
� 38� � 6� ��������	                               Vol.38, No.6

2009�      6�                         RARE METAL MATERIALS AND ENGINEERING           June 2009

�����2008-06-07

���	����	
	1981��	�
���	����������������	��� ��� 150001	 !"0451-86402373	

#$"0451-86412164	E-mail"smh1980@126.com

C

f

/Mg ��������	
��


��������� 	�
��

(�������	��� ��� 150001)


 ��%&'()*+,-./0123456789:;<=>��? 20~300 �@A4BC'()DE	FG'

HI�JK789LMNOKPQ>RSTUVWXYZ89:;<P=>��'()DE4[\]^_`a	bc

defgHIhi=>��4'()DE]jk	lmnNOop89qlmirs;tPQ>Rubcvwi'(

)DE4=>��]Xxy=>��z6'()DE4IG{|}~�}	���+����	IGxy�����

��+��]��xy�>�^�=>���9B��'()DE4N�	xy��j���|��>�=>��4

'()DE	^_`a��>��&[0/±15/±30/±45/±60/±75/90]

S

4���|k	=>��'()DEP����6j

M] 

�
��<P=>���'()DE�'()

�������TB331 ������A �����1002-185X(2009)06-1043-05

��������(	
� Al� Mg
�)�
�

����������������������

�
��

[1]

�� !"#�$"%&'()(α)$�*

+*%,-./01�2345,678

[2~4]

9:;

<�=>��
��?���@ABCD�E�$F

G$HI������$JKL$*%:*+M��

NOP$QRSJTBUV678

[5]

9WX��YR

Z[\$[]6^�_`a
bcd��efgh�

ij����9����������
��	
R

Zklmnop(<�_�./�q�\r��_�

sop(<tPu$vw�xy]z${*|$[]

}�~��6

[6~9]

9

�
���%&',-��
�,-�)��9

����������
���,-���V��

�V,`$��V�a$����$�
����,

`�./�Z�k������:��%&'()�

�l��%��Y�6��W����

[10]

9 ��

��¡I�����
���Z,-¢I�,�£¤

y�~¥/45,
b�WX¦§YR�¨©Rª


����
��

[11]

9ª
���«.¬�­®���

a/¯°���°±B%&'()�²mE�³´µ

¶·¸¹�º»¢I�,��
��9¼½��
�

�°±��%&'()¾n�¿À�Á5°±k��

Â�ÃÄW���9 

ÅÆÇ.È�ÉÊËk�������Ì(C

f

/Mg)�


��¸Í�ÎÏÐÑÒ%ÓiÔÕ$��:�V


�Ö×6W�^¡I��������
��%&'

,-���9º�ØÙ±Ú¡I�
��HI%&'

()¾n��ÛÜ�ÝÞ±Úß�ª
������

�
��%&'()�¾n9 

��������

©RÈ�ÉÊËk�¡I�����Ì��
�

� T700/AZ91D $M40/AZ91D $T700/ ZM6� M40/ 

ZM6��
�����V��VàÎ)¸ 60%9�V

Ì
�áp�Î (`aÎ)�%)¸â9Al-1Zn-0.2-Mn

ãAZ91Däå2.8Re-0.2-Zn-0.5Zr (ZM6)9��:�VÌ


��,-æç 1èA9  

. AZ91D¸�V���%Óiéê¸â260 �ë

E 1 hìíîå. ZM6¸�V��
���©R 285 �

ëE 1 hìíî�ïðéê9 

 

� ���� !"�

Table 1  The properties of materials 

Material E

L

/GPa E

T

/GPa α

L

/×10

-6 

�

-1

 α

T

/×10

-6 

�

-1

 ν 

T700 230 8.2 –0.83 10 0.25 

M40 377 10 –1.1 8 0.25 

AZ91D 45 45 27.95* 27.95* 0.35 

ZM6 43 43 27.70* 27.70* 0.35 

*Coefficient of thermal expansion of metal measured at 20~200 � 
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Fig.1  Effect of thermal treatment conditions on α of C

f

/Mg composites: (a)T700/AZ91D, (b) T700/ZM6, and (c) M40/ZM6 
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Fig.2  Effect of variety of carbon fibers and alloys on α of C

f

/Mg 

composites: (a) longitudinal direction and (b) transverse 

direction 

 

���  C

f

/Mg ������	
��
��� 

2.2.1  ��������	
��
� 

���g^¡I��������
��%&'

()ôõiÑ±Ú�¾n£��	
! ROM �

Schapery ¾n6

[16]

9Z�jklYR�� Schapery

¾n�Zçy�s�â 

mmfLf

mmmfLfLf

cL

EVEV

EVEV

+

+

=

αα

α                   ã3ä 

( ) ( )

ccLffTfmmmcT

11 ναVανVανα −+++=     ã4ä 

ffmmc

VV ννν +=                        ã5ä 

��âα¸%&'()�v¸mn��E¸4,¾a�

V¸VàÎ)9�� f�mÎ�oç����VåL�

TÎ�oç����I�HI9 

Schapery¾n�D*�
��HI%&'()�

����:¸���¢I�,���Wâ 

ffLfT

ααα ==   

f��¦§Ü���ºJ�¢I�,���±Ú�Y

pq��J��I%®ù-�J�^�
��HI%

&'()����WX«.7�(4)ØÙ¸s�ù�â 

ccLffLffTmmmcT

)()1( ναVαναVανα −+++=      ã6ä 

ç 2 rsÒ�����Ì��
��%&'()

�iÑ±Út./¦�ñòt9¬�^�«.$%�

R Schapery¾nu���
���I%&'()iÑ

±Út:¦§ñòt�r?�Jm9f�ZHI%&

'()±Út:¦�ñat�rv�²m����^

±Ú�
��HI%&'()� Schapery¾nôõØ

Ùì�Z�Â:¦�ñòtDNw
��XxiØÙ

ì���(4)DNy
���������
���H

I%&'()±Ú9 

2.2.2  ���������	
�
� 

�¡I�����
����sÂ�
���H

I��I�%&'()z{�¼½Z|}~�I�%

&'():���IBU�r�Ã(«çA¸

[17]

 

θαθαα

θ

2

T

2

L

sincos +=

                   ã7ä 

. M40/ZM6�
��¸Í�±ÚB¡I����

Ì��
���J��I�%&'()t�s 3 è

A9� «æ���%&'()��U�J�®á�

xi��%&',-¢I�,i@9 

�¦§YR���
��&¨.ª
�����

�B%�¸Ò¡�ÐÑ���¯ª"#^�
��ª


�%&'()�����&�ª
�iÑ��!�

°���\SBs��°â(1) 5¡ª6��,-?�å

(2) V(¢<Î�4,¾aJ�E�®áå(3) V(¢

<Î�%&'()J�E�®á9 

7ª
��
���¢ª¡I�S¸��V�º

»5�ª¡I����VàÎ)?69^Z�ª¡I

���N�7Z��ª�S��V� �ª�S�V�

6���K®ù���S�����IÜ�Z%&'

()R�(3)ôõ±Ú�Wâ 

21

2211

2211

222111

12

EE

EαEα

VEVE

VEαVEα

α

+

+

=

+

+

=

         ã8ä 

�

� ��������	
��
������������������

Table 2  Theoretical and experimental α of the C

f

/Mg composites in the temperature range of 20~200 �

��

� 

Composites 

Theoretical α

cL
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×10
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-1 

Experimental α
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Theoretical α
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Corrected theoretical 

α
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Experimental α

cT

/ 
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T700/AZ91D 2.36 1.91 21.93 20.31 19.97 

M40/AZ91D 0.96 0.97 20.84 19.45 18.65 

T700/ZM6 2.33 1.24 21.78 20.16 20.12 

M40/ ZM6 0.94 0.88 20.69 19.32 19.36 

Note: α

cL

-coefficient of thermal expansion in longitudinal direction, α

cT

-coefficient of thermal expansion in transverse direction 
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Fig.3  The α of M40/ZM6 composite as a function of the angle 

with the fibre direction 
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Table 3  The properties of M40/ZM6 composites 

E

1

/GPa

 

E

2

/GPa G

12

 ν

12

 

255.2 14.5 20 0.28 

 

;<=->? 3)
�� 0°@90°&'()*+,-A 

B
45°&'()*+,-AC
��3D()*+,

-EF�GHIJ4KLMN
OP�QR.�&�

S
���	TUVWX(YZ�[;4 

5 5 �89.�&����	()*+,-\3

D]^_`4KLab
\c.�IJ23dB
�

��ef���	()*+,-7NWX(�[;


89&'()*+,-ghdB
ij&'()*+

,-klm��n4opOPq[0/±15/±30/±45/±60/ 

±75/±90]

S

(.�&�S
���	TUrs()*+

,-
�ptYubvw(i'9;4 

 

 

 

 

 

 

 

 

 

 

� 5  �	���
����������� 

Fig.5  The α of composites angle ply laminates 
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Coefficient of Thermal Expansion and Compute of Carbon Fibre Reinforced 

Magnesium Composites 

 

Song Meihui, Wu Gaohui, Wang Ning, Zhang Guiyi 

(Harbin Institute of Technology, Harbin 150001, China) 

 

Abstract: 60vol %Carbon fiber reinforced magnesium matrix composites were fabricated by pressure infiltration method. The coefficient 

of thermal expansion measurement of carbon fiber reinforced magnesium matrix composites were carried out on a dilatometer 402C at the 

temperature ranged at 20~300 . The relations among � α and heat treatment condition, elastic modulus of the fibers and yield strength of 

matrix alloys were investigated. Results showed that α of the composites decreased with increasing of elastic modulus of fibers and 

reducing of yield strength for matrix alloys. Moreover, the α of composites decreased after annealing treatment. In this paper, the estimate 

formula of the α in transverse direction of composites is presented, and this calculation method should minimize the error between the 

calculation value and the true value. The model for laminate structure composite α in 2D planar is suggested, and the α of 

[0/±15/±30/±45/±60/±75/±90]

S

 laminates are isotropy. 

Key words: magnesium matrix composites; coefficient of thermal expansion α; thermal expansion 
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