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 1  5052-H32!"#$%� 

Table 1  Chemical composition of 5052-H32 (ω/%) 

Mg Fe Cu Mn Cr Zn Al 

2.50 0.03 0.10 0.08 0.32 0.10 Bal. 

 

 2  5052&'�()*+,-. 

Table 2  Heat treatment process of 5052 aluminum alloy 

Process 

Heat treatment 

temperature/� 

Holding time/h Cooling mode 

1 

350, 370, 390,  

410, 430, 450 

1 Air 

2 430 1, 2, 3, 4, 5 Air 

3 430 2 

Air, water, 

furnace 

 

 

 

 

 

 

 

 

 

 

 

 

 

� 1  GH���EFG� 

Fig.1  Test equipment and tensile specimen: (a) tensile specimen, 

(b) heating furnace, (c) Vickers hardness tester, and    

(d) material testing machine 
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Fig.2  Influence of heat treatment temperature on strength:  

(a) yield strength and (b) tensile strength 

 

5052����,-��1µ���9K�� 2ak,

-���2�WXvw÷^�Ls?�S2TU34

@�©­,-.�,M��ª��5052 ����,

-��®¯���íà�²��� H32 /0@�,

-��¬Ls?�,-.�,M�34@�S2TU

K,-���¤Ð�56�"�/0)>�9K��

H32 350 370 390 410 430 450

0

50

100

150

200

250

  ε =0.0001 s

-1

  ε =0.0005 s

-1

  ε =0.001 s

-1

b

T
e
n
s
i
l
e
 
S
t
r
e
n
g
t
h
,
 
σ

b

/
M
P
a

Heat Treatment Temperature/�

Acquisition 

system

S
t
r
e
t
c
h
 

m
e
t
e
r

�

���

���

��	

���

heating 

furnace

T
e
m
p
e
r
a
t
u
r
e
 

c
o
n
t
r
o
l
l
e
r

�

Heating 

furnace 

a 

b 

c 

d 



� 3�                               ������	
��
 5052������������                        �965� 

2b ��������	
��
��������

�� 350 ���� 370 �������������

�������� 370 ���������� !"

#�������$%&���$'
��
���

������$%&���()*�$�����

()" 

2.1.2  ������ 5052 ��	
���
�� 

+,-./0123�4��56789:;

<=�>3�����$ 5052 ?@ABC�DEF

GH�()IJ 3 �K"LJ 3 
M�>N,OP

���� 5052-H32 Q?@ABC�DEFGHR

10%"123�4��56789:;<=�N,

SP���T� 5052 ?@A�DEFGHUV�

�������L 350 �W�� 450 ���5052 ?

@A�DEFGHX������W�YZ[\]

��"1�����R 430 ��4� 1 h�^7;<

=�_�`HR 0.0005 s

-1

��5052 BC�DEFG

Ha�b*c 26.44%"  

Rdefghi�����$j]�()�/0

�����$ 5052?@ABC%�'(σ

s

/σ

b

)�()I

J 4�K"�J 4�kl
��
�5052-H32mQ=

%�'n*�op1pmQ=(H32)� 5052 ?@A�

�qrsn��tu1j]�q,vwxyz]{|"

X}��������W��N,SP���T�

5052 ?@A�%�'UV���~�U$ H32 mQ

5052 �?@Ae�SP���
�V����j]

]r�~#J 3�K�DEFGH�klf�" 

2.1.3  ������ 5052 ��	��
�� 

Rdefg��>3�����$ 5052 ?@A

BC�@s�]r�()����������/0

d1234��56789:;<=�>3����

�$ 5052?@A��()��	IJ 5�K"LJ 5 

 

 

 

 

 

 

 

 

 

 

� 3  �	
��
�� !"��� 

Fig.3  Influence of heat treatment temperature on uniform 

elongation 
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Fig.4  Influence of heat treatment temperature on σ
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Fig.5  Influence of heat treatment temperature on hardness 
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Fig.6  Influence of heat treatment holding time on yield strength(a) 

and tensile strength (b) 
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Fig.7  Influence of heat treatment holding time on uniform 

elongation 

 

 

 

 

 

 

 

 

 

 

� 8  /�01
#$%��� 

Fig.8  Influence of heat treatment holding time on σ
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Fig.9  Influence of heat treatment holding time on hardness 
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Fig.10  Influence of cooling mode on strength: (a) yield strength 

and (b) tensile strength 
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Fig.11  Influence of cooling mode on uniform elongation 
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Fig.12  Influence of cooling mode on hardness 
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Table 3  Values of A�
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�C under different strain rates 

A/MPa AC/MPa C 
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Table 4  Values of B, n under different strain rates 
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Table 5  Values of A, B, C, n under different strain rates 

Temperature/� A/MPa B/MPa C n 

H32 50.93 317.35 0.4919 0.2466 

350 47.08 326.895 0.4353 0.2413 

370 55.13 332.43 0.3409 0.2696 

390 37.58 324.61 0.1131 0.3066 

410 18.60 316.62 0.0561 0.3880 

430 17.56 263.67 0.0265 0.4879 

450 19.80 338.70 0.0581 0.4225 
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Fig.15  Variation curves of Johnson-Cook model parameters with heat treatment temperature: (a) A, (b) B, (c) C, and (d) n 
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Fig.16  Fitting curves of Johnson-Cook model parameters: (a) A, (b) B, (c) C, and (d) n 
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Table 6  Correlation coefficients (R

2

) of different parameters 

A B C n 

0.9974 0.9187 0.9896 0.9992 
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Fig 17  True stress-strain curves of 5052 alloy after re-heat treatment: (a) 410 �, (b) 430 �, and (c) 450 � 

 

��������

1) ��������	
��
�������

������� 5052���������� 5052-H32

���� !"#���$%&'()*+,-.

/�0123,-4/5 

2) �����������	
��
����

6����7 1 h89: 2 h��5052����;�

	<�)*=23>;56����?@>��AB

CD�;�	2334EF���)5 

3) ���������	��������
�

�
� 5052���GC�;�	<����H�5I

JK8LMNO�P
	Q
����8LM1RS


��� 5052���GC�8LM5 

4) TR Johnson-Cook UVWXYZ["#��

�\ 5052����]^UV�_[`abcd�e�

fg Johnson-CookUV$%hiH�j,kM���

�l,j/5 

 

����    References  

[1] Deng Yunlai(567), Zhang Xinming(89:). The Chinese 

Journal of Nonferrous Metals(;<�=��)>)[J], 2019, 

29(9): 2115  

[2] Gao Guanjun, He Chen, Li Yong et al. Transactions of 

Nonferrous Metals Society of China[J], 2018, 28(5): 839  

[3] Li Wenke(?@A), Zhan Lihua(BCD), Zhao Jun(E F). 

The Chinese Journal of Nonferrous Metals(;<�=��)

>)[J], 2016, 26(6): 1159  

[4] Eivani A R, Vafaeenezhad H, Nikan O et al. Mechanics of 

Materials[J], 2019, 129: 104  

[5] Zuiko I, Kaibyshev R. Journal of Alloys and Compounds[J], 

2018, 759: 108  

[6] Sun Xue(G H), Pan Qinglin(IJK), Li Mengjia(?LM) et 

al. The Chinese Journal of Nonferrous Metals(;<�=��

)>)[J], 2016, 26(2): 280  

[7] Zhu R H, Liu Q, Li J F et al. Transactions of Nonferrous 

Metals Society of China[J], 2018, 28(3): 404  

[8] Zhang H M, Chen G, Chen Q. Journal of Alloys and 

Compounds[J], 2018, 743 : 283  

[9] Liu Q, Chen S C, Gu R Y. Journal of Materials Engineering 

and Performance[J], 2018, 27: 4423  

[10] Huang Yujin(NO�), Chen Zhiguo(PQ<), Shu Jun(R S)  

et al. The Chinese Journal of Nonferrous Metals(;<�=�

�)>)[J], 2010, 20(11): 2094  

[11] Cai Yiming(TUV), Li Huizhong(?W;), Liang Xiaopeng 

(XYZ) et al. The Chinese Journal of Nonferrous Metals(;

<�=��)>)[J], 2008, 18(10): 1775  

[12] Hosseinipour S J. Advanced Materials Research[J], 2009, 

83-86: 400  

[13] Zhang Pan(8 [), Ye Lingying(\]^), Gu Gang(_ `) et al. 

Journal of Materials Engineering(��
�)[J], 2014(9): 51  

[14] Kapoor I, Narayanan R G, Taylor S et al. Procedia 

Engineering[J], 2017, 173: 897  

[15] Jia X D, Yuan R J, He L Y et al. Rare Metal Materials and 

Engineering[J], 2020, 49 (7): 2189 

[16] Hua Ruyu(Dab), Xu Xuefeng(cHd), Qiu Zeyu(efg) 

et al. Journal of Plastic Engineering(h*
�)> )[J], 

2019, 26(4): 61  

[17] Xu Bing(i j), Ou Hang(k l), Liu Quanxiaoxiao(mn

oo ) et al. China Mechanical Engineering(;<pq


�)[J], 2019, 30(12): 1506  

[18] Wang B, Chen X H, Pan F S et al. Transactions of Nonferrous 

Metals Society of China[J], 2015, 25(8): 2481  

[19] Xu Xiaojing(irs), Jiang Ling(t ]), Lu Wenjun(u@F) 

 Predict (0.0001 s

-1

)

 Predict (0.0005 s

-1

)

 Predict (0.001 s

-1

)

 Experiment (0.0001 s

-1

) 

 Experiment (0.0005 s

-1

)

 Experiment (0.001 s

-1

)

0.00 0.05 0.10 0.15 0.20 0.25

0

40

80

120

160

200

240

 

 

c

True Strian 

 Predict(0 .0001 s

-1

)

 Predict(0 .0005 s

-1

)

 Predict(0 .0001 s

-1

)

 Experiment(0.0001 s

-1

) 

 Experiment(0.0005 s

-1

)

 Experiment(0.001 s

-1

)

0.00 0.05 0.10 0.15 0.20 0.25

0

20

40

60

80

100

120

140

160

180

b

True Strian 

 Predict (0.0001 s

-1

)

 Predict (0.0005 s

-1

)

 Predict (0.001 s

-1

)

 Experiment (0.0001 s

-1

) 

 Experiment (0.0005 s

-1

)

 Experiment (0.001 s

-1

)

0.00 0.05 0.10 0.15 0.20 0.25

0

40

80

120

160

200

240

 

 

a

T
r
u
e
 
S
t
r
e
s
s
/
M
P
a

True Strian 



�972�                                        ������	
�                                              � 50
 

et al. Rare Metal Materials and Engineering(������

	
�)[J], 2014, 43(1): 245  

[20] Wei Xiaohua(vwD). Hot Working Technology(�x



y)[J], 2012, 41(6): 159  

[21] Lin Qiquan(Kz{), Wang Xiaowei(|r}), Dong Wen- 

zheng(~@�) et al. Journal of Central South University (;

��))>)[J], 2019, 50(11): 2695  

 

 

Effect of Heat Treatment Parameters on Mechanical Properties of  

5052 Aluminum Alloy 

 

Jia Xiangdong, Zhao Yang, Xu Siqi 

(College of Mechanical and Electronic Engineering, Nanjing Forestry University, Nanjing 210037, China) 

 

Abstract: Take the 5052-H32 as the research object, the mechanical properties were studied under the condition of different heat treatment 

parameters by uniaxial tensile test and hardness test, and the influence mechanism of different heat treatment parameters on mechanical 

properties of 5052 aluminum alloy was analyzed. The results show that the deformation resistance of 5052-H32 aluminum alloy can be 

significantly reduced and its plastic deformation ability can be improved during re-heat treatment. The heating temperature plays a major 

role in the process of heat treatment, and the cooling mode has little influence on the strength and hardness of 5052 aluminum alloy under 

reasonable heat treatment temperature and holding time. On this basis, the constitutive model of 5052 aluminum alloy after re-heat 

treatment was established by Johnson-Cook model. 

Key words: aluminum alloy; heat treatment; mechanical properties; flow stress; constitutive model 
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