




�T�h�e� �h�y�d�r�a�u�l�i�c� �s�y�s�t�e�m� �h�a�s� �b�e�e�n� �d�e�v�e�l�o�p�e�d� �f�o�r� �a�i�r�c�r�a�f�t� �a�p�p�l�i�c�a�t�i�o�n�s� �a�n�d� �p�r�o�v�i�d�e�s� �p�o�w�e�r� �f�o�r� 

�q�u�a�d�r�u�p�l�e�x� �d�i�g�i�t�a�l� �f�l�i�g�h�t� �c�o�n�t�r�o�l� �s�y�s�t�e�m� �a�n�d� �a�i�r�c�r�a�f�t� �u�t�i�l�i�t�y� �s�e�r�v�i�c�e�s�.� �H�y�d�r�a�u�l�i�c� �s�y�s�t�e�m� �i�s� �f�i�t�t�e�d� �w�i�t�h� 

�f�i�l�t�e�r�s� �h�a�v�i�n�g� �m�e�s�h� �s�i�z�e�s� �i�n� �t�h�e� �r�a�n�g�e� �o�f� �1�0� �t�o� �2�5� �m�i�c�r�o�n�.� �F�i�l�t�e�r�s� �a�r�e� �u�s�e�d� �i�n� �p�r�e�s�s�u�r�e�,� �r�e�t�u�r�n� �a�n�d� 

�d�r�a�i�n� �l�i�n�e�s�,� �t�o� �e�n�s�u�r�e� �s�u�p�p�l�y� �o�f� �c�l�e�a�n� �o�i�l� �t�o� �t�h�e� �s�y�s�t�e�m� �c�o�m�p�o�n�e�n�t�s� �f�o�r� �t�h�e�i�r� �r�e�l�i�a�b�l�e� �o�p�e�r�a�t�i�o�n�s� �a�s� 

�p�e�r� �N�A�S� �(�c�l�a�s�s�-�1�)� �c�l�e�a�n�l�i�n�e�s�s� �l�e�v�e�l�.� � 

�T�h�e�s�e� �f�i�l�t�e�r�s� �h�a�v�e� �a� �h�i�g�h�e�r� �f�i�l�t�r�a�t�i�o�n� �r�a�t�i�n�g� �( � �1�0�0�)� �a�n�d� �o�p�e�r�a�t�e� �a�t� �-�5�4� �”�C� �t�o� �1�3�5� �”�C� �t�e�m�p�e�r�a�t�u�r�e� 

�c�o�n�d�i�t�i�o�n�s�.� �F�i�l�t�e�r�s� �h�a�v�e� �b�e�e�n� �p�r�o�v�i�d�e�d� �w�i�t�h� �u�n�i�q�u�e� �b�y�-�p�a�s�s� �v�a�l�v�e� �&� �a�u�t�o�m�a�t�i�c� �s�h�u�t�-�o�f�f� �v�a�l�v�e� 

�a�r�r�a�n�g�e�m�e�n�t�,� �v�i�s�u�a�l� �c�l�o�g�g�i�n�g� �i�n�d�i�c�a�t�o�r� �w�i�t�h� �m�a�n�u�a�l� �r�e�s�e�t� �a�n�d� �e�x�c�e�l�l�e�n�t� �r�e�s�i�s�t�a�n�c�e� �t�o� �f�l�o�w� �f�a�t�i�g�u�e�.� 

�F�i�l�t�e�r�s� �d�e�v�e�l�o�p�e�d� �a�r�e� �q�u�a�l�i�f�i�e�d� �f�o�r� �a�i�r�c�r�a�f�t� �a�p�p�l�i�c�a�t�i�o�n�s�.

�A�i�r�c�r�a�f�t� �a�p�p�l�i�c�a�t�i�o�n�s�,� �m�a�r�i�n�e� �a�p�p�l�i�c�a�t�i�o�n�s� �a�n�d� �a�u�t�o�m�o�b�i�l�e� �a�p�p�l�i�c�a�t�i�o�n�s�.
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�T�h�e� �i�n�v�e�n�t�i�o�n� �r�e�l�a�t�e�s� �t�o� �t�h�e� �f�i�e�l�d� �o�f� �o�p�t�o�-�e�l�e�c�t�r�o�n�i�c�s� �i�n� �g�e�n�e�r�a�l�,� �w�i�t�h� �o�p�t�i�c�a�l� �t�e�c�h�n�i�q�u�e�s� �f�o�r� 
�v�i�b�r�a�t�i�o�n� �m�o�n�i�t�o�r�i�n�g�,� �m�o�n�i�t�o�r�i�n�g� �r�e�m�o�t�e� �s�o�u�n�d�,� �a�n�d�/� �o�r� �m�e�c�h�a�n�i�c�a�l� �v�i�b�r�a�t�i�o�n�s�.

�T�h�e� �i�n�v�e�n�t�i�o�n� �e�l�u�c�i�d�a�t�e�s� �a�n� �i�n�n�o�v�a�t�i�v�e� �m�e�t�h�o�d� �a�n�d� �a�p�p�a�r�a�t�u�s� �f�o�r� �t�h�e� �s�i�m�u�l�t�a�n�e�o�u�s� �g�e�n�e�r�a�t�i�o�n� 
�a�n�d� �d�e�t�e�c�t�i�o�n� �o�f� �o�p�t�i�c�a�l� �d�i�f�f�r�a�c�t�i�o�n� �i�n�t�e�r�f�e�r�e�n�c�e� �p�a�t�t�e�r�n� �o�n� �a� �p�h�o�t�o� �d�e�t�e�c�t�o�r�.� �T�h�e� �v�i�b�r�a�t�i�o�n� 
�m�o�n�i�t�o�r�i�n�g� �d�e�v�i�c�e� �d�i�s�c�u�s�s�e�d� �h�e�r�e�i�n� �c�o�m�p�r�i�s�e�s� �o�f� �a� �(�a�n�y�)� �c�o�n�t�i�n�u�o�u�s� �w�a�v�e� �c�o�h�e�r�e�n�t� �c�o�l�l�i�m�a�t�e�d� 
�b�e�a�m� �o�f� �l�i�g�h�t� �(�o�r� �a� �l�a�s�e�r�)� �f�a�l�l�i�n�g� �o�n� �a�n� �(�a�n�y�)� �o�p�t�i�c�a�l�l�y� �r�e�f�l�e�c�t�i�v�e� �c�o�a�t�i�n�g� �o�n� �t�h�e� �s�u�r�f�a�c�e� �o�f� �t�h�e� �b�o�d�y� 
�w�i�t�h� �i�n�h�e�r�e�n�t� �v�i�b�r�a�t�i�o�n�s�,� �o�r� �w�i�t�h� �m�a�n�i�f�e�s�t� �v�i�b�r�a�t�i�o�n�s� �i�n�d�u�c�e�d� �f�r�o�m� �a�n�o�t�h�e�r� �s�o�u�r�c�e� �t�h�r�o�u�g�h� �a�n�y� 
�m�e�d�i�u�m� �w�h�e�r�e� �t�h�e� �s�a�i�d� �l�i�g�h�t� �i�s� �r�e�f�l�e�c�t�e�d�,� �a�n�d� �t�h�e�n� �r�e�c�e�i�v�e�d� �o�n� �t�h�e� �s�u�r�f�a�c�e� �o�f� �a� �(�a�n�y�)� �p�h�o�t�o� 
�d�e�t�e�c�t�o�r� �i�n� �s�u�c�h� �a� �w�a�y� �t�h�a�t� �t�h�e� �r�e�c�e�i�v�e�d� �l�i�g�h�t� �f�a�l�l�s� �p�a�r�t�i�a�l�l�y� � �o�n� �t�h�e� �a�c�t�i�v�e� �s�e�n�s�i�n�g� �a�r�e�a�,� �a�n�d� �p�a�r�t�i�a�l�l�y� 
�o�n� �t�h�e� �o�u�t�e�r� �p�e�r�i�m�e�t�e�r� �o�f� �t�h�e� �a�c�t�i�v�e� �s�e�n�s�i�n�g� �a�r�e�a� �(�a�n�n�u�l�a�r� �r�i�n�g� �s�u�r�r�o�u�n�d�i�n�g� �t�h�e� �p�e�r�i�m�e�t�e�r� �o�f� �t�h�e� 
�a�c�t�i�v�e� �s�e�n�s�i�n�g� �a�r�e�a�)� �o�f� �t�h�e� �s�a�i�d� �p�h�o�t�o� �d�e�t�e�c�t�o�r�.� 

�T�h�e� �s�p�a�t�i�a�l� �i�n�t�e�n�s�i�t�y� �p�a�t�t�e�r�n� �p�r�o�d�u�c�e�d� �o�n� �t�h�e� �p�h�o�t�o� �d�e�t�e�c�t�o�r� �d�u�e� �t�o� �t�h�e� �i�n�t�e�r�f�e�r�e�n�c�e� �b�e�t�w�e�e�n� �t�h�e� 
�d�i�r�e�c�t�l�y� �i�n�c�i�d�e�n�t� �l�i�g�h�t� �a�n�d� �t�h�e� �o�p�t�i�c�a�l�l�y� �d�i�f�f�r�a�c�t�e�d� �l�i�g�h�t�,� �c�h�a�n�g�e�s�,� �i�f� �t�h�e� �i�n�c�i�d�e�n�t� �l�i�g�h�t� �e�m�a�n�a�t�i�n�g� 
�f�r�o�m� �t�h�e� �r�e�f�l�e�c�t�i�n�g� �s�u�r�f�a�c�e� �u�n�d�e�r�g�o�e�s� �c�h�a�n�g�e�s� �i�n� �i�t�s� �p�a�t�h� �l�e�n�g�t�h� �a�s� �a� �r�e�s�u�l�t� �o�f� �t�h�e� �v�i�b�r�a�t�i�o�n�s� �f�e�l�t� �o�n� 
�t�h�e� �r�e�f�l�e�c�t�i�n�g� �s�u�r�f�a�c�e�.� �T�h�e� �p�h�o�t�o� �d�e�t�e�c�t�o�r� �r�e�c�o�r�d�s� �t�h�e� �p�r�e�c�i�s�e� �t�i�m�e� �v�a�r�y�i�n�g� �o�p�t�i�c�a�l� �d�i�f�f�r�a�c�t�i�o�n� 
�i�n�t�e�r�f�e�r�e�n�c�e� �p�a�t�t�e�r�n�,� �c�o�r�r�e�s�p�o�n�d�i�n�g� �t�o� �t�h�e� �t�i�m�e� �v�a�r�y�i�n�g� �v�i�b�r�a�t�i�o�n�s� �e�x�p�e�r�i�e�n�c�e�d� �b�y� �t�h�e� �o�p�t�i�c�a�l� 
�r�e�f�l�e�c�t�o�r�.� �T�h�e� �o�u�t�p�u�t� �s�i�g�n�a�l�s� �f�r�o�m� �t�h�e� �p�h�o�t�o� �d�e�t�e�c�t�o�r� �a�r�e� �r�e�c�o�r�d�e�d� �a�n�d� �c�o�m�p�a�r�e�d� �w�i�t�h� �t�h�e� 
�v�i�b�r�a�t�i�o�n�s� �f�e�d� �o�n� �t�o� �t�h�e� �r�e�f�l�e�c�t�i�n�g� �s�u�r�f�a�c�e� �t�o� �d�e�m�o�n�s�t�r�a�t�e� �t�h�e� �e�f�f�i�c�a�c�y� �o�f� �t�h�i�s� �m�e�t�h�o�d�.

�T�h�e� �i�n�v�e�n�t�i�o�n� �i�s� �e�n�v�i�s�a�g�e�d� �t�o� �h�a�v�e� �t�h�e� �f�o�l�l�o�w�i�n�g� �a�p�p�l�i�c�a�t�i�o�n�s� �i�n� �c�o�m�m�e�r�c�i�a�l� �s�e�c�t�o�r�.

�A�p�p�a�r�a�t�u�s� �t�o� �w�o�r�k� �a�s� �a�n� �o�p�t�i�c�a�l� �m�i�c�r�o�p�h�o�n�e� �w�h�i�c�h� �i�s� �o�p�e�r�a�b�l�e� �o�v�e�r� �t�h�e� �e�n�t�i�r�e� �r�a�n�g�e� �o�f� 
�a�c�o�u�s�t�i�c�a�l� �f�r�e�q�u�e�n�c�i�e�s�.

�N�o�n�-�c�o�n�t�a�c�t� �a�p�p�a�r�a�t�u�s� �f�o�r� �m�o�n�i�t�o�r�i�n�g� �v�i�b�r�a�t�i�o�n�s� �o�f� �o�b�j�e�c�t�s�.

�A�p�p�a�r�a�t�u�s� �t�o� �w�o�r�k� �a�s� �a�n� �o�p�t�i�c�a�l� �h�y�d�r�o�p�h�o�n�e�.

�A�p�p�a�r�a�t�u�s� �f�o�r� �r�e�m�o�t�e�l�y� �d�e�t�e�c�t�i�n�g� �s�o�u�n�d� �f�r�o�m� �o�u�t�s�i�d�e�,� �w�h�e�n� �t�h�e� �s�a�i�d� �s�o�u�n�d� �i�s� �p�r�o�d�u�c�e�d� �i�n� �a� 
�r�o�o�m� �w�i�t�h� �a�n� �o�p�t�i�c�a�l� �r�e�f�l�e�c�t�i�n�g� �o�u�t�e�r� �s�u�r�f�a�c�e�.

�A�p�p�a�r�a�t�u�s� �f�o�r� �d�e�t�e�c�t�i�o�n� �o�f� �h�y�d�r�o�d�y�n�a�m�i�c� �d�i�s�t�u�r�b�a�n�c�e�s� �i�n� �t�h�e� �o�c�e�a�n�.

�A�p�p�a�r�a�t�u�s� �f�o�r� �g�r�a�v�i�t�a�t�i�o�n�a�l� �w�a�v�e� �d�e�t�e�c�t�i�o�n� �i�n� �t�h�e� �a�t�m�o�s�p�h�e�r�e�.

�A�p�p�a�r�a�t�u�s� �f�o�r� �o�p�t�i�c�a�l� �f�e�n�c�i�n�g�.
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 Optical Vibration Monitor, NPOL, Kochi
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�A�p�p�a�r�a�t�u�s� �f�o�r� �s�u�r�v�i�v�o�r� �d�e�t�e�c�t�i�o�n� �f�r�o�m� �i�n�a�c�c�e�s�s�i�b�l�e� �r�u�b�b�l�e�s� �c�a�u�s�e�d� �b�y� �n�a�t�u�r�a�l� �c�a�l�a�m�i�t�i�e�s�.

�S�i�m�p�l�e� �a�n�d� �p�o�r�t�a�b�l�e� �a�p�p�a�r�a�t�u�s� �f�o�r� �l�i�s�t�e�n�i�n�g� �t�o� �s�o�u�n�d�s� �e�m�a�n�a�t�i�n�g� �f�r�o�m� �d�i�s�t�a�n�t� �l�o�c�a�t�i�o�n�s�.

Schematic of apparatus

Laboratory prototype experiments
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�o�u�t�p�u�t



�T�h�e� �i�n�v�e�n�t�i�o�n� �r�e�l�a�t�e�s� �t�o� �a� �v�i�s�c�o�u�s� �f�l�u�i�d� �/�p�a�s�t�e� �s�y�n�t�h�e�s�i�z�e�d� �f�r�o�m� �a� �r�e�n�e�w�a�b�l�e� �s�o�u�r�c�e� �w�h�o�s�e� 

�e�l�e�c�t�r�i�c�a�l� �r�e�s�i�s�t�i�v�i�t�y� �u�n�d�e�r�g�o�e�s� �c�o�n�t�i�n�u�o�u�s� �a�n�d� �s�t�e�p� �w�i�s�e� �d�e�c�r�e�a�s�e� �b�y� �s�e�v�e�r�a�l� �o�r�d�e�r�s� � �o�f� �m�a�g�n�i�t�u�d�e� 

�r�e�v�e�r�s�i�b�l�y� �u�n�d�e�r� �t�h�e� �i�n�f�l�u�e�n�c�e� �o�f� �a� �m�a�g�n�e�t�i�c� �f�i�e�l�d� �o�f� �a�p�p�r�o�p�r�i�a�t�e� �s�t�r�e�n�g�t�h� �r�e�n�d�e�r�i�n�g� �i�t� �t�o� �t�r�a�n�s�f�o�r�m� 

�f�r�o�m� �a�n� �e�l�e�c�t�r�i�c�a�l� �i�n�s�u�l�a�t�o�r� �t�o� �c�o�n�d�u�c�t�o�r� �a�n�d� �v�i�c�e� �v�e�r�s�a�,� �w�i�t�h�i�n� �m�i�l�l�i�s�e�c�o�n�d�s� �o�f� �t�i�m�e�.� �I�n� �t�h�e� 
�8�p�r�e�s�e�n�c�e� �o�f� �a� �m�a�g�n�e�t�i�c� �f�i�e�l�d�,� �t�y�p�i�c�a�l�l�y� �0�.�7� �T�e�s�l�a�,� �t�h�e� �r�e�s�i�s�t�i�v�i�t�y� �o�f� �t�h�e� �f�l�u�i�d� �c�h�a�n�g�e�s� �f�r�o�m� �2�x�1�0� � �o�h�m� 

�t�o� �l�e�s�s� �t�h�a�n� �1� �o�h�m� � �w�i�t�h�i�n� �a� �f�r�a�c�t�i�o�n� �o�f� �a� �s�e�c�o�n�d�.� � �M�a�t�e�r�i�a�l�s� �w�i�t�h� �s�u�c�h� �c�h�a�r�a�c�t�e�r�i�s�t�i�c�s� �a�r�e� �n�o�t� 

�k�n�o�w�n� �a�n�d� �c�a�n� �b�e� �u�s�e�d� �f�o�r� �s�e�v�e�r�a�l� �e�x�c�i�t�i�n�g� �a�p�p�l�i�c�a�t�i�o�n�s�.� � � � � 

�I�f� �a� �m�a�t�e�r�i�a�l�’�s� �(�f�l�u�i�d�’�s�)� �e�l�e�c�t�r�i�c�a�l� �c�o�n�d�u�c�t�i�v�i�t�y� �(�r�e�s�i�s�t�i�v�i�t�y�)� �c�a�n� �v�a�r�y� �f�r�o�m� �i�n�s�u�l�a�t�o�r� �t�o� �c�o�n�d�u�c�t�o�r� �(�a�n�d� 

�a�l�s�o� �i�n� �b�e�t�w�e�e�n� �v�a�l�u�e�s�)� �b�y� �a�n� �e�x�t�e�r�n�a�l� �m�a�g�n�e�t�i�c� �f�i�e�l�d�,� �v�a�r�i�e�t�i�e�s� �o�f� �i�n�s�t�r�u�m�e�n�t�s�/�e�q�u�i�p�m�e�n�t� �c�a�n� �b�e� 

�d�e�v�e�l�o�p�e�d�,� �w�h�i�c�h� �i�s� �n�o�t� �p�o�s�s�i�b�l�e� �w�i�t�h� �t�h�e� �p�r�e�s�e�n�t� �k�n�o�w�n� �m�a�t�e�r�i�a�l�s�.� �E�l�e�c�t�r�i�c�a�l� �c�o�n�d�u�c�t�i�v�i�t�y� �o�f� �a� 

�m�a�t�e�r�i�a�l� �d�e�p�e�n�d�s� �o�n� �i�t�s� �r�e�s�i�s�t�i�v�i�t�y�.� � �I�f� �t�h�e� �r�e�s�i�s�t�i�v�i�t�y� �o�f� �t�h�e� �m�a�t�e�r�i�a�l� �c�a�n� �b�e� �i�n�c�r�e�a�s�e�d� �o�r� �d�e�c�r�e�a�s�e�d� 

�b�y� �t�h�e� �a�p�p�l�i�c�a�t�i�o�n� �o�f� �e�x�t�e�r�n�a�l� �m�a�g�n�e�t�i�c� �f�i�l�e�d�,� �t�h�e� �m�a�t�e�r�i�a�l� �c�a�n� �b�e� �u�s�e�d� �f�o�r� �r�e�g�u�l�a�t�i�n�g� �t�h�e� �f�l�o�w� �o�f� 

�c�u�r�r�e�n�t�.� �M�a�t�e�r�i�a�l�s� �h�a�v�i�n�g� �s�u�c�h� �c�a�p�a�b�i�l�i�t�y� �a�r�e� �n�o�t� �a�v�a�i�l�a�b�l�e� �a�s� �o�f� �n�o�w� �f�o�r� �t�h�e� �i�n�d�u�s�t�r�y�.

�T�h�e� �c�h�a�r�a�c�t�e�r�i�s�t�i�c� �e�l�e�c�t�r�i�c�a�l� �s�w�i�t�c�h�i�n�g� �b�e�h�a�v�i�o�u�r� �o�f� �a� �f�l�u�i�d� �b�y� �t�h�e� �a�p�p�l�i�c�a�t�i�o�n� �o�f� �m�a�g�n�e�t�i�c� �f�i�e�l�d� �i�s� 

�t�o�t�a�l�l�y� �n�e�w� �w�h�i�c�h� �e�n�a�b�l�e�s� �d�e�s�i�g�n� �a�n�d� �f�a�b�r�i�c�a�t�i�o�n� �o�f� �v�a�r�i�e�t�i�e�s� �o�f� �s�m�a�r�t� �s�y�s�t�e�m�s�/�d�e�v�i�c�e�s�.� �S�o�m�e� �o�f� 
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Magneto-Resistive Fluid,  NPOL, Kochi

Variation of resistivity with magnetic field
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�M�a�g�n�e�t�o�r�h�e�o�l�o�g�i�c�a�l� �(�M�R�)� �f�l�u�i�d� �i�s� �a� �s�m�a�r�t� �f�l�u�i�d�,� �w�h�i�c�h� �r�e�s�p�o�n�d�s� �b�y� �c�h�a�n�g�i�n�g� �i�t�s� �v�i�s�c�o�s�i�t�y� �f�r�o�m� � 
�l�i�q�u�i�d� �s�t�a�t�e� �t�o� �a� �n�e�a�r� �s�o�l�i�d� �s�t�a�t�e� �b�y� �t�h�e� �a�p�p�l�i�c�a�t�i�o�n� �o�f� �a� � �m�a�g�n�e�t�i�c� �f�i�e�l�d� �w�i�t�h�i�n� �a� �m�i�l�l�i�s�e�c�o�n�d� �o�f� �t�i�m�e�.� � 
�N�P�O�L� �h�a�s� �s�u�c�c�e�s�s�f�u�l�l�y� �d�e�v�e�l�o�p�e�d� �a�n�d� �p�a�t�e�n�t�e�d� �t�h�i�s� �f�l�u�i�d�.� �T�h�e� �m�a�t�e�r�i�a�l� �i�s� �a� �s�u�s�p�e�n�s�i�o�n� �o�f� 
�s�u�r�f�a�c�t�a�n�t� �c�o�a�t�e�d� �m�a�g�n�e�t�i�c� �p�a�r�t�i�c�l�e�s� �i�n� �a� �c�a�r�r�i�e�r� �f�l�u�i�d� �m�e�d�i�u�m�.� �W�h�e�n� �a� �m�a�g�n�e�t�i�c� �f�i�e�l�d� �i�s� �a�p�p�l�i�e�d�,� 
�t�h�e� �m�a�g�n�e�t�i�c� �p�a�r�t�i�c�l�e�s� �a�l�i�g�n� �t�h�e�m�s�e�l�v�e�s� �a�l�o�n�g� �t�h�e� �d�i�r�e�c�t�i�o�n� �o�f� �m�a�g�n�e�t�i�c� �f�l�u�x� �a�n�d� �p�r�o�v�i�d�e� �a� 
�v�i�s�c�o�s�i�t�y� �c�h�a�n�g�e�.� �S�e�v�e�r�a�l� �s�t�u�d�i�e�s� �m�a�d�e� �i�n� �N�P�O�L� �s�h�o�w�s� �t�h�a�t� �t�h�e� �f�l�u�i�d� �i�s� �s�t�a�b�l�e� �a�n�d� �n�o�n� �r�e�a�c�t�i�v�e� 
�t�o�w�a�r�d�s� �m�a�n�y� �o�f� �t�h�e� �e�n�g�i�n�e�e�r�i�n�g� �m�a�t�e�r�i�a�l�s�.� �T�h�e� �f�l�u�i�d� �i�s� �n�o�n� �t�o�x�i�c� �a�n�d� �e�n�v�i�r�o�n�m�e�n�t�a�l� �f�r�i�e�n�d�l�y�.

�M�a�g�n�e�t�o�r�h�e�o�l�o�g�i�c�a�l� �f�l�u�i�d� �i�s� �a�n� �i�d�e�a�l� �m�a�t�e�r�i�a�l� �f�o�r� �d�e�v�e�l�o�p�i�n�g� �s�m�a�r�t� �b�r�a�k�e�,� �t�o�r�q�u�e� �t�r�a�n�s�f�e�r� �d�e�v�i�c�e�s�,� 
�s�h�o�c�k� �a�n�d� �v�i�b�r�a�t�i�o�n� �d�a�m�p�i�n�g� �s�u�s�p�e�n�s�i�o�n�/�m�o�u�n�t�.� �T�h�e� �d�e�v�i�c�e� �m�a�d�e� �o�f� �t�h�i�s� �f�l�u�i�d� �c�a�n� �r�e�p�l�a�c�e� �t�h�e� 
�c�o�n�v�e�n�t�i�o�n�a�l� �s�y�s�t�e�m� �b�y� �p�r�o�v�i�d�i�n�g� �v�a�r�y�i�n�g� �t�o�r�q�u�e�/�d�a�m�p�i�n�g� �f�o�r�c�e�.� �H�e�n�c�e� �t�h�e� �d�e�v�i�c�e� �m�a�d�e� �o�f� �t�h�i�s� 
�f�l�u�i�d� �w�i�l�l� �b�e� �a� �s�m�a�r�t� �d�e�v�i�c�e� �w�h�o�s�e� �c�h�a�r�a�c�t�e�r�i�s�t�i�c�s� �o�u�t�p�u�t� �c�a�n� �b�e� �t�u�n�e�d� �b�y� �e�x�t�e�r�n�a�l� �m�a�g�n�e�t�i�c� �f�i�e�l�d� 
�o�r� �a�u�t�o�m�a�t�e�d� �b�y� �c�l�o�s�e�d� �l�o�o�p� �f�e�e�d�b�a�c�k� �c�o�n�t�r�o�l�l�e�r�.� �T�h�i�s� �s�m�a�r�t� �m�a�t�e�r�i�a�l� �c�a�n� �b�e� �u�s�e�d� �t�o� �d�e�v�e�l�o�p� �n�e�w� 
�b�r�a�k�e�,� �c�l�u�t�c�h� �a�n�d� �t�o�r�q�u�e� �t�r�a�n�s�f�e�r� �s�y�s�t�e�m�s�,� �s�m�a�r�t� �s�h�o�c�k� �a�b�s�o�r�b�e�r�s� �/� �s�u�s�p�e�n�s�i�o�n�s� �f�o�r� �a�u�t�o�m�o�b�i�l�e�s�,� 
�h�a�p�t�i�c� �i�n�t�e�r�f�a�c�e�s�,� �a�r�t�i�f�i�c�i�a�l� �l�i�m�b�s�,� �e�a�r�t�h�q�u�a�k�e�s� �r�e�s�i�s�t�a�n�t� �c�i�v�i�l� �s�t�r�u�c�t�u�r�e�s�/� �b�u�i�l�d�i�n�g�s� �a�n�d� �s�m�a�r�t� 
�d�a�m�p�e�r�s� �f�o�r� �c�a�b�l�e�d� �b�r�i�d�g�e�s� �t�o� �c�o�u�n�t�e�r�a�c�t� �w�i�n�d� �g�u�s�t� �e�t�c�.� � 

Magneto-Rheological Fluid, NPOL, Kochi

Transmissibility characteristics of various mounts based on MR fluid

Damper based on magnetorheological fluid Vibration mount based on 
magnetorheological fluid
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�T�h�e� �i�n�v�e�n�t�i�o�n� �e�l�u�c�i�d�a�t�e�s� �a�n� �i�n�n�o�v�a�t�i�v�e� �m�e�t�h�o�d� �a�n�d� �s�y�s�t�e�m� �f�o�r� �r�e�a�l� �t�i�m�e� �m�o�n�i�t�o�r�i�n�g� �o�f� �m�o�t�i�o�n�s� �i�n� 

�s�t�r�a�t�i�f�i�e�d� �f�l�u�i�d�s� �(�l�i�k�e� �w�a�v�e�s� �a�n�d� �m�e�a�n� �c�u�r�r�e�n�t�s� �i�n� �t�h�e� �o�c�e�a�n� �a�n�d� �a�t�m�o�s�p�h�e�r�e�)�.� �T�h�e� �n�o�v�e�l� �s�y�s�t�e�m� �i�s� 

�a�p�p�l�i�e�d� �t�o� �m�o�n�i�t�o�r� �i�n�t�e�r�n�a�l� �w�a�v�e�s� �a�n�d� �t�s�u�n�a�m�i� �w�a�v�e�s� �s�i�m�u�l�a�t�e�d� �i�n� �a� �l�a�b�o�r�a�t�o�r�y� �t�a�n�k� �f�i�l�l�e�d� �w�i�t�h� 

�s�t�r�a�t�i�f�i�e�d� �s�a�l�t� �w�a�t�e�r�.� �A�n� �i�n�t�e�r� �c�o�m�p�a�r�i�s�o�n� �o�f� �t�h�e� �d�a�t�a� �r�e�c�o�r�d�e�d� �u�s�i�n�g� �t�h�i�s� �i�n�v�e�n�t�i�o�n� �a�n�d� �t�h�e� �d�a�t�a� 

�r�e�c�o�r�d�s� �o�b�t�a�i�n�e�d� � �f�r�o�m� �a�n� �o�c�e�a�n� �i�n�d�u�s�t�r�y� �s�t�a�n�d�a�r�d� � �p�r�e�s�s�u�r�e� �t�r�a�n�s�d�u�c�e�r�,� �v�a�r�i�a�t�i�o�n�s� �o�f� � �w�h�i�c�h� �a�r�e� 

�c�u�r�r�e�n�t�l�y� �b�e�i�n�g� �u�s�e�d� �f�o�r� �s�u�r�f�a�c�e� �w�a�v�e� �a�n�d� �t�s�u�n�a�m�i� �w�a�v�e� �m�o�n�i�t�o�r�i�n�g� �b�y� �m�a�n�y� �r�e�s�e�a�r�c�h�e�r�s� �a�r�o�u�n�d� 

�t�h�e� �w�o�r�l�d�,� �d�e�m�o�n�s�t�r�a�t�e�d� �t�h�e� �e�f�f�i�c�a�c�y� �o�f� �t�h�i�s� �i�n�v�e�n�t�i�o�n� �a�s� �a� �s�e�n�s�i�t�i�v�e� �m�e�t�h�o�d� �f�o�r� �r�e�a�l� �t�i�m�e� 

�m�o�n�i�t�o�r�i�n�g� �o�f� �o�c�e�a�n� �w�a�v�e�s�.

�T�h�e� �o�p�t�o�e�l�e�c�t�r�o�n�i�c� �s�y�s�t�e�m� �d�e�s�c�r�i�b�e�d� �h�e�r�e�i�n� �i�s� �a�n� �i�n� �s�i�t�u� �d�e�v�i�c�e� �w�h�i�c�h� �c�o�u�l�d� �b�e� �d�e�p�l�o�y�e�d� �i�n� �t�h�e� 

�o�c�e�a�n� �f�o�r� �t�h�e� �r�e�a�l� �t�i�m�e� �m�o�n�i�t�o�r�i�n�g� �o�f� �o�c�e�a�n� �w�a�v�e�s� �l�i�k�e� �s�u�r�f�a�c�e� �w�a�v�e�s�,� �i�n�t�e�r�n�a�l� �w�a�v�e�s�,� �t�s�u�n�a�m�i� �e�t�c�.� 

�O�c�e�a�n� �i�s� �a� �s�t�r�a�t�i�f�i�e�d� �f�l�u�i�d� �m�e�d�i�u�m�.� �T�h�e� �o�p�t�o�-�e�l�e�c�t�r�o�n�i�c� �s�y�s�t�e�m� �f�o�r� �r�e�a�l� �t�i�m�e� �m�o�n�i�t�o�r�i�n�g� �o�f� �o�c�e�a�n� 

�w�a�v�e�s� �c�o�m�p�r�i�s�e�s� �o�f� �a� �(�a�n�y�)� �c�o�n�t�i�n�u�o�u�s� �w�a�v�e�,� �c�o�h�e�r�e�n�t�,� �c�o�l�l�i�m�a�t�e�d� �b�e�a�m� �o�f� �l�i�g�h�t� �(�o�r� �a� �l�a�s�e�r�)� �f�a�l�l�i�n�g� 

�o�n� �t�h�e� �s�u�r�f�a�c�e� �o�f� �a� �(�a�n�y�)� �p�h�o�t�o� �d�e�t�e�c�t�o�r� �i�n� �s�u�c�h� �a� �w�a�y� �t�h�a�t� �t�h�e� �r�e�c�e�i�v�e�d� �l�i�g�h�t� �f�a�l�l�s� �o�n� �t�h�e� �a�c�t�i�v�e� 

�s�e�n�s�i�n�g� �a�r�e�a� �o�f� �t�h�e� �p�h�o�t�o� �d�e�t�e�c�t�o�r�,� �a�f�t�e�r� �p�a�s�s�i�n�g� �t�h�r�o�u�g�h� �t�h�e� �s�t�r�a�t�i�f�i�e�d� �f�l�u�i�d� �m�e�d�i�u�m�.� �T�h�e� 
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Fluid Motion Monitor,  NPOL, Kochi
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Encapsulated Photo detector 
with a glass window

Encapsulated laser diode with 
a glass window

Packaged opto-electronic system 
for underwater experiments



�S�y�n�t�a�c�t�i�c� �f�o�a�m�s� �a�r�e� �s�p�e�c�i�a�l� �c�l�a�s�s� �o�f� �l�o�w� �d�e�n�s�i�t�y� �a�n�d� �h�i�g�h� �s�t�r�e�n�g�t�h� �m�a�t�e�r�i�a�l�s�,� �w�h�i�c�h� �h�a�s� �m�i�c�r�o� 

�b�a�l�l�o�o�n�s� �i�n�c�l�u�s�i�o�n� �u�n�i�f�o�r�m�l�y� �i�n� �a� �p�o�l�y�m�e�r� �m�a�t�r�i�x�.� �S�i�n�c�e� �t�h�e� �m�a�t�e�r�i�a�l� �i�s� �a� �l�i�q�u�i�d� �c�a�s�t�i�n�g� �s�y�s�t�e�m�,� �i�t� 

�c�a�n� �b�e� �t�a�i�l�o�r�e�d� �t�o� �t�h�e� �v�a�r�i�e�t�i�e�s� �o�f� �p�r�o�p�e�r�t�i�e�s� �a�n�d� �s�h�a�p�e� �o�v�e�r� �a� �w�i�d�e� �r�a�n�g�e� �o�f� �d�e�n�s�i�t�i�e�s� �a�n�d� 

�s�t�r�e�n�g�t�h�.� �N�P�O�L� �h�a�s� �d�e�v�e�l�o�p�e�d� �s�y�n�t�a�c�t�i�c� �f�o�a�m�s� �f�o�r�m�u�l�a�t�i�o�n�s� �b�a�s�e�d� �o�n� �p�o�l�y�e�s�t�e�r�,� �e�p�o�x�y� �a�n�d� 

�p�o�l�y�u�r�e�t�h�a�n�e� �a�s� �m�a�t�r�i�x� �m�a�t�e�r�i�a�l� �a�n�d� �g�l�a�s�s�,� �P�A�N� �a�n�d� �p�h�e�n�o�s�e�t� �m�i�c�r�o�s�p�h�e�r�e�s� �a�s� �f�i�l�l�e�r� �m�a�t�e�r�i�a�l�.� 
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�r�h�e�o�l�o�g�y�,� �p�o�t� �l�i�f�e�,� �h�y�d�r�o�s�t�a�t�i�c� �c�o�m�p�r�e�s�s�i�b�i�l�i�t�y�,� �w�a�t�e�r� �a�b�s�o�r�p�t�i�o�n�,� �d�e�n�s�i�t�y�,� �c�o�m�p�r�e�s�s�i�v�e� �m�o�d�u�l�u�s� 

�a�n�d� �t�e�n�s�i�l�e� �m�o�d�u�l�u�s� �a�r�e� �d�e�v�e�l�o�p�e�d� �i�n� � �N�P�O�L� �f�o�r� �v�a�r�i�o�u�s� �a�p�p�l�i�c�a�t�i�o�n�s�.� 

�T�h�e� �m�a�t�e�r�i�a�l� �h�a�s� �i�m�m�e�n�s�e� �u�n�d�e�r�w�a�t�e�r� �a�p�p�l�i�c�a�t�i�o�n�s� �s�u�c�h� �a�s� �f�o�r� �m�a�k�i�n�g� �f�l�o�a�t�s�,� �b�u�o�y�s�,� �b�u�o�y�a�n�c�y� 

�m�o�d�u�l�e�s� �f�o�r� �s�e�n�s�o�r�s�,� �i�n�s�t�r�u�m�e�n�t�s� �c�o�l�l�a�r�,� �b�e�n�d� �r�e�s�t�r�i�c�t�o�r�s� �f�o�r� �c�a�b�l�e�s�.� �A�l�s�o�,� �t�h�e�y� �c�a�n� �b�e� �u�s�e�d� �a�s� �p�u�t�t�y� 
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Syntactic Foam, NPOL, Kochi

Properties of syntactic foams developed at NPOL

Buoyancy module for towed array Floats for fuel gauge made 
with syntactic foam
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�a�l�s�o� �s�i�g�n�i�f�i�c�a�n�t�l�y� �l�o�w�e�r�s� �t�h�e� �f�a�b�r�i�c�a�t�i�o�n� �t�i�m�e� �m�a�k�i�n�g� �l�a�r�g�e�-�s�c�a�l�e� �p�r�o�d�u�c�t�i�o�n� �c�o�s�t� �e�f�f�e�c�t�i�v�e�.� �C�o�s�t�-
�e�f�f�e�c�t�i�v�e� �a�n�d� �e�a�s�y� �r�e�p�a�i�r� �o�f� �d�a�m�a�g�e�d� �a�r�m�o�u�r� �i�s� �a�l�s�o� �p�o�s�s�i�b�l�e� �d�u�e� �m�o�d�u�l�a�r� �c�o�n�s�t�r�u�c�t�i�o�n�.� �P�a�r�a�s�i�t�i�c� 
�m�a�s�s� �s�u�c�h� �a�s� �s�p�a�l�l�-�l�i�n�e�r�s� �a�n�d� �a�d�d�i�t�i�o�n�a�l� �b�a�c�k�i�n�g� �m�a�t�e�r�i�a�l� �f�o�r� �c�e�r�a�m�i�c�s� �e�s�s�e�n�t�i�a�l� �i�n� �s�t�r�a�p�-�o�n� �a�r�m�o�u�r� 
�i�s� �c�o�m�p�l�e�t�e�l�y� �e�l�i�m�i�n�a�t�e�d� �i�n� �i�n�t�e�g�r�a�l� �a�r�m�o�u�r�.� �F�u�r�t�h�e�r�,� �m�o�d�u�l�a�r� �c�o�n�s�t�r�u�c�t�i�o�n� �o�f� �i�n�t�e�g�r�a�l� �a�r�m�o�u�r� 
�u�s�i�n�g� �s�m�a�l�l� �c�e�r�a�m�i�c� �t�i�l�e�s� �a�l�l�o�w�s� �f�o�r� �i�t�s� �e�a�s�y� �r�e�p�a�i�r� �a�f�t�e�r� �i�m�p�a�c�t�.� 

�T�h�e� �p�r�e�s�e�n�t� �t�e�c�h�n�o�l�o�g�y� �i�s� �b�a�s�e�d� �o�n� �V�a�c�u�u�m� �A�s�s�i�s�t�e�d� �R�e�s�i�n� �T�r�a�n�s�f�e�r� �M�o�u�l�d�i�n�g� �(�V�A�R�T�M�)� �p�r�o�c�e�s�s� 
�f�o�r� �m�a�n�u�f�a�c�t�u�r�e� �o�f� �c�o�m�p�o�s�i�t�e�s� �s�t�r�u�c�t�u�r�e�s�.� �C�e�r�a�m�i�c�-�c�o�m�p�o�s�i�t�e� �i�n�t�e�g�r�a�l� �a�r�m�o�u�r� �h�a�s� �c�e�r�a�m�i�c� �l�a�y�e�r�,� 
�r�u�b�b�e�r� �l�a�y�e�r�,� �b�a�c�k�i�n�g� �c�o�m�p�o�s�i�t�e�s� �s�t�r�u�c�t�u�r�a�l� �l�a�y�e�r�,� �c�o�v�e�r� �l�a�y�e�r� �a�n�d� �o�t�h�e�r� �f�u�n�c�t�i�o�n�a�l� �l�a�y�e�r�s� �s�u�c�h� �a�s� 
�l�a�y�e�r�s� �f�o�r� �f�i�r�e�-�p�r�o�t�e�c�t�i�o�n�.� �T�h�e� �w�h�o�l�e� �s�t�r�u�c�t�u�r�e� �a�l�o�n�g� �w�i�t�h� �t�h�e� �i�n�t�e�g�r�a�l� �a�r�m�o�u�r� �i�s� �m�a�n�u�f�a�c�t�u�r�e�d� �i�n� 
�o�n�e� �g�o�.� �T�h�e� �c�e�r�a�m�i�c� �l�a�y�e�r� �p�r�o�v�i�d�e�s� �p�r�i�m�a�r�y� �b�a�l�l�i�s�t�i�c� �p�r�o�t�e�c�t�i�o�n� �w�h�i�l�e� �t�h�e� �c�o�m�p�o�s�i�t�e�s� �l�a�y�e�r� �i�s� �t�h�e� 
�s�t�r�u�c�t�u�r�a�l� �l�a�y�e�r�.

�B�a�l�l�i�s�t�i�c� �p�r�o�t�e�c�t�i�o�n� �f�o�r� �V�I�P� �v�e�h�i�c�l�e�s�,� �l�o�w� �i�n�t�e�n�s�i�t�y� �c�o�n�f�l�i�c�t� �v�e�h�i�c�l�e�s�,� �u�r�b�a�n� �w�a�r�f�a�r�e� �s�y�s�t�e�m�s�,� �b�a�l�l�i�s�t�i�c� 
�p�r�o�t�e�c�t�i�o�n� �f�o�r� �u�n�m�a�n�n�e�d� �v�e�h�i�c�l�e�s�,� �m�i�s�s�i�l�e� �t�r�a�n�s�p�o�r�t� �v�e�h�i�c�l�e�s�,� �a�r�m�o�u�r�e�d� �v�e�h�i�c�l�e�s�,� �u�n�d�e�r�w�a�t�e�r� 
�s�t�r�u�c�t�u�r�e�s�,� �a�s�s�a�u�l�t� �b�o�a�t�s�,� �o�t�h�e�r� �n�a�v�a�l� �s�t�r�u�c�t�u�r�e�s�,� �a�i�r�c�r�a�f�t�s�,� �h�e�l�i�c�o�p�t�e�r�s� �a�n�d� �a�n�y� �o�t�h�e�r� �s�t�r�u�c�t�u�r�e�s� 
�s�u�b�j�e�c�t�e�d� �t�o� �b�a�l�l�i�s�t�i�c� �t�h�r�e�a�t�s�.� �T�h�i�s� �t�e�c�h�n�o�l�o�g�y� �o�f�f�e�r�s� �a� �s�i�g�n�i�f�i�c�a�n�t�l�y� �l�i�g�h�t�w�e�i�g�h�t�,� �m�a�i�n�t�e�n�a�n�c�e�-�f�r�e�e� 
�a�n�d� �e�a�s�i�l�y� �r�e�p�a�i�r�a�b�l�e� �c�o�m�p�o�s�i�t�e�-�c�e�r�a�m�i�c� �i�n�t�e�g�r�a�l� �a�r�m�o�u�r� �b�a�s�e�d� �a�l�t�e�r�n�a�t�i�v�e� �t�o� �t�h�e� �c�u�r�r�e�n�t�l�y� �h�e�a�v�y� 
�a�n�d� �b�u�l�k�y� �m�e�t�a�l�l�i�c� �s�t�r�u�c�t�u�r�e�s� �w�i�t�h� �a�d�d�-�o�n�/�s�t�r�a�p�-�o�n� �a�r�m�o�u�r�.

Ceramic Tiles, R&DE(E), Pune



�T�h�e� �R�e�m�o�t�e�l�y� �O�p�e�r�a�t�e�d� �V�e�h�i�c�l�e� �h�a�s� �b�e�e�n� �d�e�v�e�l�o�p�e�d� �t�o� �h�a�n�d�l�e� �I�m�p�r�o�v�i�s�e�d� �E�x�p�l�o�s�i�v�e� �D�e�v�i�c�e�s�,� 

�d�e�t�e�c�t� �o�r� �c�o�n�f�i�r�m� �i�t�s� �p�r�e�s�e�n�c�e� �a�n�d� �a�l�s�o� �t�o� �d�i�f�f�u�s�e� �i�t�.� �A�d�d�i�t�i�o�n�a�l�l�y� �i�t� �c�a�n� �a�l�s�o� �m�e�a�s�u�r�e� �R�a�d�i�a�t�i�o�n� �a�n�d� 

�C�h�e�m�i�c�a�l� �C�o�n�t�a�m�i�n�a�t�i�o�n� �l�e�v�e�l�s�.� �I�t� �h�a�s� �b�e�e�n� �d�e�s�i�g�n�e�d� �f�o�r� �t�h�e� �A�r�m�y�,� �P�o�l�i�c�e� �a�n�d� �o�t�h�e�r� �p�a�r�a�m�i�l�i�t�a�r�y� 

�f�o�r�c�e�s� �e�n�g�a�g�e�d� �i�n� �c�o�u�n�t�e�r� �t�e�r�r�o�r�i�s�t� �o�p�e�r�a�t�i�o�n�s�.

�R�o�b�o�t� �b�a�s�e�d� �R�e�m�o�t�e� �C�o�n�t�r�o�l�l�e�d� �U�n�m�a�n�n�e�d� �G�r�o�u�n�d� �V�e�h�i�c�l�e� �(�U�G�V�)� �t�o� �h�a�n�d�l�e� �I�m�p�r�o�v�i�s�e�d� 

�E�x�p�l�o�s�i�v�e� �D�e�v�i�c�e�s� �(�I�E�D�)

�T�o� �d�e�t�e�c�t� �a�n�d� �c�o�n�f�i�r�m� �p�r�e�s�e�n�c�e� �o�f� �e�x�p�l�o�s�i�v�e� �a�n�d� �a�l�s�o� �t�o� �d�i�f�f�u�s�e� �i�t�.� �T�h�e� �R�O�V� �c�a�n� �d�e�t�e�c�t� �t�h�e� �I�E�D� 

�b�y� �a� �p�o�r�t�a�b�l�e� �X�-�R�a�y� �m�o�u�n�t�e�d� �o�n� �t�h�e� �p�l�a�t�f�o�r�m�.� �T�h�e� �o�n�-�b�o�a�r�d� �W�a�t�e�r� �J�e�t� �D�i�s�r�u�p�t�e�r� �c�a�n� �b�e� �u�s�e�d� �t�o� 

�d�i�f�f�u�s�e� �t�h�e� �I�E�D�.

�I�t� �c�a�n� �a�l�s�o� �m�e�a�s�u�r�e� �R�a�d�i�a�t�i�o�n� �a�n�d� �C�h�e�m�i�c�a�l� �C�o�n�t�a�m�i�n�a�t�i�o�n� �l�e�v�e�l�s�.� 

�R�o�b�o�t�i�c� �p�l�a�t�f�o�r�m�s� �t�h�a�t� �a�r�e� �u�s�e�d� �a�s� �a�n� �e�x�t�e�n�s�i�o�n� �o�f� �h�u�m�a�n� �c�a�p�a�b�i�l�i�t�y�.� 

�I�s� �c�a�p�a�b�l�e� �o�f� �o�p�e�r�a�t�i�n�g� �o�u�t�d�o�o�r�s� �a�n�d� �o�v�e�r� �a� �w�i�d�e� �v�a�r�i�e�t�y� �o�f� �t�e�r�r�a�i�n�,� �f�u�n�c�t�i�o�n�i�n�g� �i�n� �p�l�a�c�e� �o�f� 

�h�u�m�a�n�s�.

�T�h�e� �R�O�V� �i�s� �c�a�p�a�b�l�e� �o�f� �b�e�i�n�g� �r�e�m�o�t�e�l�y� �c�o�n�t�r�o�l�l�e�d� �o�v�e�r� �a� �r�a�n�g�e� �o�f� �5�0�0�m� �l�i�n�e�-�o�f�-�s�i�g�h�t� �o�r� �u�p� �t�o� 

�t�h�r�e�e� �w�a�l�l�s� �w�i�t�h�i�n� �b�u�i�l�d�i�n�g�s�.� 

�T�h�e� �R�O�V� �c�a�n� �b�e� �d�e�p�l�o�y�e�d� �w�i�t�h�i�n� �b�u�i�l�d�i�n�g�s� �a�n�d� �c�l�i�m�b� �s�t�a�i�r�s� �f�o�r� �h�a�n�d�l�i�n�g� �h�a�z�a�r�d�o�u�s� �m�a�t�e�r�i�a�l�.� 

�I�t� �h�a�s� �a� �r�o�b�u�s�t� �m�a�n�i�p�u�l�a�t�o�r� �a�r�m� �h�a�v�i�n�g� �s�i�x� �d�e�g�r�e�e�s� �o�f� �f�r�e�e�d�o�m� �w�i�t�h� �g�r�i�p�p�e�r� �f�o�r� �h�a�n�d�l�i�n�g� 

�s�u�s�p�e�c�t�e�d� �o�b�j�e�c�t�s� �u�p� �t�o� �2�0�k�g� �f�r�o�m� �2�.�5�m�.� 

�I�t� �i�s� �e�l�e�c�t�r�i�c�a�l�l�y� �p�o�w�e�r�e�d� �b�y� �s�p�e�c�i�a�l� �b�a�t�t�e�r�i�e�s� �a�n�d� �c�a�n� �b�e� �u�t�i�l�i�z�e�d� �c�o�n�t�i�n�u�o�u�s�l�y� �f�o�r� �t�h�r�e�e� �h�o�u�r�s� 

�b�e�f�o�r�e� �a� �r�e�c�h�a�r�g�e�.� 

�I�t� �h�a�s� �m�u�l�t�i�p�l�e� �c�a�m�e�r�a�s� �o�n�-�b�o�a�r�d� �f�o�r� �a�i�d�i�n�g� �t�h�e� �o�p�e�r�a�t�o�r� �t�o� �d�r�i�v�e� �a�s� �w�e�l�l� �a�s� �p�i�c�k� �a�n�d� �h�a�n�d�l�e� 

�s�e�n�s�i�t�i�v�e� �o�b�j�e�c�t�s�.� 

�T�h�e� �p�r�e�s�e�n�t� �t�e�c�h�n�o�l�o�g�y� �i�s� �b�e�t�t�e�r� �t�h�a�n� �t�h�e� �e�x�i�s�t�i�n�g� �s�o�l�u�t�i�o�n�s� �a�s� �i�t� �i�s� �c�h�e�a�p�e�r� �i�n� �c�o�s�t� �a�n�d� �e�a�s�y� �t�o� 

�m�a�i�n�t�a�i�n�.� 

�T�h�e� �p�r�e�s�e�n�t� �t�e�c�h�n�o�l�o�g�y� �h�a�s� �m�a�n�y� �a�d�d�i�t�i�o�n�a�l� �f�e�a�t�u�r�e�s� �t�h�a�n� �t�h�e� �e�x�i�s�t�i�n�g� �s�o�l�u�t�i�o�n�s�.
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Remotely Operated Vehicle (ROV), R&DE(E), Pune
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�I�s� �u�s�e�f�u�l� �f�o�r� �t�h�e� �P�o�l�i�c�e� �a�n�d� �o�t�h�e�r� �P�a�r�a�m�i�l�i�t�a�r�y� �F�o�r�c�e�s� �e�n�g�a�g�e�d� �i�n� �c�o�u�n�t�e�r� �t�e�r�r�o�r�i�s�t� �o�p�e�r�a�t�i�o�n�s�.

�A�n�y� �s�u�s�p�e�c�t�e�d� �o�b�j�e�c�t� �o�r� �b�a�g�g�a�g�e� �c�a�n� �b�e� �t�a�k�e�n� �t�o� �a� �s�a�f�e� �s�p�o�t�,� �i�n�s�p�e�c�t�e�d� �o�r� �X�-�R�a�y�e�d� �i�n�-�s�i�t�u� �a�n�d� 

�d�i�f�f�u�s�e�d� �i�f� �n�e�c�e�s�s�a�r�y� �t�h�e�r�e�b�y� �n�o�t� �e�n�d�a�n�g�e�r�i�n�g� �t�h�e� �p�e�r�s�o�n�n�e�l� �e�n�g�a�g�e�d� �i�n� �s�u�c�h� �m�i�s�s�i�o�n�s�.� 

�T�h�i�s� �c�a�n� �b�e� �u�s�e�d� �b�y� �t�h�e� �p�o�l�i�c�e�,� �N�S�G� �a�n�d� �o�t�h�e�r� �p�a�r�a�-�m�i�l�i�t�a�r�y� �f�o�r�c�e�s� �f�o�r� �c�o�u�n�t�e�r� �i�n�s�u�r�g�e�n�c�y� 

�o�p�e�r�a�t�i�o�n�s�.� 

�I�n� �a�d�d�i�t�i�o�n� �i�t� �c�a�n� �b�e� �u�s�e�d� �a�t� �t�h�e� �A�i�r�p�o�r�t�s�,� �R�a�i�l�w�a�y� �S�t�a�t�i�o�n�s�,� �S�h�o�p�p�i�n�g� �M�a�l�l�s� �e�t�c�.� �w�h�e�r�e� �s�u�c�h� �I�E�D� 

�a�t�t�a�c�k�s� �a�r�e� �a�n�t�i�c�i�p�a�t�e�d�.



�T�h�e� �i�n�n�o�v�a�t�i�o�n� �i�s� �a� �d�e�v�i�c�e� �t�o� �m�e�a�s�u�r�e� �t�h�e� �i�n�-�p�l�a�n�e� �a�n�d� �t�h�r�o�u�g�h�-�t�h�i�c�k�n�e�s�s� �p�e�r�m�e�a�b�i�l�i�t�i�e�s� �o�f� �t�h�e� 

�p�r�e�f�o�r�m� �i�n� �t�h�e� �V�a�c�u�u�m� �A�s�s�i�s�t�e�d� �R�e�s�i�n� �T�r�a�n�s�f�e�r� �M�o�l�d�i�n�g� �(�V�A�R�T�M�)� �p�r�o�c�e�s�s� �i�n� �w�h�i�c�h� �r�e�s�i�n� �f�l�o�w�s� 

�u�n�d�e�r� �a�c�t�i�o�n� �o�f� �v�a�c�u�u�m� �t�h�r�o�u�g�h� �d�r�y� �r�e�i�n�f�o�r�c�e�m�e�n�t�.� �T�h�e� �r�e�s�i�n� �f�l�o�w�s� �o�v�e�r� �t�h�e� �s�u�r�f�a�c�e� �o�f� �t�h�e� 

�r�e�i�n�f�o�r�c�e�m�e�n�t� �t�h�r�o�u�g�h� �t�h�e� �r�e�s�i�n� �d�i�s�t�r�i�b�u�t�i�o�n� �m�e�d�i�u�m� �a�n�d� �t�h�r�o�u�g�h� �t�h�e� �t�h�i�c�k�n�e�s�s� �t�o� �w�e�t� �t�h�e� 

�v�o�l�u�m�e� �o�f� �t�h�e� �r�e�i�n�f�o�r�c�e�m�e�n�t� �p�r�e�f�o�r�m�.� �T�i�m�e� �t�a�k�e�n� �f�o�r� �r�e�s�i�n� �t�o� �f�l�o�w� �t�h�r�o�u�g�h� �t�h�e� �p�r�e�f�o�r�m� �i�n�-�p�l�a�n�e� 

�a�n�d� �t�h�r�o�u�g�h� �t�h�i�c�k�n�e�s�s� �d�e�p�e�n�d�s� �o�n� �p�r�e�f�o�r�m� �p�e�r�m�e�a�b�i�l�i�t�y�.� �T�h�e� �p�r�e�s�e�n�t� �t�e�c�h�n�o�l�o�g�y� �w�i�l�l� �h�e�l�p� �t�o� 

�k�n�o�w� �t�h�e� �v�a�r�i�o�u�s� �p�e�r�m�e�a�b�i�l�i�t�i�e�s� �i�n� �a�d�v�a�n�c�e�.� �T�h�e� �d�e�v�i�c�e� �a�l�l�o�w�s� �p�l�a�n�a�r� �f�l�o�w� �t�h�r�o�u�g�h� �t�h�i�c�k�n�e�s�s� �o�f� 

�t�h�e� �p�r�e�f�o�r�m� �a�n�d� �t�i�m�e� �f�o�r� �f�l�o�w� �i�s� �r�e�c�o�r�d�e�d�.� �D�a�r�c�y�’�s� �l�a�w� �i�s� �e�m�p�l�o�y�e�d� �t�o� �d�e�t�e�r�m�i�n�e� �p�r�e�f�o�r�m� 

�p�e�r�m�e�a�b�i�l�i�t�y�.� �T�h�e� �s�e�t�u�p� �h�a�s� �f�o�l�l�o�w�i�n�g� �f�e�a�t�u�r�e�s�:� 

�1�.� �N�o� �l�i�m�i�t� �o�n� �t�h�e� �t�h�i�c�k�n�e�s�s� �o�f� �l�a�y� �u�p�.� �T�h�u�s� �t�h�e� �s�a�m�e� �s�e�t� �u�p� �c�a�n� �u�s�e�d� �f�o�r� �a� �w�i�d�e� �r�a�n�g�e� �o�f� �t�h�i�c�k�n�e�s�s� 

�o�f� �l�a�y� �u�p�s�.� 

�2�.� �N�o� �p�r�e�s�e�n�c�e� �o�f� �a�n�y� �i�n�t�r�u�s�i�v�e� �s�e�n�s�o�r� 

�3�.� �N�o� �r�e�q�u�i�r�e�m�e�n�t� �o�f� �a�n�y� �e�x�p�e�n�s�i�v�e� �p�o�s�t�-�p�r�o�c�e�s�s�i�n�g� �s�y�s�t�e�m� 

�4�.� �V�e�r�y� �c�o�m�p�a�c�t� �s�e�t� �u�p� �a�n�d� �e�a�s�y� �t�o� �h�a�n�d�l�e�.� �T�h�e� �i�n�n�o�v�a�t�i�o�n� �c�l�a�i�m�s� �t�h�a�t� �t�h�i�s� �h�a�s� �b�e�e�n� �s�u�c�c�e�s�s�f�u�l�l�y� 

�t�e�s�t�e�d� �f�o�r� �d�i�f�f�e�r�e�n�t� �f�a�b�r�i�c� �m�a�t�e�r�i�a�l�,� �a�r�c�h�i�t�e�c�t�u�r�e�s�,� �t�h�i�c�k�n�e�s�s� �a�n�d� �l�a�y� �u�p�s� �a�n�d� �c�o�n�s�i�s�t�e�n�t� �r�e�s�u�l�t�s� 

�h�a�v�e� �b�e�e�n� �o�b�t�a�i�n�e�d� �f�o�r� �t�h�r�o�u�g�h� �t�h�i�c�k�n�e�s�s� �p�e�r�m�e�a�b�i�l�i�t�y�.

�F�a�b�r�i�c�a�t�i�o�n� �o�f� �c�o�m�p�o�s�i�t�e� �s�t�r�u�c�t�u�r�e�s� �b�y� �r�e�s�i�n� �i�n�f�u�s�i�o�n� �h�a�s� �e�v�o�l�v�e�d� �o�v�e�r� �t�h�e� �p�a�s�t� �d�e�c�a�d�e� �a�n�d� �h�a�s� 

�b�e�c�o�m�e� �o�n�e� �o�f� �t�h�e� �m�o�s�t� �p�r�o�m�i�s�i�n�g� �l�o�w� �c�o�s�t� �p�r�o�c�e�s�s�e�s� �f�o�r� �r�e�a�l�i�z�a�t�i�o�n� �o�f� �l�a�r�g�e� �h�i�g�h� �p�e�r�f�o�r�m�a�n�c�e� 

�s�t�r�u�c�t�u�r�a�l� �c�o�m�p�o�s�i�t�e�s�.� �V�a�c�u�u�m� �A�s�s�i�s�t�e�d� �R�e�s�i�n� �T�r�a�n�s�f�e�r� �M�o�l�d�i�n�g� �(�V�A�R�T�M�)� �p�r�o�c�e�s�s� �i�n�v�o�l�v�e�s� �f�l�o�w� �o�f� 

�r�e�s�i�n� �u�n�d�e�r� �a�c�t�i�o�n� �o�f� �v�a�c�u�u�m� �i�n�t�o� �d�r�y� �r�e�i�n�f�o�r�c�e�m�e�n�t� �l�a�i�d� �o�v�e�r� �t�h�e� �m�o�l�d�.� � �T�h�i�s� �p�r�o�c�e�s�s� �i�s� �i�d�e�a�l�l�y� 

�s�u�i�t�e�d� �f�o�r� �m�a�n�u�f�a�c�t�u�r�e� �o�f� �l�a�r�g�e� �c�o�m�p�o�s�i�t�e�s� �s�t�r�u�c�t�u�r�e�s� �w�i�t�h� �g�o�o�d� �s�t�r�u�c�t�u�r�a�l� �p�r�o�p�e�r�t�i�e�s�.� � �S�i�n�c�e� �r�e�s�i�n� 

�f�l�o�w�s� �i�n�t�o� �d�r�y� �r�e�i�n�f�o�r�c�e�m�e�n�t� �u�n�d�e�r� �a�c�t�i�o�n� �o�f� �v�a�c�u�u�m�,� �p�e�r�m�e�a�b�i�l�i�t�y� �o�f� �t�h�e� �r�e�i�n�f�o�r�c�e�m�e�n�t� �s�t�a�c�k� �i�s� 

�t�h�e� �m�o�s�t� �c�r�u�c�i�a�l� �p�a�r�a�m�e�t�e�r� �f�o�r� �c�o�n�s�i�d�e�r�a�t�i�o�n� �o�f� �t�h�e� �p�r�o�c�e�s�s� �d�e�s�i�g�n�e�r�.� � �S�u�c�c�e�s�s�f�u�l� �f�a�b�r�i�c�a�t�i�o�n� 

�d�e�p�e�n�d�s� �o�n� �c�o�m�p�l�e�t�e� �s�a�t�u�r�a�t�i�o�n� �o�f� �t�h�e� �r�e�i�n�f�o�r�c�e�m�e�n�t� �b�y� �r�e�s�i�n� �a�n�d� �p�r�o�c�e�s�s� �h�a�s� �t�o� �b�e� �d�e�s�i�g�n�e�d� �t�o� 

�a�c�h�i�e�v�e� �t�h�i�s�.

�R�e�s�i�n� �T�r�a�n�s�f�e�r� �M�o�l�d�i�n�g� �(�R�T�M�)� �p�r�o�c�e�s�s�,� �w�h�i�c�h� �u�s�e�s� �a� �h�a�r�d� �m�o�l�d� �i�n�s�t�e�a�d� �o�f� �a� �v�a�c�u�u�m� �b�a�g�,� �a�l�s�o� �h�a�s� 

�s�i�m�i�l�a�r� �r�e�q�u�i�r�e�m�e�n�t�.

�T�h�e�r�e� �i�s� �n�o� �r�e�a�d�y� �s�o�l�u�t�i�o�n� �a�v�a�i�l�a�b�l�e� �i�n� �p�u�b�l�i�c� �l�i�t�e�r�a�t�u�r�e� �f�o�r� �p�e�r�m�e�a�b�i�l�i�t�y� �m�e�a�s�u�r�e�m�e�n�t�.� � �T�h�r�o�u�g�h�-

�t�h�i�c�k�n�e�s�s� �p�e�r�m�e�a�b�i�l�i�t�y� �m�e�a�s�u�r�e�m�e�n�t� �i�s� �a� �m�o�s�t� �d�a�u�n�t�i�n�g� �t�a�s�k�.� � �T�h�e� �l�a�b� �h�a�s� �d�e�v�e�l�o�p�e�d� 

ZEE-PERM (Transverse Permeability 
Measurement Device ), R&DE(E), Pune �m�e�t�h�o�d�o�l�o�g�y� �f�o�r� �m�e�a�s�u�r�e�m�e�n�t� �o�f� �p�e�r�m�e�a�b�i�l�i�t�i�e�s� �i�n� �a�l�l� �t�h�r�e�e� �d�i�r�e�c�t�i�o�n�s� �a�n�d� �d�e�v�e�l�o�p�e�d� �a� �s�i�m�p�l�e� 

�s�e�t� �u�p� �f�o�r� �m�e�a�s�u�r�i�n�g� �t�h�r�o�u�g�h� �t�h�i�c�k�n�e�s�s� �p�e�r�m�e�a�b�i�l�i�t�y� �o�f� �r�e�i�n�f�o�r�c�e�m�e�n�t�.� � �A� �p�a�t�e�n�t� �h�a�s� �b�e�e�n� �f�i�l�e�d� �f�o�r� 

�t�h�i�s� �c�o�n�c�e�p�t� �w�i�t�h� �I�n�d�i�a�n� �p�a�t�e�n�t� �o�f�f�i�c�e�.� �T�h�i�s� �s�e�t� �u�p� �h�a�s� �b�e�e�n� �t�e�s�t�e�d� �f�o�r� �d�i�f�f�e�r�e�n�t� �f�a�b�r�i�c� �m�a�t�e�r�i�a�l�,� 

�a�r�c�h�i�t�e�c�t�u�r�e�s�;� �t�h�i�c�k�n�e�s�s� �a�n�d� �l�a�y�-�u�p�s� �a�n�d� �c�o�n�s�i�s�t�e�n�t� �r�e�s�u�l�t�s� �h�a�v�e� �b�e�e�n� �o�b�t�a�i�n�e�d� �f�o�r� �t�h�r�o�u�g�h� 

�t�h�i�c�k�n�e�s�s� �p�e�r�m�e�a�b�i�l�i�t�y�.� � �M�e�a�s�u�r�e�d� �p�e�r�m�e�a�b�i�l�i�t�y� �v�a�l�u�e�s� �a�r�e� �r�e�g�u�l�a�r�l�y� �u�s�e�d� �i�n� �p�r�o�c�e�s�s� �s�i�m�u�l�a�t�i�o�n� 

�f�o�r� �r�e�a�l�i�z�a�t�i�o�n� �o�f� �l�a�r�g�e� �c�o�m�p�o�s�i�t�e�s� �s�t�r�u�c�t�u�r�e�s�.� �T�h�e� �s�e�t�u�p� �h�a�s� �f�o�l�l�o�w�i�n�g� �f�e�a�t�u�r�e�s�:

�1�. �N�o� �l�i�m�i�t� �o�n� �t�h�e� �t�h�i�c�k�n�e�s�s� �o�f� �l�a�y� �u�p�.� �T�h�u�s� �t�h�e� �s�a�m�e� �s�e�t� �u�p� �c�a�n� �u�s�e�d� �f�o�r� �a� �w�i�d�e� �r�a�n�g�e� �o�f� �t�h�i�c�k�n�e�s�s� 

�o�f� �l�a�y� �u�p�s�.

�2�. �N�o� �p�r�e�s�e�n�c�e� �o�f� �a�n�y� �i�n�t�r�u�s�i�v�e� �s�e�n�s�o�r

�3�. �N�o� �r�e�q�u�i�r�e�m�e�n�t� �o�f� �a�n�y� �e�x�p�e�n�s�i�v�e� �p�o�s�t� �p�r�o�c�e�s�s�i�n�g� �s�y�s�t�e�m

�4�. �V�e�r�y� �c�o�m�p�a�c�t� �s�e�t� �u�p� �a�n�d� �e�a�s�y� �t�o� �h�a�n�d�l�e

�V�A�R�T�M� �p�r�o�c�e�s�s� �p�i�o�n�e�e�r�e�d� �b�y� �b�o�a�t� �m�a�n�u�f�a�c�t�u�r�e�r�s� �i�s� �e�x�t�e�n�s�i�v�e�l�y� �u�s�e�d� �b�y� �w�i�n�d� �t�u�r�b�i�n�e� �r�o�t�o�r� �b�l�a�d�e� 

�m�a�n�u�f�a�c�t�u�r�e�r�s�.� � 

�I�t� �i�s� �a�l�s�o� �f�i�n�d�i�n�g� �e�x�t�e�n�s�i�v�e� �a�p�p�l�i�c�a�t�i�o�n� �i�n� �t�r�a�n�s�p�o�r�t�a�t�i�o�n� �s�e�c�t�o�r�,� �a�u�t�o�m�o�t�i�v�e� �i�n�d�u�s�t�r�y� �a�n�d� �c�i�v�i�l� 

�i�n�f�r�a�s�t�r�u�c�t�u�r�e� �r�e�h�a�b�i�l�i�t�a�t�i�o�n� �i�n�d�u�s�t�r�y�.� � 

�A�n�y�o�n�e� �u�s�i�n�g� �V�A�R�T�M� �p�r�o�c�e�s�s� �w�o�u�l�d� �f�i�n�d� �u�s�e� �o�f� �t�h�e� �p�r�o�c�e�s�s�-�m�o�n�i�t�o�r�i�n�g� �d�e�v�i�c�e�.



�P�r�o�c�e�s�s� �f�o�r� �s�y�n�t�h�e�s�i�s� �o�f� �i�n�t�e�r�m�e�t�a�l�l�i�c� �m�a�t�e�r�i�a�l�s� �f�o�r� �s�t�o�r�i�n�g� �H�y�d�r�o�g�e�n� �i�n� �s�o�l�i�d� �s�t�a�t�e� �a�l�o�n�g� �w�i�t�h� �i�t�s� 

�c�o�n�t�a�i�n�m�e�n�t� �f�o�r� �p�r�a�c�t�i�c�a�l� �u�s�e

�H�y�d�r�i�d�e� �S�t�o�r�a�g�e�:� �H�y�d�r�o�g�e�n� �s�t�o�r�a�g�e� �i�s� �a�n� �e�m�e�r�g�i�n�g� �a�r�e�a� �o�f� �t�e�c�h�n�o�l�o�g�y� �t�h�a�t� �i�s� �b�e�i�n�g� �p�r�o�m�o�t�e�d� �f�o�r� 

�e�x�p�l�o�i�t�a�t�i�o�n� �i�n� �a�n� �e�r�a� �w�h�e�n� �f�o�s�s�i�l� �f�u�e�l� �u�t�i�l�i�t�y� �i�s� �b�e�c�o�m�i�n�g� �i�n�c�r�e�a�s�i�n�g�l�y� �d�i�f�f�i�c�u�l�t�.� �H�y�d�r�o�g�e�n� �i�s� �a� �h�i�g�h�l�y� 

�c�o�m�b�u�s�t�i�b�l�e� �g�a�s� �t�h�a�t� �i�s� �n�o�r�m�a�l�l�y� �s�t�o�r�e�d� �i�n� �c�y�l�i�n�d�e�r�s� �a�t� �h�i�g�h� �p�r�e�s�s�u�r�e�s� �o�r� �u�n�d�e�r� �c�r�y�o�g�e�n�i�c� 

�c�o�n�d�i�t�i�o�n�s�.� �H�o�w�e�v�e�r� �i�t� �c�a�n� �b�e� �s�t�o�r�e�d� �m�o�r�e� �e�f�f�i�c�i�e�n�t�l�y� �a�t� �n�o�r�m�a�l� �t�e�m�p�e�r�a�t�u�r�e�s� �a�n�d� �l�o�w�e�r� �p�r�e�s�s�u�r�e�s� 

�i�n� �s�o�l�i�d� �s�t�a�t�e� �a�s� �m�e�t�a�l� �h�y�d�r�i�d�e�s�,� �w�h�i�c�h� �i�s� �s�a�f�e� �a�n�d� �c�o�n�v�e�n�i�e�n�t�.� �H�y�d�r�o�g�e�n� �s�t�o�r�e�d� �i�n� �s�o�l�i�d� �s�t�a�t�e� �s�u�c�h� 

�a�s� �M�e�t�a�l� �h�y�d�r�i�d�e�s�,� �r�e�q�u�i�r�e�s� �1�/�3�r�d� �o�f� �t�h�e� �v�o�l�u�m�e� �o�f� �a� �p�r�e�s�s�u�r�i�z�e�d� �g�a�s� �t�a�n�k� �a�s� �s�h�o�w�n� �b�e�l�o�w� �a�n�d� �i�s� 

�v�e�r�y� �s�a�f�e� �t�o� �u�s�e�.� 

Metal Hydride Stockers, DMRL, Hyderabad

�V�o�l�u�m�e
�m�/�K�g�.�H �K�g�.� �a�l�l�o�y �(�a�t�m�.�)
� �c�o�n�t�a�i�n�m�e�n�t

�G�a�s� �C�y�l�i�n�d�e�r �0�.�0�7�5 �0�.�0�1�1 �1�6�4

�H�y�d�r�i�d�e� �T�a�n�k �0�.�0�2�2�5 �0�.�0�0�9�8 �3�7

�W�t�.� �o�f� �H�/ �P�r�e�s�s�u�r�e
�3
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v v
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�L�e�s�s�e�r� �v�o�l�u�m�e �L�i�g�h�t�e�r� �w�e�i�g�h�t

�L�o�w�e�r� �p�r�e�s�s�u�r�e�s �D�e�l�i�v�e�r�y� �o�f� �p�u�r�e� �h�y�d�r�o�g�e�n

�T�h�e� �s�t�o�r�a�g�e� �o�f� �h�y�d�r�o�g�e�n� �i�n� �m�o�s�t� �o�f� � �t�h�e� �m�e�t�a�l� �h�y�d�r�i�d�e�s� �i�s� �r�e�v�e�r�s�i�b�l�e� �i�.�e�.�,� �t�h�e� �s�y�s�t�e�m� �c�a�n� �b�e� �c�h�a�r�g�e�d� 

�/� �d�i�s�c�h�a�r�g�e�d� �w�i�t�h� �h�y�d�r�o�g�e�n�.� � �T�h�e�y� �c�a�n� �h�a�v�e� �a� �r�e�v�e�r�s�i�b�l�e� �s�t�o�r�a�g�e� �c�a�p�a�c�i�t�y� �u�p�t�o� �4� �w�t�.� �%� �h�y�d�r�o�g�e�n� 

�d�e�p�e�n�d�i�n�g� �u�p�o�n� �t�h�e� �m�a�t�e�r�i�a�l�.� �S�u�c�h� �h�y�d�r�o�g�e�n� �s�t�o�r�a�g�e� �s�y�s�t�e�m�s� �f�i�n�d� �a�p�p�l�i�c�a�t�i�o�n�s� �i�n� 

�N�i�-�M�H� �B�a�t�t�e�r�i�e�s �F�u�e�l� �c�e�l�l� �a�p�p�l�i�c�a�t�i�o�n� 

�P�r�o�v�i�d�i�n�g� �c�l�e�a�n� �f�u�e�l �P�u�r�i�f�i�c�a�t�i�o�n� �o�f� �H�y�d�r�o�g�e�n� �g�a�s

�R�e�f�r�i�g�e�r�a�t�i�o�n �H�y�d�r�o�g�e�n� �g�a�s� �c�o�m�p�r�e�s�s�i�o�n

�S�e�p�a�r�a�t�i�o�n� �o�f� �H�y�d�r�o�g�e�n� �i�s�o�t�o�p�e�s �S�t�o�r�i�n�g� �o�f�f� �p�e�a�k� �p�o�w�e�r� �(�L�o�a�d� �l�e�v�e�l�i�n�g�)

�D�e�v�i�c�e�s� �f�o�r� �d�e�t�e�c�t�i�o�n� �o�f� �d�a�n�g�e�r�o�u�s� �c�h�e�m�i�c�a�l� �c�o�m�p�o�u�n�d�s

�D�M�R�L� �h�a�s� �e�x�p�e�r�t�i�s�e� �i�n� �s�y�n�t�h�e�s�i�s� �o�f� �s�e�v�e�r�a�l� �l�o�w� �t�e�m�p�e�r�a�t�u�r�e� �i�n�t�e�r�m�e�t�a�l�l�i�c� �h�y�d�r�i�d�e�s� �t�a�i�l�o�r�e�d� �t�o� 

�d�i�f�f�e�r�e�n�t� �r�e�q�u�i�r�e�m�e�n�t�s� �o�f� �g�a�s� �p�r�e�s�s�u�r�e�s� �a�n�d� �d�e�v�e�l�o�p�e�d� �c�o�n�t�a�i�n�m�e�n�t� �s�y�s�t�e�m�s� �f�o�r� �h�y�d�r�i�d�e�s�.� 

�S�t�o�c�k�e�r�s� �/� �c�o�n�t�a�i�n�e�r�s� �f�o�r� �s�t�o�r�i�n�g� �o�f� �h�y�d�r�o�g�e�n� �f�r�o�m� �1�5�0� �t�o� �7�5�0� �l�i�t�r�e�s� �h�a�v�e� �b�e�e�n� �d�e�s�i�g�n�e�d� �a�n�d� 

�d�e�v�e�l�o�p�e�d� �t�o� �d�e�l�i�v�e�r� �h�y�d�r�o�g�e�n� �a�t� �v�a�r�i�o�u�s� �f�l�o�w� �r�a�t�e�s�.� �F�o�l�l�o�w�i�n�g� �p�i�c�t�u�r�e� �s�h�o�w�s� �t�y�p�i�c�a�l� �h�y�d�r�o�g�e�n� 

�s�t�o�r�a�g�e� �c�o�n�t�a�i�n�e�r� �d�e�v�e�l�o�p�e�d� �a�t� �D�M�R�L

�T�h�e� �c�a�p�a�c�i�t�y� �o�f� �t�h�e� �s�y�s�t�e�m�s� �c�a�n� �b�e� �s�c�a�l�e�d� �u�p� �t�h�r�o�u�g�h� �m�o�d�u�l�e�s�.� �T�h�e� �a�b�s�o�r�p�t�i�o�n� �a�n�d� �d�e�s�o�r�p�t�i�o�n� �o�f� 

�h�y�d�r�o�g�e�n� �i�n�v�o�l�v�e�s� �e�v�o�l�u�t�i�o�n� �/� �a�b�s�o�r�p�t�i�o�n� �o�f� �h�e�a�t� �w�h�i�c�h� �n�e�e�d�s� �t�o� �b�e� �m�a�n�a�g�e�d�.� �A�c�c�o�r�d�i�n�g�l�y� �h�e�a�t� 

�e�x�t�r�a�c�t�i�o�n� �i�s� �a� �l�i�m�i�t�a�t�i�o�n� �a�n�d� �s�y�s�t�e�m�s� �w�e�r�e� �d�e�s�i�g�n�e�d� �t�o� �e�x�t�r�a�c�t� �/� �p�r�o�v�i�d�e� �h�e�a�t�i�n�g� �f�o�r� �a� �s�t�e�a�d�y� �g�a�s� 

�f�l�o�w�.

�H�y�d�r�i�d�e� �C�a�p�a�c�i�t�y �:� �1�0�0� �L�i�t�r�e�s

�S�y�s�t�e�m� �v�o�l�u�m�e �:� � �0�.�6� �l�i�t�r�e�s

�S�y�s�t�e�m� �w�e�i�g�h�t �:� �2�.�5� �K�g

�H�y�d�r�i�d�e� �m�a�s�s �:� �1�.�5� �K�g

�S�y�s�t�e�m� �E�q�.� �P�r�e�s�s�u�r�e� �a�t� �R�T �:� �2�.�5� �a�t�m�.



�D�M�R�L� �h�a�s� �d�e�v�e�l�o�p�e�d� �"�N�o�n�-�s�p�a�r�k�i�n�g� �t�o�o�l�s� �m�a�d�e� �o�f� �C�u�-�4�.�5�T�i� �a�l�l�o�y�"�.� �N�o�n�-�s�p�a�r�k�i�n�g� �t�o�o�l�s� �a�r�e� �u�s�e�d� �i�n� 

�a�n�t�i�-�s�p�a�r�k� �a�n�d� �n�o�n�-�m�a�g�n�e�t�i�c� �a�p�p�l�i�c�a�t�i�o�n�s�.� �T�h�e� �t�o�o�l�s� �a�r�e� �m�a�n�u�f�a�c�t�u�r�e�d� �f�r�o�m� �a� �n�o�n�-�s�p�a�r�k�i�n�g� 

�m�a�t�e�r�i�a�l� �h�a�v�i�n�g� �g�o�o�d� �s�t�r�e�n�g�t�h� �a�n�d� �w�e�a�r� �r�e�s�i�s�t�a�n�c�e�.� �C�u�-�4�.�5�T�i� �a�l�l�o�y� �h�a�s� �t�h�e� �c�o�m�b�i�n�a�t�i�o�n� �o�f� 

�p�r�o�p�e�r�t�i�e�s� �o�f� �h�i�g�h� �s�t�r�e�n�g�t�h�,� �w�e�a�r� �r�e�s�i�s�t�a�n�c�e� �a�n�d� �l�o�w� �p�e�r�m�e�a�b�i�l�i�t�y� �b�e�s�i�d�e�s� �p�o�s�s�e�s�s�i�n�g� �n�o�n�-

�s�p�a�r�k�i�n�g� �c�h�a�r�a�c�t�e�r�i�s�t�i�c�s�.� �C�u�-�4�.�5�T�i� �a�l�l�o�y� �i�s� �n�o�n�-�t�o�x�i�c� �a�n�d� �l�e�s�s� �e�x�p�e�n�s�i�v�e� �t�h�a�n� �t�h�o�s�e� �a�v�a�i�l�a�b�l�e� �i�n� �t�h�e� 

�m�a�r�k�e�t� �c�u�r�r�e�n�t�l�y�.� � 

Cu-Ti Alloy, DMRL, Hyderabad

�P�r�o�p�e�r�t�i�e�s� �o�f� �C�u�-�4�.�5�T�i� �a�l�l�o�y�:� �T�h�e� �s�a�l�i�e�n�t� �p�r�o�p�e�r�t�i�e�s� �o�f� �C�u�-�4�.�5�T�i� �a�l�l�o�y� �a�r�e� �h�i�g�h�l�i�g�h�t�e�d� �h�e�r�e�.

�H�i�g�h� �s�t�r�e�n�g�t�h� �(�T�S�:� �8�9�0� �t�o� �1�3�8�0� �M�P�a�)

�N�o�n�-�s�p�a�r�k�i�n�g� �M�a�t�e�r�i�a�l

�L�o�w� �p�e�r�m�e�a�b�i�l�i�t�y� �(�1�.�2�6� �x� �1�0�-�6� �H�/�m�)

�T�h�e� �p�r�o�p�e�r�t�i�e�s� �i�n� �d�e�t�a�i�l�,� �o�f� �C�u�-�4�.�5�T�i� �a�l�l�o�y� �a�r�e� �p�r�e�s�e�n�t�e�d� �i�n� �T�a�b�l�e� �b�e�l�o�w�.
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Photograph of the Non-sparking tool (Spanner) made of Cu-4.5Ti alloy 

�S�l�.�N�o�P�r�o�p�e�r�t�y �C�o�n�d�i�t�i�o�n
�S�T �S�T�+�P�A �S�T�+�C�W�+�P�A

�1 �Y�i�e�l�d� �s�t�r�e�n�g�t�h�,� �M�P�a �4�4�0�-�5�0�0 �7�0�0�-�7�3�0 �1�2�0�0�-�1�2�8�0
�2 �T�e�n�s�i�l�e� �s�t�r�e�n�g�t�h�,� �M�P�a �6�5�0�-�7�0�0 �8�0�0�-�9�0�0 �1�2�5�0�-�1�3�5�0
�3 �E�l�o�n�g�a�t�i�o�n�,� �% �2�0�-�3�5 �1�5�-�2�5 �1�-�5
�4 �H�a�r�d�n�e�s�s�,� �H�v �2�2�0�-�3�5�0 �3�2�0�-�3�8�0 �3�8�0�-�4�3�0
�5 �E�l�e�c�t�r�i�c�a�l� �c�o�n�d�u�c�t�i�v�i�t�y�,� �%�I�A�C�S �0�5�-�1�5 �1�0�-�2�0 �0�5�-�3�0

Tensile Properties and electrical conductivity of Cu-4.5Ti alloy

�S�T�:� �S�o�l�u�t�i�o�n� �T�r�e�a�t�e�d�. �S�T�+�P�A�:� �S�o�l�u�t�i�o�n� �T�r�e�a�t�e�d� �+� �P�e�a�k� �A�g�e�d�.
�S�T�+�C�W�+�P�A�:� �S�o�l�u�t�i�o�n� �T�r�e�a�t�e�d� �+� �C�o�l�d� �W�o�r�k�e�d� �+� �P�e�a�k� �A�g�e�d

�=�=�>� �B�e�s�i�d�e�s� �N�o�n�-�s�p�a�r�k�i�n�g� �t�o�o�l�s�,� �C�u�-�4�.�5�T�i� �a�l�l�o�y� �c�a�n� �a�l�s�o� �b�e� �u�s�e�d� �i�n� �a�p�p�l�i�c�a�t�i�o�n�s� �r�e�q�u�i�r�i�n�g� �h�i�g�h� �s�t�r�e�n�g�t�h� �a�n�d� 
�l�o�w� �c�o�n�d�u�c�t�i�v�i�t�y�,� �s�u�c�h� �a�s� �s�p�r�i�n�g�s�,� �c�o�n�t�a�c�t�o�r�s� �e�t�c�.� 

�N�o�n�-�s�p�a�r�k�i�n�g� �t�o�o�l�s� �a�r�e� �w�i�d�e�l�y� �u�s�e�d� �i�n� �M�i�n�i�n�g�,� �P�e�t�r�o�l�e�u�m� �a�n�d� �E�x�p�l�o�s�i�v�e� �h�a�n�d�l�i�n�g� �i�n�d�u�s�t�r�i�e�s� �w�h�e�r�e� 

�f�i�r�e� �h�a�z�a�r�d�s� �a�r�e� �t�o� �b�e� �p�r�e�v�e�n�t�e�d�.� �T�h�e�r�e� �a�r�e� �a� �n�u�m�b�e�r� �o�f� �n�o�n�-�f�e�r�r�o�u�s� �m�a�t�e�r�i�a�l�s�,� �w�h�i�c�h� �a�r�e� �n�o�n�-

�s�p�a�r�k�i�n�g�;� �h�o�w�e�v�e�r�,� �t�h�e�y� �d�o� �n�o�t� �p�o�s�s�e�s�s� �e�n�o�u�g�h� �s�t�r�e�n�g�t�h� �t�o� �p�r�o�v�i�d�e� �a� �g�o�o�d� �c�u�t�t�i�n�g� �e�d�g�e�.� �T�h�o�u�g�h� 

�C�u�-�B�e� �a�l�l�o�y�s� �e�x�h�i�b�i�t� �s�u�f�f�i�c�i�e�n�t� �s�t�r�e�n�g�t�h� �a�n�d� �e�l�e�c�t�r�i�c�a�l� �c�o�n�d�u�c�t�i�v�i�t�y� �r�e�q�u�i�r�e�d� �f�o�r� �n�o�n�-�s�p�a�r�k�i�n�g� 

�a�p�p�l�i�c�a�t�i�o�n�s�,� �t�h�e�y� �a�r�e� �t�o�x�i�c� �a�n�d� �e�m�i�t� �i�n�v�i�s�i�b�l�e� �t�o�x�i�c� �f�u�m�e�s� �d�u�r�i�n�g� �h�o�t� �w�o�r�k�i�n�g�,� �h�e�a�t� �t�r�e�a�t�m�e�n�t�,� 

�m�a�c�h�i�n�i�n�g� �a�n�d� �p�i�c�k�l�i�n�g� �o�p�e�r�a�t�i�o�n�s� �d�u�e� �t�o� �t�h�e� �t�o�x�i�c�i�t�y� �o�f� �B�e�,� �w�h�i�c�h� �c�a�u�s�e�s� �s�e�r�i�o�u�s� �h�e�a�l�t�h� �h�a�z�a�r�d�s� 

�s�u�c�h� �a�s� �c�h�r�o�n�i�c� �p�u�l�m�o�n�a�r�y� �i�l�l�n�e�s�s�.� �F�u�r�t�h�e�r�,� �C�u�-�B�e� �a�l�l�o�y�s� �a�r�e� �h�i�g�h�l�y� �e�x�p�e�n�s�i�v�e� �d�u�e� �t�o� �t�h�e� �l�i�m�i�t�e�d� 

�r�e�s�o�u�r�c�e�s� �o�f� �B�e�.� �T�h�e�r�e�f�o�r�e�,� �C�u�-�T�i� �a�l�l�o�y�s� �h�a�v�e� �b�e�e�n� �d�e�v�e�l�o�p�e�d� �b�y� �D�M�R�L� �w�i�t�h� �t�h�e� �a�i�m� �o�f� 

�s�u�b�s�t�i�t�u�t�i�n�g� �t�h�e�m� �f�o�r� �C�u�-�B�e� �a�l�l�o�y�s�.

�D�M�R�L� �h�a�s� �d�e�v�e�l�o�p�e�d� �C�u�-�4�.�5�T�i� �a�l�l�o�y� �f�o�r� �u�s�e� �a�s� �a� �n�o�n�-�s�p�a�r�k�i�n�g� �m�a�t�e�r�i�a�l�.� �S�a�l�i�e�n�t� �f�e�a�t�u�r�e�s� �o�f� �t�h�i�s� �a�l�l�o�y� 

�a�r�e� �h�i�g�h� �s�t�r�e�n�g�t�h� �(�T�S�:� �8�9�0� �t�o� �1�3�8�0� �M�P�a�)�,� �c�e�r�t�i�f�i�e�d� �a�s� �n�o�n�-�s�p�a�r�k�i�n�g� �m�a�t�e�r�i�a�l� �a�n�d� �p�o�s�s�e�s�s�e�s� �l�o�w� 

�m�a�g�n�e�t�i�c� �p�e�r�m�e�a�b�i�l�i�t�y� �(�1�.�2�6� �x� �1�0�-�6� �H�/�m�)�.� �D�u�e� �t�o� �a�b�u�n�d�a�n�t� �r�e�s�o�u�r�c�e�s� �o�f� �T�i�,� �C�u�-�4�.�5�T�i� �a�l�l�o�y� �i�s� 

�r�e�l�a�t�i�v�e�l�y� �c�h�e�a�p�e�r� �a�n�d� �e�c�o�n�o�m�i�c�a�l�.� �T�h�e� �a�l�l�o�y� �c�a�n� �b�e� �m�a�n�u�f�a�c�t�u�r�e�d� �w�i�t�h� �e�a�s�e� �a�n�d� �w�i�t�h� �o�u�t� �a�n�y� 

�h�e�a�l�t�h� �h�a�z�a�r�d�s�.� 

�N�o�n�-�s�p�a�r�k�i�n�g� �t�o�o�l�s� �a�r�e� �w�i�d�e�l�y� �u�s�e�d� �i�n� �m�i�n�i�n�g�,� �p�e�t�r�o�l�e�u�m� �a�n�d� �e�x�p�l�o�s�i�v�e� �h�a�n�d�l�i�n�g� �i�n�d�u�s�t�r�i�e�s� �i�n� 

�d�e�f�e�n�c�e� �a�s� �w�e�l�l� �a�s� �c�i�v�i�l� �s�e�c�t�o�r�.� 



�S�i�l�i�c�o�n�e� �r�u�b�b�e�r�s� �a�r�e� �i�n�t�e�r�e�s�t�i�n�g� �h�e�a�t� �i�n�s�u�l�a�t�i�o�n� �m�a�t�e�r�i�a�l�s� �f�o�r� �d�i�f�f�e�r�e�n�t� �k�i�n�d� �o�f� �j�e�t� �e�n�g�i�n�e�s�,� 
�e�s�p�e�c�i�a�l�l�y�,� �r�o�c�k�e�t� �a�n�d� �r�a�m�j�e�t� �e�n�g�i�n�e�s�.� �T�h�e� �p�r�e�s�e�n�t� �d�e�v�e�l�o�p�m�e�n�t� �r�e�l�a�t�e�s� �t�o� �a� �t�h�e�r�m�a�l� �i�n�s�u�l�a�t�i�o�n� 
�m�a�t�e�r�i�a�l� �h�a�v�i�n�g� �h�i�g�h� �t�e�m�p�e�r�a�t�u�r�e� �r�e�s�i�s�t�a�n�c�e� �a�n�d� �p�a�r�t�i�c�u�l�a�r�l�y� �r�e�l�a�t�e�s� �t�o� �a� �f�l�e�x�i�b�l�e� �e�l�a�s�t�i�c� �t�h�e�r�m�a�l� 
�i�n�s�u�l�a�t�i�o�n� �a�n�d� �a�b�l�a�t�i�o�n� �m�a�t�e�r�i�a�l�.

�T�h�e� �a�b�l�a�t�i�v�e� �h�e�a�t� �s�h�i�e�l�d� �f�u�n�c�t�i�o�n�s� �b�y� �l�i�f�t�i�n�g� �t�h�e� �h�o�t� �s�h�o�c�k� �l�a�y�e�r� �g�a�s� �a�w�a�y� �f�r�o�m� �t�h�e� �h�e�a�t� �s�h�i�e�l�d�s� 
�o�u�t�e�r� �w�a�l�l� �c�r�e�a�t�i�n�g� �a� �c�o�o�l�e�r� �b�o�u�n�d�a�r�y� �l�a�y�e�r� �t�h�r�o�u�g�h� �b�l�o�w�i�n�g�.� �A�b�l�a�t�i�o�n� �c�a�u�s�e�s� �t�h�e� �o�u�t�e�r� �l�a�y�e�r� �t�o� 
�c�h�a�r�,� �m�e�l�t� �a�n�d� �s�u�b�l�i�m�e� �t�h�r�o�u�g�h� �t�h�e� �p�r�o�c�e�s�s� �o�f� �p�y�r�o�l�y�s�i�s�.� �T�h�e� �g�a�s� �p�r�o�d�u�c�e�d� �b�y� �p�y�r�o�l�y�s�i�s� �i�s� �w�h�a�t� 
�d�r�i�v�e�s� �b�l�o�w�i�n�g� �a�n�d� �c�a�u�s�e�s� �b�l�o�c�k�a�g�e� �o�f� �h�e�a�t� �f�l�u�x�.

�1�.�L�o�w� �v�i�s�c�o�s�i�t�y� �f�o�r� �e�a�s�y� �c�a�s�t�i�n�g� �a�t� �r�o�o�m� �t�e�m�p�e�r�a�t�u�r�e�.
�2�.�T�h�e�r�m�a�l� �i�n�s�u�l�a�t�i�o�n� �a�t� �3�0�0�0� �”�C�.
�3�.�G�o�o�d� �a�d�h�e�s�i�o�n� �w�i�t�h� �c�a�g�e� �a�n�d� �c�o�m�p�a�t�i�b�i�l�i�t�y� �w�i�t�h� �p�r�o�p�e�l�l�a�n�t
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�1�. �S�p�e�c�i�f�i�c� �g�r�a�v�i�t�y �0�.�9�-�1�.�5

�2�. �S�h�o�r�e� �’�A�’� �h�a�r�d�n�e�s�s �4�5�-�6�5

�3�. �V�i�s�c�o�s�i�t�y� �(�u�n�c�u�r�e�d� �1�0�0�0�0�-�1�5�0�0�0
�s�t�a�t�e�)�,� �(�m�P�a�.�s�)

�4�. �T�h�e� �b�a�c�k� �w�a�l�l� �t�e�m�p�e�r�a�t�u�r�e� �<� �5�0
�i�n� �a�n� �o�x�y�a�c�e�t�y�l�e�n�e� �t�e�s�t� �f�o�r� 
�a�n� �8�m�m� �t�h�i�c�k� �l�i�n�e�r� �o�n� �2�m�m� 
�t�h�i�c�k� �s�t�e�e�l� �b�a�s�e� �(�°�C�)� �a�f�t�e�r� 
�5�0� �s�e�c�.

Ablative Liner after Oxy-acetylene flame test Ablative Liner 


