
� 47� � 4� ��������	                                Vol.47, No.4

2018� 4�                        RARE METAL MATERIALS AND ENGINEERING April 2018

�����2017-04-20

���	����	
���51275221��������	
��������16KJA460002�


������� �1983�!�"#�$%���&'�()*+,-./0'1�2345��� )* 213001�E-mail: renweibin100 

@163.com

��������	 5083 
��������

���

1,2

����

1

��	


1

����

1

���

2

(1. ��&'�( )*+,-./0'1�2345��� )* 213001)

(2. 6*�� 78/09:;<=�2345�6* 6> 550025)

� ��?@ABCDEFGHIJKLMNOPQRSTUVWXYZ[�\]!^_`a!b^c'13d�efg

/hijkl!mnop�qprstGHIuWvw./0xyz{|}1�~�t./0f1xy{|����@uW

vw./0'���t�|�����4�����uWr��|'����vw�� 3 kW�w��� 3 mm����y 6 

mm/s�uWvwu� 10 ms���  1:1�¡¢£GHI¤Z[¥{¢¦g/§ 0.02 mmP¨�©y�HV

0.1

�ª�«¬7§

¤Z[¥�� 950 MPa�®¯¥°±²³´µc¶�F�·¸�´µc¹º»¼�½¾¿yÀÁ 222 MPa�

����5083EF�uWvw�./0�hik��

�������TN249  ������A �����1002-185X(2018)04-1130-07 

 

��������	
�����������

������������ !�"�#$�%&�'

()*+��,-
./01/234567 !8�

349:�;<=>?@6��/2ABCDE�F

GHIJ,KLM�NO�PEQR1DESQ�T
U

V	+Q�W8NO"�XYZ[� !\]^_

[1]

.

`ab7cd !XY8e,fgh��ijkl !

345mno�pqrstq.uvlw !345+

Q�QRDExy�z�{2|0}

~1���pq���|�������d����

l��pqq����

[2]

�

~2����:�d�����)�v���w

��DE�QR�

~3�345�pk��NO�;� j�DE¡k

¢£�¤¥�¡k¢£;ABHIJ1KLM�6��

�DEQR1¦Q.

§v�SQ�QR¨©�n{ª«¬®¯°
�

�±²{®¯¡¥^}Hopkinson ³ª«´µ ª«¶

¯·§v�DESQ¸¹�ºj»¼½¾¿��ÀÁÂ

Ã31Ä°|ÅÆ�ÇÈ

[3]

�Davison³ª«´°®ÉÂ

§v�+Q1QRÊË°�ÌÍ��ÎÏÐÑQR�+

Q�ÊË�ÒÏ|ÅÁ{ÌÍ

[4]

��Óª«´ÔÕÖ³

ª«´Ç×·Ø� $ÙÚ��ÂÛÜ��ÁÆ�Ý�

|Þ

[5]

�ßàá³Ç×·âã $�®äÙÚ��Ââ

ãÑ�åæÁ°�ÌÍ

[6]

. 

uç��ª«èÚ !� 5083é§v�QR9ê

5ÎÏÐ7ëì�o�{¥í�Å��îÙï345M

HðñÎÏÐ�� $�Ç×Â¼��Yé2òóô�

®äÙÚÀõö.÷¬ø $òóô�î¢�ùú�Û

ûMHðñÎÏÐ�� $Ý�,345QR�ÎÏ

Ð�7üýþ�ðñÎÏÐ�� $Æ���. 

���������	
���

����������	�

 !�345®ä�jÚ5þ�p���UðñÎ

ÏÐ�£b®��î�¡k��>	
�� $��Ö

����ÂX��p5���

[7,8]

.��§v����

F�Âðñ����6���Â¼ðñÎÏÐ��¼�

��F��.��ÎÏÐ !�"°#¾$î��Öj

%�òóô&�'()¯�a*+�,-¶¯.2} 

(1) ÎÏÐ $/�p0E�1ó�ðñ231ó

4��³���þ���£��Ö��Ö	
��î

5"� 

(2) ðññ6 7�°#¾$î8"�9:5""

;��*<�À��=�¾$î��Öj%'()¯� 

(3) ��345QR=�PE>�aQR?@��

�Â���� 

(4) ���òó¢��A�þ�½B^_�Â¼

¼½¼¢Aé)C%5"";ÓDE^¢�� 

(5) þ�F!Gî��¼½7H�ÀI $/JK



� 4�                           ���Â�uWvw./0DÃ 5083EFGHI�4��                        Ä1131Ä 

LE^��¾¿, Von-MisesMJ¾¿. 

��
�����������

ÎÏÐ $/��eNOPQ2®äùú

[9]

} 

( ) ( )

H

VH K T Q

t

∇ ∇ ∇

∂

+ ⋅ − ⋅ =

∂

               ~1� 

�(1)/�H7®�ñRST�UV§v�ðñÎÏÐ 

$/�_�)�
î�
W�¢Â<XYZ�[\N

O�¯] ( )dH c T Tρ=

∫

�a/ V7ðñ^_�1ó�Q

7í�Y`�E��. 

§v�345�aKqbc0�)d�Âef� 

 $} 

c

a

( ) ( )K T n h T T∇− ⋅ = − −                     ~2� 

�(2)/�n 7�aKqb�c0T�h

c

7f�éT�T

a

7ghòó�T7è5iÛ5òó. 

345ÎÏÐ $/�²j7k�þ��345�

�²j8"7l^
¯���f� $7ËmGî��

nò!o'(®p} 

T=T

a

                                     ~3� 

��������������

�¯ðñ��7Y���qõo�� IPG-4000ðñ

r_esvFtlu} 

2 2

2 2

0( , )

a a

2 2( )

[ ]exp( )

π

x y

AP x y

I

r r

+

= −               ~4� 

�(4)/�I

0(x,y)

7�ñv�:�Âwì7~x, y�=ñ��

A 7§v�345Âðñ�xyéT�P 7ðñ�Û5

���r

a

7ºjz¹{ó�ñ|}~��ðñ�5þ�

�6� $/�5þþ�;�p�	.ðññ^;�Ö

ç|������DE���ðñ_e���¢�ùú

���7

[10]

} 

I

(x,y)

=I

0(x,y)

[1–βn(x,y)]                       ~5� 

�(5)/�β7��éT�n(x,y)7�}ñ^á0�e��

luST. 

��������� !"#�

UV%345ÛÜ���j����£GÂ<X

YZ�_DE�NO�ÙÚÇ× $/Â345��°

�³��%�²Y<X $.2

[11]

} 

(1) &�n{ðñ��qõ�T67ÙÚÇ×&�

���T� 

(2) µ ÒÏ{¥í��E��Gî�ð����

ÛûðñÎÏÐ $��îÙï� 

(3) µ ��Å�®<X��	
òóô�N�. 

µ ÒÏÙÚ�QR�k�{¥í��E��Gî�

ð����ÙïQRÎÏÐ��î $.o�³��%�

ÙÚ����fXe�ü5ÂQR�a��k�°��

{����l�a*k��l�Â���.  1C¡�o

�¢£����l���<XeÀÂ<XYZ*Ð�N

O

[10,12]

����lo�¤0Yí� Solid70°�

[13-15]

. 

a/�345ÙÚ��7 400 mm×10 mm×10 mm�

QR��¥7 40 mm×0.5 mm×0.5 mm.&�n{Ý��

��T�o�MHðñ��7 2~3  kW�ñ|}~7 3.1 

mm�231ó7 4~6 mm/s�í0�£S¦ó7 2.8 mm�

MHðñM¦7 10 ms�§a�7 1:1.ÙÚ�ÇÑ�o

�{¥�Ùï��qbFò¨eòóô��Â�|�°

�õö,©Â�¶'ª¶^�«¬®[16]. 

ÙÚ&Yþ��¯7 5083§v��p¯þ�7ü°

þ��±Ï²�&�Ûõnn{��^qõ�÷�£

S�&Y��Ë�^�T.c 1C¡. 

 

 

 

 

 

 

 

 

 

� 1  �������	
������� 

Fig.1  Finite element model of crack protection plate for pulse 

laser remanufacture 
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Table 1  Thermal physical parameters of the remanufacture material and the substrate 

Forming layer/ 

substrate 

Elasticity 

modulus, G/Pa 

Yield stress, 

θ

s

/MPa 

Thermal conductivity 

coefficient, λ/W·m

-1

·K

-1

 

Specific heat 

capacity, C/g·K

-1

 

Poisson ratio, µ 

Linear expanding 

coefficient, ∂/×10

-6 

� 

25 � 71/75 228/254 117/120 0.92/1.12 0.33/0.35 26/33 

300 � 70/74 246/253 126/132 0.96/1.03 0.36/0.38 35/39 

400 � 70/72 256/262 134/138 1.13/1.24 0.38/0.39 45/49 

600 � 74/75 263/272 142/147 1.32/1.45 0.39/0.45 51/53 

950 � 76/78 273/279 148/153 1.48/1.53 0.45/0.54 54/58 

1050 � 78/79 281/287 153/156 1.65/1.76 0.54/0.59 59/62 

X 

Y 

Z 
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Fig.2  Temperature distribution in YZ plane of molten pool at 1.2 s 

under the pulsed process laser (a) and continuous process 

laser (b) 
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Fig.3  Comparison of temperature field for different laser power 

in pulsed output mode at 1.2 s: (a) 2.5 kW and (b) 3.5 kW 
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Fig.4  Comparison of temperature field for different duty cycles in 

pulsed output mode at 1.2 s: (a) 1:1 and (b) 5:1 
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Table 2  Composition of the testing materials (ω/%) 

Material Cu Si Fe Mg Zn Cr Ti Al 

5083 0.12~0.35 0.42~0.52 0.40~0.9 4.10~4.85 0.25~0.30 0.05~0.25 0.12~0.42 Bal. 

Welding wire 0.15~0.52 0.32~0.48 0.35~0.80 3.85~5.10 0.30~0.35 0.12~0.32 0.18~0.45 Bal. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

� 5  BC������JKLMNO�P 

Fig.5  Overall morphologies of the protective plate before (a) and 

after (b) remanufacture 
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� 6  �������LQRSTU�V/0 

Fig.6  EDS line scanning of main elements in the weld seam for laser remanufacture of the crack protective plate: 

(a) Zn, (b) Al, (c) Mg, and (d) O 
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Fig.7  Distribution of microhardness for the welding zone and 

heat affected zone (the insets are the corresponding mor- 

phologies) 
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Fig.8  Morphology of 5083 aluminum alloy tensile sample for laser 

remanufacture�
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Table 3  Tensile test data of 5083 aluminium alloy welded joint for laser remanufacture  

Welded joint Tensile strength, σ/MPa Elongation, δ/% Fracture position 

1# 143 6.91 Welded joint 

2# 210 7.09 Welded joint 

3# 200 7.81 Welded joint 

4# 280 10.5 Welded joint 

5# 240 7.94 Welded joint 

6# 220 7.85 Welded joint 

7# 202 6.98 Welded joint 

8# 265 8.68 Welded joint 

 

Ï²üì¾q£ 8(�»#5o��¢£1ó7 0.5 

mm/min�7'ö¨¯T)�¾¶^�¬ø 8³T)�á

º¹°�¯]�qõT).c 8C¡.�c 8�¸�p

qq�»#q£�*»�óº¹7 222 MPa�+#�º

¹7 7.72%�+Qk�m,/)p�=�¼½p�bp

qq��-.k�./0pqq��*»�ó>+#�

º�&þ�d��pqéT1�&% 82.2%�q�^_

&% 5083§v�345ÎÏÐ��. 

��������

1) &� 5083 §v�345ðñÎÏÐ $�{¥

��îÙï�÷¬Â¼þ�Yé345ðñÎÏÐÝ�

���T7}ðñ�� 3 kW�ñ|}~ 3 mm�231

ó 6 mm/s�MHðñM¦ 10 ms�§a� 1:1. 

2) 345pqÑXY£¢%� 0.02 mm�ºj�ó

7 950 MPa.p0�»þ)���l>�C�ó�*

»�ó³|0m²{�å�����^�ÀIsvÎÏ

ÐÑ^_��. 

3) o�{¥�lwYvqõõö�|Å�Ý�õö

·F��MHðñÎÏÐQR§v�345��.a/�

p��á���&YDE�\�^¢���µ �^K

Y2Ã'4�|�°�°®É�Ý�ÒÏ. 
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Abstract: Since the oceangoing vessel protective plates are affected by stormy waves, tide and random explosion shock wave, the spallation and 

cracks are easily caused. In the present paper, the temperature field dynamic process of pulsed laser remanufacture was simulated by controlling 

the finite element "life and death" state. The derivation law of temperature field in forming process was obtained, and the forming process of pulse 

laser remanufacturing was optimized. The results show that the pulsed optimization process parameters are laser power 3 kW, the spot diameter 3 

mm, the scanning speed 6 mm/s, the pulsed laser pulse width 10 ms, and the duty cycle 1:1. The heat affected zone deformation after forming is 

controlled within 0.02 mm, and the maximum hardness (HV

0.1

) is 950 MPa which appears in the heat affected zone. The heat affected zone is 

closely metallurgically bonded with the base metal, the weld mainly consists of fine grained structure, and the tensile strength is up to 222 MPa. 
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