30 15 1 112 30.0
6 200 15 1 63 27.0
7 —30 15 9 114 30. 5
8 200 15 9 68 22.0
9 85 5 1 87 28.5
10 85 25 1 85 28.5
11 85 5 9 90 26.5
12 85 25 9 91 24.5
13 85 15 5 90 23.0
14 85 15 5 90 23.5
15 85 15 5 90 23.0
16 85 15 5 90 23.0
17 85 15 5 91 23.0
140 2730 -3 min-5mm-min |, —200 C-3 min-Smm-min | A P o 3 KK
0 T2 min i minct 200 13 min— T min R, =90.2— 23.25A — 0.5B + 2C —

1209—-30 C-15 min-9mm-min"' —200 C-15 min-9mm min"'

1004

801

Stress/MPa

1

85 C-5 min-Imm- min~
— 85 €~25 min—Imm-min’
20 85 C~-5 min-9mm-min"
—— 85 C-25 min-9mm min
— 85 C-15min-5mm-min
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Figure 3 Tensile test engineering stress-strain curve
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(a)—tensile strength; (b)—percentage elongation after fracture.
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Figure 4 Comparison between calculated value based on model and actual value of tensile strength

and percentage elongation after fracture
FT (D) —(4) , ma 7 g i 22 351 5077 22 70 A 46 2R
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KT 5 Z K1 PAE (Prob>F)¥/MNF 0. 000 1, H.
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Table 4 Analysis of variance for the response surface quadratic model

I SF-J5 il R ¥ PR 7o P{t(Prob>F) BT

R, E R,/E R, E R, E R, E R, E

Model 4386 144.700 9 487.400  16.080 897.800 147.600 << 0.0001 << 0.0001 s sk

A 4325  66.120 1 4325  66.120 7966  607.100 <C0.0001 <C0.0001 ek kx

B 2.000  3.780 1 2.000 3.780  3.680  34.710 0.096 4 0.0006 —  *x

C 32.000  13.780 1 3200  13.780 58.950 126.500 0.0001 <C0.0001  **  *x

AB 12.250  0.563 1 12. 250 0.563 22.570 5. 160 0.002 1 0.0573 *  —

AC 2.250  7.560 1 2. 250 7.560  4.140  69.430 0.0812 <C0.0001 —  *x

BC 2.250  1.000 1 2. 250 1.000  4.140 9.180 0.0812 0.0191 — =

A’ 1.160  7.390 1 1.160 7.390  2.140  67.860 0.1871 <<0.0001 —  =*x

B’ 0.950  3.800 1 0. 950 3.800  1.750  34.890 0.2275 0.0006 —  *x

C? 9.160  36.640 1 9.160  36.640 16.870  336.400 0.0045 <<0.0001 —  *x
SR 3.8 0.7625 7 0.543 0.109 — — — —

K 3.0 0.5625 3 1 0.188 5 3.750 0.077 0.117 NTES
MZEMH 0.8 0.200 0 4 0.2 0. 050 — — — —

O3 = JF %
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(a) —holding time, temperature and tensile strength; (b)—testing rate, temperature and tensile strength; (¢)—testing rate,
holding time and tensile strength; (d)—holding time, temperature and percentage elongation after fracture ; (e)—testing rate,
temperature and percentage elongation after fracture ; (f)—testing rate, holding time and percentage elongation after fracture.
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Figure 5 Contour line and response surface of interactions between tensile test parameter factors and value
of tensile strength and percentage elongation after fracture
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BBD Modeling and Optimization Prediction of Mechanical Properties of
1050 H12 Aluminum Alloy

DUAN Wei', XIAO Yongtong",KUANG Hongcong', GUAN Yaowei',LUO Tiechu', GUO Feiyue’,
DU Xinwei’, GUI Liangbao”

(1. Center for Industrial Analysis and Testing, Guangdong Academy of Sciences, Guangzhou 510650, China; 2. Ruyuan

Dongyangguang Fine Aluminium Foil Co. , Ltd. , Shaoguan 512600, China)

Abstract: The Box-Behnken design (BBD) test method, a spherical design method conforming to rotation, was adopted to
systematically design the tensile test parameters of 1050 H12 aluminum alloy, including testing rate, testing temperature and
holding time, and then obtained the relationship between tensile test parameters and tensile strength and elongation after
fracture of 1050 H12 aluminum alloy , at the same time, combined with the mechanical test results (tensile strength,
percentage elongation after fracture) , a reliable mathematical model with the highest merits of 7,°=0.999 1 and r,’=0. 994 8,
and P values(Prob™>F) both levels less than 0.000 1, respectively, was obtained. The model and analysis of variance, the
loss of fit terms of the tensile strength model and percentage elongation after fracture model respectively are 0.077 and 0. 117
(both greater than 0.05) , and the loss of fit tests are not significant, which fully reflects the small error of the model test. So
it can be used to accurately analyze and predict the relationship between the test temperature, holding time, tensile rate and
tensile strength and percentage elongation after fracture. The influence degree of the three tensile process parameters on the
tensile strength and percentage elongation after fracture of 1050 H12 aluminum alloy in the test design from large to small is as
follows: temperature, tensile strength and holding time, and it can be seen that the tensile strength and percentage elongation
after fracture of 1050 H12 aluminum alloy are extremely sensitive to the test temperature and are negatively correlated with the
test temperature and holding time, that is, 1050 H12 aluminum alloy will be strengthened and toughened at low temperature.
According to the accurate prediction of response surface model, when the testing temperature is — 30 °C, the holding time is
14 min, and the testing rate is 9 mm-min ', the tensile strength and percentage elongation after fracture of 1050 H12
aluminum alloy will peak within the range of tensile parameters in this study.

Keywords: 1050 H12 aluminum; low temperature; response surface; tensile strength; percentage elongation after fracture;

analysis of variance;testing rate; Box-Behnken design

(2 AR G B )



