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ABSTRACT 
In this study a new group of metal composite foam was demonstrated as absorption material. Closed cell metal foam was 
produced by casting around ceramic hollow spheres and mechanical properties were verified by uni-axial compressive test. 
The effect of random and ordered arrangement, density variation and sample size on mechanical properties were studied and 
indicated that arrangement and density significantly affect on mechanical properties and by increase density, plateau stress 
increased and sample size affects on plateau stress. Results of yield stresses have relatively good match by experimental 
formula.  
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��
�¹Zn¿Y�Ã|���Ä¯�d�Y0ÓÂ¼ »�������¿�/¯�É��/¿Y�[}Z/m�{YÂ/»�ÉY�]
�d�Y�Ê¼¯��Ê�ZaÁ�§��Y�¶^«��¿�¯�Ze�É��¿Y�[~m�Ä¿Â¼¿�Á{��Å��{

�ÊÀ Ë�¶»Z¯�
���ZfyZ��ÉY�]�SC�Á�
���ZfyZ��ÉY�]BCC��0Zf^/�¿�
Á�½Z�°Ë�MJ/m3���»Ê�|�Z]���É��/¿Y�[~/m��Y|¬»�Ä]�ÄmÂe�Z]�Ä¯�,
¹Â§��ËZ��ÄfyZ��Ê�ÅÁ�a�Á�Êf À��ÉZÅ���{YÂ/»�L�m�Ä¿Â¼¿�¾ËY�Ã|�

���d/�Y�Ä/f§�³��Y�/«�ÓZ]��ZÌ�]�É��¿Y�[~m�Z]����������{Z/Ë��dÅZ^/�
ZÅ�Y{Â¼¿É�Ä]d�{�Ã|»M���{�ËZ»�M�Ê»�¦¸fz»�ÉZÅ����Y�Ê/�Z¿�|¿YÂe

Ã�¨u��{�{ÂmÂ»�Ê^�¿�º�¿��¥ÔfyY�¶ËÓ{��Y�Ê°Ë�Á�,|�Z]�¹Â§�ÉZÅ
�º�¿��Y�¥Y�v¿Y��ËY�M��Â¿�®Ë��Y�ZÅ�Y{Â¼¿�¾Ì]aÌ��]ÌÀÊ���Ã|/����{

]Zm��iYÄÃ�¯�ÊËZm�ÄfzË��¾Ìu��{�ZÅ��É�³d�Y����
������¶°��Ä]�ÄmÂe�Z]���Ê»��ZfyZ��Z]�¹Â§�Ä¯�d§�³�ÄnÌf¿�½YÂeSC 

��{Á|//u�½M�d//�°���À//e�Á�d//�Y�Z//ËZa��À//e�|//«Z§����Z//e���
Z´»�µZ°�Za��d�Y��
��

 

 
¶°��������Àe��Y{Â¼¿���¿�¯½Â»�M��Â¿�Á{�ÉY�]��Z�§�:A���ËY�M

Ã�¯�ZÅ��ZË�Ã{Z��Ê^ °»SC,�B����ËY�MÃ�¯�ZÅ��ZË��a��¯�»�Ê^ °»BCC���

�����ZfyZ/��Z/]�¹Â/§�Ê·Z´q��³YSC���{�µÂ/»�§����������À/e�ÉY�/]�Ä/¯
��Y�«�d�Y�Ã|��ÄWY�Y��ZfyZ��¾ËY�d�°�{Â��Ã{Y{�ÃZ´¿M�,̰ݕ̴ߪ�� ݏݕ̴ߪȀכ ൌ ᇾͲǤ͸ͷሺɏ̰ ͷͲʹ��כ௬ߪ �Ȁɏ̴�ሻᇿ̰ͳǤ͵͸כ ൈ ͲǤ͸ͷ×ሺͳǤ͸ȀʹǤ͹ሻଵǤଷ଺ = 79.7 MPa 

�����½Z¼Å�Â��Ê»�Ã|ÅZ�»�Ä¯��µÂ»�§�Z]�Ê¸¼��lËZf¿�{Â�ÄWY�Y��Ã|/��
�{�Y{�Ê]Ây�ª]Z�e��

������¶°��Ä]�ÄmÂe�Z]����ZfyZ��Z]�¹Â§BCC��Á�ZËZa��Àe�ÉY�Y{��Ì¿
�d�°����Z´»�µZ°�Za��d�Y��

�������ZfyZ��Z]�¹Â§�Ê·Z´q��³YBCC��µÂ»�§��{�������À/e�ÉY�/]�Ä/¯
��Y�«�d�Y�Ã|��ÄWY�Y��ZfyZ��¾ËY�ZËZa{Â��Ã{Y{�,�ÃZ´¿Mߪ��௣௟ ൎ ሺͲǤʹͷ݋ݐ��ͲǤ͵ͷሻߪ௬ǡ௦൫ߩ ௦ൗߩ ൯௠� ߪ௣௟ ൎ ሺͲǤʹͷ݋ݐ��ͲǤ͵ͷሻ ൈ ʹͷͲ ൈ ൫ͳǤ͸ ʹǤ͹ൗ ൯ଵǤ଺ ൌʹ͹Ǥ͸������͵ͺǤ͸  

��
����·Z´q��iYÊ��

¶°���{����Àe��Y{Â¼¿����¦/¸fz»�Ê·Z/´q�Ä��Z]�¹Â§�ÉY�]��¿�¯��,
�
���Á�
��Êf¿Z���]�¹�³�d�Y�Ã|��Ã{Y{�½Z�¿��]�»��f»��½Z¼Å��Â/��

�¶°���Y�Ä¯��Ä¿Â¼¿��{�d�Y��z�»�ÉZÅÄfyZ���Ã|��ªÌ¬ve�¾ËY,�
�Ê·Z´qiPeÌ����{�Y{�Z/ËZa��À/e�Á�d�°���Àe�ÉÁ��É{ZË���ZÌ�]����Z/]

Ê»�É{ZË���ËY�§Y�ZËZa�Á�d�°���Àe�,Ê·Z´q��ËY�§Y���|À]ZË 

�����½Z¼Å�Â��Ê»��Z�f¿Y�Ä¯����Ê·Z/´q��ËY�/§Y�Z]�ÊËZÆ¿��¿�¯�d§�
d�Y�Äf§ZË��ÅZ¯���Ê·Z´q�Z]�¹Â§��{�Äf^·Y�
�����¿�/¯��ÅZ¯�¾ËY

d�Y�Ã|��Ã|Ë{��f¼¯-���{�Y�Ë�½Â»�M�Ã�ZÀ¯��Y�¹Â§��Z�§��Ä¿Â¼¿�ÉZÅ
�Á�Ã{Y{�{Z ]Y��ÌÌ¤e��Ì¿±��]��e����Ê·Z/´q�{Z/Ë���ÌÌ¤e�Z]�Z»Y�d�Y�Ã|�

�d�Y�{ÂÆ�»�ÊËZÆ¿��¿�¯��ÅZ¯�¾ËY��
������Ä]��Â]�»�lËZf¿�ËZ»�M�Ä¿Â¼¿�ZÅ��µÁ|m��{�¦¸fz»�Ê·Z´q�Z]��

d�Y�Ã|��Ã{�ÁM. 

 
��µÁ|m�����ÊËZÆ¿��¿�¯�Á�ZËZa��ÀeÄ¿Â¼¿�ZÅ�Ê·Z´q�Z]�ÉZÅ�¦¸fz»�� ɐ௣௟ ɐ଴ൗ  
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�Ê°Ì¿Z°»��YÂy�ÉÁ���]��Z¨e�Y�Á�Ê·Z´q�,�ZfyZ���iYÄf�]�µÂ¸��É�¸§�¹Â§� ��� 

������Y��³Y�¦¸fz»�Ê·Z´q�Z]�¹Â§�Ä]��Â]�»�{Y|�µÁ|m��Y����{�Ä�]Y�
�����É�Y~´ËZm,|¿Â��ZËZa��Àe��ɐ௣௟��Ê·Z/´q��Å�ÉY�]���Ä/]�c�Â/��

��Ë�Ä]d�{�Ê»��|ËM��
ȡ=1.4      ɐ௣௟ ൌ ሺͲǤʹͷ݋ݐ��ͲǤ͵ͷሻʹͷͲ�ሺͲǤͷʹሻଵǤ଺ =  21.9  to  30 
 
ȡ=1.6    ɐ௣௟ ൌ ሺͲǤʹͷ݋ݐ��ͲǤ͵ͷሻʹͷͲ�ሺͲǤ͸ͲሻଵǤ଺ =  27.6  to  38.6 
 
ȡ=2     ɐ௣௟ ൌ ሺͲǤʹͷ݋ݐ��ͲǤ͵ͷሻʹͷͲ�ሺͲǤ͹ͶሻଵǤ଺ =  38.6  to  54 

�������lËZf¿�Ä]�ÄmÂe�Z]Ä]d�{��Ê·Z´q�Z]�¹Â§�ÉZËZa��Àe�Ã|»M�
���Á
�
��µÂ»�§�Ã�Z]��{�ÉZÅÄWY�Y�Ã|����|¿�Y{��Y�«��

������Ê·Z´q�Z]�¹Â§�ÉZËZa��Àe�Z»Y��
�������À/e�Z/]�É{Z/Ë��¥ÔfyY
aÌ��]ÌÀÊ�Ã|����{�Y{ 

 

��
�¶°������iPeÌ��ZËZa��Àe�Á�d�°���Àe�ÉÁ��Ê·Z´q��

 
�����Z¨e�Y��iY��

��Ä^/�Zv»�Á�Ê/uY���ÉY�]���Ã�Z/��É{Z/ ]Y�É�����Z/Ë�Á�¹ÁZ/¬»�Ê»Â/§�ÉZ/Å
d�§Zv»�Ã|ÀÀ¯���Ã�YÂ/Ë{�d�°��ÃÂv¿�Á��Á���¾f�¿Y{�Ä]����]Y�]��{

µÂ¸�d�Y�É�Á���Ê³{��§�¹Z´ÀÅ�ZÅ���Ä ·Z�»�¾ËY��{�iP/eÌ����d^/�¿
�f»Y�Zad�Y�Äf§�³��Y�«�Ê���]�{�Â»�Ä¿Â¼¿�����Á��Z¨e�Y�ÉZÅ���ÉY�]

Ä¿Â¼¿��ËZ»�M�¾ËY�¹Zn¿Y�ÉZÅ½Â»�M���{��Z/�§����Ë{Z/¬»H/L���¦/¸fz»
�,|��Ê���]H��Á�Ä¿Â¼¿��Z¨e�YL��Ä¿Â¼¿�����Á�µÂ�d�Y�Ä/¿Â¼¿�����Z/Å
��Ë{Z¬»��{H/L���Z/]��]Y�]�
��,�
��,���Á�
����ËZ/»�M����lËZ/f¿��|¿|/�

½Â»�M�Ê»�½Z�¿��Z�§�Ä¿Â¼¿��{�|Å{��Ä¿Â¼¿��Z¨e�Y�Ä¯�ÊËZÅ�
������
½M�ZÅ������{��/¼y�Ä/¯�Êf¼/�«�Á�Ä¿Â¼¿���Á��Y�d�°���Á���d�Y

Ê»�©Z¨eY�d�Y��Â«Á�¥�����®/Ë��Y�Ã�YÂ/Ë{�d·Zu�¾ËY��{��|f§Y��¥�/�
Ä°�]��iY�Á�Ã|��d�°���Zq{�Ê»�Ã|Ë{�½|��ÉY���{�Ã|/Ë|a�¾ËY�{Â�

�¶°���������®/§�Á�Ä/¿Â¼¿�¾Ì/]�É�Z/°¿YÁ���Y��/³Y��d�Y�Ã|��Ã{Y{�½Z�¿
Ã�YÂË{�d�°��Á��iY�¾ËY�{Â��Ã{Z¨f�Y���f¼¯iPeÌ�Y~³���d�Y 

��
�¶°������Ä¿Â¼¿�YÉ��Z]�d^�¿��Z¨e�Y�����Ä]�
��É�Y~³�Z]��Y��a���

��
��{Ä¿Â¼¿�ZÅÉ������/]Y�]��Z/¨e�Y�Z/]���Á�
�����Ê³{�/�§�,��/�{�/ËÃ�YÂ��

¶°��Ä¯�d�Y�ÃY�¼Å�É�f¼¯�Ê´f�°��Z]�Ê¿Á�Ì]�ÉZÅ����Á����¾/ËY
Ä¿Â¼¿��½Z�¿�Ê³{��§��Y�| ]�Á�¶^«�Y��ZÅ»Ê�|Å{����

��

��
¶°�������Ä¿Â¼¿�Y�����Ä]��Z¨e�Y�d^�¿�Z]�É��É�Y~³�Z]��Y��a���

��
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¶°�������Ä¿Â¼¿�Y�����Ä]��Z¨e�Y�d^�¿�Z]�É�
��� �
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ñ=Ϯ�gr/cm^ϯ ñ=Ϯ�gr/cm^ϯ ñ=ϭ͘ϲ�gr/cm^ϯ

ñ=ϭ͘ϲ�gr/cm^ϯ ñ=ϭ͘ϰ�gr/cm^ϯ ñ=ϭ͘ϰ�gr/cm^ϯ
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��� ��Ä»ZÀ¸�§�|¸m�,�|Ì·Âe�Á�dyZ���Z�§YÂÅ�®Ì¿Z°»���Ã�Z¼��,��½Zf�]Ze�,���� 

�lËZf¿½Â»�M��½Z�¿��Z�§»Ê�|Å{���{Ä¿Â¼¿�ZÅÉ���Z¨e�Y�Z]�
������
�ZËZa��ÀeÄ]�Â��º�q���ÅZ¯�É�Ì³»Ê�Ë|]Z���»Y�¾ËY�¶Ì·{�0ÓZ/¼fuY�

�Ã�YÂË{��{��¿Z¼¯�{ÂmÁµÂ¸���Z/ÅÉ�����¶°/���d/�Y�¹Â/§�����Y{Â/¼¿
�Àe�Ä¿Â¼¿��¿�¯���Z/]�ÉZ/ÅH/L���/]Y�]�
��,��,�
���Á�
���Ä/�ËZ¬»

��d�Y�Ã|�½Z¼Å�Â����Z¨e�Y�Z]�Ä¿Â¼¿��{�d�Y��z�»�¶°���Y�Ä¯
�Ê¼¯�ÊËZÆ¿��¿�¯�,ZËZa��Àe��ÅZ¯��]�ÃÁÔ��{ZË��ÅZ¯��Ë�Ä/f§Z��Á

Ä]·{Ì¶����Ë�Á�§{ËÃ�YÂ�ZÅ�½Â»�M��Ze��Z�§��¿�/¯��Z/ÅÉ����¶/]Z«�ÓZ/]
��d�Ì¿�¹Zn¿Y��
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��
¶°������Àe��Y{Â¼¿�����Z¨e�Y��ZÆq�Z]�¹Â§��¿�¯�
��,��,�
��� �

�Á�
��Ä¿Â¼¿�������
��
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{ËÃ�YÂ�ZÅ»�Ê¿Á�Ì]�ÉR������{�d/�Y�¶/z¸ze�½Z/¼Å�Z/Ë�Ê·Z´q�d�Y��i

¶°�����Ä¿Â¼¿�Y�Ê·Z´q�Z]�Égr/cm3����]Y�]��Z¨e�Y�Á�
���| ]����
�d�Y�Ã|��Ã{Y{�½Z�¿��¿�¯��Y½Z¼Å�Â���Ä¯»Ê�]ÌÀÌ|�{ËÃ�YÂ��Z/Å�É
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�Y��{Ây0Ô»Z¯��d�Y�Ã{Â¼¿��¨u��
��

��
¶°��������Ä¿Â¼¿�YÉ������Ä]��Z¨e�Y�d^�¿�Z]�
��É�Y~³�Z]��Y��a 

���ÄnÌf¿�É�Ì³ 

�����ZfyZ��Z]�¹Â§sc���d/�°���Àe�ÉY�Y{MPa������ª/^���d/�Y
aÌ��]ÌÀÊ���d/�°���Àe��Y|¬»�Á�Ã{Â]�ZËZa��Àe�|«Z§��ZfyZ��¾ËY

�Ê]�ne�Ä�]Y��Z]�½MÄWY�Y�Ã|��½Â�^Ì³���Âe����Ê]Â/y��ZÌ/�]�ª]Z�e
�]Y�]�¹Â§��Â¿�¾ËY��{�É��¿Y�[~m��Y|¬»��{�Y{�MJ/m3�����|/uYÁ��]

�����/]Y�]�½M�®Ìf/�ÓY�É��/¿Y�[~m��Y|¬»�Á�Ã{Â]�ºnuMJ/m3�����/]
���d�Y�ºnu�|uYÁ 

�����ZfyZ��Z]�¹Â§bcc��Ê·Z´q�Z]�
����Êf¿Z/���/]�¹�/³���\/ °»��/f»
�ÉZËZa��Àe�ÉY�Y{MPa��������[Ây��ZÌ�]�Á�ÓZ]�ÊËZÆ¿��¿�¯�Á
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�d�Y 
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\�ZÀ»�Ä]����Y�Ê�Z¿��Àe�d�Y��e 

�-���ZfyZ��Z]�¹Â§Ê§{Z�e��Ê·Z´q�Á�
����ÉZ/ËZa��Àe�ÉY�Y{MPa�
��������¿�¯�Á�
����Y�d�§Zv»�ÉY�]�¹Â§�¾ËY�{Â]Ã�Z��ZÅÊË��Ä¯

d»ÁZ¬»\�ZÀ»�d�Y�º¯�Ä]����]Y�]��{�½Z��Ä¯�Ê�Àe�Y�Ë��d�Y��e
�Ã�Z��Ä]d�§Zv»��Ã|��Ê»�{�YÁ�{Â��¬eË0Z^����¹Â/§�ÉZ/ËZa��Àe��]Y�]

�d�Y�É�¸§ 

�����ZfyZ��Ä��Ä�ËZ¬»BCC��ÁSC��ÁÊ§{Z�e�Ê»�½Z�¿���Ä/¯�|/Å{
��ZfyZ��Z]�¹Â§Ê§{Z�e�����¿�/¯�ÉY�Y{�Ê·Z/´q�½{Â]��f¼¯�{ÂmÁ�Z]

����/»Y�¾/ËY�¶Ì·{�d�Y�É�f¼¯�ÊËZÆ¿��½|/�¿��/a�����Y�É�f/�Ì]��Y|/¬»
µÂ¸���ZfyZ���{�Ê·ZyÂe�ÉZÅÊ§{Z�e���ZfyZ��Z]�Ä�ËZ¬»��{BCC �

µÂ¸��½|���a�Á�½|��{�y�µZ¼fuY�º�À»��ZfyZ���{�Y�Ë��d�Y�ZÅ
�¬eË0Z^�����ZfyZ/���{�ÊËZ/Æ¿��¿�¯�¾ËY�Á�d�Y�½Z�°ËSC �Å��Y��Ä/¼

µÂ¸��Y�Ë��d�Y��f¼¯�|¿�Y{��Y�«�ºÅ��Ë��d��{�ZÅ 

����Ä¿Â¼¿��Z¨e�Y��ÌÌ¤e�Z]½Â»�M�����Z/¨e�Y��/³Y�Ä¯�|��Ã|ÅZ�»��Z�§
��Y��f�Ì]�Ä¿Â¼¿�������Z/q{�¹Â/§�ÉZ/ËZa��Àe�{{�³�Ä¿Â¼¿������]Y�]

Ê»�d§YÃ�YÂË{��¿Z¼¯�µZ¼fuY�½|���f�Ì]��»Y�¾ËY�¶Ì·{�Ä¯�{Â�ÉZÅ�
�d�Y�Ä¿Â¼¿�Êm�Zy 
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