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�R�o�t�o�r� �3�8� �i�s� �p�a�r�t� �o�f� �a� �r�e�s�e�a�r�c�h� �p�r�o�g�r�a�m� �t�o� �s�t�u�d�y� �a� �a�d�v�a�n�c�e�d�-�c�o�r�e� �c�o�m�p�r�e�s�s�o�r� �d�e�s�i�g�n� �w�i�t�h� �a� �h�i�g�h
�c�o�m�p�r�e�s�s�i�o�n� �r�a�t�i�o� �(�2�0�:�1�)�.� �I�t� �i�s� �t�h�e�r�e�f�o�r�e� �t�h�e� �f�o�u�r�t�h� �s�t�a�g�e� �r�o�t�o�r� �o�f� �t�h�i�s� �e�i�g�h�t� �s�t�a�g�e� �t�r�a�n�s�o�n�i�c� �c�o�m�p�r�e�s�s�o�r�.� �O�f
�t�h�e�s�e� �e�i�g�h�t� �s�t�a�g�e�s�,� �t�h�e� ß��r�s�t� �f�o�u�r� �h�a�v�e� �b�e�e�n� �d�e�s�i�g�n�e�d� �a�n�d� �t�e�s�t�e�d� �:� �r�o�t�o�r�s� �3�5�,� �3�6�,� �3�7� �a�n�d� �3�8�.� �F�o�r� �m�o�r�e
�i�n�f�o�r�m�a�t�i�o�n�,� �h�e�r�e� �i�s� �a� �l�i�n�k� �t�o� �a� �r�e�p�o�r�t� �f�r�o�m� �N�A�S�A�.

�O�r�i�g�i�n�a�l� �t�e�c�h�n�i�c�a�l� �r�e�p�o�r�t� �[�(�c�i�t�e�:�m�o�o�r�e�1�9�8�2�d�e�s�i�g�n�>�M�o�o�r�e� �R�.�D�.�,� �R�e�i�d� �L�.� �«�P�e�r�f�o�r�m�a�n�c�e� �o�f� �S�i�n�g�l�e�-�S�t�a�g�e
�A�x�i�a�l�-�F�l�o�w� �T�r�a�n�s�o�n�i�c� �C�o�m�p�r�e�s�s�o�r� �W�i�t�h� �R�o�t�o�r� �a�n�d� �S�t�a�t�o�r� �A�s�p�e�c�t� �R�a�t�i�o�s� �o�f� �1�.�6�3� �a�n�d� �1�.�7�7�,
�R�e�s�p�e�c�t�i�v�e�l�y�,� �a�n�d� �W�i�t�h� �D�e�s�i�g�n� �P�r�e�s�s�u�r�e� �R�a�t�i�o� �o�f� �2�.�0�5� �»� �1�9�8�2�.� �p�d�f�)�]�:

�@�T�e�c�h�R�e�p�o�r�t�{�m�o�o�r�e�1�9�8�2�d�e�s�i�g�n�,
� � �a�u�t�h�o�r� � � � � � � � � � � �=� �{�M�o�o�r�e�,� �R�.� �D�.� �a�n�d� �R�e�i�d�,� �L�o�n�n�i�e�}�,
� � �d�a�t�e� � � � � � � � � � � � � �=� �{�1�9�8�2�}�,
� � �i�n�s�t�i�t�u�t�i�o�n� � � � � � �=� �{�N�A�S�A� �L�e�w�i�s� �R�e�s�e�a�r�c�h� �C�e�n�t�e�r� �C�l�e�v�e�l�a�n�d�,� �O�H�,� �U�n�i�t�e�d
�S�t�a�t�e�s�}�,
� � �t�i�t�l�e� � � � � � � � � � � � �=� �{�P�e�r�f�o�r�m�a�n�c�e� �o�f� �S�i�n�g�l�e�-�S�t�a�g�e� �A�x�i�a�l�-�F�l�o�w� �T�r�a�n�s�o�n�i�c
�C�o�m�p�r�e�s�s�o�r� �W�i�t�h� �R�o�t�o�r� �a�n�d� �S�t�a�t�o�r� �A�s�p�e�c�t� �R�a�t�i�o�s� �o�f� �1�.�6�3� �a�n�d� �1�.�7�7�,
�R�e�s�p�e�c�t�i�v�e�l�y�,� �a�n�d� �W�i�t�h� �D�e�s�i�g�n� �P�r�e�s�s�u�r�e� �R�a�t�i�o� �o�f� �2�.�0�5�}�,
� � �n�u�m�b�e�r� � � � � � � � � � � �=� �{�N�A�S�A�-�T�P�-�2�0�0�1�}�,
� � �u�r�l� � � � � � � � � � � � � � �=� �{�h�t�t�p�s�:�/�/�n�t�r�s�.�n�a�s�a�.�g�o�v�/�c�i�t�a�t�i�o�n�s�/�1�9�8�2�0�0�1�4�3�9�5�}�,
�}
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�t�i�t�l�e� � � � �=� �{�R�o�t�o�r� �3�5� �-� �R�o�t�o�r� �3�8� �-� �S�t�a�t�o�r� �3�5� �i�n� �c�a�s�i�n�g�.� �{�R�}�e�c�o�r�d�s� �o�f� �t�h�e
�{�N�}�a�t�i�o�n�a�l� �{�A�}�e�r�o�n�a�u�t�i�c�s� �a�n�d� �{�S�}�p�a�c�e� �{�A�}�d�m�i�n�i�s�t�r�a�t�i�o�n�,� �1�9�0�3� �-� �2�0�0�6�.
�{�P�}�h�o�t�o�g�r�a�p�h�s� �r�e�l�a�t�i�n�g� �t�o� �a�g�e�n�c�y� �a�c�t�i�v�i�t�i�e�s�,� �f�a�c�i�l�i�t�i�e�s� �a�n�d� �p�e�r�s�o�n�n�e�l�,
�1�9�7�3� �-� �2�0�1�3�}�,
�y�e�a�r� � � � � �=� �{�1�9�7�7�}�,
�u�r�l� � � � � �=� �{�h�t�t�p�s�:�/�/�c�a�t�a�l�o�g�.�a�r�c�h�i�v�e�s�.�g�o�v�/�i�d�/�1�7�4�6�6�8�0�6�}�}

�U�s�e�f�u�l� �d�o�c�u�m�e�n�t�s

�d�o�w�n�l�o�a�d�a�b�l�e� �m�o�d�e�l�s� �(�G�i�t� �p�r�o�j�e�c�t�)
�N�A�S�A� �t�e�c�h�n�i�c�a�l� �r�e�p�o�r�t

�(�.�p�d�f�)
�g�e�o�m�e�t�r�i�c�a�l� �p�a�r�a�m�e�t�e�r�s� ß��l�e

�(�.�c�s�v�)�,� �u�s�a�b�l�e� �a�s� �i�n�p�u�t� �o�f� �O�p�e�n�M�C�A�D�[�(�c�i�t�e�:�K�o�j�t�y�c�h�_�2�0�2�2�_�g�e�n�e�_�a�u�b�e�s�>�K�o�j�t�y�c�h� �S�.�,� �B�a�t�a�i�l�l�y� �A�.
�«�O�p�e�n�M�C�A�D�,� �a�n� �o�p�e�n� �b�l�a�d�e� �g�e�n�e�r�a�t�o�r�:� �f�r�o�m� �M�u�l�t�i�p�l�e�-�C�i�r�c�u�l�a�r�-�A�r�c� �p�r�oß��l�e�s� �t�o� �C�o�m�p�u�t�e�r�-�A�i�d�e�d
�D�e�s�i�g�n� �m�o�d�e�l�»� �2�0�2�2�.� �o�p�e�n� �s�o�u�r�c�e� �c�o�d�e�)�]� �t�o� �g�e�n�e�r�a�t�e� �r�e�f�e�r�e�n�c�e� �b�l�a�d�e� �m�o�d�e�l�s�.
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�R�e�f�e�r�e�n�c�e� �b�l�a�d�e

�T�h�e� �r�e�f�e�r�e�n�c�e� �b�l�a�d�e� �i�s� �d�eß��n�e�d� �w�i�t�h� �m�u�l�t�i�p�l�e�-�c�i�r�c�u�l�a�r� �a�r�c� �p�r�oß��l�e�s�[�(�c�i�t�e�:�C�r�o�u�s�e�_�1�9�6�9�_�c�o�m�p�u�t�e�r�)�]� �g�i�v�e�n� �i�n
�t�h�e� �o�r�i�g�i�n�a�l� �N�A�S�A� �r�e�p�o�r�t�[�(�c�i�t�e�:�m�o�o�r�e�1�9�8�2�d�e�s�i�g�n�)�]�.� �C�o�r�r�e�s�p�o�n�d�i�n�g� �m�o�d�e�l�s� �a�r�e� �c�o�m�p�u�t�e�d� �w�i�t�h� �t�h�e� �o�p�e�n�-
�s�o�u�r�c�e� �c�o�d�e� �O�p�e�n�M�C�A�D�[�(�c�i�t�e�:�K�o�j�t�y�c�h�_�2�0�2�2�_�g�e�n�e�_�a�u�b�e�s�)�]�.

�G�e�o�m�e�t�r�y

�T�h�e� �g�e�o�m�e�t�r�y� �o�f� �r�o�t�o�r� �3�8� �i�s� �d�e�s�c�r�i�b�e�d� �i�n� �t�h�e� �o�r�i�g�i�n�a�l� �N�A�S�A� �r�e�p�o�r�t� �b�y� �t�h�e� �f�o�l�l�o�w�i�n�g� �t�a�b�l�e�s�.� �T�h�e� �l�e�n�g�t�h� �a�r�e
�i�n� �c�e�n�t�i�m�e�t�e�r�s� �a�n�d� �t�h�e� �a�n�g�l�e�s� �i�n� �d�e�g�r�e�e�s�.
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�u�n�i�t �v�a�l�u�e
�p�r�e�s�s�u�r�e� �r�a�t�i�o �[�-�] �2�.�0�5
�m�a�s�s� ß��o�w �[�k�g�/�s�]�2�0�.�2
�t�i�p� �s�p�e�e�d �[�m�/�s�]�4�5�5
�t�i�p� �s�o�l�i�d�i�t�y �[�-�] �1�.�3
�a�s�p�e�c�t� �r�a�t�i�o �[�-�] �1�.�6�3
�n�u�m�b�e�r� �o�f� �b�l�a�d�e�s �[�-�] �4�8
�n�o�m�i�n�a�l� �r�o�t�a�t�i�o�n� �s�p�e�e�d� �$�\�o�m�e�g�a�_�n�$�[�r�a�d�/�s�]�1�8�0�0

�M�a�t�e�r�i�a�l� �p�r�o�p�e�r�t�i�e�s

�R�o�t�o�r� �3�8� �i�s� �m�a�d�e� �o�f� �a� �2�0�0�-�g�r�a�d�e� �m�a�r�a�g�i�n�g� �s�t�e�e�l�[�(�c�i�t�e�:�r�e�i�d�1�9�7�8�d�e�s�i�g�n�a�n�d�o�v�e�r�a�l�l�>�R�e�i�d�.� �«�D�e�s�i�g�n� �a�n�d
�o�v�e�r�a�l�l� �p�e�r�f�o�r�m�a�n�c�e� �o�f� �f�o�u�r� �h�i�g�h�l�y� �l�o�a�d�e�d�,� �h�i�g�h�-�s�p�e�e�d� �i�n�l�e�t� �s�t�a�g�e�s� �f�o�r� �a�n�d� �a�d�v�a�n�c�e�d� �h�i�g�h�-�p�r�e�s�s�u�r�e�-�r�a�t�i�o
�c�o�r�e� �c�o�m�p�r�e�s�s�o�r�»� �1�9�7�8�.� �p�d�f�)�]�,� �b�u�t� �t�h�e� �e�x�a�c�t� �m�a�t�e�r�i�a�l� �p�r�o�p�e�r�t�i�e�s� �a�r�e� �n�o�t� �p�r�o�v�i�d�e�d� �i�n� �t�h�e� �N�A�S�A� �r�e�p�o�r�t�.� �T�h�e
�f�o�l�l�o�w�i�n�g� �p�r�o�p�e�r�t�i�e�s� �a�r�e� �c�o�n�s�i�d�e�r�e�d�:

�u�n�i�t �v�a�l�u�e
�a�l�l�o�y �[�-�] �1�8�-�N�i�-�2�0�0�-�m�a�r�a�g�i�n�g
�Y�o�u�n�g�’�s� �m�o�d�u�l�u�s�[�G�P�a�]�1�8�0

https://ntrs.nasa.gov/citations/19820014395
https://lava-wiki.meca.polymtl.ca/lib/exe/fetch.php?tok=d60a98&media=https%3A%2F%2Fntrs.nasa.gov%2Fcitations%2F19780025165
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�u�n�i�t �v�a�l�u�e
�d�e�n�s�i�t�y �[�k�g�/�m�3�]�8�0�0�0
�P�o�i�s�s�o�n�’�s� �r�a�t�i�o�[�-�] �0�.�3
�y�i�e�l�d� �s�t�r�e�s�s �[�G�P�a�]�1�.�3�8

�C�A�D� �m�o�d�e�l

�T�h�e� �C�A�D� �m�o�d�e�l� �i�s� �c�o�m�p�u�t�e�d� �w�i�t�h� �t�h�e� �o�p�e�n� �s�o�u�r�c�e� �c�o�d�e� �O�p�e�n�M�C�A�D�[�(�c�i�t�e�:�K�o�j�t�y�c�h�_�2�0�2�2�_�g�e�n�e�_�a�u�b�e�s�)�]�.

�p�r�e�s�s�u�r�e� �s�i�d�e

�s�u�c�t�i�o�n� �s�i�d�e

�N�a�t�u�r�a�l� �f�r�e�q�u�e�n�c�i�e�s

�F�i�r�s�t� �t�h�r�e�e� �n�a�t�u�r�a�l� �f�r�e�q�u�e�n�c�i�e�s� �(�w�i�t�h� �c�l�a�m�p�e�d� �r�o�o�t�)� �f�o�r� �t�h�e� �m�e�s�h� �c�o�m�p�u�t�e�d� �w�i�t�h
�O�p�e�n�M�C�A�D�[�(�c�i�t�e�:�K�o�j�t�y�c�h�_�2�0�2�2�_�g�e�n�e�_�a�u�b�e�s�)�]�:

�M�o�d�e�T�y�p�e�N�a�t�u�r�a�l� �a�n�g�u�l�a�r� �f�r�e�q�u�e�n�c�y� �(�r�a�d�/�s�e�c�)�N�a�t�u�r�a�l� �f�r�e�q�u�e�n�c�y� �(�H�z�)
�1 �1�B �3�7�6�1�.�5�1 �5�9�8�.�6�6�3
�2 �1�T �1�3�4�8�4�.�2�2 �2�1�4�6�.�0�8



�2�0�2�6�/�1�0�/�1�2� �0�1�:�5�9 �5�/�1�2 �R�o�t�o�r� �3�8

�S�i�t�e� �w�i�k�i� �d�u� �L�A�V�A�:� �h�t�t�p�s�:�/�/�l�a�v�a�-�w�i�k�i�.�m�e�c�a�.�p�o�l�y�m�t�l�.�c�a�/

�M�o�d�e�T�y�p�e�N�a�t�u�r�a�l� �a�n�g�u�l�a�r� �f�r�e�q�u�e�n�c�y� �(�r�a�d�/�s�e�c�)�N�a�t�u�r�a�l� �f�r�e�q�u�e�n�c�y� �(�H�z�)
�3 �2�B �1�4�7�4�5�.�6�3 �2�3�4�6�.�8�4

�C�a�m�p�b�e�l�l� �d�i�a�g�r�a�m

�E�v�o�l�u�t�i�o�n� �o�f� �t�h�e� �n�a�t�u�r�a�l� �f�r�e�q�u�e�n�c�i�e�s� �o�f� �t�h�e� ß��r�s�t� �3� �v�i�b�r�a�t�i�o�n� �m�o�d�e�s�,� �a�s� �a� �f�u�n�c�t�i�o�n� �o�f� �r�o�t�a�t�i�o�n� �s�p�e�e�d�,� �f�o�r� �t�h�e
�m�e�s�h� �c�o�m�p�u�t�e�d� �w�i�t�h� �O�p�e�n�M�C�A�D�[�(�c�i�t�e�:�K�o�j�t�y�c�h�_�2�0�2�2�_�g�e�n�e�_�a�u�b�e�s�)�]�:

�C�a�m�p�b�e�l�l� �d�i�a�g�r�a�m� �c�o�m�p�u�t�e�d� �w�i�t�h� �a� �l�i�n�e�a�r� �c�e�n�t�r�i�f�u�g�a�l� �p�r�e�l�o�a�d�,� �w�i�t�h� �c�l�a�m�p�e�d� �r�o�o�t� �(�n�o�m�i�n�a�l� �r�o�t�a�t�i�o�n� �s�p�e�e�d
�É  �� �=� �1� �8�0�0� �r�a�d�/�s�)

�g�r�a�p�h� �(�.�p�d�f�)
�C�a�m�p�b�e�l�l� �d�a�t�a� �(�.�c�s�v�)

�I�n�i�t�i�a�l� �b�l�a�d�e

�T�h�e� �i�n�i�t�i�a�l� �b�l�a�d�e� �i�s� �d�eß��n�e�d� �w�i�t�h� �i�n�-�h�o�u�s�e� �L�A�V�A� �p�a�r�a�m�e�t�e�r�s�[�(�c�i�t�e�:�K�o�j�t�y�c�h�_�2�0�2�2�_�M�e�t�h�o�d�o�l�o�g�y�)�]� �c�o�m�p�u�t�e�d
�f�r�o�m� �t�h�e� �r�e�f�e�r�e�n�c�e� �b�l�a�d�e� �C�A�D� �m�o�d�e�l�.� �T�h�e� �i�n�i�t�i�a�l� �b�l�a�d�e� �i�s� �u�s�u�a�l�l�y� �u�s�e�d� �a�s� �s�t�a�r�t�i�n�g� �p�o�i�n�t� �f�o�r� �a�n� �o�p�t�i�m�i�z�a�t�i�o�n
�p�r�o�c�e�s�s�.� �I�t�s� �g�e�o�m�e�t�r�y� �i�s� �s�i�m�i�l�a�r� �t�o� �t�h�e� �o�n�e� �o�f� �t�h�e� �r�e�f�e�r�e�n�c�e� �b�l�a�d�e�.

�N�a�t�u�r�a�l� �f�r�e�q�u�e�n�c�i�e�s

�F�i�r�s�t� �t�h�r�e�e� �n�a�t�u�r�a�l� �f�r�e�q�u�e�n�c�i�e�s� �(�w�i�t�h� �c�l�a�m�p�e�d� �r�o�o�t�)

�f�r�o�m� �t�h�e� �w�h�o�l�e� �m�e�s�h�:



�D�e�r�n�i�Ł�r�e� �m�i�s�e� �à� �j�o�u�r�:
�2�0�2�4�/�0�7�/�3�0� �1�1�:�2�9 �p�u�b�l�i�c�:�m�o�d�e�l�e�s�:�r�o�t�o�r�_�3�8�:�a�c�c�u�e�i�l�h�t�t�p�s�:�/�/�l�a�v�a�-�w�i�k�i�.�m�e�c�a�.�p�o�l�y�m�t�l�.�c�a�/�p�u�b�l�i�c�/�m�o�d�e�l�e�s�/�r�o�t�o�r�_�3�8�/�a�c�c�u�e�i�l�?�r�e�v�=�1�7�2�2�3�5�3�3�8�4

�h�t�t�p�s�:�/�/�l�a�v�a�-�w�i�k�i�.�m�e�c�a�.�p�o�l�y�m�t�l�.�c�a�/ �i�m�p�r�i�m�Ø� �l�e� �2�0�2�6�/�1�0�/�1�2� �0�1�:�5�9

�M�o�d�e�T�y�p�e�N�a�t�u�r�a�l� �a�n�g�u�l�a�r� �f�r�e�q�u�e�n�c�y� �(�r�a�d�/�s�e�c�)�N�a�t�u�r�a�l� �f�r�e�q�u�e�n�c�y� �(�H�z�)
�1 �1�B �3�7�8�9�.�6�8 �6�0�3�.�1�4�7
�2 �1�T �1�3�6�0�1�.�0�9 �2�1�6�4�.�6�8
�3 �2�B �1�4�9�7�0�.�5�7 �2�3�8�2�.�6�4

�f�r�o�m� �t�h�e� �r�e�d�u�c�e�d� �o�r�d�e�r� �m�o�d�e�l�:

�M�o�d�e�T�y�p�e�N�a�t�u�r�a�l� �a�n�g�u�l�a�r� �f�r�e�q�u�e�n�c�y� �(�r�a�d�/�s�e�c�)�N�a�t�u�r�a�l� �f�r�e�q�u�e�n�c�y� �(�H�z�)
�1 �1�B �3�7�8�9�.�9�2 �6�0�3�.�1�8�5
�2 �1�T �1�3�6�0�6�.�4�3 �2�1�6�5�.�5�3
�3 �2�B �1�4�9�8�3�.�4�5 �2�3�8�4�.�6�9
�F�i�c�h�i�e�r�s� �t�Ø�l�Ø�c�h�a�r�g�e�a�b�l�e�s
�×

�L�i�b�r�e� �a�c�c�Ł�s

�l�i�e�n� �v�e�r�s� �l�e� �p�r�o�j�e�t� �G�i�t

�À� �p�r�o�p�o�s

�L�e� �r�o�t�o�r� �3�8� �a�p�p�a�r�t�i�e�n�t� �à� �u�n� �p�r�o�g�r�a�m�m�e� �d�e� �r�e�c�h�e�r�c�h�e� �v�i�s�a�n�t� �à� �Ø�t�u�d�i�e�r� �u�n�e� �c�o�n�c�e�p�t�i�o�n� �d�e� �c�o�m�p�r�e�s�s�e�u�r
�p�o�s�s�Ø�d�a�n�t� �u�n� �g�r�a�n�d� �t�a�u�x� �d�e� �c�o�m�p�r�e�s�s�i�o�n� �(�2�0�:�1�)�.� �I�l� �e�s�t� �d�o�n�c� �l�e� �r�o�t�o�r� �d�u� �q�u�a�t�r�i�Ł�m�e� �Ø�t�a�g�e� �d�e� �c�e
�c�o�m�p�r�e�s�s�e�u�r� �t�r�a�n�s�s�o�n�i�q�u�e� �d�e� �h�u�i�t� �Ø�t�a�g�e�s�.� �P�a�r�m�i� �c�e�s� �h�u�i�t� �Ø�t�a�g�e�s�,� �l�e�s� �q�u�a�t�r�e� �p�r�e�m�i�e�r�s� �o�n�t� �Ø�t�Ø� �c�o�n�ç�u�s� �e�t
�t�e�s�t�Ø�s�,� �i�l�s� �c�o�r�r�e�s�p�o�n�d�e�n�t� �a�u�x� �r�o�t�o�r�s� �3�5�,� �3�6�,� �3�7� �e�t� �3�8�.� �P�o�u�r� �p�l�u�s� �d�’�i�n�f�o�r�m�a�t�i�o�n�,� �v�o�i�c�i� �u�n� �l�i�e�n� �v�e�r�s� �u�n� �r�a�p�p�o�r�t
�d�e� �l�a� �N�A�S�A�.

�R�a�p�p�o�r�t� �t�e�c�h�n�i�q�u�e� �o�r�i�g�i�n�a�l�[�(�c�i�t�e�:�m�o�o�r�e�1�9�8�2�d�e�s�i�g�n�>�)�]�:

�@�T�e�c�h�R�e�p�o�r�t�{�m�o�o�r�e�1�9�8�2�d�e�s�i�g�n�,
� � �a�u�t�h�o�r� � � � � � � � � � � �=� �{�M�o�o�r�e�,� �R�.� �D�.� �a�n�d� �R�e�i�d�,� �L�o�n�n�i�e�}�,
� � �d�a�t�e� � � � � � � � � � � � � �=� �{�1�9�8�2�}�,
� � �i�n�s�t�i�t�u�t�i�o�n� � � � � � �=� �{�N�A�S�A� �L�e�w�i�s� �R�e�s�e�a�r�c�h� �C�e�n�t�e�r� �C�l�e�v�e�l�a�n�d�,� �O�H�,� �U�n�i�t�e�d
�S�t�a�t�e�s�}�,
� � �t�i�t�l�e� � � � � � � � � � � � �=� �{�P�e�r�f�o�r�m�a�n�c�e� �o�f� �S�i�n�g�l�e�-�S�t�a�g�e� �A�x�i�a�l�-�F�l�o�w� �T�r�a�n�s�o�n�i�c
�C�o�m�p�r�e�s�s�o�r� �W�i�t�h� �R�o�t�o�r� �a�n�d� �S�t�a�t�o�r� �A�s�p�e�c�t� �R�a�t�i�o�s� �o�f� �1�.�6�3� �a�n�d� �1�.�7�7�,
�R�e�s�p�e�c�t�i�v�e�l�y�,� �a�n�d� �W�i�t�h� �D�e�s�i�g�n� �P�r�e�s�s�u�r�e� �R�a�t�i�o� �o�f� �2�.�0�5�}�,
� � �n�u�m�b�e�r� � � � � � � � � � � �=� �{�N�A�S�A�-�T�P�-�2�0�0�1�}�,
� � �u�r�l� � � � � � � � � � � � � � �=� �{�h�t�t�p�s�:�/�/�n�t�r�s�.�n�a�s�a�.�g�o�v�/�c�i�t�a�t�i�o�n�s�/�1�9�8�2�0�0�1�4�3�9�5�}�,
�}

�P�h�o�t�o�g�r�a�p�h�i�e� �:

https://gitlab.lava.polymtl.ca/depots_publics/modeles/catalogue_aubes/-/tree/master/rotor38
https://ntrs.nasa.gov/citations/19780025165
https://ntrs.nasa.gov/citations/19780025165


�2�0�2�6�/�1�0�/�1�2� �0�1�:�5�9 �7�/�1�2 �R�o�t�o�r� �3�8

�S�i�t�e� �w�i�k�i� �d�u� �L�A�V�A�:� �h�t�t�p�s�:�/�/�l�a�v�a�-�w�i�k�i�.�m�e�c�a�.�p�o�l�y�m�t�l�.�c�a�/

�F�i�g�1�.� �h�t�t�p�s�:�/�/�c�a�t�a�l�o�g�.�a�r�c�h�i�v�e�s�.�g�o�v�/�i�d�/�1�7�4�6�6�8�0�6

�@�M�i�s�c�{�b�r�o�w�n�1�9�7�7�r�e�c�o�r�d�s�,
�a�u�t�h�o�r� � � �=� �{�B�r�o�w�n�,� �M�.�}�,
�t�i�t�l�e� � � � �=� �{�R�o�t�o�r� �3�5� �-� �R�o�t�o�r� �3�8� �-� �S�t�a�t�o�r� �3�5� �i�n� �c�a�s�i�n�g�.� �{�R�}�e�c�o�r�d�s� �o�f� �t�h�e
�{�N�}�a�t�i�o�n�a�l� �{�A�}�e�r�o�n�a�u�t�i�c�s� �a�n�d� �{�S�}�p�a�c�e� �{�A�}�d�m�i�n�i�s�t�r�a�t�i�o�n�,� �1�9�0�3� �-� �2�0�0�6�.
�{�P�}�h�o�t�o�g�r�a�p�h�s� �r�e�l�a�t�i�n�g� �t�o� �a�g�e�n�c�y� �a�c�t�i�v�i�t�i�e�s�,� �f�a�c�i�l�i�t�i�e�s� �a�n�d� �p�e�r�s�o�n�n�e�l�,
�1�9�7�3� �-� �2�0�1�3�}�,
�y�e�a�r� � � � � �=� �{�1�9�7�7�}�,
�u�r�l� � � � � �=� �{�h�t�t�p�s�:�/�/�c�a�t�a�l�o�g�.�a�r�c�h�i�v�e�s�.�g�o�v�/�i�d�/�1�7�4�6�6�8�0�6�}�}

�D�o�c�u�m�e�n�t�s� �u�t�i�l�e�s

�m�o�d�Ł�l�e�s� �t�Ø�l�Ø�c�h�a�r�g�e�a�b�l�e�s� �(�l�i�e�n� �v�e�r�s� �p�r�o�j�e�t� �G�i�t�)
�r�a�p�p�o�r�t� �t�e�c�h�n�i�q�u�e� �o�r�i�g�i�n�a�l

�d�e� �l�a� �N�A�S�A� �(�.�p�d�f�)
ß��c�h�i�e�r� �d�e� �p�a�r�a�m�Ł�t�r�e�s� �g�Ø�o�m�Ø�t�r�i�q�u�e�s

�(�.�c�s�v�)�,� �u�t�i�l�i�s�a�b�l�e� �e�n� �e�n�t�r�Ø�e� �d�e� �O�p�e�n�M�C�A�D�[�(�c�i�t�e�:�K�o�j�t�y�c�h�_�2�0�2�2�_�g�e�n�e�_�a�u�b�e�s�>�)�]� �p�o�u�r� �g�Ø�n�Ø�r�e�r
�l�’�a�u�b�e� �d�e� �r�Ø�f�Ø�r�e�n�c�e

https://catalog.archives.gov/id/17466806
https://gitlab.lava.polymtl.ca/depots_publics/modeles/catalogue_aubes/-/tree/master/rotor38


�D�e�r�n�i�Ł�r�e� �m�i�s�e� �à� �j�o�u�r�:
�2�0�2�4�/�0�7�/�3�0� �1�1�:�2�9 �p�u�b�l�i�c�:�m�o�d�e�l�e�s�:�r�o�t�o�r�_�3�8�:�a�c�c�u�e�i�l�h�t�t�p�s�:�/�/�l�a�v�a�-�w�i�k�i�.�m�e�c�a�.�p�o�l�y�m�t�l�.�c�a�/�p�u�b�l�i�c�/�m�o�d�e�l�e�s�/�r�o�t�o�r�_�3�8�/�a�c�c�u�e�i�l�?�r�e�v�=�1�7�2�2�3�5�3�3�8�4

�h�t�t�p�s�:�/�/�l�a�v�a�-�w�i�k�i�.�m�e�c�a�.�p�o�l�y�m�t�l�.�c�a�/ �i�m�p�r�i�m�Ø� �l�e� �2�0�2�6�/�1�0�/�1�2� �0�1�:�5�9

�A�u�b�e� �d�e� �r�Ø�f�Ø�r�e�n�c�e

�L�’�a�u�b�e� �d�e� �r�Ø�f�Ø�r�e�n�c�e� �e�s�t� �d�Øß��n�i�e� �p�a�r� �d�e�s� �p�r�oß��l�s� �d�e� �t�y�p�e� �a�r�c�s� �c�i�r�c�u�l�a�i�r�e�s
�m�u�l�t�i�p�l�e�s�[�(�c�i�t�e�:�C�r�o�u�s�e�_�1�9�6�9�_�c�o�m�p�u�t�e�r�>�C�r�o�u�s�e� �e�t� �a�l�.� �«�A� �c�o�m�p�u�t�e�r� �p�r�o�g�r�a�m� �f�o�r� �c�o�m�p�o�s�i�n�g� �c�o�m�p�r�e�s�s�o�r
�b�l�a�d�i�n�g� �f�r�o�m� �s�i�m�u�l�a�t�e�d� �c�i�r�c�u�l�a�r�-�a�r�c� �e�l�e�m�e�n�t�s� �o�n� �c�o�n�i�c�a�l� �s�u�r�f�a�c�e�s� �»� �1�9�6�9�.� �N�A�S�A�-�T�N�-�D�-�5�4�3�7�.� �p�d�f�)�]�,� �d�o�n�n�Ø�s
�d�a�n�s� �l�e� �r�a�p�p�o�r�t� �t�e�c�h�n�i�q�u�e� �o�r�i�g�i�n�a�l� �d�e� �l�a� �N�A�S�A�[�(�c�i�t�e�:�m�o�o�r�e�1�9�8�2�d�e�s�i�g�n�)�]�.� �L�e�s� �m�o�d�Ł�l�e�s� �a�s�s�o�c�i�Ø�s� �s�o�n�t
�o�b�t�e�n�u�s� �a�v�e�c� �l�e� �c�o�d�e� �e�n� �l�i�b�r�e� �a�c�c�Ł�s� �O�p�e�n�M�C�A�D�[�(�c�i�t�e�:�K�o�j�t�y�c�h�_�2�0�2�2�_�g�e�n�e�_�a�u�b�e�s�)�]�.

�G�Ø�o�m�Ø�t�r�i�e

�L�a� �g�Ø�o�m�Ø�t�r�i�e� �d�u� �r�o�t�o�r� �3�8� �e�s�t� �d�Ø�c�r�i�t�e� �d�a�n�s� �l�e� �r�a�p�p�o�r�t� �d�’�o�r�i�g�i�n�e� �d�e� �l�a� �N�A�S�A� �p�a�r� �l�e�s� �t�a�b�l�e�a�u�x� �s�u�i�v�a�n�t�s�.� �L�e�s
�g�r�a�n�d�e�u�r�s� �s�o�n�t� �e�n� �c�e�n�t�i�m�Ł�t�r�e�s� �e�t� �e�n� �d�e�g�r�Ø�s�.

�C�a�r�a�c�t�Ø�r�i�s�t�i�q�u�e�s� �a�Ø�r�o�d�y�n�a�m�i�q�u�e�s

�u�n�i�t�Ø�s�v�a�l�e�u�r�s
�t�a�u�x� �d�e� �c�o�m�p�r�e�s�s�i�o�n �[�-�] �2�,�0�5
�d�Ø�b�i�t� �m�a�s�s�i�q�u�e �[�k�g�/�s�]�2�0�,�2
�v�i�t�e�s�s�e� �e�n� �t�Œ�t�e �[�m�/�s�]�4�5�5
�s�o�l�i�d�i�t�Ø� �e�n� �t�Œ�t�e �[�-�] �1�,�3
�a�l�l�o�n�g�e�m�e�n�t �[�-�] �1�,�6�3
�n�o�m�b�r�e� �d�’�a�u�b�e�s �[�-�] �4�8
�v�i�t�e�s�s�e� �d�e� �r�o�t�a�t�i�o�n� �n�o�m�i�n�a�l�e� �$�\�o�m�e�g�a�_�n�$�[�r�a�d�/�s�]�1�8�0�0

�P�r�o�p�r�i�Ø�t�Ø�s� �m�a�t�Ø�r�i�a�u

�L�e� �m�a�t�Ø�r�i�a�u� �d�u� �r�o�t�o�r� �3�8� �e�s�t� �u�n� �a�l�l�i�a�g�e� �à� �b�a�s�e� �d�e� �n�i�c�k�e�l� �:� �u�n� �a�c�i�e�r� �m�a�r�a�g�i�n�g� �d�e� �g�r�a�d�e
�2�0�0�[�(�c�i�t�e�:�r�e�i�d�1�9�7�8�d�e�s�i�g�n�a�n�d�o�v�e�r�a�l�l�>�R�e�i�d�.� �«�D�e�s�i�g�n� �a�n�d� �o�v�e�r�a�l�l� �p�e�r�f�o�r�m�a�n�c�e� �o�f� �f�o�u�r� �h�i�g�h�l�y� �l�o�a�d�e�d�,� �h�i�g�h�-
�s�p�e�e�d� �i�n�l�e�t� �s�t�a�g�e�s� �f�o�r� �a�n�d� �a�d�v�a�n�c�e�d� �h�i�g�h�-�p�r�e�s�s�u�r�e�-�r�a�t�i�o� �c�o�r�e� �c�o�m�p�r�e�s�s�o�r�»� �1�9�7�8�.� �p�d�f�)�]�,� �m�a�i�s� �s�e�s
�c�a�r�a�c�t�Ø�r�i�s�t�i�q�u�e�s� �n�e� �s�o�n�t� �p�a�s� �f�o�u�r�n�i�e�s� �d�a�n�s� �l�e� �r�a�p�o�r�t� �d�e� �l�a� �N�A�S�A�.� �L�e�s� �p�r�o�p�r�i�Ø�t�Ø�s� �c�o�n�s�i�d�Ø�r�Ø�e�s� �s�o�n�t� �:

https://lava-wiki.meca.polymtl.ca/lib/exe/fetch.php?tok=9c51a4&media=https%3A%2F%2Fntrs.nasa.gov%2Fcitations%2F19690027504
https://ntrs.nasa.gov/citations/19820014395
https://lava-wiki.meca.polymtl.ca/lib/exe/fetch.php?tok=d60a98&media=https%3A%2F%2Fntrs.nasa.gov%2Fcitations%2F19780025165


�2�0�2�6�/�1�0�/�1�2� �0�1�:�5�9 �9�/�1�2 �R�o�t�o�r� �3�8

�S�i�t�e� �w�i�k�i� �d�u� �L�A�V�A�:� �h�t�t�p�s�:�/�/�l�a�v�a�-�w�i�k�i�.�m�e�c�a�.�p�o�l�y�m�t�l�.�c�a�/

�u�n�i�t�Ø�v�a�l�e�u�r�s
�a�l�l�i�a�g�e �[�-�] �1�8�-�N�i�-�2�0�0�-�m�a�r�a�g�i�n�g
�m�o�d�u�l�e� �d�’�Y�o�u�n�g �[�G�P�a�]�1�8�0
�m�a�s�s�e� �v�o�l�u�m�i�q�u�e�[�k�g�/�m�3�]�8�0�0�0
�c�o�eß��c�i�e�n�t� �d�e� �P�o�i�s�s�o�n�[�-�] �0�,�3
�l�i�m�i�t�e� �Ø�l�a�s�t�i�q�u�e �[�G�P�a�]�1�,�3�8

�M�o�d�Ł�l�e� �C�A�O

�L�e� �m�o�d�Ł�l�e� �C�A�O� �e�s�t� �o�b�t�e�n�u� �a�v�e�c� �O�p�e�n�M�C�A�D�[�(�c�i�t�e�:�K�o�j�t�y�c�h�_�2�0�2�2�_�g�e�n�e�_�a�u�b�e�s�)�]�.

�i�n�t�r�a�d�o�s

�e�x�t�r�a�d�o�s

�F�r�Ø�q�u�e�n�c�e�s� �p�r�o�p�r�e�s

�F�r�Ø�q�u�e�n�c�e�s� �d�e�s� �t�r�o�i�s� �p�r�e�m�i�e�r�s� �m�o�d�e�s� �(�n�o�e�u�d�s� �d�u� �p�i�e�d� �d�’�a�u�b�e� �e�n�c�a�s�t�r�Ø�s�)� �p�o�u�r� �l�e� �m�a�i�l�l�a�g�e� �o�b�t�e�n�u� �a�v�e�c
�O�p�e�n�M�C�A�D�[�(�c�i�t�e�:�K�o�j�t�y�c�h�_�2�0�2�2�_�g�e�n�e�_�a�u�b�e�s�)�]� �:

�M�o�d�e�T�y�p�e�P�u�l�s�a�t�i�o�n� �p�r�o�p�r�e� �(�r�a�d�/�s�e�c�)�F�r�Ø�q�u�e�n�c�e� �p�r�o�p�r�e� �(�H�z�)
�1 �1�F �3�7�6�1�,�5�1 �5�9�8�,�6�6�3



�D�e�r�n�i�Ł�r�e� �m�i�s�e� �à� �j�o�u�r�:
�2�0�2�4�/�0�7�/�3�0� �1�1�:�2�9 �p�u�b�l�i�c�:�m�o�d�e�l�e�s�:�r�o�t�o�r�_�3�8�:�a�c�c�u�e�i�l�h�t�t�p�s�:�/�/�l�a�v�a�-�w�i�k�i�.�m�e�c�a�.�p�o�l�y�m�t�l�.�c�a�/�p�u�b�l�i�c�/�m�o�d�e�l�e�s�/�r�o�t�o�r�_�3�8�/�a�c�c�u�e�i�l�?�r�e�v�=�1�7�2�2�3�5�3�3�8�4

�h�t�t�p�s�:�/�/�l�a�v�a�-�w�i�k�i�.�m�e�c�a�.�p�o�l�y�m�t�l�.�c�a�/ �i�m�p�r�i�m�Ø� �l�e� �2�0�2�6�/�1�0�/�1�2� �0�1�:�5�9

�M�o�d�e�T�y�p�e�P�u�l�s�a�t�i�o�n� �p�r�o�p�r�e� �(�r�a�d�/�s�e�c�)�F�r�Ø�q�u�e�n�c�e� �p�r�o�p�r�e� �(�H�z�)
�2 �1�T �1�3�4�8�4�,�2�2 �2�1�4�6�,�0�8
�3 �2�F �1�4�7�4�5�,�6�3 �2�3�4�6�,�8�4

�D�i�a�g�r�a�m�m�e� �d�e� �C�a�m�p�b�e�l�l

�É�v�o�l�u�t�i�o�n� �d�e�s� �f�r�Ø�q�u�e�n�c�e�s� �p�r�o�p�r�e�s� �d�e�s� �3� �p�r�e�m�i�e�r�s� �m�o�d�e�s�,� �e�n� �f�o�n�c�t�i�o�n� �d�e� �l�a� �v�i�t�e�s�s�e� �d�e� �r�o�t�a�t�i�o�n�,� �p�o�u�r� �l�e
�m�a�i�l�l�a�g�e� �o�b�t�e�n�u� �a�v�e�c� �O�p�e�n�M�C�A�D�[�(�c�i�t�e�:�K�o�j�t�y�c�h�_�2�0�2�2�_�g�e�n�e�_�a�u�b�e�s�)�]�:

�d�i�a�g�r�a�m�m�e� �d�e� �C�a�m�p�b�e�l�l� �c�a�l�c�u�l�Ø� �a�v�e�c� �u�n�e� �p�r�Ø�c�h�a�r�g�e� �c�e�n�t�r�i�f�u�g�e� �l�i�n�Ø�a�i�r�e�,� �n�o�e�u�d�s� �d�u� �p�i�e�d� �d�’�a�u�b�e
�e�n�c�a�s�t�r�Ø�s� �(�v�i�t�e�s�s�e� �n�o�m�i�n�a�l�e� �É  �� �=� �1� �8�0�0� �r�a�d�/�s�)

�g�r�a�p�h�i�q�u�e� �(�.�p�d�f�)
�d�o�n�n�Ø�e�s� �d�u� �C�a�m�p�b�e�l�l� �(�.�c�s�v�)

�A�u�b�e� �i�n�i�t�i�a�l�e

�L�’�a�u�b�e� �i�n�i�t�i�a�l�e� �e�s�t� �d�Øß��n�i�e� �p�a�r� �d�e�s� �p�a�r�a�m�Ł�t�r�e�s� �s�p�Ø�c�iß��q�u�e�s� �a�u
�L�A�V�A�[�(�c�i�t�e�:�K�o�j�t�y�c�h�_�2�0�2�2�_�M�e�t�h�o�d�o�l�o�g�y�>�K�o�j�t�y�c�h� �S�.� �e�t� �a�l�.� �«�M�e�t�h�o�d�o�l�o�g�y� �f�o�r� �t�h�e� �R�e�d�e�s�i�g�n� �o�f� �C�o�m�p�r�e�s�s�o�r
�B�l�a�d�e�s� �U�n�d�e�r�g�o�i�n�g� �N�o�n�l�i�n�e�a�r� �S�t�r�u�c�t�u�r�a�l� �I�n�t�e�r�a�c�t�i�o�n�s�:� �A�p�p�l�i�c�a�t�i�o�n� �t�o� �B�l�a�d�e�-�T�i�p�/�C�a�s�i�n�g� �C�o�n�t�a�c�t�s� �»� �2�0�2�2�.
�J�o�u�r�n�a�l� �o�f� �E�n�g�i�n�e�e�r�i�n�g� �f�o�r� �G�a�s� �T�u�r�b�i�n�e�s� �a�n�d� �P�o�w�e�r�,� �V�o�l�.� �1�4�5�,� �N�o�.� �5�.� �p�d�f�)�]� �o�b�t�e�n�u�s� �à� �p�a�r�t�i�r� �d�u� �m�o�d�Ł�l�e� �C�A�O
�d�e� �l�’�a�u�b�e� �d�e� �r�Ø�f�Ø�r�e�n�c�e�.� �L�’�a�u�b�e� �i�n�i�t�i�a�l�e� �e�s�t� �c�l�a�s�s�i�q�u�e�m�e�n�t� �u�t�i�l�i�s�Ø�e� �c�o�m�m�e� �p�o�i�n�t� �d�e� �d�Ø�p�a�r�t� �d�a�n�s� �l�e� �c�a�d�r�e� �d�e
�p�r�o�c�Ø�d�u�r�e�s� �d�’�o�p�t�i�m�i�s�a�t�i�o�n�;� �s�a� �g�Ø�o�m�Ø�t�r�i�e� �e�s�t� �s�i�m�i�l�a�i�r�e� �à� �c�e�l�l�e� �d�e� �l�’�a�u�b�e� �d�e� �r�Ø�f�Ø�r�e�n�c�e�.

https://lava-wiki.meca.polymtl.ca/_detail/public/modeles/rotor_38/campbell_38_ref.png?id=public%3Amodeles%3Arotor_38%3Aaccueil
https://lava-wiki.meca.polymtl.ca/_detail/public/modeles/rotor_38/campbell_38_ref.png?id=public%3Amodeles%3Arotor_38%3Aaccueil
https://lava-wiki.meca.polymtl.ca/lib/exe/fetch.php?tok=caca0b&media=https%3A%2F%2Fhal.archives-ouvertes.fr%2Fhal-03795257


�2�0�2�6�/�1�0�/�1�2� �0�1�:�5�9 �1�1�/�1�2 �R�o�t�o�r� �3�8

�S�i�t�e� �w�i�k�i� �d�u� �L�A�V�A�:� �h�t�t�p�s�:�/�/�l�a�v�a�-�w�i�k�i�.�m�e�c�a�.�p�o�l�y�m�t�l�.�c�a�/

�F�r�Ø�q�u�e�n�c�e�s� �p�r�o�p�r�e�s

�F�r�Ø�q�u�e�n�c�e�s� �d�e�s� �t�r�o�i�s� �p�r�e�m�i�e�r�s� �m�o�d�e�s� �(�n�o�e�u�d�s� �d�u� �p�i�e�d� �d�’�a�u�b�e� �e�n�c�a�s�t�r�Ø�s�)�,

�p�o�u�r� �l�e� �m�a�i�l�l�a�g�e� �c�o�m�p�l�e�t� �:

�M�o�d�e�T�y�p�e�P�u�l�s�a�t�i�o�n� �p�r�o�p�r�e� �(�r�a�d�/�s�e�c�)�F�r�Ø�q�u�e�n�c�e� �p�r�o�p�r�e� �(�H�z�)
�1 �1�F �3�7�8�9�,�6�8 �6�0�3�,�1�4�7
�2 �1�T �1�3�6�0�1�,�0�9 �2�1�6�4�,�6�8
�3 �2�F �1�4�9�7�0�,�5�7 �2�3�8�2�,�6�4

�p�o�u�r� �l�e� �m�o�d�Ł�l�e� �r�Ø�d�u�i�t� �:

�M�o�d�e�T�y�p�e�P�u�l�s�a�t�i�o�n� �p�r�o�p�r�e� �(�r�a�d�/�s�e�c�)�F�r�Ø�q�u�e�n�c�e� �p�r�o�p�r�e� �(�H�z�)
�1 �1�F �3�7�8�9�,�9�2 �6�0�3�,�1�8�5
�2 �1�T �1�3�6�0�6�,�4�3 �2�1�6�5�,�5�3
�3 �2�F �1�4�9�8�3�,�4�5 �2�3�8�4�,�6�9

�D�i�a�g�r�a�m�m�e� �d�e� �C�a�m�p�b�e�l�l

�C�o�m�p�a�r�a�i�s�o�n� �d�e� �l�’�Ø�v�o�l�u�t�i�o�n� �d�e�s� �f�r�Ø�q�u�e�n�c�e�s� �p�r�o�p�r�e�s� �d�e�s� �3� �p�r�e�m�i�e�r�s� �m�o�d�e�s�,� �e�n� �f�o�n�c�t�i�o�n� �d�e� �l�a� �v�i�t�e�s�s�e� �d�e
�r�o�t�a�t�i�o�n�,� �p�o�u�r� �l�’�a�u�b�e� �i�n�i�t�i�a�l�e� �e�t� �d�e� �r�Ø�f�Ø�r�e�n�c�e�:

�d�i�a�g�r�a�m�m�e� �d�e� �C�a�m�p�b�e�l�l� �c�a�l�c�u�l�Ø� �a�v�e�c� �u�n�e� �p�r�Ø�c�h�a�r�g�e� �c�e�n�t�r�i�f�u�g�e� �l�i�n�Ø�a�i�r�e�,� �n�o�e�u�d�s� �d�u� �p�i�e�d� �d�’�a�u�b�e
�e�n�c�a�s�t�r�Ø�s� �(�v�i�t�e�s�s�e� �n�o�m�i�n�a�l�e� �É  �� �=� �1� �8�0�0� �r�a�d�/�s�)�,

�a�u�b�e� �i�n�i�t�i�a�l�e� �(�o�r�a�n�g�e�)�,� �a�u�b�e� �d�e� �r�Ø�f�Ø�r�e�n�c�e� �(�g�r�i�s�e�)



�D�e�r�n�i�Ł�r�e� �m�i�s�e� �à� �j�o�u�r�:
�2�0�2�4�/�0�7�/�3�0� �1�1�:�2�9 �p�u�b�l�i�c�:�m�o�d�e�l�e�s�:�r�o�t�o�r�_�3�8�:�a�c�c�u�e�i�l�h�t�t�p�s�:�/�/�l�a�v�a�-�w�i�k�i�.�m�e�c�a�.�p�o�l�y�m�t�l�.�c�a�/�p�u�b�l�i�c�/�m�o�d�e�l�e�s�/�r�o�t�o�r�_�3�8�/�a�c�c�u�e�i�l�?�r�e�v�=�1�7�2�2�3�5�3�3�8�4

�h�t�t�p�s�:�/�/�l�a�v�a�-�w�i�k�i�.�m�e�c�a�.�p�o�l�y�m�t�l�.�c�a�/ �i�m�p�r�i�m�Ø� �l�e� �2�0�2�6�/�1�0�/�1�2� �0�1�:�5�9

�g�r�a�p�h�i�q�u�e� �(�.�p�d�f�)
�d�o�n�n�Ø�e�s� �d�u� �C�a�m�p�b�e�l�l� �(�.�c�s�v�)

�D�o�c�u�m�e�n�t� �i�s�s�u� �d�e� �l�a� �p�a�g�e� �w�i�k�i�:
�h�t�t�p�s�:�/�/�l�a�v�a�-�w�i�k�i�.�m�e�c�a�.�p�o�l�y�m�t�l�.�c�a�/�p�u�b�l�i�c�/�m�o�d�e�l�e�s�/�r�o�t�o�r�_�3�8�/�a�c�c�u�e�i�l�?�r�e�v�=�1�7�2�2�3�5�3�3�8�4
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