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2. �B�a�k�e�_�^�\�Z�g�_���g�Z���f�_�o�Z�g�b�d�Z�����_�e�_�d�l�j�h�g�b�d�Z���b���k�h�n�l�m�_�j �g�Z���B�M�J 
 

�K�t�]�e�Z�k�g�h�� �a�Z�e�h�`�_�g�b�l�_�� �p�_�e�b�� �b�� �i�h�k�l�Z�\�_�g�b�l�_�� �a�Z�^�Z�q�b �k�_�� �h�i�j�_�^�_�e�y�l �d�b�g�_�f�Z�l�b�q�g�b�l�_�� �b��
�^�b�g�Z�f�b�q�g�b�l�_�� �o�Z�j�Z�d�l�_�j�b�k�l�b�d�b�� �g�Z�� �b�a�[�j�Z�g�b�y�� �l�b�i�h�i�j�_�^�k�l�Z�\�b�l�_�e�� �g�Z���B�M�J�� ���b�g�^�m�k�l�j�b�Z�e�_�g��
�m�g�b�\�_�j�k�Z�e�_�g���j�h�[�h�l�������h�[�_�d�l���g�Z���j�_�b�g�`�_�g�_�j�b�g�]�Z�� 

�>�_�c�g�h�k�l�b�l�_�� �l�m�d �h�i�j�_�^�_�e�y�l �f�_�l�j�b�q�g�b�l�_�� �b�� �d�b�g�_�f�Z�l�b�q�g�b�l�_�� �i�Z�j�Z�f�_�l�j�b�� �g�Z�� �f�_�o�Z�g�b�q�g�Z�l�Z��
�d�h�g�k�l�j�m�d�p�b�y���g�Z���b�a�[�j�Z�g�b�y���l�b�i�h�i�j�_�^�k�l�Z�\�b�l�_�e�� �A�Z���p�_�e�l�Z���k�Z���b�a�k�e�_�^�\�Z�g�b���\�b�^�t�l �b���i�j�_�^�Z�\�Z�l�_�e�g�b�l�_��
�h�l�g�h�r�_�g�b�y���g�Z���j�_�^�m�d�l�h�j�b�l�_�����b�a�i�h�e�a�\�Z�g�b�l�_���k�t�_�^�b�g�_�g�b�y�����f�Z�k�e�Z���b���]�j�_�k�b�����G�Z���[�Z�a�Z���F�D�?�����f�_�l�h�^���g�Z��
�d�j�Z�c�g�b�l�_���_�e�_�f�_�g�l�b�� �_���b�a�k�e�_�^�\�Z�g�Z �b���^�b�g�Z�f�b�d�Z�l�Z���g�Z���j�h�[�h�l�Z���± �l�b�i�h�i�j�_�^�k�l�Z�\�b�l�_�e�� 

�F�h�^�_�e�t�l���± �h�[�_�d�l���g�Z���b�a�k�e�_�^�\�Z�g�_��- �j�h�[�h�l KUKA KR 150 �_���i�h�d�Z�a�Z�g���g�Z���n�b�]������7. 

 
�N�b�]������7 �H�[�s���b�a�]�e�_�^���g�Z���j�h�[�h�l��Kuka KR 150 

 
2.1. �F�_�l�j�b�d�Z���b���d�b�g�_�f�Z�l�b�d�Z���g�Z���f�_�o�Z�g�b�q�g�Z�l�Z���d�h�g�k�l�j�m�d�p�b�y���g�Z���B�M�J 

 
�<�� �a�Z�e�h�`�_�g�Z�l�Z�� �a�Z�� �b�a�i�t�e�g�_�g�b�_�� �^�_�c�g�h�k�l���_ �n�h�d�m�k�b�j�Z�g�h �\�g�b�f�Z�g�b�_�l�h���\�t�j�o�m�� �f�_�o�Z�g�b�q�g�Z�l�Z��

�k�b�k�l�_�f�Z���g�Z���j�h�[�h�l�Z�����d�Z�l�h���h�k�g�h�\�_�g���_�e�_�f�_�g�l���h�l���g�_�y���_���b�a�i�t�e�g�b�l�_�e�g�b�y�l���f�_�o�Z�g�b�a�t�f�����h�k�t�s�_�k�l�\�y�\�Z�s��
�l�j�Z�g�k�i�h�j�l�b�j�Z�s�b���b���h�j�b�_�g�l�b�j�Z�s�b���^�\�b�`�_�g�b�y���� �<���B�M�J �b�a�i�t�e�g�b�l�_�e�g�b�l�_���f�_�o�Z�g�b�a�f�b���k�_���h�l�e�b�q�Z�\�Z�l��
�k�t�k�� �k�j�Z�\�g�b�l�_�e�g�h�� �i�j�h�k�l�Z�� �k�l�j�m�d�l�m�j�Z�� �b�� �]�t�\�d�Z�\�h�� �i�j�h�]�j�Z�f�b�j�Z�g�_���� �g�h�� �b�f�Z�l�� �b���i�h-�k�e�h�`�g�Z��
�m�i�j�Z�\�e�y�\�Z�s�Z���k�b�k�l�_�f�Z��[30]. �B�a�\�t�j�r�_�g�b�l�_���Z�g�Z�e�b�a�b���\���j�Z�f�d�b�l�_���g�Z���^�_�c�g�h�k�l�l�Z���k�Z���i�j�_�^�k�l�Z�\�_�g�b���i�h-
�g�Z�^�h�e�m���\���l�_�d�k�l�Z�� 

�G�Z���n�b�]���� ��8 �_�� �i�h�d�Z�a�Z�g�Z�� �d�b�g�_�f�Z�l�b�q�g�Z�l�Z�� �k�o�_�f�Z�� �g�Z�� �b�a�[�j�Z�g�b�y�� �l�b�i�h�i�j�_�^�k�l�Z�\�b�l�_�e�� �g�Z���B�M�J - 
KUKA KR 150���� �H�l�� �k�o�_�f�Z�l�Z���k�_���\�b�`�^�Z���� �q�_���_���h�l�� �Z�g�l�j�h�i�h�f�h�j�n�_�g���l�b�i�� �k���r�_�k�l�� �k�l�_�i�_�g�b���g�Z�� �k�\�h�[�h�^�Z��
���l�j�b���a�Z���i�j�_�f�_�k�l�\�Z�g�_���g�Z���h�[�_�d�l�Z���\���i�j�h�k�l�j�Z�g�k�l�\�h�l�h���b���l�j�b���a�Z���g�_�]�h�\�Z�l�Z���h�j�b�_�g�l�Z�p�b�y�����i�h���h�k�b�l�_���O, �M 
�b��Z �g�Z���^�_�d�Z�j�l�h�\�Z�l�Z���d�h�h�j�^�b�g�Z�l�g�Z���k�b�k�l�_�f�Z�����D�b�g�_�f�Z�l�b�q�g�Z�l�Z���k�l�j�m�d�l�m�j�Z���_���b�^�_�g�l�b�q�g�Z���g�Z���i�h�\�_�q�_�l�h��
�b�g�^�m�k�l�j�b�Z�e�g�b�� �j�h�[�h�l�b���� �i�j�h�b�a�\�_�`�^�Z�g�b�� �i�h�� �k�\�_�l�Z�� �b�� �i�j�_�^�k�l�Z�\�e�y�\�Z�� �i�j�h�k�l�j�Z�g�k�l�\�_�g�Z�� �h�l�\�h�j�_�g�Z��
�k�_�^�_�f�a�\�_�g�g�Z�� �d�b�g�_�f�Z�l�b�q�g�Z�� �\�_�j�b�]�Z���� �b�a�]�j�Z�^�_�g�Z�� �k�Z�f�h�� �h�l�� �\�t�j�l�y�s�b�� �d�b�g�_�f�Z�l�b�q�g�b�� �^�\�h�b�p�b�� ���\�j�t�a�d�b��
�f�_�`�^�m�� �^�\�_�� �k�t�k�_�^�g�b�� �a�\�_�g�Z���� �b�� �k�_�� �a�Z�^�\�b�`�\�Z�� �h�l�� �r�_�k�l�� �g�_�a�Z�\�b�k�b�f�h�� �m�i�j�Z�\�e�y�\�Z�g�b�� �^�\�b�]�Z�l�_�e�y����
�<�t�j�l�y�s�b�l�_���\�j�t�a�d�b���\���d�b�g�_�f�Z�l�b�q�g�Z�l�Z���k�o�_�f�Z���k�Z���h�[�h�a�g�Z�q�_�g�b���k���[�m�d�\�Z���: �b���i�h�j�_�^�_�g���g�h�f�_�j���h�l��1 �^�h��6, 
�Z���a�\�_�g�Z�l�Z�����d�h�b�l�h���b�a�]�j�Z�`�^�Z�l���d�b�g�_�f�Z�l�b�q�g�Z�l�Z���\�_�j�b�]�Z�����k�Z���g�h�f�_�j�b�j�Z�g�b���k���p�b�n�j�b���h�l��0 �^�h��6�����d�Z�l�h���k��0 �_��
�h�a�g�Z�q�_�g�Z���k�l�h�c�d�Z�l�Z�����g�_�i�h�^�\�b�`�g�h�l�h���a�\�_�g�h���g�Z���k�_�^�_�f�a�\�_�g�g�Z�l�Z���d�b�g�_�f�Z�l�b�q�g�Z���\�_�j�b�]�Z). 



   

45 
 

 
�N�b�]������8 �D�b�g�_�f�Z�l�b�q�g�Z���k�o�_�f�Z�����\�g�_�k�_�g�Z���\���d�h�j�i�m�k�Z �g�Z���j�h�[�h�l��KUKA KR 150 

 
�>�\�b�]�Z�l�_�e�b�l�_�� �k�� �g�h�f�_�j�Z�� �h�l��1 �^�h��3 �k�Z�� �d�m�i�e�b�j�Z�g�b�� �^�b�j�_�d�l�g�h�� �d�t�f�� �j�_�^�m�p�b�j�Z�s�Z�l�Z�� �i�j�_�^�Z�\�d�Z�� �b��

�k�t�s�h�� �l�Z�d�Z�� �^�b�j�_�d�l�g�h�� �i�j�_�^�b�a�\�b�d�\�Z�l�� �k�t�h�l�\�_�l�g�b�l�_�� �j�h�l�Z�p�b�b�� �\�t�\�� �\�j�t�a�d�b�l�_�� �h�l���:��  �^�h���:�� . 
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�>�\�b�]�Z�l�_�e�y�l�� �F�� �i�j�_�^�b�a�\�b�d�\�Z�� �a�Z�\�t�j�l�Z�g�_�l�h�� �g�Z���a�\�_�g�h�� �� �k�i�j�y�f�h���a�\�_�g�h�� ������ �d�Z�l�h�� �\�t�\���\�t�j�l�y�s�Z�l�Z��
�^�\�h�b�p�Z���:�� �_���j�Z�a�i�h�e�h�`�_�g�Z���k�t�h�l�\�_�l�g�Z���j�_�^�m�p�b�j�Z�s�Z���i�j�_�^�Z�\�d�Z�����Z���\�j�t�a�d�Z�l�Z���f�_�`�^�m���g�_�c�g�b�y���\�o�h�^�y�s��
�\�Z�e�� �b�� �\�Z�e�Z�� �g�Z���F�� �k�_�� �h�k�t�s�_�k�l�\�y�\�Z�� �i�h�k�j�_�^�k�l�\�h�f�� �d�Z�j�^�Z�g�_�g�� �f�_�o�Z�g�b�a�t�f���� �L�h�\�Z�� �^�\�b�`�_�g�b�_�� �_��
�d�b�g�_�f�Z�l�b�q�g�h�� �g�_�a�Z�\�b�k�b�f�h�� �k�t�s�h�� �d�Z�l�h�� �i�j�_�^�o�h�^�g�b�l�_�� �l�j�b���� �a�Z�� �j�Z�a�e�b�d�Z�� �h�l�� �i�h�k�e�_�^�g�b�l�_�� �^�\�_��
�m�i�j�Z�\�e�y�_�f�b���^�\�b�`�_�g�b�y���i�h���h�k�b�� �:���� �b�� �:������ �d�h�b�l�h�� �k�Z�� �d�b�g�_�f�Z�l�b�q�g�h�� �a�Z�\�b�k�b�f�b�� �h�l�� �i�j�_�f�_�k�l�\�Z�g�_�l�h�� �g�Z��
�h�k���������L�Z�a�b���a�Z�\�b�k�b�f�h�k�l���k�_���i�h�j�Z�`�^�Z���h�l���n�Z�d�l�Z�����q�_���d�h�j�i�m�k�b�l�_�����k�l�Z�l�h�j�b�l�_�����g�Z���f�h�l�h�j�b���F�����b���F�� �k�Z��
�a�Z�o�\�Z�g�Z�l�b�� �d�t�f���a�\�_�g�h�� �� �b�� �^�\�b�`�_�g�b�_�l�h�� �h�l�� �l�y�o�� �d�t�f�� �k�t�h�l�\�_�l�g�b�l�_���a�\�_�g�Z�� ���� �b�� �� �k�_�� �i�j�_�^�Z�\�Z��
�i�h�k�j�_�^�k�l�\�h�f �d�Z�j�^�Z�g�g�b���i�j�_�^�Z�\�d�b�����i�h�k�e�_�^�\�Z�g�b���h�l���j�_�f�t�q�g�b���i�j�_�^�Z�\�d�b�����f�b�g�Z�\�Z�s�b���i�j�_�a���a�\�_�g�h����. 

�J�_�^�m�p�b�j�Z�s�Z�l�Z�� �p�b�d�e�h�b�^�g�Z�� �i�j�_�^�Z�\�d�Z�� �a�Z�� �a�Z�^�\�b�`�\�Z�g�_�� �g�Z���a�\�_�g�h�� �� �_�� �j�Z�a�i�h�e�h�`�_�g�Z�� �\�� �k�Z�f�Z�l�Z��
�\�t�j�l�y�s�Z�� �^�\�h�b�p�Z�� �:������ �d�Z�l�h�� �a�Z�^�\�b�`�\�Z�g�_�l�h�� �c�� �_�� �^�b�j�_�d�l�g�h�� �h�l�� �b�a�o�h�^�Z�� �g�Z�� �k�t�h�l�\�_�l�g�Z�l�Z�� �j�_�f�t�q�g�Z��
�i�j�_�^�Z�\�d�Z�����P�b�d�e�h�b�^�g�Z�l�Z���i�j�_�^�Z�\�d�Z���a�Z���a�Z�^�\�b�`�\�Z�g�_���g�Z���a�\�_�g�h���� �k�t�s�h���_���j�Z�a�i�h�e�h�`�_�g�Z���\���k�t�h�l�\�_�l�g�Z�l�Z��
�\�t�j�l�y�s�Z�� �^�\�h�b�p�Z�� �:������ �g�h�� �f�_�`�^�m�� �g�_�c�g�b�y�� �\�o�h�^�y�s�� �\�Z�e�� �b�� �b�a�o�h�^�y�s�b�y�� �g�Z�� �k�t�h�l�\�_�l�g�Z�l�Z�� �j�_�f�t�q�g�Z��
�i�j�_�^�Z�\�d�Z�� �b�f�Z�� �^�h�i�t�e�g�b�l�_�e�g�Z�� �a�t�[�g�Z�� �i�j�_�^�Z�\�d�Z�� �k�� �d�h�g�m�k�g�b�� �a�t�[�g�b�� �d�h�e�_�e�Z���� �k�� �p�_�e�� �^�Z�� �k�_�� �i�j�_�^�Z�^�_��
�^�\�b�`�_�g�b�_�l�h���\���i�_�j�i�_�g�^�b�d�m�e�y�j�g�h���g�Z�i�j�Z�\�e�_�g�b�_�� 

�L�_�a�b�� �d�b�g�_�f�Z�l�b�q�g�b�� �a�Z�\�b�k�b�f�h�k�l�b�� �\�� �^�\�b�`�_�g�b�y�l�Z�� �g�Z���h�k�b�� ���� �b�� �� �h�l�� �^�\�b�`�_�g�b�_�l�h�� �g�Z���h�k�� �� �b�� �\��
�^�\�b�`�_�g�b�_�l�h�� �g�Z���h�k�� �� �h�l���h�k�� ������ �[�b�o�Z�� �f�h�]�e�b�� �^�Z�� �[�t�^�Z�l�� �d�h�f�i�_�g�k�b�j�Z�g�b���� �q�j�_�a�� �\�a�Z�b�f�g�h�� �k�\�t�j�a�Z�g�h�� �b��
�k�b�g�o�j�h�g�b�a�b�j�Z�g�h�� �^�\�b�`�_�g�b�_�� �f�_�`�^�m�� �l�y�o���� �L�h�\�Z�� �[�b�� �f�h�]�e�h�� �^�Z�� �k�_�� �i�h�k�l�b�]�g�_�� �k�� �_�^�g�h�� �k�t�\�j�_�f�_�g�g�h����
�b�g�l�_�e�b�]�_�g�l�g�h�� �m�i�j�Z�\�e�_�g�b�_�� �g�Z���l�j�b�l�_�� �^�\�b�]�Z�l�_�e�y�� �F������ �F���� �b�� �F������ �<�t�i�j�_�d�b�� �m�k�e�h�`�g�_�g�h�l�h��
�a�Z�^�\�b�`�\�Z�g�_�� �g�Z�� �l�_�a�b�� �l�j�b�� �d�b�g�_�f�Z�l�b�q�g�h�� �k�\�t�j�a�Z�g�b�� �^�\�b�`�_�g�b�y�� �b�� �k�j�Z�\�g�b�l�_�e�g�h�� �k�e�h�`�g�h�l�h��
�j�_�Z�e�b�a�b�j�Z�g�_�� �g�Z�� �i�j�_�^�Z�\�Z�g�_�� �g�Z�� �^�\�b�`�_�g�b�_�� �i�j�_�a�� �_�^�g�h�� �b�e�b�� �^�\�_�� �i�h�^�\�b�`�g�b�� �a�\�_�g�Z���� �l�h�� �_�� �h�i�j�Z�\�^�Z�g�h����
�a�Z�j�Z�^�b�� �k�e�_�^�g�b�l�_�� �i�j�_�^�b�f�k�l�\�Z���� �b�a�g�Z�k�y�g�_�� �g�Z�� �^�\�b�]�Z�l�_�e�b�l�_�� �b�� �k�\�t�j�a�Z�g�b�l�_�� �k�� �l�y�o�� �a�Z�o�j�Z�g�\�Z�s�b�� �b��
�k�b�]�g�Z�e�g�b���d�Z�[�_�e�b���^�Z�e�_�q�_���h�l���j�Z�[�h�l�g�b�y���h�j�]�Z�g���g�Z���m�g�b�\�_�j�k�Z�e�g�b�y���j�h�[�h�l�����h�l�i�Z�^�Z�l���a�Z�l�j�m�^�g�_�g�b�y�l�Z���i�h��
�i�j�_�d�Z�j�\�Z�g�_���g�Z���d�Z�[�_�e�b���i�j�_�a���\�t�j�l�y�s�b�l�_���^�\�h�b�p�b �:�������:�����b���:�������i�j�_�j�Z�a�i�j�_�^�_�e�y�g�_���g�Z���f�Z�k�b�l�_�����l�Z�d�Z��
�q�_���f�Z�k�h�\�b�l�_�� �p�_�g�l�j�h�\�_ �g�Z���a�\�_�g�Z�� ������ ���� �b�� �� �^�Z�� �k�_�� �^�h�[�e�b�`�Z�l �f�Z�d�k�b�f�Z�e�g�h�� �d�t�f���\�t�j�l�y�s�Z�l�Z�� �^�\�h�b�p�Z��
�:�� �����k���d�h�_�l�h���k�_���h�[�e�_�d�q�Z�\�Z�l���a�Z�^�\�b�`�\�Z�g�b�y�l�Z �g�Z���h�k�b�������������b����. 

�H�[�s�Z�� �d�h�g�k�l�j�m�d�l�b�\�g�Z�� �k�o�_�f�Z�� �b�� �d�b�g�_�f�Z�l�b�q�g�Z�� �k�o�_�f�Z�� �g�Z�� �b�a�i�h�e�a�\�Z�g�b�l�_�� �j�_�^�m�d�l�h�j�b�� �\�� �f�h�^�_�e�Z��
KR 150 �g�Z���n�b�j�f�Z��KUKA �k�Z���i�h�d�Z�a�Z�g�b���g�Z���n�b�]������9 �b���n�b�]������0 [74]. 

 
�N�b�]�����������H�[�s�Z���d�h�g�k�l�j�m�d�p�b�y���g�Z���b�a�i�h�e�a�\�Z�g�b�l�_���j�_�^�m�d�l�h�j�b���\���f�h�^�_�e�Z��KR 150 
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�N�b�]�����������D�b�g�_�f�Z�l�b�q�g�Z���k�o�_�f�Z���g�Z���b�a�i�h�e�a�\�Z�g�b�l�_���j�_�^�m�d�l�h�j�b���h�l���f�h�^�_�e�Z��KR 150 

�B�a�i�h�e�a�\�Z�g�b�l�_���\���i�j�_�^�Z�\�Z�l�_�e�g�b�l�_���f�_�o�Z�g�b�a�f�b���j�_�^�m�d�l�h�j�b���k�Z���g�Z���n�b�j�f�Z��Nabtesco �h�l���l�b�i��RV. 
�A�Z���a�Z�^�\�b�`�\�Z�g�_���g�Z���h�k�b�������� ���� �b���� �k�_���b�a�i�h�e�a�\�Z�l�� �j�_�^�m�d�l�h�j�b���h�l���f�h�^�_�e�Z��RV-320E���� �Z���a�Z���h�k�b�������� ���� �b��6 - 
�j�_�^�m�d�l�h�j�b���h�l���f�h�^�_�e�Z RV-80E. �H�[�s�b���i�Z�j�Z�f�_�l�j�b���h�l���i�j�h�b�a�\�h�^�b�l�_�e�y���k�Z���i�h�d�Z�a�Z�g�b���\���l�Z�[�e������ [74]. 

�L�Z�[�e�b�p�Z���� �L�_�o�g�b�q�_�k�d�b���o�Z�j�Z�d�l�_�j�b�k�l�b�d�b���g�Z���j�_�^�m�d�l�h�j�b�l�_���g�Z���n�b�j�f�Z Nabtesco �h�l���k�_�j�b�y��E �g�Z���i�j�_�p�b�a�g�b�l�_��
�i�j�_�^�Z�\�d�b���l�b�i��RV�����b�a�i�h�e�a�\�Z�g�b���\ KUKA KR 150 

 
 
�J�_�^�m�d�l�h�j�b�l�_���b�a�i�h�e�a�\�Z�g�b���a�Z���h�k�b�������� ���� �b������ �k�Z���h�l���k�l�Z�g�^�Z�j�l�g�Z�l�Z���k�_�j�b�y���g�Z��Nabtesco RV-320E-

185 �k�� �i�j�_�^�Z�\�Z�l�_�e�g�h�� �h�l�g�h�r�_�g�b�_��185. �J�_�^�m�p�b�j�Z�s�b�l�_�� �i�j�_�^�Z�\�d�b���a�Z���h�k������ �b���h�k������ �k�Z�� �h�l�� �k�l�Z�g�^�Z�j�l�_�g��
�l�b�i��RV-80E���� �d�Z�l�h�� �a�Z���h�k�� �� �b�f�Z�� �i�j�_�^�Z�\�Z�l�_�e�g�h�� �h�l�g�h�r�_�g�b�_��101���� �Z�� �a�Z���h�k�� �� �_���k�t�h�l�\�_�l�g�h��81���� �< 
�i�j�_�^�Z�\�d�Z�l�Z�� �a�Z���h�k�� �� �k�_�� �b�a�i�h�e�a�\�Z�� �\�l�h�j�h�l�h�� ���p�b�d�e�h�b�^�g�h�l�h���� �k�l�t�i�Z�e�h, �i�h�d�Z�a�Z�g�h�� �\�t�\���n�b�]���� ���� �g�Z��
�k�l�Z�g�^�Z�j�l�g�Z�l�Z�� �i�j�_�^�Z�\�d�Z�� �h�l�� �l�b�i��RV-80E���� �Z�� �i�t�j�\�h�l�h�� �k�l�t�i�Z�e�h�� ���i�e�Z�g�_�l�g�Z�l�Z�� �a�t�[�g�Z�� �i�j�_�^�Z�\�d�Z���� �_��
�\�b�^�h�b�a�f�_�g�_�g�h, �k�i�h�j�_�^���d�h�g�k�l�j�m�d�l�b�\�g�b�l�_���b�a�b�k�d�\�Z�g�b�y���g�Z���n�b�j�f�Z��KUKA. 

�G�Z���n�b�]����61 �_���i�h�d�Z�a�Z�g�Z�� �d�b�g�_�f�Z�l�b�q�g�Z�l�Z�� �k�o�_�f�Z�� �g�Z �a�t�[�g�b�l�_�� �i�j�_�^�Z�\�d�b���� �q�j�_�a�� �d�h�b�l�h�� �k�_��
�j�_�Z�e�b�a�b�j�Z�� �i�j�_�o�\�t�j�e�y�g�_�l�h�� �g�Z�� �j�h�l�Z�p�b�b�l�_ �h�l���f�h�l�h�j�b�l�_�� �F������ �F���� �b�� �F�� �d�t�f���k�t�h�l�\�_�l�g�b�l�_�� �a�\�_�g�Z��
�������������b������ �b���h�k�b�����:�������:�����b���:���� �g�Z���m�g�b�\�_�j�k�Z�e�g�b�y���j�h�[�h�l�� 



   

48 
 

 
�N�b�]������1 �D�b�g�_�f�Z�l�b�q�g�Z���k�o�_�f�Z���g�Z �i�j�_�^�Z�\�Z�l�_�e�g�b�l�_���f�_�o�Z�g�b�a�f�b���b���j�h�l�Z�p�b�b �g�Z��KUKA KR 150 

�>�\�b�]�Z�l�_�e�y�l�� �F�� �i�j�_�a�� �d�Z�j�^�Z�g�_�g�� �f�_�o�Z�g�b�a�t�f�� �i�j�_�^�Z�\�Z�� �\�t�j�l�_�e�b�\�h�� �^�\�b�`�_�g�b�_�� �d�t�f���a�t�[�g�h��
�d�h�e�_�e�h���=���������d�h�_�l�h���_���a�Z�p�_�i�_�g�h���k�t�k���a�t�[�g�h���d�h�e�_�e�h�����=���������h�[�j�Z�a�m�\�Z�s�h���a�t�[�_�g���[�e�h�d���k�t�k Z12'. �A�t�[�g�b�l�_��
�d�h�e�_�e�Z�� �=�����
�� �b�� �=���� �k�Z�� �a�Z�p�_�i�_�g�b�� �_�^�g�h�� �d�t�f�� �^�j�m�]�h�� �b�� �h�[�j�Z�a�m�\�Z�l�� �\�o�h�^�g�h�l�h�� �k�l�t�i�Z�e�h�� �g�Z�� �_�^�g�Z��
�_�i�b�p�b�d�e�b�q�g�Z���i�j�_�^�Z�\�d�Z�����\���d�h�y�l�h���m�q�Z�k�l�\�Z���b���p�b�d�e�h�b�^�g�Z�l�Z���i�j�_�^�Z�\�d�Z���K�������k�t�k��Z14 �g�Z���[�j�h�c���i�b�g�h�\�_��
�g�Z�� �p�b�d�e�h�b�^�g�b�y�� �\�_�g�_�p���� �I�j�_�^�Z�\�Z�l�_�e�g�h�l�h�� �h�l�g�h�r�_�g�b�_�� �g�Z�� �_�^�g�Z�� �p�b�d�e�h�b�^�g�Z�� �i�j�_�^�Z�\�d�Z�� �_�� �j�Z�\�g�h�� �g�Z��
�[�j�h�y�� �g�Z�� �i�b�g�h�\�_�l�_�� �b�� �l�h�\�Z�� �h�l�g�h�r�_�g�b�_�� �f�h�`�_�� �^�Z�� �[�t�^�_���h�l�� ������ �^�h�� ���������� �H�[�s�h�l�h�� �i�j�_�^�Z�\�Z�l�_�e�g�h��
�h�l�g�h�r�_�g�b�_�� �g�Z�� �i�j�_�^�Z�\�d�Z�l�Z���� �k�\�t�j�a�\�Z�s�Z���F�� �b�� �a�Z�\�t�j�l�Z�g�_�l�h�� �g�Z���h�k�� �:������ �k�_�� �i�j�_�k�f�y�l�Z�� �i�h�� �k�e�_�^�g�Z�l�Z��
�n�h�j�f�m�e�Z�� 
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�h�l���d�t�^�_�l�h���f�h�`�_���^�Z���k�_���h�i�j�_�^�_�e�b���t�]�e�h�\�Z�l�Z���k�d�h�j�h�k�l 
�ñ�•�8 
L 
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�D�h�g�d�j�_�l�g�h�� �a�Z�� �b�a�[�j�Z�g�b�y�� �m�g�b�\�_�j�k�Z�e�_�g�� �j�h�[�h�l��KR 150 �l�h�\�Z���i�j�_�^�Z�\�Z�l�_�e�g�h�� �h�l�g�h�r�_�g�b�_�� �_��
�E�›�8���•�8 
L 
F�s�r�{ 

�A�Z�^�\�b�`�\�Z�g�_�l�h�� �g�Z���i�_�l�Z�� �h�k�� �:�� �k�_�� �b�a�\�t�j�r�\�Z���� �d�Z�l�h�� �j�h�l�Z�p�b�y�l�Z�� �h�l���^�\�b�]�Z�l�_�e�� �F������ �i�j�_�a��
�d�Z�j�^�Z�g�_�g���f�_�o�Z�g�b�a�t�f���k�_���i�j�_�^�Z�\�Z���g�Z���a�t�[�g�h���d�h�e�_�e�h���=�������d�h�_�l�h���_���a�Z�p�_�i�_�g�h���k�t�k���a�t�[�g�h���d�h�e�_�e�h Z2�����H�l��
Z2 �i�j�_�a���a�t�[�g�h-�j�_�f�t�q�g�Z�l�Z���i�j�_�^�Z�\�d�Z�����k�t�k�l�Z�\�_�g�Z���h�l���a�t�[�g�b���d�h�e�_�e�Z �=���
���b���=�������j�h�l�Z�p�b�y�l�Z���k�_���i�j�_�^�Z�\�Z��
�d�t�f���a�t�[�g�Z�l�Z�� �^�\�h�c�d�Z�� �=���
�� �b�� �=�� �b�� �k�\�t�j�a�Z�g�Z�l�Z�� �k�� �g�_�y���p�b�d�e�h�b�^�g�Z�� �i�j�_�^�Z�\�d�Z�� �K�� �k�t�k��Z5 �g�Z�� �[�j�h�c��
�i�b�g�h�\�_���g�Z���\�_�g�_�p�Z�� 

�H�[�s�h�l�h�� �i�j�_�^�Z�\�Z�l�_�e�g�h�� �h�l�g�h�r�_�g�b�_�� �g�Z�� �i�j�_�^�Z�\�d�Z�l�Z���� �k�\�t�j�a�\�Z�s�Z���F�� �b�� �a�Z�\�t�j�l�Z�g�_�l�h�� �g�Z���h�k�� ��, 
�i�j�b���i�h�e�h�`�_�g�b�_�����q�_���g�_���k�_���^�\�b�`�b �h�k���������k�_���i�j�_�k�f�y�l�Z���i�h���k�e�_�^�g�Z�l�Z���n�h�j�f�m�e�Z�� 
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L
�Ó�.
�Ó�-

�ä
�Ó�/
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�ä�<�9�ä��  

�D�h�g�d�j�_�l�g�h�� �a�Z�� �b�a�[�j�Z�g�b�y�� �m�g�b�\�_�j�k�Z�e�_�g�� �j�h�[�h�l��KR 150 �l�h�\�Z�� �i�j�_�^�Z�\�Z�l�_�e�g�h�� �h�l�g�h�r�_�g�b�_�� �_��
�E�›�9���•�9 
L �s�r�r. 

�D�Z�d�l�h���[�_�r�_���k�i�h�f�_�g�Z�l�h�����a�Z�\�t�j�l�Z�g�_�l�h���g�Z���h�k���� �_���a�Z�\�b�k�b�f�h���g�_���k�Z�f�h���h�l���^�\�b�]�Z�l�_�e�y���F�������g�h���b���h�l��
�a�Z�\�t�j�l�Z�g�_�l�h���g�Z���h�k���������L�Z�a�b���a�Z�\�b�k�b�f�h�k�l���_���k�e�_�^�g�Z�l�Z�� 

�ñ�•�9 
L
�Ó�.�ò
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E�ñ�º�8�A. 
�L�t�c�� �d�Z�l�h���ñ�•�8 �_�� �h�d�h�e�h���������� �i�t�l�b �i�h-�f�Z�e�d�Z�� �h�l���ñ�›�9 ���� �l�h�� �a�Z�� �g�_�h�l�]�h�\�h�j�g�b�� �^�\�b�`�_�g�b�y�� �_��

�\�t�a�f�h�`�g�h���^�Z���k�_���i�j�_�g�_�[�j�_�]�g�_���\�e�b�y�g�b�_�l�h���g�Z���a�Z�\�t�j�l�Z�g�_�l�h���g�Z���h�k���� �\�t�j�o�m���j�h�l�Z�p�b�y�l�Z �g�Z���h�k����. 
�A�Z�^�\�b�`�\�Z�g�_�l�h�� �g�Z���r�_�k�l�Z�l�Z�� �h�k�� �:�� �k�_�� �b�a�\�t�j�r�\�Z���� �d�Z�l�h�� �j�h�l�Z�p�b�y�l�Z�� �h�l���^�\�b�]�Z�l�_�e�� �F������ �i�j�_�a��

�d�Z�j�^�Z�g�_�g�� �f�_�o�Z�g�b�a�t�f�� �k�_�� �i�j�_�^�Z�\�Z�� �^�b�j�_�d�l�g�h�� �g�Z�� �a�t�[�g�h-�j�_�f�t�q�g�Z�� �i�j�_�^�Z�\�d�Z���� �k�t�k�l�Z�\�_�g�Z�� �h�l���a�t�[�g�b��
�d�h�e�_�e�Z���=�����b���=��. �Q�j�_�a �a�t�[�g�h-�j�_�f�t�q�g�Z�l�Z���i�j�_�^�Z�\�d�Z���^�\�b�`�_�g�b�_�l�h���k�_���i�j�_�^�Z�\�Z���i�j�_�a���d�h�g�m�k�g�Z�l�Z���a�t�[�g�Z��
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�^�\�h�c�d�Z�� �=���
�� �b�� �=�� �d�t�f�� �\�o�h�^�g�h�l�h�� �k�l�t�i�Z�e�h���� �k�t�k�l�Z�\�_�g�h�� �h�l��Z8' �b��Z9 �g�Z�� �_�i�b�p�b�d�e�b�q�g�Z�l�Z�� �i�j�_�^�Z�\�d�Z�� �b��
�k�\�t�j�a�Z�g�Z�l�Z���k���g�_�y���p�b�d�e�h�b�^�g�Z���i�j�_�^�Z�\�d�Z���K�� �k��Z10 �g�Z���[�j�h�c���i�b�g�h�\�_���g�Z���\�_�g�_�p�Z�� 

�H�[�s�h�l�h���i�j�_�^�Z�\�Z�l�_�e�g�h���h�l�g�h�r�_�g�b�_���g�Z���i�j�_�^�Z�\�d�Z�l�Z�����k�\�t�j�a�\�Z�s�Z���F�� �b���h�k���:�� �i�j�b���i�h�e�h�`�_�g�b�_����
�q�_���g�_���k�_���^�\�b�`�Z�l���h�k�b �����b���������k�_���i�j�_�k�f�y�l�Z���i�h���k�e�_�^�g�Z�l�Z���n�h�j�f�m�e�Z�� 
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E�<�=�ä�<�5�4�;. 

�D�h�g�d�j�_�l�g�h�� �a�Z�� �b�a�[�j�Z�g�b�y�� �m�g�b�\�_�j�k�Z�e�_�g�� �j�h�[�h�l��KR 150 �l�h�\�Z�� �i�j�_�^�Z�\�Z�l�_�e�g�h�� �h�l�g�h�r�_�g�b�_�� �_��
�E�›�: ���•�: 
L �y�x. 

�<�� �^�_�c�k�l�\�b�l�_�e�g�h�k�l�� �a�Z�\�t�j�l�Z�g�_�l�h�� �g�Z���h�k�� �� �_�� �a�Z�\�b�k�b�f�h�� �g�_�� �k�Z�f�h�� �h�l���^�\�b�]�Z�l�_�e�y�� �F������ �g�h�� �b�� �h�l 
�a�Z�\�t�j�l�Z�g�_�l�h���g�Z���h�k�b�l�_�������b���������L�Z�a�b���a�Z�\�b�k�b�f�h�k�l���_���k�e�_�^�g�Z�l�Z�� 
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F �ñ�º�9�A. 

�L�t�c���d�Z�l�h���ñ�•�8 �b���ñ�•�9�� �k�Z���h�d�h�e�h�����������i�t�l�b �i�h-�f�Z�e�d�b���h�l���ñ�›�:  �����l�h���a�Z���g�_�h�l�]�h�\�h�j�g�b���^�\�b�`�_�g�b�y���_��
�\�t�a�f�h�`�g�h���^�Z���k�_���i�j�_�g�_�[�j�_�]�g�_���\�e�b�y�g�b�_�l�h���g�Z���a�Z�\�t�j�l�Z�g�_�l�h���g�Z���h�k�b�������b���� �\�t�j�o�m���l�h�\�Z���g�Z���h�k����. 

�>�j�m�]�b�l�_�� �l�j�b�� �g�_�a�Z�\�b�k�b�f�b�� �^�\�b�`�_�g�b�y�� �i�h���h�k�b�� ������ ���� �b�� �� �g�Z�� �m�g�b�\�_�j�k�Z�e�g�b�y�� �j�h�[�h�l�� �k�Z��
�j�_�Z�e�b�a�b�j�Z�g�b���� �i�h�k�j�_�^�k�l�\�h�f�� �k�_�j�\�h�m�i�j�Z�\�e�y�_�f�b�� �^�\�b�]�Z�l�_�e�b�� �b�� �^�b�j�_�d�l�g�h�� �d�m�i�e�b�j�Z�g�b�� �d�t�f�� �l�y�o��
�p�b�d�e�h�b�^�g�b���i�j�_�^�Z�\�d�b���k���i�j�_�^�Z�\�Z�l�_�e�g�b���h�l�g�h�r�_�g�b�y���j�Z�\�g�b���g�Z��185. 

�H�k���:�� �f�h�`�_���^�Z �k�_���a�Z�\�t�j�l�Z���h�l�����������ƒ���^�h��-�������ƒ, �h�k���:�� �f�h�`�_���^�Z���k�_���a�Z�\�t�j�l�Z���h�l���������ƒ���^�h��-�����ƒ �b��
�h�k���:�� �h�l���������ƒ���^�h��-�������ƒ. �H�k�b�l�_���:�����b���:�� �f�h�]�Z�l���^�Z���b�a�\�t�j�r�\�Z�l���i�t�e�g�b���a�Z�\�t�j�l�Z�g�b�y���g�Z���������ƒ �����Z���h�k���:�� 
�b�a�\�t�j�r�\�Z���j�h�l�Z�p�b�y���g�Z���“�������ƒ. 

�D�t�f�� �_�e�_�d�l�j�h�f�_�o�Z�g�b�q�g�Z�l�Z�� �k�b�k�l�_�f�Z�� �g�Z�� �j�h�[�h�l�Z�� �b�f�Z�� �^�h�[�Z�\�_�g�Z�� �b�� �_�^�g�Z�� �o�b�^�j�h�k�l�Z�l�b�q�g�Z��
�k�b�k�l�_�f�Z���� �k�e�m�`�_�s�Z�� �a�Z�� �k�l�Z�l�b�q�g�h�� �b�� �^�b�g�Z�f�b�q�g�h�� �j�Z�a�l�h�\�Z�j�\�Z�g�_�� �g�Z�� �a�Z�^�\�b�`�\�Z�g�_�l�h�� �g�Z�� �\�l�h�j�h�l�h�� �j�Z�f�h��
�g�Z���b�a�[�j�Z�g�b�y���B�M�J. 

�A�Z�� �l�b�i�h�j�Z�a�f�_�j��KR 150/2 �h�l�]�h�\�Z�j�y�l�� �k�e�_�^�g�b�l�_�� �j�Z�a�f�_�j�b�� �:���± ���������� �f�f����B �± ���������� �f�f, C �± 
�����������f�f, D �± �����������f�f, E �± �����������f�f, F �± �����������f�f, G �± ���������f�f, X �± �����������f�f. 

 
2.2. �>�b�g�Z�f�b�q�g�b���b�a�k�e�_�^�\�Z�g�b�y���g�Z���B�M�J 

 
�;�y�o�Z�� �i�h�k�h�q�_�g�b�_�� �h�h�k�g�h�\�g�b�l�_�� �i�j�_�^�b�a�\�b�d�Z�l�_�e�k�l�\�Z�� �i�j�_�^ �j�h�[�h�l�b�a�b�j�Z�g�b�l�_�� �k�b�k�l�_�f�b (�J�K) �b��

�B�M�J �\���q�Z�k�l�g�h�k�l�����d�h�b�l�h���k�Z: �l�y�o�g�h�l�h���f�h�^�_�e�b�j�Z�g�_�����i�Z�j�Z�f�_�l�j�b�q�g�Z���b�^�_�g�l�b�n�b�d�Z�p�b�y�����m�i�j�Z�\�e�_�g�b�_���b��
�h�i�l�b�f�b�a�Z�p�b�y�� 

�<�� �l�_�d�m�s�Z�l�Z�� �^�_�c�g�h�k�l���[�_�r�_�� �i�j�_�^�k�l�Z�\�_�g�h�� �b�a�k�e�_�^�\�Z�g�_�� �g�Z�� �^�b�g�Z�f�b�q�_�g�� �f�h�^�_�e�� �a�Z��
�f�Z�g�b�i�m�e�Z�p�b�h�g�g�b���J�K���� �D�Z�l�h�� �l�b�i�b�q�_�g�� �l�_�o�_�g�� �i�j�_�^�k�l�Z�\�b�l�_�e���[�_�r�_ �j�Z�a�]�e�_�^�Z�g�� �b�a�[�j�Z�g�b�y�l���b��
�b�a�k�e�_�^�\�Z�g���f�h��̂_�e �± �m�g�b�\�_�j�k�Z�e�_�g�� �b�g�^�m�k�l�j�b�Z�e�_�g�� �j�h�[�h�l��KUKA KR 150 �k�� �r�_�k�l�� �k�l�_�i�_�g�b�� �g�Z��
�k�\�h�[�h�^�Z. �H�k�g�h�\�g�Z�l�Z���n�m�g�d�p�b�y���g�Z���l�Z�d�b�\�Z���J�K �_���^�Z���f�h�]�Z�l���^�Z���i�j�_�f�b�g�Z�\�Z�l���h�l���_�^�g�Z���d�h�g�n�b�]�m�j�Z�p�b�y���\��
�^�j�m�]�Z�����a�Z�l�h�\�Z���h�l���h�k�h�[�_�g�Z���\�Z�`�g�h�k�l���a�Z���l�y�o���_���^�Z���f�h�]�Z�l���^�Z���[�t�^�Z�l���m�i�j�Z�\�e�y�\�Z�g�b���i�j�_�p�b�a�g�h�����i�h���\�k�y�d�Z��
�_�^�g�Z���h�l���h�k�b�l�_�����k���i�h�f�h�s�l�Z���g�Z���^�_�p�_�g�l�j�Z�e�b�a�b�j�Z�g�b���d�h�g�l�j�h�e�_�j�b�� 

�P�_�e�l�Z�� �g�Z�� �b�a�k�e�_�^�\�Z�g�_�l�h���_ �b�a�i�h�e�a�\�Z�c�d�b�� �h�[�s�b�l�_�� �n�b�a�b�q�_�k�d�b�� �i�j�b�g�p�b�i�b���� �^�Z�� �k�_�� �g�Z�f�_�j�y�l��
�k�l�j�m�d�l�m�j�b�l�_�� �g�Z�� �i�t�e�g�b�l�_�� �^�b�g�Z�f�b�q�g�b�� �f�h�^�_�e�b���� �d�h�b�l�h�� �k�Z�� �i�h�^�o�h�^�y�s�b�� �b�� �a�Z�� �^�\�_�l�_�� �p�_�e�b���� �l�h�q�g�Z��
�b�^�_�g�l�b�n�b�d�Z�p�b�y���g�Z���i�Z�j�Z�f�_�l�j�b�l�_���b���h�i�l�b�f�Z�e�g�h���i�j�h�_�d�l�b�j�Z�g�_���g�Z���m�i�j�Z�\�e�_�g�b�_�l�h�� 

 
2.2.1. �K�l�j�m�d�l�m�j�Z���g�Z���^�b�g�Z�f�b�q�g�b�y���f�h�^�_�e 

�K�l�j�m�d�l�m�j�Z�l�Z���g�Z���^�b�g�Z�f�b�q�g�b�y���f�h�^�_�e���_���a�Z�^�Z�^�_�g�Z���\���h�i�b�k�Z�g�b�_�l�h���g�Z���^�_�c�g�h�k�l�l�Z���i�h-�^�h�e�m�� 
�H�i�j�_�^�_�e�_�g�b�� �k�Z �g�Z�[�h�j�� �h�l�� �i�j�h�f�_�g�e�b�\�b��q, �d�h�b�l�h�� �g�Z�c-�^�h�[�j�_�� �o�Z�j�Z�d�l�_�j�b�a�b�j�Z�l�� �^�b�g�Z�f�b�q�g�b�l�_��

�i�h�d�Z�a�Z�l�_�e�b�� �g�Z�� �m�g�b�\�_�j�k�Z�e�g�b�y�� �j�h�[�h�l�� �\�� �l�t�j�k�_�g�h�l�h�� �a�Z�^�Z�g�b�_�� �a�Z�� �^�\�b�`�_�g�b�_���� �I�j�h�f�_�g�e�b�\�b�l�_�� �k�Z��
�g�_�a�Z�\�b�k�b�f�b�� �_�^�g�Z�� �h�l�� �^�j�m�]�Z���� �d�Z�l�h�� �[�j�h�y�l�� �b�f�� �_�� �j�Z�\�_�g�� �g�Z�� �^�_�c�k�l�\�b�l�_�e�g�b�y�� �[�j�h�c���g�Z�� �k�l�_�i�_�g�b�l�_�� �g�Z��
�k�\�h�[�h�^�Z���� �A�Z�� �^�Z�� �k�_�� �^�Z�^�_�� �\�t�a�f�h�`�g�h�k�l�� �g�Z���M�J �^�Z�� �b�a�i�t�e�g�b�� �g�_�h�[�o�h�^�b�f�b�l�_�� �a�Z�^�Z�g�b�y�� �a�Z�� �^�\�b�`�_�g�b�_����
�k�t�h�l�\�_�l�g�b�l�_���a�Z�^�\�b�`�\�Z�s�b���m�k�b�e�b�y��u ���m�i�j�Z�\�e�_�g�b�y�l�Z�������[�y�o�Z���d�h�j�_�d�l�g�h �h�i�j�_�^�_�e�_�g�b�� 

�I�j�b�e�Z�]�Z�c�d�b�� �n�h�j�f�Z�e�b�a�f�Z�� �g�Z�� �E�Z�]�j�Z�g�`���� �^�b�g�Z�f�b�q�g�h�l�h�� �i�h�\�_�^�_�g�b�_���k�_�� �h�i�b�k�Z���� �q�j�_�a�� �k�e�_�^�g�Z�l�Z��
�k�b�k�l�_�f�Z���h�l���^�b�n�_�j�_�g�p�b�Z�e�g�b���m�j�Z�\�g�_�g�b�y�� 

(1) �� �:�“�;�“�7
L�	-�K�:�“�á�“�6�;-�‰�:�M�;, 
�d�t�^�_�l�h���� �:�“�;  �± �b�g�_�j�p�b�h�g�g�Z�� �f�Z�l�j�b�p�Z�����K�:�“�á�“�6�; - �p�_�g�l�j�h�[�_�`�g�b�� �b�� �D�h�j�b�h�e�b�k�h�\�b�� �k�b�e�b����

�‰�:�M�; �± �]�j�Z�\�b�l�Z�p�b�h�g�g�b���k�b�e�b�����)��- �\�_�d�l�h�j���g�Z���a�Z�^�\�b�`�\�Z�s�b�l�_���k�b�e�b���f�h�f�_�g�l�b�� 
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�<���i�j�Z�d�l�b�d�Z�l�Z���k�_���b�a�i�h�e�a�\�Z���k�e�_�^�g�b�y�l���h�i�j�h�k�l�_�g���f�h�^�_�e���a�Z���^�\�b�]�Z�l�_�e�b�l�_�� 

(2) i i i i i i iF = -m q - c q + g u , � 1...i n , 
�k���d�h�_�n�b�p�b�_�g�l�b�����h�i�j�_�^�_�e�y�s�b���n�b�a�b�q�_�k�d�b�l�_���o�Z�j�Z�d�l�_�j�b�k�l�b�d�b���g�Z���^�\�b�]�Z�l�_�e�b�l�_. 
�K�i�h�j�_�^���n�h�j�f�Z�e�b�a�f�Z���g�Z���E�Z�]�j�Z�g�`���b���\�l�h�j�b�y���a�Z�d�h�g���g�Z���G�x�l�h�g���i�j�b���j�h�l�Z�p�b�y �k�_���b�a�i�h�e�a�\�Z�� 

TI � �T����  
�I�j�b�g�p�b�i�t�l�� �g�Z�� �\�b�j�l�m�Z�e�g�Z�l�Z�� �j�Z�[�h�l�Z �_�� �b�a�i�h�e�a�\�Z�g�� �a�Z�� �k�t�k�l�Z�\�y�g�_�� �g�Z�� �k�l�Z�l�b�q�g�b�� �b�� �^�b�g�Z�f�b�q�g�b��

�m�j�Z�\�g�_�g�b�y�� �a�Z�� �f�_�o�Z�g�b�q�g�b�� �k�b�k�l�_�f�b�� �I�j�b�g�p�b�i�t�l �h�[�o�\�Z�s�Z�� �k�b�k�l�_�f�Z�� �h�l�� �m�j�Z�\�g�_�g�b�y���� �j�Z�\�g�Z�� �d�Z�l�h��
�[�j�h�c�� �g�Z�� �k�l�_�i�_�g�b�l�_���g�Z�� �k�\�h�[�h�^�Z�� �g�Z�� �b�a�k�e�_�^�\�Z�g�Z�l�Z�� �f�_�o�Z�g�b�q�g�Z�� �k�b�k�l�_�f�Z���� �\�� �k�e�m�q�Z�y�� �Z�g�l�j�h�i�h�f�h�j�n�_�g��
�r�_�k�l�h�k�_�g���B�M�J���� �k�� �h�k�g�h�\�g�Z�� �p�_�e�� �^�Z�� �k�_�� �h�i�b�r�_�� �k�t�k�� �k�b�k�l�_�f�_�g�� �i�h�^�o�h�^�� �^�\�b�`�_�g�b�y�l�Z�� �g�Z�� �k�b�k�l�_�f�Z�l�Z��
���j�h�[�h�l�Z����[33]�����I�j�b�e�Z�]�Z�c�d�b���i�j�b�g�p�b�i�Z���g�Z���\�b�j�l�m�Z�e�g�b�l�_���j�Z�[�h�l�b���k�_���i�h�e�m�q�Z�\�Z���k�e�_�^�g�Z�l�Z���k�b�k�l�_�f�Z���h�l��
�m�j�Z�\�g�_�g�b�y�� 

forcesappliedforcesineria WW �G�G � 
, 

( , ),r r q t q �Æ�È�Ð�È�Ó�Ã�Î�Ë�Ê�Ë�Ó�Ã�Ð�Ë
�Í�Ñ�Ñ�Ó�Ç�Ë�Ð�Ã�Õ�Ë

�  � �
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�I�j�b�f�_�j�� �a�Z�� �i�j�b�e�h�`�_�g�b�_�l�h�� �g�Z�� �i�j�b�g�p�b�i�Z�� �g�Z�� �\�b�j�l�m�Z�e�g�Z�l�Z�� �j�Z�[�h�l�Z�� �a�Z�� �k�b�k�l�_�f�Z�l�Z�� �h�l��
�\�a�Z�b�f�h�k�\�t�j�a�Z�g�b�l�_���\�l�h�j�h���b���l�j�_�l�h���a�\�_�go �g�Z��KUKA �_���i�h�d�Z�a�Z�g���g�Z���n�b�]������2. 

�&
v0

Multibody system

 
�N�b�]������2 �I�j�b�f�_�j���a�Z���i�j�b�e�h�`�_�g�b�_�l�h���g�Z���i�j�b�g�p�b�i�Z���g�Z���\�b�j�l�m�Z�e�g�Z�l�Z���j�Z�[�h�l�Z���a�Z���k�b�k�l�_�f�Z�l�Z���h�l���\�a�Z�b�f�h�k�\�t�j�a�Z�g�b�l�_��

�\�l�h�j�h���b���l�j�_�l�h���a�\�_�g�R���g�Z��KUKA 
�A�Z���i�j�_�f�_�k�l�\�Z�g�b�y�l�Z���k�_���b�a�i�h�e�a�\�Z�l���m�j�Z�\�_�g�b�y�l�Z�� 
�&
v x y T

0 0 0� [ , ] , 
�*
r x r q y r q T
1 0 1 1 0 1 1� �� ��[ cos , sin ] , 

�&
v x l q y l q T

1 0 1 1 0 1 1� �� ��[ cos , sin ] , 
�*
r x l q r q y l q r q T
2 0 1 1 2 2 0 1 1 2 2� �� �� �� ��[ cos cos , sin sin ] . 

 
�A�Z���k�d�h�j�h�k�l�b�l�_���g�Z���f�Z�k�h�\�b�l�_���m�j�Z�\�g�_�g�b�y���k�_���b�a�i�h�e�a�\�Z�l���k�e�_�^�g�b�l�_���m�j�Z�\�g�_�g�b�y�� 
�*�� [ �� sin , �� cos ]r r q q r q q T
1 1 1 1 1 1 1� �� , 
�*�� [ �� sin �� sin , �� cos �� cos ]r l q q r q q l q q r q q T
2 1 1 1 2 2 2 1 1 1 2 2 2� �� �� �� . 

 
�I�j�b�e�Z�]�Z�c�d�b���n�h�j�f�Z�e�b�a�f�Z���g�Z���E�Z�]�j�Z�g�`���k�_���i�h�e�m�q�Z�\�Z (L=K�±P): 
L m r q q r q q I q

m l q q r q q l q q r q q I q

m gr q m g l q r q

� �� ��

�� �� �� �� ��

�� �� ��

05 05

05 05

1 1 1 1
2

1 1 1
2

1 1
2

2 1 1 1 2 2 2
2

1 1 1 2 2 2
2

2 2
2

1 1 1 2 1 1 2 2

. {( �� sin ) ( �� cos ) } . ( �� )

. {( �� sin �� sin ) ( �� cos �� cos ) } . ( �� )

sin ( sin sin ) , 
L m r q I q

m l q r q m l q r q q q I q

m gr q m g l q r q

� ��

�� �� �� �� ��

�� �� ��

05 05

05 05

1 1 1
2

1 1
2

2 1 1
2

2 2
2

2 1 1 2 2 2 1 2 2
2

1 1 1 2 1 1 2 2

. ( �� ) . ( �� )

. {( �� ) ( �� ) } �� �� cos( ) . ( �� )

sin ( sin sin ) . 
�J�Z�[�h�l�Z�l�Z���g�Z���\�t�g�r�g�b�l�_���k�b�e�b��W �_: 
W Tq T q q� �� ��1 1 2 2 1( ) . 
 
�K���m�j�Z�\�g�_�g�b�y�l�Z���g�Z���E�Z�]�j�Z�g�`���k�_���i�h�e�m�q�Z�\�Z: 

�w
�w

�w
�w

�w
�wq

d
dt q qW T T L L q m r m l I q m r l q q

m r l q q q q q m gr q m gl q
1 1 11 2 1 1 1

2
2 1

2
1 2 2 2 1 2 1

2 2 1 2 1 2 2 1 1 1 1 2 1 1

� �� � �� � �� �� �� ��

�� �� �� �� ��

( ) ���� { ( ) ( ) } ���� cos( )

( �� �� ) �� sin( ) cos cos
��
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�w
�w

�w
�w

�w
�wq

d
dt q qW T L L q m r I q m r l q q

m r l q q q q q m gr q
2 2 22 2 2 2

2
2 1 2 2 1 2 1

2 2 1 1 2 1 2 1 2 2 2

� � �� � �� �� ��

�� �� �� ��

( ) ���� { ( ) } ���� cos( )

�� ( �� �� ) sin( ) cos
��

. 
 
 
2.2.2. �I�h�^�o�h�^���a�Z���b�^�_�g�l�b�n�b�d�Z�p�b�y���g�Z���i�Z�j�Z�f�_�l�j�b�l�_ 

�<�� �g�Z�k�l�h�y�s�h�l�h�� �b�a�k�e�_�^�\�Z�g�_�� �_�� �b�a�i�h�e�a�\�Z�g�� �^�_�l�_�j�f�b�g�b�k�l�b�q�_�g�� �i�h�^�o�h�^�� �a�Z�� �b�^�_�g�l�b�n�b�d�Z�p�b�y �g�Z��
�i�Z�j�Z�f�_�l�j�b�l�_���� �d�h�c�l�h�� �_�� �j�Z�a�r�b�j�_�g�b�_�� �g�Z�� �i�h�^�o�h�^�Z���� �j�Z�a�j�Z�[�h�l�_�g�� �\�� �>24, 26�@���� �I�j�h�p�_�k�t�l�� �g�Z��
�b�^�_�g�l�b�n�b�p�b�j�Z�g�_���_���i�h-�i�j�_�p�b�a�_�g���b���i�h-�_�n�b�d�Z�k�_�g�����k�e�_�^���h�p�_�g�d�Z���g�Z���i�Z�j�Z�f�_�l�j�b�l�_���k�l�t�i�d�Z���i�h���k�l�t�i�d�Z����
�\�� �k�t�h�l�\�_�l�k�l�\�b�_�� �k�� �j�_�^�Z�� �g�Z�� �\�o�h�^�g�h-�b�a�o�h�^�g�b�l�_�� �j�_�e�Z�p�b�b�� �\�� �b�a�k�e�_�^�\�Z�g�b�y���M�J���� �m�i�j�Z�\�e�y�\�Z�s�� �\�o�h�^��
���g�Z�i�j�_�`�_�g�b�_�� �b�e�b�� �l�h�d������ �a�Z�^�\�b�`�\�Z�s�Z�� �k�b�e�Z���� �m�k�d�h�j�_�g�b�_���� �k�d�h�j�h�k�l�� �b�� �i�j�_�f�_�k�l�\�Z�g�_���� �L�Z�d�Z�� �h�[�s�h�l�h��
�a�Z�^�Z�g�b�_���a�Z���b�^�_�g�l�b�n�b�d�Z�p�b�y���k�_���j�Z�a�^�_�e�y���g�Z���i�h�j�_�^�b�p�Z���h�l�� �g�y�d�h�e�d�h���i�h-�i�j�h�k�l�b���b�^�_�g�l�b�n�b�d�Z�p�b�h�g�g�b��
�a�Z�^�Z�q�b�� �a�Z�� �^�b�g�Z�f�b�q�g�b�l�_�� �f�h�^�_�e�b��(1) �b��(2)���� �K�t�h�l�\�_�l�g�b�l�_�� �i�j�h�p�_�^�m�j�b�� �b�a�i�h�e�a�\�Z�l�� �i�Z�j�Z�f�_�l�j�b�l�_����
�h�i�j�_�^�_�e�_�g�b�� �\�� �i�j�_�^�o�h�^�g�b�l�_�� �k�l�t�i�d�b�� �b�� �k�Z�f�h�� �_�^�b�g�� �m�i�j�Z�\�e�y�\�Z�s�� �\�o�h�^�� �f�h�`�_�� �^�Z�� �k�_�� �i�j�b�e�Z�]�Z�� �\�t�\��
�\�k�_�d�b�� �b�^�_�g�l�b�n�b�d�Z�p�b�h�g�_�g�� �l�_�k�l [56]���� �I�h�� �l�h�a�b�� �g�Z�q�b�g���� �g�h�f�b�g�Z�e�g�b�l�_�� �f�h�^�_�e�b�� �k�_�� �h�i�j�h�k�l�y�\�Z�l��
�a�g�Z�q�b�l�_�e�g�h�� �b�� �]�j�_�r�d�b�l�_�� �i�j�b�� �b�^�_�g�l�b�n�b�d�Z�p�b�y�� �f�h�]�Z�l�� �^�Z�� �k�_�� �g�Z�f�Z�e�y�l�� �\�� �f�Z�d�k�b�f�Z�e�g�Z�� �k�l�_�i�_�g���� �L�Z�d�Z��
�i�j�_�^�e�h�`�_�g�b�y�l�� �i�h�^�o�h�^�� �i�h�a�\�h�e�y�\�Z�� �i�j�_�p�b�a�g�h�� �h�i�j�_�^�_�e�y�g�_�� �g�Z�� �\�k�b�q�d�b�� �h�k�g�h�\�g�b�� �^�b�g�Z�f�b�q�g�b��
�i�Z�j�Z�f�_�l�j�b. 

�H�k�h�[�_�g�h�� �\�Z�`�g�Z�� �j�h�e�y�� �\�� �j�_�r�Z�\�Z�g�_�l�h�� �g�Z�� �i�j�h�[�e�_�f�b�l�_�� �a�Z�� �h�i�l�b�f�Z�e�g�h�� �i�j�h�_�d�l�b�j�Z�g�_�� �g�Z���M�J �b��
�l�y�o�g�h�l�h�� �m�i�j�Z�\�e�_�g�b�_�� �b�]�j�Z�_�� �i�j�_�^�Z�\�Z�l�_�e�g�Z�l�Z�� �f�Z�l�j�b�p�Z���:�  1��M [24]. �G�_�c�g�b�l�_�� �_�e�_�f�_�g�l�b�� �k�_��
�h�i�j�_�^�_�e�y�l���h�l���k�e�_�^�g�b�l�_���m�j�Z�\�g�_�g�b�y�� 
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�I�j�_�^�e�Z�]�Z�g�b�y�l���i�h�^�o�h�^���a�Z���k�b�k�l�_�f�g�Z���b�^�_�g�l�b�n�b�d�Z�p�b�y���g�Z���M�J �_���k�\�t�j�a�Z�g���k���i�h�^�o�h�^���a�Z���^�b�j�_�d�l�_�g��

�k�b�g�l�_�a�� �g�Z�� �m�i�j�Z�\�e�_�g�b�_���� �q�j�_�a�� �k�Z�f�h�h�[�m�q�_�g�b�_�� �i�j�b�� �^�\�b�`�_�g�b�y�� �h�l�� �l�h�q�d�Z�� �^�h�� �l�h�q�d�Z���� �>65]. 
�D�h�f�[�b�g�Z�p�b�y�l�Z�� �f�_�`�^�m�� �l�_�a�b�� �^�\�Z�� �i�h�^�o�h�^�Z �k�t�a�^�Z�^�_ �i�j�_�^�i�h�k�l�Z�\�d�Z�� �a�Z�� �b�a�]�j�Z�`�^�Z�g�_�� �g�Z�� �f�_�l�h�^�b�d�Z�� �a�Z��
�_�^�g�h�\�j�_�f�_�g�g�h�� �j�Z�a�]�e�_�`�^�Z�g�_�� �g�Z�� �\�a�Z�b�f�h�k�\�t�j�a�Z�g�b�l�_�� �i�j�h�[�e�_�f�b�� �g�Z�� �^�b�g�Z�f�b�q�g�h�l�h�� �f�h�^�_�e�b�j�Z�g�_����
�i�Z�j�Z�f�_�l�j�b�q�g�Z�l�Z���b�^�_�g�l�b�n�b�d�Z�p�b�y���b���h�i�l�b�f�Z�e�g�h�l�h���m�i�j�Z�\�e�_�g�b�_�� 

 
2.3.�B�a�k�e�_�^�\�Z�g�_���g�Z���o�Z�j�^�m�_�j�g�Z�l�Z���k�b�k�l�_�f�Z �g�Z���b�a�[�j�Z�g�b�y���l�b�i�h�i�j�_�^�k�l�Z�\�b�l�_�e���g�Z���B�M�J 

 
�B�a�k�e�_�^�\�Z�g�_�l�h���g�Z���b�a�[�j�Z�g�b�y���l�b�i�h�i�j�_�^�k�l�Z�\�b�l�_�e���g�Z���B�M�J��- KUKA KR 150 �_ �i�j�y�d�h���k�\�t�j�a�Z�g�h���k��

�h�i�j�_�^�_�e�y�g�_�� �g�Z�� �o�Z�j�Z�d�l�_�j�b�k�l�b�d�b�l�_�� �g�Z�� �m�i�j�Z�\�e�y�\�Z�s�Z�l�Z�� �k�b�k�l�_�f�Z�� �g�Z�� �j�h�[�h�l�Z���� �<�t�a�� �h�k�g�h�\�Z�� �g�Z�� �l�_�a�b��
�b�a�k�e�_�^�\�Z�g�b�y �k�Z �j�Z�a�j�Z�[�h�l�_�g�b���\�i�h�k�e�_�^�k�l�\�b�_���f�_�l�h�^�b�d�b���a�Z���d�h�f�i�e�_�d�k�g�h���b�a�k�e�_�^�\�Z�g�_���g�Z���o�Z�j�^�m�_�j�Z���b��
�k�h�n�l�m�_�j�Z���g�Z���j�h�[�h�l�Z�����k���p�_�e���k�t�a�^�Z�\�Z�g�_���g�Z���d�j�b�l�_�j�b�b�����q�j�_�a���d�h�b�l�h���^�Z���k�_���i�j�h�\�_�j�y�l���i�Z�j�Z�f�_�l�j�b�l�_���g�Z��
�b�a�[�j�Z�g�b�y���M�J �b���^�Z�e�b���l�_���h�l�]�h�\�Z�j�y�l���g�Z���b�a�b�k�d�\�Z�g�b�y�l�Z���a�Z���[�t�^�_�s�h�l�h���f�m���i�j�b�e�h�`�_�g�b�_�� 

�<���^�_�c�g�h�k�l�b�l�_ �h�l�� �g�Z�k�l�h�y�s�Z�l�Z�� �a�Z�^�Z�q�Z�� �k�Z �b�a�k�e�_�^�\�Z�g�b�� �h�k�h�[�_�g�h�k�l�b�l�_���� �\�b�^�t�l�� �b�� �l�b�i�t�l �g�Z��
�o�Z�j�^�m�_�j�g�Z�l�Z���k�b�k�l�_�f�Z���a�Z���m�i�j�Z�\�e�_�g�b�_���b���b�a�i�h�e�a�\�Z�g�b�y�l �k�h�n�l�m�_�j �g�Z���b�a�[�j�Z�g�b�y���l�b�i�h�i�j�_�^�k�l�Z�\�b�l�_�e. 

�B�a�k�e�_�^�\�Z�g�b�� �k�Z �_�e�_�d�l�j�b�q�_�k�d�b�l�_�� �o�Z�j�Z�d�l�_�j�b�k�l�b�d�b�� �g�Z�� �^�\�b�]�Z�l�_�e�b�l�_���� �k�_�g�a�h�j�b�l�_�� �a�Z�� �h�[�j�Z�l�g�Z��
�\�j�t�a�d�Z�� �b�� �k�_�j�\�h�a�Z�^�\�b�`�\�Z�g�b�y�l�Z�����:�g�Z�e�b�a�b�j�Z�g���_ �f�Z�l�_�f�Z�l�b�q�_�k�d�b�y�l �Z�i�Z�j�Z�l���� �k�� �d�h�c�l�h�� �k�_�� �j�_�r�Z�\�Z�l��
�i�j�Z�\�Z�l�Z�� �b�� �h�[�j�Z�l�g�Z�l�Z�� �a�Z�^�Z�q�Z�� �g�Z�� �d�b�g�_�f�Z�l�b�d�Z�l�Z�� �i�j�b�� �r�_�k�l�h�k�g�Z�� �Z�g�l�j�h�i�h�f�h�j�n�g�Z�� �k�l�j�m�d�l�m�j�Z�� �g�Z��
�j�h�[�h�l�Z�� �A�Z�� �p�_�e�l�Z���k�Z �b�a�i�h�e�a�\�Z�g�b �f�_�l�h�^�b�l�_�� �g�Z�� �\�b�j�l�m�Z�e�g�Z�l�Z�� �k�b�f�m�e�Z�p�b�y�� �b�� �j�Z�a�j�Z�[�h�l�_�g�b�l�_��
�f�_�l�j�b�q�g�b���b���f�Z�l�_�f�Z�l�b�q�_�k�d�b���f�h�^�_�e�b���a�Z���i�h�^�h�[�_�g���l�b�i���b�a�k�e�_�^�\�Z�g�b�y. 

2.3.1. �B�a�k�e�_�^�\�Z�g�_���g�Z���o�Z�j�^�m�_�j�g�Z�l�Z���k�b�k�l�_�f�Z 
�B�a�k�e�_�^�\�Z�g�Z �_ �o�Z�j�^�m�_�j�g�Z�l�Z�� �k�b�k�l�_�f�Z �g�Z�� �b�a�[�j�Z�g�b�y �l�b�i�h�i�j�_�^�k�l�Z�\�b�l�_�e�� �g�Z�� �b�g�^�m�k�l�j�b�Z�e�g�b��

�m�g�b�\�_�j�k�Z�e�g�b���j�h�[�h�l�b�����d�h�_�l�h���_���h�i�b�k�Z�g�h���^�_�l�Z�c�e�g�h���i�h-�g�Z�^�h�e�m���\���l�_�d�k�l�Z�� 
�H�k�g�h�\�g�b�l�_���d�h�f�i�h�g�_�g�l�b���g�Z���o�Z�j�^�m�_�j�g�Z�l�Z���k�b�k�l�_�f�Z���k�Z���i�h�d�Z�a�Z�g�b���g�Z���n�b�]������3. 
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�N�b�]�����������H�k�g�h�\�g�b���d�h�f�i�h�g�_�g�l�b���h�l���b�a�k�e�_�^�\�Z�g�Z�l�Z���o�Z�j�^�m�_�j�g�Z���k�b�k�l�_�f�Z���g�Z���b�a�[�j�Z�g�b�y���l�b�i�h�i�j�_�^�k�l�Z�\�b�l�_�e���g�Z���B�M�J 

- KUKA KR 150 
�Z�����k�_�j�\�h�^�\�b�]�Z�l�_�e�b�����a�Z�^�\�b�`�\�Z�s�b���h�k�g�h�\�g�b�l�_���a�\�_�g�Z���g�Z���j�h�[�h�l�Z (Servomotors) �[�����i�Z�g�_�e���a�Z���m�i�j�Z�\�e�_�g�b�_ (KUKA 

Control Panel  �\�����_�e�_�d�l�j�b�q�_�k�d�h���l�Z�[�e�h���a�Z���m�i�j�Z�\�e�_�g�b�_ (Control Cabinet) 
 
�J�Z�a�]�e�_�^�Z�g�b���k�Z �^�_�l�Z�c�e�g�h���\�k�_�d�b���_�^�b�g���h�l���h�k�g�h�\�g�b�l�_���d�h�f�i�h�g�_�g�l�b���h�l���n�b�]������3. 
2.3.1.1.  �B�a�k�e�_�^�\�Z�g�_���g�Z���k�_�j�\�h�^�\�b�]�Z�l�_�e�b�l�_�����b�a�i�h�e�a�\�Z�g�b���\���o�Z�j�^�m�_�j�g�Z�l�Z���d�h�g�n�b�]�m�j�Z�p�b�y 
�<�� �h�i�b�k�Z�g�b�_�l�h �_�� �i�h�k�h�q�_�g�h���� �q�_�� �\�� �f�h�^�_�e�Z��KUKA KR 150 �k�_�� �b�a�i�h�e�a�\�Z�l�� �h�l�� �r�_�k�l�� �^�h�� �h�k�_�f��

�k�_�j�\�h�a�Z�^�\�b�`�\�Z�g�b�y���� �d�h�b�l�h�� �k�Z�� �h�d�h�f�i�e�_�d�l�h�\�Z�g�b�� �k�� �[�_�a�d�h�e�_�d�l�h�j�g�b�� �k�_�j�\�h�^�\�b�]�Z�l�_�e�b���� �H�k�g�h�\�g�b�l�_��
�l�_�o�g�b�q�_�k�d�b���o�Z�j�Z�d�l�_�j�b�k�l�b�d�b���g�Z���k�_�j�\�h�^�\�b�]�Z�l�_�e�b�l�_���k�Z���i�h�d�Z�a�Z�g�b���\���l�Z�[�e������. 

�L�Z�[�e�b�p�Z���� �H�k�g�h�\�g�b���l�_�o�g�b�q�_�k�d�b���o�Z�j�Z�d�l�_�j�b�k�l�b�d�b���g�Z���k�_�j�\�h�^�\�b�]�Z�l�_�e�b�l�_�����b�a�i�h�e�a�\�Z�g�b���\ KUKA KR 150 
�K�_�j�b�y���g�Z���_�e�����^�\�b�]�Z�l�_�e�b�l�_ 1FK6081- 6AF71 1FK6100 �± 8AF91 

�L�b�i���g�Z���_�e�����^�\�b�]�Z�l�_�e�b�l�_ �:�K���k�_�j�\�h�^�\�b�]�Z�l�_�e�b�����K�b�g�o�j�h�g�g�b���_�e�����^�\�b�]�Z�l�_�e�b���k���j�_�^�d�h�a�_�f�g�b��
�f�Z�]�g�b�l�b 

�G�h�f�b�g�Z�e�g�Z���f�h�s�g�h�k�l 2,83 kW 3,77 kW 
N nom/max 3000 / 3950 min -1 3000 / 4200 min -1 

I nom 6,6 A 9,5 A 
�8���g�h�f 168 V 156 V 

�F�h�f�_�g�l���i�j�b���g�m�e�_�\�Z���k�d�h�j�h�k�l��- Mo 8,0 Nm 18,0 Nm 
�G�h�f�b�g�Z�e�_�g���f�h�f�_�g�l��- �F�1 6,8 Nm 12,0 Nm 

�K�l�_�i�_�g���g�Z���a�Z�s�b�l�Z���k�t�]�e�Z�k�g�h 
EN 600034-5; IEC 600034-5 IP 65 

�L�b�i���g�Z���d�h�g�k�l�j�m�d�p�b�y�l�Z���k�t�]�e�Z�k�g�h 
�?�1��������������-7; 
IEC 600034-7 

IM B5 (IM V1, IM V3)  

�H�o�e�Z�`�^�Z�g�_ �?�k�l�_�k�l�\�_�g�h�����;�_�a���\�_�g�l�b�e�Z�l�h�j�� 

�>�Z�l�q�b�d���a�Z���k�d�h�j�h�k�l �J�_�a�h�e�\�_�j�����^�\�m�i�h�e�x�k�_�g�������f�g�h�]�h�i�h�e�x�k�_�g 
�G�Z�e�b�q�b�_���g�Z���b�g�l�_�]�j�b�j�Z�g�Z�����\�]�j�Z�^�_�g�Z����

�k�i�b�j�Z�q�d�Z �A�Z�o�j�Z�g�\�Z�g�_�����������9�'�&���“�������� 

�J�Z�[�h�l�Z���i�j�b���g�Z�^�f�h�j�k�d�Z���\�b�k�h�q�b�g�Z��
�k�t�]�e�Z�k�g�h 

�,�(�&���b���(�1��������������-1 

�”�������������P���h�l���f�h�j�k�d�h�l�h���j�Z�\�g�b�s�_���± �[�_�a���j�_�^�m�p�b�j�Z�g�_���g�Z��
�f�h�s�g�h�k�l�l�Z 

2000 m -�j�_�^�m�p�b�j�Z�g�_���g�Z���f�h�s�g�h�k�l�l�Z���k���n�Z�d�l�h�j���������� 
2500 m -�j�_�^�m�p�b�j�Z�g�_���g�Z���f�h�s�g�h�k�l�l�Z���k���n�Z�d�l�h�j���������� 

�L�_�j�f�b�q�g�Z���a�Z�s�b�l�Z���g�Z���_�e�����^�\�b�]�Z�l�_�e�y��
�k�t�]�e�Z�k�g�h 

�,�(�&���b���(�1������������-11 
�.�7�<���������l�_�f�i�_�j�Z�l�m�j�_�g���k�_�g�a�h�j���\���k�l�Z�l�h�j�g�Z�l�Z���g�Z�f�h�l�d�Z 

�B�a�h�e�Z�p�b�y���g�Z���k�l�D�l�h�j�g�b�l�_���g�Z�f�h�l�d�b��
�k�t�]�e�Z�k�g�h 

EN 600034-1; IEC 600034-1 

�L�_�f�i�_�j�Z�l�m�j�_�g���d�e�Z�k���)���i�j�b���i�h�d�Z�q�\�Z�g�_���g�Z���l�_�f�i�_�j�Z�l�m�j�Z�l�Z��
�û�L� �������D���i�j�b���h�d�h�e�g�Z���l�_�f�i�_�j�Z�l�m�j�Z�������ƒ�K 

�G�b�\�h���g�Z���a�\�m�d�h�\�h�l�h���g�Z�e�y�]�Z�g�_�����P�D�[����
�k�t�]�e�Z�k�g�h���(�1������������ 70dB (A) 70dB (A) 

�F�Z�l�_�j�b�Z�e���g�Z���f�Z�]�g�b�l�b�l�_ �J�_�^�d�h�a�_�f�g�b���f�Z�]�g�b�l�b 
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�G�Z���n�b�]������4���Z �b �n�b�]������4���[ �k�Z���i�h�d�Z�a�Z�g�b���k�_�j�\�h�^�\�b�]�Z�l�_�e�b�l�_, �b�a�i�h�e�a�\�Z�g�b���\���b�a�k�e�_�^�\�Z�g�b�y���M�J: 3 
�[�j�h�y���o��1FK6081-6AF71 �b�������[�j�h�y���o��1FK6100-8AF71. 

 
�N�b�]������4 �K�_�j�\�h�^�\�b�]�Z�l�_�e�b�����b�a�i�h�e�a�\�Z�g�b���\��KUKA KR 150 

�Z) �k�_�j�\�h�^�\�b�]�Z�l�_�e���l�b�i��1FK6081-6AF71  �[�����k�_�j�\�h�^�\�b�]�Z�l�_�e���l�b�i��1FK6100-8AF71 
     �J�Z�a�i�h�e�h�`�_�g�b�_�l�h���g�Z���^�\�b�]�Z�l�_�e�b�l�_���\���d�h�g�k�l�j�m�d�p�b�y�l�Z���g�Z���b�a�k�e�_�^�\�Z�g�b�y���M�J �_���i�h�d�Z�a�Z�g�h���g�Z���n�b�]������5. 
 

 
 

�N�b�]������5 �J�Z�a�i�h�e�h�`�_�g�b�_���g�Z���^�\�b�]�Z�l�_�e�b�l�_���\���d�h�g�k�l�j�m�d�p�b�y�l�Z���g�Z��KUKA KR 150 
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�<���l�Z�[�e���� �� �k�Z�� �i�h�d�Z�a�Z�g�b�� �o�Z�j�Z�d�l�_�j�b�k�l�b�d�b�l�_�� �g�Z�� �^�\�b�]�Z�l�_�e�b�l�_�� �h�l�� �l�b�i��1FK6081-6AF71 �b��
1FK6100-8AF71. 

 
�L�Z�[�e�b�p�Z���� �L�_�o�g�b�q�_�k�d�b���o�Z�j�Z�d�l�_�j�b�k�l�b�d�b���g�Z���^�\�b�]�Z�l�_�e�b���h�l���l�b�i��1FK6081-6AF71 �b��1FK6100-8AF71 

�L�_�o�g�b�q�_�k�d�b���i�Z�j�Z�f�_�l�j�b �H�a�g�Z�q�_�g�b�_ �>�b�f�_�g�k�b�y 
1FK6080-6AF71 

/1FK6081-6AF71 
1FK6100-8AF71 

�G�h�f�b�g�Z�e�g�Z���k�d�h�j�h�k�l nnom RPM 3000 3000 
�;�j�h�c���g�Z���i�h�e�x�k�b 2p  6 8 

�I�j�h�^�t�e�`�b�l�_�e�_�g���f�h�f�_�g�l Mnom Nm 6,8 12,0 
�G�h�f�b�g�Z�e�_�g���l�h�d Inom �:  5,2/6,6 8,4 

�F�h�f�_�g�l���i�j�b���k�i�j�y�e���^�\�b�]�Z�l�_�e���������D�� Mo�������D�� Nm 6,6/8,0 15 
�F�h�f�_�g�l���i�j�b���k�i�j�y�e���^�\�b�]�Z�l�_�e�����������D�� Mo���������D�� Nm 8,0 18 

�L�h�d���i�j�b���k�i�j�y�e���^�\�b�]�Z�l�_�e���������D�� Io�������D�� A 4,6 9,8 
�L�h�d���i�j�b���k�i�j�y�e���^�\�b�]�Z�l�_�e����10���D�� Io(10���D�� A 5,8 12,2 

�B�g�_�j�p�b�h�g�_�g���f�h�f�_�g�l�����k�t�k���k�i�b�j�Z�q�d�Z�� Jmot 10-4kgm2 18,0 63,2 
�B�g�_�j�p�b�h�g�_�g���f�h�f�_�g�l�����[�_�a���k�i�b�j�Z�q�d�Z�� Jmot 10-4kgm2 15,0 55,3 

�H�i�l�b�f�Z�e�g�Z���j�Z�[�h�l�g�Z���l�h�q�d�Z 
�H�i�l�b�f�Z�e�g�Z���k�d�h�j�h�k�l nopt RPM 3000 3000 
�H�i�l�b�f�Z�e�g�Z���f�h�s�g�h�k�l Popt kW 2,14/2,83 3,77 

�E�b�f�b�l�b�j�Z�g�b���^�Z�g�g�b 
�F�Z�d�k�b�f�Z�e�g�Z���^�h�i�m�k�l�b�f�Z���k�d�h�j�h�k�l��

���f�_�o�Z�g�b�q�g�Z�� 
nmax RPM 5600 4300 

�F�Z�d�k�b�f�Z�e�_�g���f�h�f�_�g�l �Fmax Nm 25 55 
�F�Z�d�k�b�f�Z�e�_�g���l�h�d Imax A 19 42 

�N�b�a�b�q�_�k�d�b���d�h�g�k�l�Z�g�l�b 
�D�h�g�k�l�Z�g�l�Z���g�Z���f�h�f�_�g�l�Z �d�L Nm/A 1,39 1,48 

�D�h�g�k�l�Z�g�l�Z���g�Z���g�Z�i�j�_�`�_�g�b�_�l�h �d�? V/1000 RPM 92 98 
�K�t�i�j�h�l�b�\�e�_�g�b�_���g�Z���g�Z�f�h�l�d�Z�l�Z���i�j�b��

�����ƒ�K 
Rph Ohm 1,3 0,42 

�B�g�^�m�d�l�b�\�g�h�k�l���g�Z���\�t�j�l�y�s�h�l�h���i�h�e�_ LD mH 10,0 3,5 
�?�e�_�d�l�j�b�q�_�k�d�Z���\�j�_�f�_�d�h�g�k�l�Z�g�l�Z Tel ms 7,7 8,3 
�F�_�o�Z�g�b�q�g�Z���\�j�_�f�_�d�h�g�k�l�Z�g�l�Z Tmech ms 3,0 3,2 
�L�h�i�e�b�g�g�Z���\�j�_�f�_�d�h�g�k�l�Z�g�l�Z Tth min 30 35 

�L�\�t�j�^�h�k�l���g�Z���\�Z�e�Z���g�Z���m�k�m�d�\�Z�g�_ ct Nm/rad 119000 176000 
�L�_�]�e�h�����k�t�k���k�i�b�j�Z�q�d�Z�� m kg 13,7 22,5 
�L�_�]�e�h�����[�_�a���k�i�b�j�Z�q�d�Z�� m kg 12,5 21,0 

 
�D�j�b�\�b�l�_�� �k�d�h�j�h�k�l�� ���h�[�h�j�h�l�b�����f�h�f�_�g�l�� �g�Z�� �k�_�j�\�h�^�\�b�]�Z�l�_�e�b�l�_ 1FK6080-6AF71/1FK6081-

6AF71 �b��1FK6100-8AF71 �k�Z���i�h�d�Z�a�Z�g�b���k�t�h�l�\�_�l�g�h���g�Z���n�b�]������6 �b���n�b�]������7.  
�K�i�b�j�Z�q�g�b�l�_���f�h�f�_�g�l�b�����d�h�b�l�h���k�Z �b�a�i�h�e�a�\�Z�g�b �\���b�a�k�e�_�^�\�Z�g�b�y���M�J, �k�Z���h�i�b�k�Z�g�b���\���l�Z�[�e������. 
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�N�b�]�� 66 �O�Z�j�Z�d�l�_�j�b�k�l�b�d�Z���b�a�j�Z�a�y�\�Z�s�Z���a�Z�\�b�k�b�f�h�k�l�l�Z���f�_�`�^�m���f�h�f�_�g�l�Z���b���h�[�h�j�h�l�b�l�_���g�Z���^�\�b�]�Z�l�_�e�b�l�_��1FK6080-

6AF71/1FK6081-6AF71 
 

 
�N�b�]������7 �O�Z�j�Z�d�l�_�j�b�k�l�b�d�Z���b�a�j�Z�a�y�\�Z�s�Z���a�Z�\�b�k�b�f�h�k�l�l�Z���f�_�`�^�m���f�h�f�_�g�l�Z���b���h�[�h�j�h�l�b�l�_���g�Z���^�\�b�]�Z�l�_�e�b�l�_��1FK6100-

8AF71 
 

�L�Z�[�e�b�p�Z���� �H�i�l�b�f�Z�e�g�b���i�Z�j�Z�f�_�l�j�b���a�Z���k�i�b�j�Z�q�g�b���f�h�f�_�g�l�b���g�Z���b�a�k�e�_�^�\�Z�g�b�l�_���k�_�j�\�h�f�h�l�h�j�b 

�L�b�i���g�Z���^�\�b�]�Z�l�_�e�y 

�<�t�g�r�_�g��
�j�_�a�b�k�l�h�j 

R opt �>�Ÿ�@ 

�K�j�_�^�g�Z���k�l�h�c�g�h�k�l���g�Z��
�k�i�b�j�Z�q�g�b�y���f�h�f�_�g�l��Mbr rms 

[Nm] 
�F�Z�d�k�b�f�Z�e�_�g��

�k�i�b�j�Z�q�_�g��
�f�h�f�_�g�l 

Mbr rms [Nm] 

RMS �l�h�d���i�j�b���k�i�b�j�Z�g�_ 

Ibr rms [A] 

�;�_�a��
�^�h�i�t�e�g�b�l�_�e�_�g��

�k�i�b�j�Z�q�_�g��
�j�_�a�b�k�l�h�j 

�K��
�^�h�i�t�e�g�b�l�_�e�_�g��

�k�i�b�j�Z�q�_�g��
�j�_�a�b�k�l�h�j 

�;�_�a��
�^�h�i�t�e�g�b�l�_�e�_�g��

�k�i�b�j�Z�q�_�g��
�j�_�a�b�k�l�h�j 

�K��
�^�h�i�t�e�g�b�l�_�e�_�g��

�k�i�b�j�Z�q�_�g��
�j�_�a�b�k�l�h�j 

1FK6081-6AF71 3,4 7,1 10,4 12,9 16,7 15,1 

1FK6100-8AF71 1,8 14,1 25,0 31,0 38,0 35,0 
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�H�k�g�h�\�g�b�l�_�� �d�h�f�i�h�g�_�g�l�b���� �b�g�l�_�]�j�b�j�Z�g�b �\�� �k�_�j�\�h�^�\�b�]�Z�l�_�e�y�� �b �q�Z�k�l�� �h�l�� �p�y�e�Z�l�Z�� �k�b�k�l�_�f�Z�� �a�Z��
�m�i�j�Z�\�e�_�g�b�_���b���j�_�]�m�e�b�j�Z�g�_���g�Z���j�h�[�h�l�b�l�_��KUKA �h�l���f�h�^�_�e��KR 150 �k�Z�����_�e�_�d�l�j�h�f�Z�]�g�b�l�g�Z���k�i�b�j�Z�q�d�Z����
�j�_�a�h�e�\�_�j���b���^�Z�l�q�b�d���a�Z���l�_�f�i�_�j�Z�l�m�j�g�Z���a�Z�s�b�l�Z. 

�?�e�_�d�l�j�h�f�Z�]�g�b�l�g�Z���k�i�b�j�Z�q�d�Z 

�<�� �l�Z�[�e���� �� �k�Z�� �i�h�d�Z�a�Z�g�b�� �h�k�g�h�\�g�b�l�_�� �i�Z�j�Z�f�_�l�j�b�� �g�Z�� �k�i�b�j�Z�q�d�b�l�_���g�Z�� �b�a�k�e�_�^�\�Z�g�b�l�_��
�k�_�j�\�h�^�\�b�]�Z�l�_�e�b�� 

�L�Z�[�e�b�p�Z���� �H�k�g�h�\�g�b���i�Z�j�Z�f�_�l�j�b���g�Z���k�i�b�j�Z�q�d�b�l�_���g�Z���b�a�k�e�_�^�\�Z�g�b�l�_���k�_�j�\�h�f�h�l�h�j�b 

�L�b�i���g�Z��
�^�\�b�]�Z�l�_�e�y 

�<�t�g�r�_�g��
�j�_�a�b�k�l�h�j 

R opt �>�Ÿ�@ 

�K�j�_�^�g�Z���k�l�h�c�g�h�k�l���g�Z���k�i�b�j�Z�q�g�b�y��
�f�h�f�_�g�l��Mbr  rms [Nm] �F�Z�d�k�b�f�Z�e�_�g��

�k�i�b�j�Z�q�_�g��
�f�h�f�_�g�l 

Mbr  rms 
[Nm] 

RMS �l�h�d���i�j�b���k�i�b�j�Z�g�_ 

Ibr  rms [A] 

�;�_�a��
�^�h�i�t�e�g�b�l�_�e�_�g��

�k�i�b�j�Z�q�_�g��
�j�_�a�b�k�l�h�j 

�K��
�^�h�i�t�e�g�b�l�_�e�_�g��

�k�i�b�j�Z�q�_�g��
�j�_�a�b�k�l�h�j 

�;�_�a��
�^�h�i�t�e�g�b�l�_�e�_�g��

�k�i�b�j�Z�q�_�g��
�j�_�a�b�k�l�h�j 

�K��
�^�h�i�t�e�g�b�l�_

�e�_�g��
�k�i�b�j�Z�q�_�g��
�j�_�a�b�k�l�h�j 

1FK6081-
6AF71 3,4 7,1 10,4 12,9 16,7 15,1 

1FK6100-
8AF71 1,8 14,1 25,0 31,0 38,0 35,0 

 

�J�_�a�h�e�\�_�j 

�L�_�o�g�b�q�_�k�d�b�l�_ �^�Z�g�g�b���g�Z���b�a�i�h�e�a�\�Z�g�b�l�_���j�_�a�h�e�\�_�j�b �k�Z���i�h�d�Z�a�Z�g�b���\���l�Z�[�e������. 
 
�L�Z�[�e�b�p�Z�� �� �L�_�o�g�b�q�_�k�d�b�� �i�Z�j�Z�f�_�l�j�b�� �b�� �^�Z�g�g�b�� �a�Z�� �j�_�a�h�e�\�_�j�b�l�_, �b�a�i�h�e�a�\�Z�g�b�� �\ �b�a�k�e�_�^�\�Z�g�b�l�_��

�k�_�j�\�h�m�i�j�Z�\�e�_�g�b�y���g�Z��KUKA KR 150 
�O�Z�j�Z�d�l�_�j�b�k�l�b�d�Z �K�l�h�c�g�h�k�l 

�F�_�o�Z�g�b�q�g�h���h�]�j�Z�g�b�q�_�g�b�_���g�Z���k�d�h�j�h�k�l�l�Z 15 000 RPM 

�G�Z�i�j�_�`�_�g�b�_���g�Z���\�t�a�[�m�`�^�Z�g�_�l�h �h�l����V (rms) �^�h 13 
V(rms) 

�Q�_�k�l�h�l�Z���g�Z���\�t�a�[�m�`�^�Z�g�_�l�h �h�l����kHz �^�h 10kHz 

�D�h�g�k�m�f�Z�p�b�y���g�Z���l�h�d < 80mA (rms) 

�T�]�e�h�\�Z���l�h�q�g�h�k�l�����q�_�k�l�h�l�g�Z���e�_�g�l�Z�� 
�^�\�m�i�h�e�x�k�g�Z 

�f�g�h�]�h�i�h�e�x�k�g�Z 

 
���������µ 
���������µ 

�;�j�h�c���g�Z���i�h�e�x�k�b�l�_ 
�K�t�h�l�g�h�r�_�g�b�_ 

�������������b�e�b���� 
0,5 

 
�G�Z���n�b�]. 68 �_ �i�h�d�Z�a�Z�g�Z�� �a�Z�\�b�k�b�f�h�k�l�l�Z�� �f�_�`�^�m �g�Z�i�j�_�`�_�g�b�y�l�Z��UW-U �b�� �^�_�f�h�^�m�e�b�j�Z�g�h�l�h��

�g�Z�i�j�_�`�_�g�b�_��US2S4 �i�j�b���\�t�j�l�_�g�_���g�Z���^�\�b�]�Z�l�_�e�y���\���i�h�k�h�d�Z���i�h �q�Z�k�h�\�g�b�d�h�\�Z�l�Z���k�l�j�_�e�d�Z�� 

 
�N�b�]������8 �A�Z�\�b�k�b�f�h�k�l���f�_�`�^�m���g�Z�i�j�_�`�_�g�b�y�l�Z��UW-U �b���^�_�f�h�^�m�e�b�j�Z�g�h�l�h���g�Z�i�j�_�`�_�g�b�_��US2S4 �i�j�b���\�t�j�l�_�g�_���g�Z��

�^�\�b�]�Z�l�_�e�y���\���i�h�k�h�d�Z���i�h �q�Z�k�h�\�g�b�d�h�\�Z�l�Z���k�l�j�_�e�d�Z 
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�B�a�i�h�e�a�\�Z�g�b�y�l�� �j�_�a�h�e�\�_�j�� �a�Z�� �^�\�b�]�Z�l�_�e�b�l�_��1FK6081-6AF71 �b��1FK6100-8AF71 �_�� �i�h�d�Z�a�Z�g�� �g�Z��
�n�b�]������9. 

 
�N�b�]������9 �K�g�b�f�d�Z���g�Z���j�_�a�h�e�\�_�j�����b�a�i�h�e�a�\�Z�g���\���^�\�b�]�Z�l�_�e�b�l�_���h�l���l�b�i��1FK6081-6AF71 �b��1FK6100-8AF71 
 

�>�Z�l�q�b�d���a�Z���l�_�f�i�_�j�Z�l�m�j�g�Z �a�Z�s�b�l�Z���g�Z���k�_�j�\�h�^�\�b�]�Z�l�_�e�y 

�<���l�Z�[�e���� �� �k�Z�� �i�h�d�Z�a�Z�g�b�� �h�k�g�h�\�g�b�l�_�� �l�_�o�g�b�q�_�k�d�b�� �^�Z�g�g�b�� �a�Z�� �b�a�i�h�e�a�\�Z�g�b�l�_�� �l�_�f�i�_�j�Z�l�m�j�g�b��
�^�Z�l�q�b�p�b���\���b�a�k�e�_�^�\�Z�g�b�l�_���^�\�b�]�Z�l�_�e�b���g�Z��KUKA KR 150. 

�L�Z�[�e�b�p�Z�� �� �L�_�o�g�b�q�_�k�d�b�� �^�Z�g�g�b�� �a�Z�� �l�_�j�f�h�^�Z�l�q�b�p�b�l�_, �b�a�i�h�e�a�\�Z�g�b�� �\ �b�a�k�e�_�^�\�Z�g�b�l�_���k�_�j�\�h�m�i�j�Z�\�e�_�g�b�y�� �g�Z��
KUKA KR 150 

�L�b�i���g�Z���b�a�i�h�e�a�\�Z�g�b�y��
�l�_�f�i�_�j�Z�l�m�j�_�g���^�Z�l�q�b�d KTY 84 (PTC thermistor) 

�K�t�i�j�h�l�b�\�e�_�g�b�_���i�j�b�������ƒ�K �h�d�h�e�h ���������Ÿ 
�K�t�i�j�h�l�b�\�e�_�g�b�_���i�j�b���������ƒ�K �h�d�h�e�h �����������Ÿ 

�J�_�Z�d�p�b�y���i�j�b���i�h�\�b�r�Z�\�Z�g�_��
�g�Z���l�_�f�i�_�j�Z�l�m�j�Z�l�Z 

�I�j�_�^�\�Z�j�b�l�_�e�g�Z�����i�j�_�^�m�i�j�_�^�b�l�_�e�g�Z�����Z�e�Z�j�f�Z��
�i�j�b���������ƒ�K 

�B�a�d�e�x�q�\�Z�g�_���i�j�b���������ƒ���“���ƒ�K 
�K�\�t�j�a�\�Z�g�_ �Q�j�_�a���d�Z�[�_�e�Z���g�Z���j�_�a�h�e�\�_�j�Z 

 
�G�Z���n�b�]����70 �b���n�b�]������1 �k�Z���i�h�d�Z�a�Z�g�b���]�Z�[�Z�j�b�l�g�b�l�_���b���i�j�b�k�t�_�^�b�g�b�l�_�e�g�b�l�_���j�Z�a�f�_�j�b���k�t�h�l�\�_�l�g�h��

�g�Z���^�\�b�]�Z�l�_�e�b�l�_���l�b�i��1FK6081-6AF71 �b��1FK6100-8AF71. 

 
�N�b�]�� 70 �=�Z�[�Z�j�b�l�g�b���b���i�j�b�k�t�_�^�b�g�b�l�_�e�g�b���j�Z�a�f�_�j�b���g�Z���k�_�j�\�h�^�\�b�]�Z�l�_�e���l�b�i��1FK6081-6AF71 
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�N�b�]�� 71 �=�Z�[�Z�j�b�l�g�b���b���i�j�b�k�t�_�^�b�g�b�l�_�e�g�b���j�Z�a�f�_�j�b���g�Z���k�_�j�\�h�^�\�b�]�Z�l�_�e���l�b�i��1FK6100-8AF71 

 
2.3.1.2. �B�a�k�e�_�^�\�Z�g�_���g�Z���_�e�_�d�l�j�b�q�_�k�d�h�l�h���l�Z�[�e�h�����b�a�i�h�e�a�\�Z�g�h���\���o�Z�j�^�m�_�j�g�Z�l�Z���d�h�g�n�b�]�m�j�Z�p�b�y 
�<���l�Z�[�e���� �� �k�Z�� �i�h�d�Z�a�Z�g�b�� �h�k�g�h�\�g�b�l�_�� �l�_�o�g�b�q�_�k�d�b�� �i�Z�j�Z�f�_�l�j�b�� �g�Z�� �l�Z�[�e�h�l�h�� �a�Z�� �m�i�j�Z�\�e�_�g�b�_�� �g�Z��

�b�a�k�e�_�^�\�Z�g�b�y���\���g�Z�k�l�h�y�s�b�y �f�h�^�_�e���g�Z���B�M�J - KUKA KR 150. 
�L�Z�[�e�b�p�Z���� �H�k�g�h�\�g�b���l�_�o�g�b�q�_�k�d�b���^�Z�g�g�b���a�Z���_�e�_�d�l�j�b�q�_�k�d�h�l�h���l�Z�[�e�h���a�Z���m�i�j�Z�\�e�_�g�b�_���g�Z��KUKA KR 150 

�L�b�i���g�Z���l�Z�[�e�h�l�h KR C2 
�F�Z�d�k�b�f�Z�e�_�g���[�j�h�c���h�k�b �a�Z���d�h�g�l�j�h�e 8 

�I�Z�j�Z�f�_�l�j�b���g�Z���_�e�����a�Z�o�j�Z�g�\�Z�g�_ 
�A�Z�o�j�Z�g�\�Z�s�h���g�Z�i�j�_�`�_�g�b�_ 

�>�h�i�m�k�l�b�f���l�h�e�_�j�Z�g�k 
�Q�_�k�l�h�l�Z 

�B�g�k�l�Z�e�b�j�Z�g�Z���f�h�s�g�h�k�l���i�h�^���l�h�\�Z�j 
�I�j�_�^�i�Z�a�b�l�_�e�b 

�=�e�Z�\�_�g���n�b�e�l�t�j �± �l�h�d���g�Z���m�l�_�q�d�Z 

 
���o�������9���^�h�����[�������9 

400V-���������^�h���������9�������� 
49-61 Hz 
7,3 kVA 

min 3x25A 
�h�d�h�e�h���������P�$ 

�B�a�i�h�e�a�\�Z�g���f�b�d�j�h�i�j�h�p�_�k�h�j Celeron 433Mhz 
�=�e�Z�\�g�Z���i�Z�f�_�l 64 MB 

�K�l�_�i�_�g���g�Z���a�Z�s�b�l�Z IP 54 
�M�k�e�h�\�b�y���g�Z���h�d�h�e�g�Z�l�Z���k�j�_�^�Z: 

�;�_�a���^�h�i�t�e�g�b�l�_�e�_�g���h�o�e�Z�`�^�Z�s���f�h�^�m�e 
�K���^�h�i�t�e�g�b�l�_�e�_�g���h�o�e�Z�`�^�Z�s���f�h�^�m�e 

 
�P�D�[�������ƒ�& 
�P�D�[�������ƒ�& 

T�_�]�e�h �H�d�h�e�h�����������d�] 
 
�G�Z���n�b�]�����������Z �_���i�h�d�Z�a�Z�g�Z���k�g�b�f�d�Z���k���h�[�s�b�y���b�a�]�e�_�^���g�Z���l�Z�[�e�h�l�h�����Z���g�Z���n�b�]������2���[ �_���i�j�_�^�k�l�Z�\�_�g�Z��

�f�h�^�m�e�g�Z�l�Z���k�l�j�m�d�l�m�j�Z���g�Z���m�i�j�Z�\�e�_�g�b�_�l�h���g�Z���b�a�k�e�_�^�\�Z�g�b�y���j�h�[�h�l��KUKA KR 150. 
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�N�b�]�����������L�Z�[�e�h���a�Z���m�i�j�Z�\�e�_�g�b�_���g�Z���b�a�k�e�_�^�\�Z�g�b�y���f�h�^�_�e��KUKA KR 150 

a) �h�[�s���b�a�]�e�_�^���g�Z���l�Z�[�e�h�l�h �[�����f�h�^�m�e�g�Z���k�o�_�f�Z���g�Z���l�Z�[�e�h�l�h 
 
�G�h�f�_�j�Z�p�b�y�l�Z���g�Z���n�b�]�����������[���_���d�Z�d�l�h���k�e�_�^�\�Z�� 

1 - �a�Z�o�j�Z�g�\�Z�s���[�e�h�d��KPS-27  6 - �a�Z�o�j�Z�g�\�Z�s���[�e�h�d��KPS 600 
2 - �[�e�h�d���i�j�_�^�i�Z�a�b�l�_�e�b   7 - �k�_�j�\�h�a�Z�^�\�b�`�\�Z�g�b�y��KSD �a�Z�������^�h�i�t�e�g�b�l�_�e�g�b���k�_�j�\�h�h�k�b 
3 - �]�e�Z�\�_�g���n�b�e�l�t�j   8 - �k�_�j�\�h�a�Z�^�\�b�`�\�Z�g�b�y��KSD �a�Z�������h�k�g�h�\�g�b���k�_�j�\�h�h�k�b 
4 - �]�e�Z�\�_�g���i�j�_�d�t�k�\�Z�q   9 - �[�e�h�d���a�Z���a�Z�s�b�l�Z�����i�j�_�^�i�Z�a�b�l�_�e�b�� 
5 - �\�_�g�l�b�e�Z�l�h�j���a�Z���h�o�e�Z�`�^�Z�g�_���g�Z���_�e�����l�Z�[�e�h�l�h 

 
�G�Z���n�b�]������3 �_���i�h�d�Z�a�Z�g�Z���k�g�b�f�d�Z���g�Z���l�Z�[�e�h�l�h��- �l�b�i���.�5���K�������a�Z���m�i�j�Z�\�e�_�g�b�_���g�Z���r�_�k�l���k�_�j�\�h�h�k�b���k��

�n�b�a�b�q�_�k�d�h�l�h���j�Z�a�i�h�e�h�`�_�g�b�_���g�Z���h�k�g�h�\�g�b�l�_���d�h�f�i�h�g�_�g�l�b���g�Z���k�b�k�l�_�f�Z�l�Z�� 

 
�N�b�]�����������N�b�a�b�q�_�k�d�h���j�Z�a�i�h�e�h�`�_�g�b�_���g�Z���h�k�g�h�\�g�b�l�_���d�h�f�i�h�g�_�g�l�b���h�l���l�Z�[�e�h�l�h���± �l�b�i��KR C2 �g�Z��KUKA KR 150 

 
�H�k�g�h�\�g�b�l�_���f�h�^�m�e�b���h�l���l�Z�[�e�h�l�h���k�Z���i�h�d�Z�a�Z�g�b���g�Z���n�b�]������4 �b���j�Z�a�]�e�_�^�Z�g�b���^�_�l�Z�c�e�g�h���i�h-�^�h�e�m�� 
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�N�b�]�����������H�k�g�h�\�g�b���f�h�^�m�e�b���h�l���l�Z�[�e�h���± �l�b�i��KR C2 �g�Z��KUKA KR 150 

 

�A�Z�o�j�Z�g�\�Z�s���f�h�^�m�e 

�B�a�e�_�^�\�Z�g�b�y�l�� �a�Z�o�j�Z�g�\�Z�s �[�e�h�d���k�t�^�t�j�`�Z �k�e�_�^�g�b�l�_�� �d�h�f�i�h�g�_�g�l�b�� �]�e�Z�\�_�g�� �d�h�g�l�Z�d�l�h�j, 
�a�Z�o�j�Z�g�\�Z�g�_�� �k�� �i�m�k�d�h�\�b�� �\�_�j�b�]�b���� �[�Z�e�Z�k�l�g�b���\�_�j�b�]�b�� ���k�i�b�j�Z�q�g�b�� �j�_�a�b�k�l�h�j�b������ �m�i�j�Z�\�e�_�g�b�_�� �g�Z��
�k�i�b�j�Z�q�d�b�l�_���± �h�[�s�h���a�Z���r�_�k�l �h�k�b���b���h�l�^�_�e�g�h���a�Z���^�\�_�l�_ �^�h�i�t�e�g�b�l�_�e�g�b���h�k�b�����b�g�l�_�j�n�_�c�k���a�Z���\�j�t�a�d�Z���k 
�m�i�j�Z�\�e�y�\�Z�s�b�y���f�h�^�m�e���b���k�t�k���k�_�j�\�h-�b�g�\�_�j�l�h�j�b�l�_�����j�Z�a�i�j�_�^�_�e�_�g�b�_���g�Z���a�Z�o�j�Z�g�\�Z�g�_��24V DC. 

�<���a�Z�o�j�Z�g�\�Z�s�b�y���f�h�^�m�e���\�e�b�a�Z�l���b���k�e�_�^�g�b�l�_���k�b�]�g�Z�e�b�� 
�9 �:�g�Z�e�h�]�h�\�b���± �b�a�f�_�j�_�g�b���i�j�h�f�_�g�e�b�\�b���\�_�e�b�q�b�g�b 

o �l�_�f�i�_�j�Z�l�m�j�Z���g�Z���h�o�e�Z�^�b�l�_�e�b�l�_���g�Z���k�_�j�\�h�b�g�\�_�j�l�h�j�b�l�_�� 
o �l�_�f�i�_�j�Z�l�m�j�Z���\���l�Z�[�e�h�l�h�� 
o �l�_�f�i�_�j�Z�l�m�j�Z���g�Z���[�Z�e�Z�k�l�g�b�l�_���d�h�f�i�h�g�_�g�l�b�� 
o �\�t�l�j�_�r�g�b�l�_���a�Z���[�e�h�d�Z���g�Z�i�j�_�`�_�g�b�y�� 

�9 �P�b�n�j�h�\�b���k�b�]�g�Z�e�b 
o �i�_�j�b�n�_�j�b�y���g�Z���j�h�[�h�l�Z�� 
o �k�t�k�l�h�y�g�b�_���g�Z���[�b�f�_�l�Z�e�g�b�l�_���d�h�g�l�Z�d�l�b�� 
o �d�h�g�l�j�h�e���g�Z���\�_�g�l�b�e�Z�l�h�j�b�l�_���\���l�Z�[�e�h�l�h�� 

 
�G�Z���n�b�]������5 �_���i�h�d�Z�a�Z�g�Z���[�e�h�d�h�\�Z�l�Z���k�o�_�f�Z���g�Z���a�Z�o�j�Z�g�\�Z�s���f�h�^�m�e��KPS 600. 

 
�N�b�]�����������A�Z�o�j�Z�g�\�Z�s���f�h�^�m�e��KPS 600 �± �[�e�h�d�h�\�Z���k�o�_�f�Z 
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�D�h�f�m�g�b�d�Z�p�b�y�l�Z�� �f�_�`�^�m�� �d�h�g�l�j�h�e�_�j�Z��(PLC) �b�� �a�Z�o�j�Z�g�\�Z�s�b�y�� �f�h�^�m�e�� �k�_�� �j�_�Z�e�b�a�b�j�Z�� �k�t�]�e�Z�k�g�h��
�i�j�b�e�h�`�_�g�Z�l�Z���^�b�Z�]�j�Z�f�Z�����i�h�d�Z�a�Z�g�Z���g�Z���n�b�]������6. 

 
�N�b�]�����������D�h�f�m�g�b�d�Z�p�b�y���f�_�`�^�m���d�h�g�l�j�h�e�_�j�Z���b���a�Z�o�j�Z�g�\�Z�s�b�y���f�h�^�m�e 

 

�A�Z�o�j�Z�g�\�Z�s���f�h�^�m�e��KPS-27 �± �g�b�k�d�h�\�h�e�l�h�\�h���a�Z�o�j�Z�g�\�Z�g�_ 

�F�h�^�m�e�t�l���_���i�h�d�Z�a�Z�g���g�Z���n�b�]������7. 

 
�N�b�]�����������A�Z�o�j�Z�g�\�Z�s���f�h�^�m�e��KPS 27 

 

�K�_�j�\�h�a�Z�^�\�b�`�\�Z�g�b�y��KSD 

�G�Z���n�b�]�� 78 �_�� �i�h�d�Z�a�Z�g�Z�� �h�[�s�Z�l�Z�� �k�l�j�m�d�l�m�j�g�Z�� �k�o�_�f�Z�� �g�Z�� �k�b�k�l�_�f�Z�l�Z�� �a�Z �m�i�j�Z�\�e�_�g�b�_�� �g�Z�� �\�k�y�d�Z��
�_�^�g�Z���k�_�j�\�h�h�k�����B�a�k�e�_�^�\�Z�g�_�l�h���i�h�d�Z�a�Z�����q�_ �j�_�]�m�e�b�j�Z�g�_�l�h���k�_���h�k�t�s�_�k�l�\�y�\�Z���k���^�\�m�d�h�g�l�m�j�g�Z���k�o�_�f�Z���g�Z��
�m�i�j�Z�\�e�_�g�b�_�� �k�� �i�h�^�q�b�g�_�g�h�� �j�_�]�m�e�b�j�Z�g�_���� �I�t�j�\�b�y�l�� ���\�t�l�j�_�r�_�g���� �d�h�g�l�m�j�� �k�_�� �j�_�Z�e�b�a�b�j�Z���� �q�j�_�a��
�k�_�j�\�h�a�Z�^�\�b�`�\�Z�g�b�y�l�Z�� �h�l�� �k�_�j�b�y�l�Z��KSD���� �L�_�� �j�_�Z�e�b�a�b�j�Z�l�� �m�i�j�Z�\�e�_�g�b�_�� �\�t�\�� �n�m�g�d�p�b�y�� �h�l��
�g�Z�l�h�\�Z�j�\�Z�g�_�l�h�� ���l�h�d�Z�����g�Z���^�\�b�]�Z�l�_�e�y���� �]�_�g�_�j�b�j�Z�l���R�B�F ���r�b�j�h�q�b�g�g�h���b�f�i�m�e�k�g�Z���f�h�^�m�e�Z�p�b�y�����b���i�h��
�l�h�a�b�� �g�Z�q�b�g�� �k�_�� �y�\�y�\�Z�l�� �d�j�Z�c�g�b�y�l�� �f�h�^�m�e���� �m�i�j�Z�\�e�y�\�Z�s�� �k�_�j�\�h�^�\�b�]�Z�l�_�e�b�l�_�� �<�l�h�j�b�y�l�� ���\�t�g�r�_�g����
�d�h�g�l�m�j�� ���± �i�h�� �k�d�h�j�h�k�l, �k�_�� �j�_�Z�e�b�a�b�j�Z�� �h�l�� �[�e�h�d�Z�� �a�Z�� �m�i�j�Z�\�e�_�g�b�_�� ��PLC������ �d�Z�l�h�� �h�[�j�Z�l�g�Z�l�Z�� �\�j�t�a�d�Z���i�h��
�k�d�h�j�h�k�l���k�_���\�a�_�f�Z���h�l���j�_�a�h�e�\�_�j�Z���b���k�_���i�j�_�h�[�j�Z�a�m�\�Z���h�l��RDC �d�h�g�\�_�j�l�h�j�Z�� 
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�N�b�]������8 �H�[�s�Z �k�l�j�m�d�l�m�j�g�Z���k�o�_�f�Z���g�Z���k�b�k�l�_�f�Z�l�Z���a�Z �m�i�j�Z�\�e�_�g�b�_���a�Z���\�k�y�d�Z���_�^�g�Z���k�_�j�\�h�h�k �h�l���B�M�J��KUKA KR 150 

 
�B�a�k�e�_�^�\�Z�g�b�l�_�� �k�_�j�\�h�a�Z�^�\�b�`�\�Z�g�b�y�l�Z�� �[�y�o�Z �h�[�s�h�� �i�_�l�� �l�b�i�h�i�j�_�^�k�l�Z�\�b�l�_�e�y���� �d�h�g�k�l�j�m�d�l�b�\�g�h��

�h�n�h�j�f�_�g�b�� �\�� �^�\�Z�� �d�h�j�i�m�k�Z���� �L�_�� �k�Z�� �j�Z�a�j�Z�[�h�l�_�g�b�� �k�� �p�_�e�� �^�Z�� �i�h�d�j�b�\�Z�l�� �]�Z�f�Z�l�Z�� �k�_�j�\�h�f�h�l�h�j�b����
�b�a�i�h�e�a�\�Z�g�b���i�j�b���m�i�j�Z�\�e�_�g�b�_�l�h���g�Z���j�h�[�h�l�b�l�_��KUKA. 

�G�Z���n�b�]������9 �_���i�h�d�Z�a�Z�g���h�[�s���b�a�]�e�_�^���h�l�\�t�g���g�Z���k�_�j�\�h�a�Z�^�\�b�`�\�Z�g�b�y�l�Z�� 

 
�N�b�]������9 �H�[�s���b�a�]�e�_�^���g�Z���k�_�j�\�h�a�Z�^�\�b�`�\�Z�g�b�y�l�Z���b�a�i�h�e�a�\�Z�g�b���\���B�M�J��KUKA KR 150 

 
�;�e�h�d�h�\�Z�l�Z�� �k�o�_�f�Z�� �g�Z�� �k�_�j�\�h�a�Z�^�\�b�`�\�Z�g�_�l�h�� �_�� �i�h�d�Z�a�Z�g�Z�� �g�Z���n�b�]���� ��0���� �d�t�^�_�l�h�� �k�_�� �\�b�`�^�Z�l��

�h�k�g�h�\�g�b�l�_���n�m�g�d�p�b�h�g�Z�e�g�b���[�e�h�d�h�\�_�� 

 
�N�b�]����80 �;�e�h�d�h�\�Z���k�o�_�f�Z �k���n�m�g�d�p�b�h�g�Z�e�g�b�l�_���[�e�h�d�h�\�_���g�Z���k�_�j�\�h�a�Z�^�\�b�`�\�Z�g�b�y�l�Z���a�Z���B�M�J��KUKA KR 150 



   

64 
 

�B�a�k�e�_�^�\�Z�g�_�l�h�� �i�h�d�Z�a�Z�����q�_���k�_�j�\�h�a�Z�^�\�b�`�\�Z�g�_�l�h�� �]�_�g�_�j�b�j�Z���R�B�F���� �q�j�_�a�� �d�h�c�l�h�� �k�_�� �m�i�j�Z�\�e�y�\�Z 
�^�\�b�]�Z�l�_�e�y�l. �R�b�j�h�q�b�g�g�h�� �b�f�i�m�e�k�g�Z�l�Z�� �f�h�^�m�e�Z�p�b�y�� �^�Z�\�Z�� �\�t�a�f�h�`�g�h�k�l�� �a�Z�� �i�h-�f�Z�e�d�b�� �a�Z�]�m�[�b �g�Z��
�f�h�s�g�h�k�l���i�j�b���m�i�j�Z�\�e�_�g�b�_���g�Z���k�b�e�h�\�b�l�_���i�j�_�h�[�j�Z�a�m�\�Z�l�_�e�b�����F�h�s�g�h�k�l�l�Z���k�_���d�h�g�l�j�h�e�b�j�Z���b�f�i�m�e�k�g�h 
�q�j�_�a�� �d�h�_�n�b�p�b�_�g�l�Z�� �g�Z�� �a�Z�i�t�e�\�Z�g�_���� �Z�� �g�_�� �q�j�_�a�� �i�j�h�f�y�g�Z�� �g�Z�� �Z�f�i�e�b�l�m�^�Z�l�Z���� �I�j�b�g�p�b�i�t�l�� �g�Z��
�i�j�_�h�[�j�Z�a�m�\�Z�g�_���b���m�i�j�Z�\�e�_�g�b�_���_���i�h�d�Z�a�Z�g���g�Z���n�b�]������1. 

 
�N�b�]������1 �I�j�b�g�p�b�i �g�Z���i�j�_�h�[�j�Z�a�m�\�Z�g�_���b���m�i�j�Z�\�e�_�g�b�_���k���R�B�F 

 
�N�m�g�d�p�b�b�l�_�� �g�Z�� �k�_�j�\�h�a�Z�^�\�b�`�\�Z�g�b�y�l�Z�� �f�h�]�Z�l�� �^�Z�� �k�_�� �h�[�h�[�s�y�l�� �d�Z�d�l�h�� �k�e�_�^�\�Z���� �m�i�j�Z�\�e�_�g�b�_�� �i�h��

�l�h�d�� �b�e�b�� �f�h�f�_�g�l���� �f�h�g�b�l�h�j�b�g�]�� �g�Z���\�k�b�q�d�b�� �n�m�g�d�p�b�b���� �f�h�g�b�l�h�j�b�g�]�� �g�Z�� �o�Z�j�^�m�_�j�Z�� �g�Z��
�k�_�j�\�h�a�Z�^�\�b�`�\�Z�g�_�l�h�����q�_�k�l�h�l�b��- 4kHz/8kHz PWM. �<���l�Z�[�e�������� �k�Z���i�h�d�Z�a�Z�g�b���h�k�g�h�\�g�b�l�_���l�_�o�g�b�q�_�k�d�b��
�^�Z�g�g�b���a�Z���k�_�j�\�h�a�Z�^�\�b�`�\�Z�g�b�y�l�Z���g�Z��KUKA KR 150. 

�L�Z�[�e�b�p�Z������ �H�k�g�h�\�g�b���l�_�o�g�b�q�_�k�d�b���^�Z�g�g�b���a�Z���k�_�j�\�h�a�Z�^�\�b�`�\�Z�g�b�y�l�Z���g�Z��KUKA KR 150 
�K�_�j�\�h�a�Z�^�\�b�`�\�Z�g�_ KSD 1- 08 KSD 1- 16 KSD 

1- 32 
KSD 

1- 48 
KSD 

1- 64 
�G�Z�i�j�_�`�_�g�b�_���g�Z��DC 

�e�b�g�d�Z��[VDC] 0 �± 770 V 

�G�h�f�b�g�Z�e�_�g���l�h�d��[A]  �����: �����: �������: �������: �������: 
�F�Z�d�k�b�f�Z�e�_�g���b�a�o�h�^�_�g��

�l�h�d��[A]  ���:  �����:  �����:  �����:  �����:  

�J�Z�a�f�_�j�b �������o�����������o�������� ���������o�����������o�������� 
�D�h�f�m�g�b�d�Z�p�b�y�l�Z�� �f�_�`�^�m�� �d�h�g�l�j�h�e�_�j�Z��(PLC) �b�� �k�_�j�\�h�a�Z�^�\�b�`�\�Z�g�_�l�h�� �k�_�� �j�_�Z�e�b�a�b�j�Z�� �k�t�]�e�Z�k�g�h��

�i�j�b�e�h�`�_�g�Z�l�Z �^�b�Z�]�j�Z�f�Z�����i�h�d�Z�a�Z�g�Z���g�Z���n�b�]������2. 

 
�N�b�]������2 �D�h�f�m�g�b�d�Z�p�b�y���f�_�`�^�m���d�h�g�l�j�h�e�_�j�Z���b���k�_�j�\�h�a�Z�^�\�b�`�\�Z�g�_�l�h 
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�;�e�h�d���m�i�j�Z�\�e�_�g�b�_��(PLC) 

�<���g�Z�i�j�Z�\�_�g�h�l�h���b�a�k�e�_�^�\�Z�g�_���a�Z���[�e�h�d�Z �a�Z���m�i�j�Z�\�e�_�g�b�_ �k�_���m�k�l�Z�g�h�\�b�����q�_���l�h�c �j�_�Z�e�b�a�b�j�Z���\�k�b�q�d�b��
�n�m�g�d�p�b�b���a�Z���j�_�]�m�e�b�j�Z�g�_���g�Z���k�_�j�\�h�k�b�k�l�_�f�b�l�_���i�h���k�d�h�j�h�k�l�� �b���i�h���i�h�a�b�p�b�y�����G�Z���n�b�]���� ��3 �k�Z���i�h�d�Z�a�Z�g�b��
�\�j�t�a�d�b�l�_���f�_�`�^�m���h�l�^�_�e�g�b�l�_���[�e�h�d�h�\�_�� 

 
�N�b�]������3 �;�e�h�d���a�Z���m�i�j�Z�\�e�_�g�b�_���g�Z���B�M�J��KUKA KR 150 

 
�I�h�� �h�l�g�h�r�_�g�b�_�� �g�Z�� �n�m�g�d�p�b�h�g�Z�e�g�h�k�l�l�Z �k�_�� �m�k�l�Z�g�h�\�b���� �q�_���[�e�h�d�t�l�� �a�Z�� �m�i�j�Z�\�e�_�g�b�_���b�a�i�t�e�g�y�\�Z��

�\�k�b�q�d�b���n�m�g�d�p�b�b���g�Z���d�h�g�l�j�h�e�_�j�Z���g�Z���j�h�[�h�l�Z: 
- Windows �k�t�\�f�_�k�l�b�f���b�g�l�_�j�n�_�c�k���k���\�b�a�m�Z�e�_�g���^�b�k�i�e�_�c���b���\�o�h�^ 
- �K�t�a�^�Z�\�Z�g�_���g�Z���i�j�h�]�j�Z�f�Z�����d�h�j�_�d�p�b�y�����Z�j�o�b�\�b�j�Z�g�_���b���i�h�^�^�j�t�`�d�Z 
- �I�h�k�e�_�^�h�\�Z�l�_�e�_�g���d�h�g�l�j�h�e 
- �I�e�Z�g�b�j�Z�g�_���g�Z���i�t�l�y���l�j�Z�_�d�l�h�j�b�y�l�Z 
- �M�i�j�Z�\�e�_�g�b�_���g�Z���k�o�_�f�Z�l�Z���g�Z���k�_�j�\�h�a�Z�^�\�b�`�\�Z�g�b�y�l�Z 
- �K�e�_�^�_�g�_���g�Z�[�e�x�^�_�g�b�_ 
- �Q�Z�k�l�b���h�l��ESC �k�o�_�f�Z���a�Z���[�_�a�h�i�Z�k�g�h�k�l 
- �D�h�f�m�g�b�d�Z�p�b�y���k���\�t�g�r�g�Z���i�_�j�b�n�_�j�b�y�����^�j�m�]�b���d�h�g�l�j�h�e�_�j�b�����o�h�k�l-�d�h�f�i�x�l�j�b����PC�����f�j�_�`�b�� 

�G�Z���n�b�]������4 �k�Z���i�h�d�Z�a�Z�g�b���\�k�b�q�d�b���d�h�f�i�h�g�_�g�l�b���h�l���[�e�h�d�Z���a�Z���m�i�j�Z�\�e�_�g�b�_�� 

 
�N�b�]������4 �D�h�f�i�h�g�_�g�l�b���g�Z���[�e�h�d�Z���a�Z���m�i�j�Z�\�e�_�g�b�_ 
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�;�e�h�d�h�\�Z���k�o�_�f�Z���g�Z���a�Z�o�j�Z�g�\�Z�g�_�l�h���g�Z���[�e�h�d�Z���a�Z���m�i�j�Z�\�e�_�g�b�_���b���h�[�s�b�y�l���f�m �b�a�]�e�_�^���k�Z���i�h�d�Z�a�Z�g�b��
�g�Z���n�b�]������5 

 
�N�b�]������5 �A�Z�o�j�Z�g�\�Z�g�_���g�Z���[�e�h�d�Z���a�Z���m�i�j�Z�\�e�_�g�b�_���g�Z��KUKA KR 150 

�Z�����[�e�h�d�h�\�Z���k�o�_�f�Z���g�Z���a�Z�o�j�Z�g�\�Z�g�_�l�h �[�����h�[�s���b�a�]�e�_�^���g�Z���a�Z�o�j�Z�g�\�Z�g�_�l�h 
 
�G�Z���n�b�]������6 �_���i�h�d�Z�a�Z�g���\�o�h�^�g�h-�b�a�o�h�^�g�b�y�l���b�g�l�_�j�n�_�c�k���g�Z���m�i�j�Z�\�e�y�\�Z�s�b�y���[�e�h�d�� 

 
�N�b�]������6 �<�o�h�^�g�h-�b�a�o�h�^�_�g���b�g�l�_�j�n�_�c�k���g�Z���m�i�j�Z�\�e�y�\�Z�s���[�e�h�d���a�Z��KUKA KR 150 

 
�G�h�f�_�j�Z�p�b�y�l�Z���i�h���n�b�]������6 �k�t�k���k�t�h�l�\�_�l�g�b�l�_���a�g�Z�q�_�g�b�y���_���d�Z�d�l�h���k�e�_�^�\�Z�� 

�ƒ �I�h�a���� - PCI �k�e�h�l�h�\�_����-6   
�ƒ �I�h�a������- AGP �± PRO �k�e�h�l 
�ƒ �I�h�a����  �± USB (2x) 
�ƒ �I�h�a�������± X804 Ethernet 
�ƒ �I�h�a�������± COM 1 �k�_�j�b�_�g���b�g�l�_�j�n�_�c�k 
�ƒ �I�h�a������- LPT1 �i�Z�j�Z�e�_�e�_�g���b�g�l�_�j�n�_�c�k 
�ƒ �I�h�a�������± COM 2 �k�_�j�b�_�g���b�g�l�_�j�n�_�c�k 
�ƒ �I�h�a�������± USB (2x) 
�ƒ �I�h�a�������± �<�j�t�a�d�Z���k���d�e�Z�\�b�Z�l�m�j�Z 
�ƒ �I�h�a��������- �<�j�t�a�d�Z���k���f�b�r�d�Z 
�ƒ �I�h�a���������± X961 �± �a�Z�o�j�Z�g�\�Z�g�_��24V DC 
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�J�_�a�h�e�\�_�j�g�Z���k�b�k�l�_�f�Z 

�M�k�l�Z�g�h�\�_�g�Z�� �_���j�_�a�h�e�\�_�j�g�Z�l�Z�� �k�b�k�l�_�f�Z�� �a�Z�� �i�j�_�h�[�j�Z�a�m�\�Z�g�_�� �g�Z�� �k�b�]�g�Z�e�b�l�_�� �h�l�� �j�_�a�h�e�\�_�j�b�l�_ �g�Z��
�k�_�j�\�h�a�Z�^�\�b�`�\�Z�g�b�y�l�Z���g�Z���j�h�[�h�l�Z�����d�h�y�l�h �k�_���k�t�k�l�h�b���h�l���d�h�g�\�_�j�l�h�j��(RDC) �k�t�k���k�e�_�^�g�h�l�h���h�i�b�k�Z�g�b�_�� 

- �=�_�g�_�j�b�j�Z�g�_���g�Z���\�k�b�q�d�b���g�_�h�[�o�h�^�b�f�b���a�Z�o�j�Z�g�\�Z�s�b���g�Z�i�j�_�`�_�g�b�y���^�h��27V 
- �A�Z�o�j�Z�g�\�Z�g�_ �g�Z���\�k�b�q�d�b���j�_�a�h�e�\�_�j�b���± �^�h���h�k�_�f���h�k�b 
- �B�a�h�e�b�j�Z�g�b�� �a�Z�o�j�Z�g�\�Z�g�b�y�� �a�Z�� �l�_�f�i�_�j�Z�l�m�j�g�b�� �k�_�g�a�h�j�b�� ��KYT 84), �\�]�j�Z�^�_�g�b���\��

�k�_�j�\�h�^�\�b�]�Z�l�_�e�b�l�_�����^�h���h�k�_�f �[�j�h�y�� 
- R/D �i�j�_�h�[�j�Z�a�m�\�Z�g�_���± �^�h���h�k�_�f �h�k�b�����k���j�_�a�h�e�x�p�b�y���������[�b�l�Z�� 
- A/D �i�j�_�h�[�j�Z�a�m�\�Z�g�_��- �^�h���h�k�_�f���l�_�f�i�_�j�Z�l�m�j�g�b���k�_�g�a�h�j�Z�����k���j�_�a�h�e�x�p�b�y���������[�b�l�Z�� 
- �H�p�_�g�d�Z���g�Z���^�\�Z �(�0�L �d�Z�g�Z�e�Z 
- �F�h�g�b�l�h�j�b�g�]���g�Z���\�_�j�b�]�b�l�_���g�Z���j�_�a�h�e�\�_�j�b�l�_����open circuit monitoring) 
- �L�_�f�i�_�j�Z�l�m�j�_�g���d�h�g�l�j�h�e���g�Z���k�_�j�\�h�^�\�b�]�Z�l�_�e�b�l�_ 
- �D�h�f�m�g�b�d�Z�p�b�y���k���m�i�j�Z�\�e�y�\�Z�s�b�y���[�e�h�d, �q�j�_�a��RS 422 �k�_�j�b�c�g�Z���d�h�f�m�g�b�d�Z�p�b�y 
- �K�t�o�j�Z�g�y�\�Z�g�_���g�Z���k�e�_�^�g�b�l�_���^�Z�g�g�b�� 
- �J�Z�[�h�l�g�b���q�Z�k�h�\�_����$ROBRUNTIME) 
- �:�[�k�h�e�x�l�g�Z���i�h�a�b�p�b�y���\���b�g�d�j�_�f�_�g�l�b 
- �I�h�a�b�p�b�y���g�Z���\�k�_�d�b���j�_�a�h�e�\�_�j���\���b�g�d�j�_�f�_�g�l�b 
- �G�Z�k�l�j�h�c�\�Z�_�f�b �i�Z�j�Z�f�_�l�j�b�����h�n�k�_�l�� �k�b�f�_�l�j�b�y �b���^�j��). 

�J�Z�[�h�l�Z�l�Z���g�Z���j�_�a�h�e�\�_�j�g�Z�l�Z���k�b�k�l�_�f�Z���_���b�e�x�k�l�j�b�j�Z�g�Z���g�Z�]�e�_�^�g�h���g�Z���n�b�]������7. 

 
�N�b�]������7 �=�j�Z�n�b�q�g�h���i�j�_�^�k�l�Z�\�y�g�_���g�Z���j�Z�[�h�l�Z�l�Z���g�Z���j�_�a�h�e�\�_�j�g�Z�l�Z���k�b�k�l�_�f�Z���g�Z���B�M�J��KUKA KR 150 
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2.3.1.3.  �B�a�k�e�_�^�\�Z�g�_���g�Z���d�h�g�l�j�h�e�g�b�y���i�Z�g�_�e 
�G�Z���n�b�]�� 88 �_�� �i�h�d�Z�a�Z�g�h�� �b�a�k�e�_�^�\�Z�g�h�l�h�� �l�Z�[�e�h�� �a�Z�� �m�i�j�Z�\�e�_�g�b�_�� �g�Z��KUKA KR 150 �j�h�[�h�l����

�d�h�f�i�e�_�d�l���k���i�Z�g�_�e���a�Z���m�i�j�Z�\�e�_�g�b�_. 

 
�N�b�]�����������L�Z�[�e�h���a�Z���m�i�j�Z�\�e�_�g�b�_���k���i�Z�g�_�e���a�Z���j�t�q�g�h���m�i�j�Z�\�e�_�g�b�_���g�Z��KUKA KR 150 

 
�N�b�]�����������I�Z�g�_�e���a�Z���j�t�q�g�h���m�i�j�Z�\�e�_�g�b�_���g�Z��KUKA KR 150 

 
�D�h�f�i�h�g�_�g�l�b�l�_���g�Z���d�h�g�l�j�h�e�g�b�y���i�Z�g�_�e���k�Z �i�h�d�Z�a�Z�g�b���g�Z���n�b�]����89�����d�t�^�_�l�h�� 

�������D�e�x�q���a�Z���b�a�[�h�j���g�Z���j�_�`�b�f�Z 
�������B�a�[�h�j���g�Z���j�_�`�b�f�Z���g�Z���k�_�j�\�h�a�Z�^�\�b�`�\�Z�g�b�y�l�Z��- ON 
�������B�a�[�h�j���g�Z���j�_�`�b�f�Z���g�Z���k�_�j�\�h�a�Z�^�\�b�`�\�Z�g�b�y�l�Z���± OFF/SSB GUI 
�������;�m�l�h�g���a�Z���Z�\�Z�j�b�_�g���k�l�h�i 
5. 6D �f �b�r�d�Z 
�������K�l�Z�l�m�k���d�e�Z�\�b�r�b���a�Z���^�y�k�g�Z �j�t�d�Z 
7. �Ä�(�Q�W�H�U�³ �d�e�Z�\�b�r 
�������D�e�Z�\�b�r���Ä�k�l�j�_�e�d�Z�³ 
�������D�e�Z�\�b�Z�l�m�j�Z 
���������P�b�n�j�h�\�Z���d�e�Z�\�b�Z�l�m�j�Z 
11. Soft �d�e�Z�\�b�r�b 
���������D�e�Z�\�b�r���Ä�6�W�D�U�W�³/�Ä�g�Z�a�Z�^�³ 
���������K�l�Z�j�l���[�m�l�h�g 
14. STOP �[�m�l�h�g 
���������D�e�Z�\�b�r���a�Z���b�a�[�h�j���g�Z���i�j�h�a�h�j�_�p�Z 
16. ESC �d�e�Z�\�b�r 
���������K�l�Z�l�m�k���d�e�Z�\�b�r�b���a�Z���e�y�\�Z���j�t�d�Z 
���������F�_�g�x���d�e�Z�\�b�r�b 
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2.3.1.4. �<�_�g�l�b�e�Z�p�b�h�g�g�Z���k�b�k�l�_�f�Z���g�Z���l�Z�[�e�h�l�h���a�Z���m�i�j�Z�\�e�_�g�b�_���h�l���o�Z�j�^�m�_�j�g�Z�l�Z���d�h�g�n�b�]�m�j�Z�p�b�y 
�B�a�k�e�_�^�\�Z�g�Z�� �_ �\�_�g�l�b�e�Z�p�b�h�g�g�Z�l�Z�� �k�b�k�l�_�f�Z�� �g�Z�� �l�Z�[�e�h�l�h�� �a�Z�� �m�i�j�Z�\�e�_�g�b�_�� �g�Z�� �b�a�[�j�Z�g�b�y��

�l�b�i�h�i�j�_�^�k�l�Z�\�b�l�_�e�� �g�Z���B�M�J���� �G�Z���n�b�]�� 90 �_�� �i�h�d�Z�a�Z�g�� �i�j�b�g�p�b�i�t�l�� �g�Z�� �h�o�e�Z�`�^�Z�g�_�� �g�Z�� �l�Z�[�e�h�l�h�� �k�� �^�\�Z��
�\�_�g�l�b�e�Z�l�h�j�Z���� �H�l�� �b�a�\�t�j�r�_�g�h�l�h�� �b�a�k�e�_�^�\�Z�g�_�� �k�l�Z�g�Z�� �y�k�g�h���� �q�_�� �p�_�e�l�Z�� �g�Z�� �^�\�Z�l�Z�� �\�_�g�l�b�e�Z�l�h�j�Z�� �_�� �^�Z��
�h�k�b�]�m�j�y�l���p�b�j�d�m�e�Z�p�b�y���g�Z���\�t�a�^�m�o�Z���k�t�k���k�\�_�`�����o�e�Z�^�_�g���\�t�a�^�m�o�����\���l�Z�[�e�h�l�h���b���^�Z���h�l�\�_�^�Z�l���a�Z�l�h�i�e�_�g�b�y��
�\�t�a�^�m�o�� �g�Z�\�t�g���� �G�Z�� �n�b�]�m�j�Z�l�Z�� �k�t�k �k�b�g�b�l�_�� �k�l�j�_�e�d�b�� �_�� �i�h�d�Z�a�Z�g�h�� �^�\�b�`�_�g�b�_�l�h�� �g�Z�� �\�t�a�^�m�o�Z��
�h�k�b�]�m�j�y�\�Z�g�h���h�l���_�^�b�g�b�y�l���\�_�g�l�b�e�Z�l�h�j�����d�h�c�l�h���j�Z�[�h�l�b���\���j�_�`�b�f���g�Z���g�Z�]�g�_�l�y�\�Z�g�_���g�Z���o�e�Z�^�_�g���\�t�a�^�m�o���\��
�r�d�Z�n�Z�� �a�Z�� �m�i�j�Z�\�e�_�g�b�_���� �Z�� �k�� �q�_�j�\�_�g�� �p�\�y�l�� �_�� �^�\�b�`�_�g�b�_�l�h�� �g�Z�� �\�t�a�^�m�o�Z���� �j�_�Z�e�b�a�b�j�Z�g�h�� �h�l�� �\�l�h�j�b�y��
�\�_�g�l�b�e�Z�l�h�j���± �a�Z�� �h�l�\�_�`�^�Z�g�_�� �g�Z�� �l�h�i�e�b�y�� �\�t�a�^�m�o�� �h�l�� �l�Z�[�e�h�l�h�����K�l�b�]�g�Z�� �k�_�� �^�h �a�Z�d�e�x�q�_�g�b�_�l�h���� �q�_�� �a�Z��
�]�Z�j�Z�g�l�b�j�Z�g�_���g�Z���_�n�_�d�l�b�\�g�h�l�h���h�o�e�Z�`�^�Z�g�_���_���\�Z�`�g�h���k�i�Z�a�\�Z�g�_�l�h���g�Z���i�h�k�h�d�Z�l�Z���g�Z���\�t�a�^�m�r�g�b�y���i�h�l�h�d����
�d�h�_�l�h�� �k�_�� �]�Z�j�Z�g�l�b�j�Z�� �k�Z�f�h�� �i�j�b�� �i�j�Z�\�b�e�g�h�� �k�\�t�j�a�\�Z�g�_�� ���k�n�Z�a�b�j�Z�g�_���� �g�Z�� �\�_�g�l�b�e�Z�l�h�j�b�l�_�� �b�� �\�t�j�l�_�g�_�l�h��
�b�f�� �\�� �i�j�Z�\�b�e�g�Z�l�Z�� �i�h�k�h�d�Z���� �d�h�_�l�h�� �l�j�y�[�\�Z�� �^�Z�� �k�_�� �i�j�h�\�_�j�b�� �\�� �i�j�h�p�_�k�Z�� �g�Z�� �b�g�k�l�Z�e�Z�p�b�y�� �b�� �i�m�k�d�� �g�Z��
�k�t�h�j�t�`�_�g�b�_�l�h�� 

 
�N�b�]������0 �K�o�_�f�Z���g�Z���p�b�j�d�m�e�Z�p�b�y�l�Z���g�Z���\�t�a�^�m�o�Z���\���l�Z�[�e�h�l�h���a�Z���m�i�j�Z�\�e�_�g�b�_���g�Z��KUKA KR 150 

 
2.4. �B�a�k�e�_�^�\�Z�g�_���g�Z���k�h�n�l�m�_�j�Z 

 
�D�t�f�� �m�\�h�^�Z�� �g�Z�� �b�a�\�t�j�r�_�g�h�l�h�� �b�a�k�e�_�^�\�Z�g�_ �[�_�r�_�� �k�i�h�f�_�g�Z�l�h���� �q�_�� �i�j�b�� �Z�g�Z�e�b�a�Z�� �g�Z�� �\�k�_�d�b��

�b�g�^�m�k�l�j�b�Z�e�_�g�� �m�g�b�\�_�j�k�Z�e�_�g�� �j�h�[�h�l �h�l�� �h�k�h�[�_�g�h�� �a�g�Z�q�_�g�b�_�� �_�� �g�_�]�h�\�Z�l�Z�� �d�b�g�_�f�Z�l�b�q�g�Z�� �k�o�_�f�Z����
�D�b�g�_�f�Z�l�b�q�g�Z�l�Z�� �k�o�_�f�Z�� �b�� �k�t�h�l�\�_�l�g�b�y�l�� �Z�g�Z�e�b�a�� �k�Z�� �k�t�s�_�k�l�\�_�g�b�� �a�Z�� �i�h-�g�Z�l�Z�l�t�r�g�h�l�h�� �i�e�Z�g�b�j�Z�g�_�� �g�Z��
�m�i�j�Z�\�e�_�g�b�_�l�h�� �g�Z�� �^�\�b�`�_�g�b�y�l�Z�� �g�Z�� �j�h�[�h�l�Z���� �A�Z�� �j�_�Z�e�b�a�b�j�Z�g�_�l�h�� �g�Z�� �_�n�_�d�l�b�\�g�h�� �m�i�j�Z�\�e�_�g�b�_�� �_��
�g�_�h�[�o�h�^�b�f�h���^�Z���k�_���f�b�g�_���i�j�_�a���\�k�b�q�d�b���_�l�Z�i�b���g�Z���d�b�g�_�f�Z�l�b�q�g�b�y���k�b�g�l�_�a���b���Z�g�Z�e�b�a�����d�h�b�l�h���k�Z���f�g�h�]�h��
�d�h�f�i�e�_�d�k�g�b���i�j�b���k�t�\�j�_�f�_�g�g�b�l�_���B�M�J, �i�h�j�Z�^�b���f�g�h�]�h�l�h���k�l�_�i�_�g�b���g�Z���k�\�h�[�h�^�Z���g�Z���f�_�o�Z�g�b�a�f�Z�����I�j�b��
�j�Z�g�g�b�l�_�� �\�_�j�k�b�b�� �g�Z�� �j�h�[�h�l�b�l�_�� �m�i�j�Z�\�e�_�g�b�_�l�h�� �k�_�� �h�]�j�Z�g�b�q�Z�\�Z�� �^�h�� �b�g�^�b�\�b�^�m�Z�e�_�g�� �d�h�g�l�j�h�e�� �g�Z��
�h�l�^�_�e�g�b�l�_�� �k�l�Z�\�b���� �^�h�d�Z�l�h�� �i�j�b�� �k�t�\�j�_�f�_�g�g�b�l�_ �M�J �_�� �g�_�h�[�o�h�^�b�f�h�� �j�_�Z�e�b�a�b�j�Z�g�_�l�h�� �g�Z�� �l�Z�d�Z��
�g�Z�j�_�q�_�g�b�y���Ä�W�D�V�N�� �O�H�Y�H�O�� �F�R�Q�W�U�R�O�³, �d�h�c�l�h�� �h�k�b�]�m�j�y�\�Z�� �k�b�g�o�j�h�g�g�h�l�h�� �^�\�b�`�_�g�b�_�� �g�Z�� �\�k�b�q�d�b�� �k�l�Z�\�b�� �g�Z��
�j�h�[�h�l�Z�����L�_�a�b���m�\�h�^�g�b���\�t�\�_�^�_�g�b�y���d�t�f���i�j�h�[�e�_�f�Z���k�Z �\�a�_�l�b���i�h�^���\�g�b�f�Z�g�b�_���b���j�Z�a�\�b�l�b���i�h-�g�Z�l�Z�l�t�d���\��
�b�a�k�e�_�^�\�Z�g�_�l�h���g�Z���k�h�n�l�m�_�j�g�h�l�h���m�i�j�Z�\�e�_�g�b�_���g�Z �b�a�[�j�Z�g�b�y���l�b�i�h�i�j�_�^�k�l�Z�\�b�l�_�e���g�Z���B�M�J���± KUKA KR-
150. 

2.4.1. �F�Z�l�_�f�Z�l�b�q�_�k�d�b�� �f�h�^�_�e�� �a�Z�� �j�_�r�Z�\�Z�g�_�� �g�Z�� �i�j�Z�\�Z�� �b�� �h�[�j�Z�l�g�Z�� �a�Z�^�Z�q�Z�� �\�� �d�b�g�_�f�Z�l�b�d�Z�l�Z�� �a�Z��
�Z�g�l�j�h�i�h�f�h�j�n�g�b���r�_�k�l�h�k�g�b���B�M�J 

�A�Z���p�_�e�b�l�_���g�Z���b�a�\�t�j�r�_�g�h�l�h���b�a�k�e�_�^�\�Z�g�_���_���m�k�l�Z�g�h�\�_�g�h�����q�_���i�j�b���b�a�]�j�Z�`�^�Z�g�_�l�h���g�Z���f�_�l�j�b�q�g�b�l�_��
�b�� �f�Z�l�_�f�Z�l�b�q�_�k�d�b�l�_�� �f�h�^�_�e�b���� �g�_�h�[�o�h�^�b�f�b�� �a�Z�� �i�j�h�_�d�l�b�j�Z�g�_�� �g�Z�� �j�Z�[�h�l�g�b�l�_�� �^�\�b�`�_�g�b�y�� �g�Z���B�M�J, �_��
�g�_�h�[�o�h�^�b�f�h���^�Z���k�_���j�_�r�Z�l���k�e�_�^�g�b�l�_���a�Z�^�Z�q�b�� 
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- �h�i�j�_�^�_�e�y�g�_�� �g�Z�� �j�_�e�Z�l�b�\�g�h�l�h�� �i�h�e�h�`�_�g�b�_���g�Z�� �j�Z�a�e�b�q�g�b�l�_�� �a�\�_�g�Z���g�Z�� �j�h�[�h�l�Z���b�� �h�[�_�d�l�b�l�_�� �\��
�i�j�h�k�l�j�Z�g�k�l�\�h�l�h�����k�i�j�y�f�h���[�Z�a�h�\�Z�l�Z���d�h�h�j�^�b�g�Z�l�g�Z���k�b�k�l�_�f�Z �g�Z �B�M�J; 

- �i�j�_�^�Z�\�Z�g�_ �g�Z �b�g�n�h�j�f�Z�p�b�y�l�Z���a�Z���k�t�k�l�h�y�g�b�_�l�h�� �b���h�j�b�_�g�l�Z�p�b�y�l�Z���g�Z���h�[�_�d�l�b�l�_���� �g�Z�f�b�j�Z�s�b��
�k�_���\���j�Z�[�h�l�g�Z�l�Z���a�h�g�Z���g�Z �B�M�J. 

�I�h�k�l�Z�\�_�g�b�l�_�� �a�Z�^�Z�q�b�� �k�Z�� �j�_�r�_�g�b�� �m�k�i�_�r�g�h���� �Z�� �h�i�b�k�Z�g�b�_�l�h�� �g�Z�� �b�a�\�t�j�r�_�g�h�l�h�� �b�a�k�e�_�^�\�Z�g�_�� �_��
�i�h�d�Z�a�Z�g�h���d�Z�d�l�h���k�e�_�^�\�Z�� 

�<�k�_�d�b�� �j�h�[�h�l�� �f�h�`�_�� �^�Z�� �[�t�^�_�� �i�j�_�^�k�l�Z�\�_�g�� �d�b�g�_�f�Z�l�b�q�g�h���� �i�h�k�j�_�^�k�l�\�h�f �d�h�g�p�_�i�p�b�y�l�Z�� �g�Z��
�>�_�g�Z�\�b�l-�O�Z�j�l�_�g�[�_�j�] [57, 73]���� �K�t�]�e�Z�k�g�h�� �d�h�g�p�_�i�p�b�y�l�Z �k�Z�� �b�a�i�h�e�a�\�Z�g�b �q�_�l�b�j�b�� �[�Z�a�h�\�b��
�i�Z�j�Z�f�_�l�t�j�Z�����h�i�b�k�\�Z�s�b���\�j�t�a�d�b�l�_���f�_�`�^�m���h�l�^�_�e�g�b�l�_���a�\�_�g�Z���g�Z���j�h�[�h�l�b�l�_���i�h�d�Z�a�Z�g�b���g�Z���n�b�]������1 [68], 

 
�N�b�]������1 �I�j�b�f�_�j�g�Z���k�o�_�f�Z���g�Z���j�_�e�Z�l�b�\�g�h�l�h���i�h�e�h�`�_�g�b�_���g�Z���^�\�_���k�t�k�_�^�g�b���a�\�_�g�Z���g�Z���M�J�����i�j�_�^�k�l�Z�\�_�g�h���k��

�i�Z�j�Z�f�_�l�j�b�l�_���g�Z���>�_�g�Z�\�b�l-�O�Z�j�l�_�g�[�_�j�] 
�d�t�^�_�l�h�� 

�.i-1 �± �t�]�t�e�t�l���g�Z�� �a�Z�\�t�j�l�Z�g�_�� �f�_�`�^�m�� �h�k�b�l�_ zi-1 �b��zi �g�Z�� �k�l�Z�\�b�l�_��(�a�\�_�g�Z�l�Z) i-1 �b��i �h�d�h�e�h�� �h�k��xi-1 

���h�l�f�_�k�l�\�Z�g�_�l�h�� �g�Z���h�k��zi �k�i�j�y�f�h���h�k��zi-1), �b�a�f�_�j�_�g���i�j�b���i�j�_�g�Z�k�y�g�_�l�h�� �g�Z���h�k�l�Z��zi-1 �i�h���h�k xi-1, �l�Z�d�Z���q�_��
�f�b�k�e�_�g�h���^�Z���k�_���i�j�_�k�_�q�_���k���h�k��zi; 

��i - �t�]�t�e�t�l�� �g�Z�� �a�Z�\�t�j�l�Z�g�_�� �f�_�`�^�m�� �h�k�b�l�_ xi-1 �b��xi �g�Z�� �k�l�Z�\�b�l�_�� ���a�\�_�g�Z�l�Z����i-1 �b��i �h�d�h�e�h�� �h�k��zi-1 
���h�l�f�_�k�l�\�Z�g�_�l�h�� �g�Z���h�k��xi �k�i�j�y�f�h���h�k��xi-1), �b�a�f�_�j�_�g���i�j�b���i�j�_�g�Z�k�y�g�_�l�h���g�Z���h�k�l�Z��xi-1 �i�h���h�k zi-1, �l�Z�d�Z���q�_��
�f�b�k�e�_�g�h���^�Z���k�_���i�j�_�k�_�q�_���k���h�k��xi; 

ai-1 �± �^�t�e�`�b�g�Z�l�Z�� �g�Z�� �\�j�t�a�d�Z�l�Z (�a�\�_�g�h�l�h) i-1 �b�e�b���j�Z�a�k�l�h�y�g�b�_�l�h�� �i�h�� �h�[�s�Z�l�Z�� �g�h�j�f�Z�e�Z�� �f�_�`�^�m��
�h�k�b�l�_ zi-1 �b��zi; 

di �± �h�l�f�_�k�l�\�Z�g�_�l�h�� �g�Z���k�l�Z�\�Z�l�Z (�a�\�_�g�h�l�h) i �h�l���k�l�Z�\�Z�l�Z�� ���a�\�_�g�h�l�h) i-1���� �h�i�j�_�^�_�e�_�g�h�� �h�l��
�j�Z�a�k�l�h�y�g�b�_�l�h�� �f�_�`�^�m�� �h�k�b�l�_��xi-1 �b��xi���� �b�a�f�_�j�_�g�h�� �i�h�� �h�k�l�Z��zi-1 (�h�l�� �g�Z�q�Z�e�h�l�h�� �g�Z�� �d�h�h�j�^�b�g�Z�l�g�Z�l�Z��
�k�b�k�l�_�f�Z��Xi-10i-1Yi-1 �i�h �h�k��zi-1 �^�h���h�[�s�Z�l�Z���g�h�j�f�Z�e�Z���g�Z���h�k�b�l�_��zi-1 �b��zi). 

�>�\�Z�� �h�l�� �i�Z�j�Z�f�_�l�j�b�l�_�� �h�i�b�k�\�Z�l�� �k�Z�f�Z�l�Z�� �\�j�t�a�d�Z���� �Z�� �^�j�m�]�b�l�_���^�\�Z�� �h�i�b�k�\�Z�l�� �i�h�e�h�`�_�g�b�_�l�h�� �c 
�k�i�j�y�f�h���k�t�k�_�^�g�Z�l�Z���\�j�t�a�d�Z���\���d�b�g�_�f�Z�l�b�q�g�Z�l�Z���\�_�j�b�]�Z�� 

�Q�_�l�b�j�b�l�_���i�Z�j�Z�f�_�l�t�j�Z��(D-H �i�Z�j�Z�f�_�l�j�b) �a�Z���b�a�k�e�_�^�\�Z�g�b�y���l�m�d �l�b�i�h�i�j�_�^�k�l�Z�\�b�l�_�e���g�Z���j�h�[�h�l��
KUKA KR 150, �k�Z���i�h�d�Z�a�Z�g�b���\���l�Z�[�e��������. 

�L�Z�[�e�b�p�Z������ D-H �i�Z�j�Z�f�_�l�j�b �g�Z��KUKA KR 150 
�K�l�Z�\�Z ���L�����ƒ �.i�����ƒ ai�����f�f di�����f�f 
�[�Z�a�Z 0 0 0 0 
1 ��1 = 0 �.1 = 0 a1 = 0 d1 = 1045 
2 ��2 = 0 �.2 = -90 a2 = 500 d2 = 0 
3 ��3 = -90 �.3 = 0 a3 = 1300 d3 = 0 
4 ��4 = 0 �.4 = -90 a4 = -55 d4 = 1025 
5 ��5 = 0 �.5 = 90 a5 = 0 d5 = 0 
6 ��6 = 180 �.6 = -90 a6 = 0 d6 = 290 
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�A�Z���i�j�h�_�d�l�b�j�Z�g�_���g�Z���j�Z�[�h�l�g�b�l�_���^�\�b�`�_�g�b�y���_ �b�a�]�h�l�\�_�g���i�Z�j�Z�f�_�l�j�b�q�_�g���f�h�^�_�e���g�Z���b�a�k�e�_�^�\�Z�g�b�y��
�j�h�[�h�l��KUKA KR 150 (�n�b�]���� ��2), �b�a�i�h�e�a�\�Z�c�d�b��D-H �i�Z�j�Z�f�_�l�j�b�l�_ �h�l���l�Z�[�e���� ���� �a�Z�� �h�i�b�k�\�Z�g�_�� �g�Z��
�n�h�j�f�Z�l�Z�� �b�� �j�Z�a�i�h�e�h�`�_�g�b�_�l�h�� �g�Z�� �h�l�^�_�e�g�b�l�_�� �a�\�_�g�Z�� �b�� �\�j�t�a�d�b���� �A�Z�� �b�a�]�j�Z�`�^�Z�g�_�l�h�� �g�Z�� �f�h�^�_�e�Z�� �k�Z 
�b�a�i�h�e�a�\�Z�g�b���k�h�n�l�m�_�j�g�b�l�_���b�g�k�l�j�m�f�_�g�l�b���b���[�b�[�e�b�h�l�_�d�b��Mobile Robot Programming Toolkit �b���i�h-
�d�h�g�d�j�_�l�g�h���k�i�_�p�b�Z�e�b�a�b�j�Z�g�b�y�l �i�Z�d�_�l��GUI for Denavit-Hartenberg parameters robot arm design. 

 
�N�b�]������2 �I�Z�j�Z�f�_�l�j�b�q�_�g���f�h�^�_�e���k��D-H �i�Z�j�Z�f�_�l�j�b �g�Z���d�b�g�_�f�Z�l�b�q�g�Z�l�Z���k�o�_�f�Z �g�Z���b�a�k�e�_�^�\�Z�g�b�y���j�h�[�h�l��KUKA KR 

150 
 
�F�Z�l�_�f�Z�l�b�q�_�k�d�h�l�h�� �h�i�b�k�Z�g�b�_�� �g�Z�� �j�Z�a�i�h�e�h�`�_�g�b�_�l�h�� �g�Z�� �a�\�_�g�Z�l�Z�� �b�� �\�j�t�a�d�b�l�_�� �g�Z�� �b�a�[�j�Z�g�b�y��

�l�b�i�h�i�j�_�^�k�l�Z�\�b�l�_�e��KUKA KR 150�����[�Z�a�b�j�Z�g�h �g�Z���b�a�i�h�e�a�\�Z�g�_�l�h���g�Z���l�j�Z�g�k�n�h�j�f�Z�p�b�h�g�g�b�l�_ �f�Z�l�j�b�p�b��
�k��D-H �i�Z�j�Z�f�_�l�j�b�l�_ �h�l���l�Z�[�e�������� �_���i�h�d�Z�a�Z�g�h �g�Z���n�b�]������3. 

 
�N�b�]������3 �L�j�Z�g�k�n�h�j�f�Z�p�b�h�g�g�b���f�Z�l�j�b�p�b�����h�i�b�k�\�Z�s�b���j�Z�a�i�h�e�h�`�_�g�b�_�l�h���g�Z���a�\�_�g�Z�l�Z���\��KUKA KR 150 
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�I�t�e�g�h���h�i�b�k�Z�g�b�_���g�Z���f�Z�l�_�f�Z�l�b�q�_�k�d�b�y���f�h�^�_�e���g�Z���b�a�[�j�Z�g�b�y���l�b�i�h�i�j�_�^�k�l�Z�\�b�l�_�e��KUKA KR 150 
�[�_�r�_���i�h�k�l�b�]�g�Z�l�h���\���b�a�\�t�j�r�_�g�h�l�h���b�a�k�e�_�^�\�Z�g�_���k���j�_�r�Z�\�Z�g�_�l�h���g�Z���l�����g�Z�j�����i�j�Z�\�Z���b���h�[�j�Z�l�g�Z���a�Z�^�Z�q�Z���\��
�d�b�g�_�f�Z�l�b�d�Z�l�Z�� �J�_�a�m�e�l�Z�l�b�l�_���h�l���g�_�]�h���k�Z���i�j�_�^�k�l�Z�\�_�g�b���\���l�_�d�k�l�Z�����d�h�c�l�h���k�e�_�^�\�Z�� 

�I�j�Z�\�Z���a�Z�^�Z�q�Z���\���d�b�g�_�f�Z�l�b�d�Z�l�Z���a�Z���b�a�k�e�_�^�\�Z�g�b�y���j�h�[�h�l 

�I�j�Z�\�Z�l�Z���d�b�g�_�f�Z�l�b�q�g�Z���a�Z�^�Z�q�Z���j�Z�a�]�e�_�`�^�Z���b�a�q�b�k�e�y�\�Z�g�_�l�h���g�Z���i�h�a�b�p�b�y�l�Z���b���h�j�b�_�g�l�Z�p�b�y�l�Z���g�Z��
�d�j�Z�c�g�h�l�h���a�\�_�g�h�����b�g�k�l�j�m�f�_�g�l�Z�����\���a�Z�\�b�k�b�f�h�k�l���h�l���a�Z�^�Z�^�_�g�b�l�_���t�]�e�b���g�Z���k�l�Z�\�b�l�_���g�Z���j�h�[�h�l�Z�� 

�K�t�k�l�Z�\�y�l�� �k�_�� �g�Z�[�h�j�� �h�l�� �m�j�Z�\�g�_�g�b�y���� �b�a�i�h�e�a�\�Z�c�d�b��D-�+�� �i�Z�j�Z�f�_�l�j�b�l�_���� �L�_�a�b�� �i�Z�j�Z�f�_�l�j�b��
�h�i�b�k�\�Z�l�� �q�_�l�b�j�b�� �h�i�_�j�Z�p�b�b���± �^�\�_�� �j�h�l�Z�p�b�b�� �b�� �^�\�_�� �l�j�Z�g�k�e�Z�p�b�b���� �d�h�b�l�h�� �k�Z�� �^�h�k�l�Z�l�t�q�g�b�� �a�Z��
�i�j�_�k�f�y�l�Z�g�_�l�h���g�Z���l�j�Z�g�k�n�h�j�f�Z�p�b�h�g�g�Z�l�Z���f�Z�l�j�b�p�Z���a�Z���j�_�e�Z�l�b�\�g�h�l�h���i�h�e�h�`�_�g�b�_���g�Z �k�l�Z�\�Z�l�Z��Ki-1 �d�t�f��
Ki �\���j�Z�f�d�b�l�_���g�Z���d�b�g�_�f�Z�l�b�q�g�Z�l�Z���\�_�j�b�]�Z���g�Z���b�g�^�m�k�l�j�b�Z�e�g�b�y���j�h�[�h�l�� 
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�L�j�Z�g�k�n�h�j�f�Z�p�b�y�l�Z���h�i�b�k�\�Z���i�h�a�b�p�b�y�l�Z���b���h�j�b�_�g�l�Z�p�b�y�l�Z���g�Z���i�h�k�e�_�^�g�h�l�h���a�\�_�g�h�����b�g�k�l�j�m�f�_�g�l�Z����
�d�j�Z�c�g�b�y�l���_�n�_�d�l�h�j�����k�i�j�y�f�h���h�k�g�h�\�Z�l�Z���g�Z���b�g�^�m�k�l�j�b�Z�e�g�b�y���j�h�[�h�l�� 

�:�d�h�� �j�h�[�h�l�t�l�� �b�f�Z�� �^�h�i�t�e�g�b�l�_�e�_�g�� �b�g�k�l�j�m�f�_�g�l�� �b�e�b�� �[�Z�a�h�\�Z�l�Z�� �d�h�h�j�^�b�g�Z�l�g�Z�� �k�b�k�l�_�f�Z�� �g�_��
�k�t�\�i�Z�^�Z���k���[�Z�a�h�\�Z�l�Z���g�Z���j�h�[�h�l�Z�����k�_���b�a�\�t�j�r�\�Z�l���^�h�i�t�e�g�b�l�_�e�g�b���m�f�g�h�`�_�g�b�y���g�Z���l�j�Z�g�k�n�h�j�f�Z�p�b�h�g�Z�l�Z��
�f�Z�l�j�b�p�Z���6�:

�4  �k�� �l�j�Z�g�k�n�h�j�f�Z�p�b�h�g�g�Z�l�Z�� �f�Z�l�j�b�p�Z�� �g�Z�� �b�g�k�l�j�m�f�_�g�l�Z�� �b���b�e�b�� �k�� �l�Z�a�b�� �g�Z�� �h�k�g�h�\�Z�l�Z�� �g�Z��
�j�h�[�h�l�Z�� 

�L�j�Z�g�k�n�h�j�f�Z�p�b�h�g�g�b�l�_�� �f�Z�l�j�b�p�b�� �g�Z�� �j�h�[�h�l�Z�� �k�� �r�_�k�l�� �k�l�_�i�_�g�b�� �g�Z�� �k�\�h�[�h�^�Z���h�l�� �l�b�i�Z�� �g�Z��
�b�a�k�e�_�^�\�Z�g�b�y��KUKA KR 150 �k�Z���k�e�_�^�g�b�l�_�� 
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�H�l���j�h�l�Z�p�b�h�g�g�Z�l�Z���f�Z�l�j�b�p�Z���k�_���b�a�\�_�`�^�Z�l���k�e�_�^�g�b�l�_���m�j�Z�\�g�_�g�b�y���a�Z���h�c�e�_�j�h�\�b�l�_���t�]�e�b: 
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L �#�P�=�J�t�@
F�N�7�5�á
¥�N�5�5
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L �#�P�=�J�t�:�N�7�6�á�N�7�7�;  

 

�H�[�j�Z�l�g�Z �a�Z�^�Z�q�Z���\���d�b�g�_�f�Z�l�b�d�Z�l�Z���a�Z���b�a�k�e�_�^�\�Z�g�b�y���j�h�[�h�l 

�H�[�j�Z�l�g�Z�l�Z�� �a�Z�^�Z�q�Z�� �\�� �d�b�g�_�f�Z�l�b�d�Z�l�Z�� �j�Z�a�]�e�_�`�^�Z�� �h�[�j�Z�l�g�b�y�� �i�j�h�p�_�k�� �g�Z�� �i�j�Z�\�Z�l�Z�� �a�Z�^�Z�q�Z��- 
�b�a�q�b�k�e�y�\�Z�g�_�l�h�� �g�Z�� �a�Z�^�Z�^�_�g�b�l�_�� �t�]�e�b�� �g�Z�� �k�l�Z�\�b�l�_�� �g�Z�� �j�h�[�h�l�Z���� �\�� �a�Z�\�b�k�b�f�h�k�l�� �h�l�� �i�h�a�b�p�b�y�l�Z�� �b��
�h�j�b�_�g�l�Z�p�b�y�l�Z���g�Z���d�j�Z�c�g�h�l�h���a�\�_�g�h�����b�g�k�l�j�m�f�_�g�l�Z���� 

�<�� �k�e�m�q�Z�c���� �q�_�� �j�h�[�h�l�t�l�� �b�f�Z�� �^�h�i�t�e�g�b�l�_�e�_�g�� �b�g�k�l�j�m�f�_�g�l�� �b�e�b�� �h�k�g�h�\�g�Z�l�Z�� �d�h�h�j�^�b�g�Z�l�g�Z��
�k�b�k�l�_�f�Z�� �g�_�� �k�t�\�i�Z�^�Z�� �k�� �[�Z�a�h�\�Z�l�Z�� �g�Z�� �j�h�[�h�l�Z���� �k�_�� �b�a�\�t�j�r�\�Z�l�� �b�a�q�b�k�e�_�g�b�y�� �\�� �^�\�_�� �k�l�t�i�d�b���± �i�t�j�\�h�� �k�_��
�g�Z�f�b�j�Z�� �l�j�Z�g�k�n�h�j�f�Z�p�b�h�g�g�Z�l�Z�� �f�Z�l�j�b�p�Z���� �i�h�d�Z�a�\�Z�s�Z�� �j�_�e�Z�l�b�\�g�Z�l�Z�� �\�j�t�a�d�Z�� �f�_�`�^�m�� �h�k�g�h�\�g�Z�l�Z��
�d�h�h�j�^�b�g�Z�l�g�Z�� �k�b�k�l�_�f�Z�� �b�� �[�Z�a�h�\�Z�l�Z�� �g�Z�� �j�h�[�h�l�Z���� �Z�� �\�i�h�k�e�_�^�k�l�\�b�_�� �k�_�� �b�a�\�t�j�r�\�Z�l�� �b�a�q�b�k�e�_�g�b�y�l�Z��
�g�_�h�[�o�h�^�b�f�b���a�Z���j�_�r�Z�\�Z�g�_�l�h���g�Z���h�[�j�Z�l�g�Z�l�Z���a�Z�^�Z�q�Z�� 

�A�Z�� �j�Z�a�e�b�d�Z�� �h�l�� �i�j�Z�\�Z�l�Z�� �a�Z�^�Z�q�Z���� �\�� �h�[�j�Z�l�g�Z�l�Z�� �j�_�r�_�g�b�_�l�h�� �_�� �k�t�i�t�l�k�l�\�Z�g�h�� �k�� �g�Z�f�b�j�Z�g�_�l�h�� �g�Z��
�f�g�h�]�h�� �\�t�a�f�h�`�g�b�� �\�Z�j�b�Z�g�l�b���� �H�[�b�d�g�h�\�_�g�h�� �j�_�r�_�g�b�_�l�h�� �g�_�� �_�� �q�b�k�l�h�� �Z�g�Z�e�b�l�b�q�g�h���� �q�j�_�a��
�i�h�k�e�_�^�h�\�Z�l�_�e�g�h�k�l�� �h�l�� �m�j�Z�\�g�_�g�b�y�� �b�� �a�Z�\�b�k�b�f�h�k�l�b���� �Z�� �_�� �g�_�h�[�o�h�^�b�f�h�� �^�Z�� �k�_�� �i�j�b�e�h�`�b�� �]�_�h�f�_�l�j�b�q�_�g��
�i�h�^�o�h�^���� �A�Z���j�h�[�h�l�b�l�_���h�l�� �l�b�i�Z��KUKA KR 150 �_���b�a�i�h�e�a�\�Z�g���b�f�_�g�g�h���l�Z�d�t�\�� �i�h�^�o�h�^�����i�h�j�Z�^�b���e�b�i�k�Z��
�g�Z���\�t�a�f�h�`�g�h�k�l���^�Z���k�_���h�i�j�_�^�_�e�y�l���t�]�e�b�l�_���g�Z���k�l�Z�\�b�l�_���i�h���^�j�m�]���g�Z�q�b�g��[69]. 

�<�k�b�q�d�b��D-H �i�Z�j�Z�f�_�l�j�b �g�Z���b�a�k�e�_�^�\�Z�g�b�y���j�h�[�h�l�����d�h�b�l�h���k�Z���b�a�i�h�e�a�\�Z�g�b �\���b�a�q�b�k�e�_�g�b�y�l�Z�����k�Z��
�i�h�d�Z�a�Z�g�b���\���l�Z�[�e���� ����. �G�Z���n�b�]���� ��4 �_���i�h�d�Z�a�Z�g���h�i�j�h�k�l�_�g���d�b�g�_�f�Z�l�b�q�_�g���f�h�^�_�e���g�Z��KUKA KR-15������ �k��
�g�_�]�h�\�b�l�_���a�\�_�g�Z���b���d�b�g�_�f�Z�l�b�q�g�b���^�\�h�b�p�b [80]. 
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�<�� �]�_�h�f�_�l�j�b�q�g�b�y�� �f�_�l�h�^�� �a�Z�� �j�_�r�Z�\�Z�g�_�l�h�� �g�Z�� �h�[�j�Z�l�g�Z�l�Z�� �a�Z�^�Z�q�Z�� �a�Z�� �j�h�[�h�l��KUKA KR 150 - 
�t�]�e�b�l�_���g�Z���l�j�Z�g�k�n�h�j�f�Z�p�b�y���g�Z���h�l�^�_�e�g�b�l�_���k�l�Z�\�b���k�_���i�j�_�k�f�y�l�Z�l�� �\�� �k�e�_�^�g�Z�l�Z���i�h�k�e�_�^�h�\�Z�l�_�e�g�h�k�l: ��1, 
��3, ��2, ��5, ��4, ��6. 

 
�N�b�]������4 �H�i�j�h�k�l�_�g���d�b�g�_�f�Z�l�b�q�_�g���f�h�^�_�e���g�Z��KUKA KR 150 

 
�H�l�� �i�j�h�_�d�p�b�y�l�Z�� �g�Z��K4 �\�t�j�o�m�� �j�Z�\�g�b�g�Z�l�Z��X0-Y0 �g�Z�� �h�k�g�h�\�g�Z�l�Z�� �d�h�h�j�^�b�g�Z�l�g�Z�� �k�b�k�l�_�f�Z��K0 �k�_��

�b�a�q�b�k�e�y�\�Z���t�]�t�e�t�l����1. �A�Z���p�_�e�l�Z���i�t�j�\�h���k�_���h�i�j�_�^�_�e�y���j�Z�a�i�h�e�h�`�_�g�b�_�l�h���g�Z K4. �D�b�g�_�f�Z�l�b�q�g�Z�l�Z���k�o�_�f�Z��
�g�Z�� �b�a�k�e�_�^�\�Z�g�b�y�� �j�h�[�h�l�� �_�� �j�Z�a�j�Z�[�h�l�_�g�Z�� �k�� �l�j�b�� �\�t�j�l�y�s�b�� �^�\�h�b�p�b���� �d�h�b�l�h�� �g�_�� �i�j�h�f�_�g�y�l�� �i�h�a�b�p�b�y�l�Z���� �Z��
�k�Z�f�h���h�j�b�_�g�l�Z�p�b�y�l�Z���g�Z���k�t�k�_�^�g�b�l�_���a�\�_�g�Z���± K1, K4 �b��K6 (A1, A4 �b��A6 �g�Z���n�b�]������8). �H�l���l�h�\�Z���k�e�_�^�\�Z����
�q�_�� �t�]�e�h�\�h�l�h�� �i�h�e�h�`�_�g�b�_�� �g�Z��K6 �h�j�b�_�g�l�b�j�Z�� �d�j�Z�c�g�b�y�� �_�n�_�d�l�h�j���� �[�_�a�� �^�Z�� �h�d�Z�a�\�Z�� �\�e�b�y�g�b�_�� �\�t�j�o�m��
�i�h�a�b�p�b�y�l�Z�� �f�m���� �B�a�i�h�e�a�\�Z�c�d�b�� �\�_�d�l�h�j�g�Z�l�Z�� �j�_�i�j�_�a�_�g�l�Z�p�b�y�� �a�Z�� �]�_�h�f�_�l�j�b�q�g�h�l�h�� �j�Z�a�i�h�e�h�`�_�g�b�_�� �g�Z��
�a�\�_�g�Z�l�Z��K4 �b��K6, �k�_���i�h�e�m�q�Z�\�Z: 

�L�&�8�: 
L �@�: �®�J�,�&. 
�<�_�d�l�h�j�t�l���J�,�& �g�Z�k�h�q�_�g���d�t�f���h�k��z �g�Z��K6, �a�Z�f�_�k�l�\�Z���j�h�l�Z�p�b�h�g�g�Z�l�Z���f�Z�l�j�b�p�Z���\���l�j�_�l�Z�l�Z���d�h�e�h�g�Z���g�Z��

�l�j�Z�g�k�n�h�j�f�Z�p�b�h�g�g�Z�l�Z �f�Z�l�j�b�p�Z �6�:
�4 : 

�L�&�4�8
L �L�&
F�L�&�8�: 
L �L�&
F�@�: �®�J�,�&
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e

�L�4�8�ë
�L�4�8�ì
�L�4�8�í


i 
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�O. 

�B�a�i�h�e�a�\�Z�c�d�b���l�Z�a�b���a�Z�\�b�k�b�f�h�k�l���k�_���b�a�q�b�k�e�y�\�Z����1 �k���n�h�j�f�m�e�Z�l�Z: 
�à�5 
L �#�P�=�J�t �@�L�4�8�ì �á�L�4�8�ë�A
E�è�J, 

�d�t�^�_�l�h �J 
L 
F�s�á�r�á�s. 
�B�a�i�h�e�a�\�Z�c�d�b���k�t�s�b�y�l�� �f�h�^�_�e �k�_�� �b�a�q�b�k�e�y�\�Z�� �\�_�d�l�h�j�t�l �L�&�5�8. �I�h�a�b�p�b�y�l�Z�� �g�Z�� �\�_�d�l�h�j�Z 

�L�&�4�5���Ô�È���Å�Ê�Ë�Ï�Ã �h�l���l�j�Z�g�k�e�Z�p�b�h�g�g�Z�l�Z���q�Z�k�l���g�Z���l�j�Z�g�k�n�h�j�f�Z�p�b�h�g�g�Z�l�Z���f�Z�l�j�b�p�Z���6�5
�4 : 

�L�&�5�8
L �L�&�4�8
F �L�&�4�5
L �N
�L�ë 
F �@�: �J�ë

�L�ì 
F �@�: �J�ì

�L�í 
F �@�: �J�í
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�K�m�f�Z�l�Z���h�l���t�]�e�b�l�_���g�Z���l�j�b�t�]�t�e�g�b�d�Z��K2K3K4 �_���j�Z�\�g�Z���g�Z �������ƒ�����k�e�_�^�h�\�Z�l�_�e�g�h�� 
�=�;���Û
L �s�z�r�¹
F �ñ 
F�:�s�z�r�¹
F�î �; 
L �î 
F �ñ, 
�>�;���Û
L �î 
E�ñ. 
�B�a�q�b�k�e�y�\�Z���k�_���t�]�t�e�t�l �î  �h�l���d�h�k�b�g�m�k�h�\�Z�l�Z���l�_�h�j�_�f�Z: 

�î 
L �#�?�K�O�:
�Ô�.

�. �>�ß�0
�. �?���ã�&�-�0���.

�6�Ô�. �ß�0
�;. 

�B�a�q�b�k�e�y�\�Z���k�_���t�]�t�e�t�l���ñ �i�h���k�e�_�^�g�Z�l�Z���a�Z�\�b�k�b�f�h�k�l: 
�ñ 
L �#�P�=�J�t�:�=�7�á�@�8�;. 
�K�i�h�j�_�^���k�l�h�c�g�h�k�l�l�Z���g�Z �Û �k�_���i�h�e�m�q�Z�\�Z�l���^�\�_���\�t�a�f�h�`�g�b���j�_�r�_�g�b�y���a�Z �à�7: 
�s�;���à�7 
L �J�:�s�z�r�¹
F �:�î 
F �ñ�;�;, 
�t�;���à�7 
L �J�:�s�z�r�¹
F �:�î 
E�ñ�;�;, 

�d�t�^�_�l�h���J 
L 
F�s�á�s. 
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�A�Z���h�i�j�_�^�_�e�y�g�_�l�h���g�Z���t�]�t�e�Z���à�6 �k�_���b�a�i�h�e�a�\�Z�l���t�]�e�b�l�_ ��1 �b����2�����d�h�b�l�h���k�_���i�h�e�m�q�Z�\�Z�l���h�l���\�_�d�l�h�j�Z 
�L�&�5�8 (�n�b�]������5) [80]. 
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�B�a�q�b�k�e�y�\�Z�g�_�l�h���g�Z���à�6 �k�_���b�a�\�t�j�r�\�Z���q�j�_�a���l�j�Z�g�k�n�h�j�f�Z�p�b�y���g�Z���L�&�5�8 �h�l K0 �^�h��K1�����b�a�i�h�e�a�\�Z�c�d�b��

�b�g�\�_�j�k�b�y�l�Z���g�Z���j�h�l�Z�p�b�h�g�g�Z�l�Z���f�Z�l�j�b�p�Z �~�5
�4 �����q�Z�k�l���h�l���l�j�Z�g�k�n�h�j�f�Z�p�b�h�g�g�Z�l�Z���f�Z�l�j�b�p�Z �6�5
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�L�&�5�8

�:�5�; 
L �: �~�5
�4 �;�?�5 �®�L�&�5�8. 
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L �#�P�=�J�t�:�L�&�5�8

�:�5�;
�ì
�á�L�&�5�8

�:�5�;
�ë
�;, 

�Ú�6 
L �#�?�K�O�:
�Ô�.

�. �>���ã�&�-�0���. �?�ß�0
�.

�6�Ô�. ���ã�&�-�0��
�;. 

�K�e�_�^���b�a�\�t�j�r�_�g�b�l�_���b�a�q�b�k�e�_�g�b�y���k�_���i�h�e�m�q�Z�\�Z�l���^�\�_���\�t�a�f�h�`�g�h�k�l�b���a�Z���à�6: 
�s�;���à�6 
L �J�:�Ú�5 
E�Ú�6�;, 
�t�;���à�6 
L �J�:�Ú�5 
F �Ú�6�;, 

�d�t�^�_�l�h���J 
L 
F�s�á�s. 
�H�i�j�_�^�_�e�y�g�_�l�h���g�Z����5 �k�_���b�a�\�t�j�r�\�Z�����q�j�_�a���k�d�Z�e�Z�j�g�h�l�h���i�j�h�b�a�\�_�^�_�g�b�_���g�Z���g�_�g�m�e�_�\�b�l�_���\�d�l�h�j�b �J�,�& 

�b �V�&�7. 
�V�&�7 �®�J�,�&
L ���V�&�7���®���J�,�&���®�…�‘�•�à�9, 
�à�9 
L �#�?�K�O�:�V�&�7 �®�J�,�&�;. 
�H�j�b�_�g�l�Z�p�b�y�l�Z�� �g�Z�� �\�_�d�l�h�j�Z �V�&�7 �k�_�� �\�a�b�f�Z�� �h�l�� �j�h�l�Z�p�b�h�g�g�Z�l�Z�� �f�Z�l�j�b�p�Z���� �q�Z�k�l�� �h�l��

�l�j�Z�g�k�n�h�j�f�Z�p�b�h�g�g�Z�l�Z�� �f�Z�l�j�b�p�Z �6�8
�4 ���� �d�h�y�l�h���k�_�� �b�a�q�b�k�e�y�\�Z�� �h�l�� �t�]�e�b�l�_ ��1, ��2 �b����3. �<�_�d�l�h�j�t�l �V�&�7 �k�_��

�i�h�e�m�q�Z�\�Z���h�l���l�j�_�l�Z�l�Z���d�h�e�h�g�Z���g�Z���f�Z�l�j�b�p�Z�l�Z �~�8
�4 . 

�A�Z���t�]�t�e�Z ��5 �k�_���i�h�e�m�q�Z�\�Z�l���k�e�_�^�g�b�l�_���\�t�a�f�h�`�g�b���j�_�r�_�g�b�y: 
�s�;���à�9 
L �V�7�ë�J�ë 
E�V�7�ì �J�ì 
E�V�7�í�J�í, 
�t�;���à�9 
L 
F�:�V�7�ë�J�ë 
E�V�7�ì �J�ì 
E�V�7�í�J�í�;. 
�A�Z���i�t�e�g�Z�l�Z���j�h�l�Z�p�b�y���k�_���b�a�q�b�k�e�y�\�Z: 
�~�:

�4 
L �~�7
�4 �®�~�:

�7 �\ �~�:
�7 
L �: �~�7

�4 �;�?�5 �®�~�:
�4 . 

�F�Z�l�j�b�p�Z�l�Z R �_���h�j�l�h�]�h�g�Z�e�g�Z�����k�t�h�l�\�_�l�g�h�� 
�: �~�7

�4 �;�Í �®�~�7
�4 
L �u�\ �: �~�7

�4 �;�?�5 
L �: �~�7
�4 �;�Í . 

�H�l���b�a�\�_�^�_�g�b�l�_���a�Z�\�b�k�b�f�h�k�l�b���k�_���i�h�e�m�q�Z�\�Z: 

�~�:
�7 
L �: �~�7

�4 �;�Í �®�~�:
�4 
L 
e

�?�8�?�9�?�: 
F �O�8�O�: 
F�O�8�?�: 
F �?�8�?�9�O�: 
F�?�8�O�9
�O�8�?�9�?�: 
E�?�8�O�: �?�8�?�: 
F �O�8�?�9�O�: 
F�O�8�O�9

�O�9�?�: 
F�O�9�O�: �?�9

i 
L 
e

�N�5�5 �N�5�6 �N�5�7
�N�6�5 �N�6�6 �N�6�7
�N�7�5 �N�7�6 �N�7�7


i, 

�d�t�^�_�l�h �O�Ü
L �•�‹�•�à�Ü, �?�Ü
L �…�‘�•�à�Ü. 
�A�Z���j�h�l�Z�p�b�h�g�g�Z�l�Z���f�Z�l�j�b�p�Z �~�:

�7  �k�_���b�a�q�b�k�e�y�\�Z�l���k�e�_�^�g�b�l�_���m�j�Z�\�g�_�g�b�y: 
�D

F�O�8�O�9 
L �N�6�7

F�?�8�O�9 
L �N�5�7

, 
�h�l�d�t�^�_�l�h���k�_���i�h�e�m�q�Z�\�Z: 

�–�ƒ�•�à�8 
L
�å�.�/
�å�-�/

  
�K�l�h�c�g�h�k�l�l�Z���g�Z ��4 �k�_���b�a�q�b�k�e�y�\�Z���h�l: 
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�à�8 
L �#�P�=�J�t�:�N�6�7�á�N�5�7�; 
E�è�J, 
�d�t�^�_�l�h���J 
L 
F�t�á
F�s�á�r�á�s�á�t. 

�B�^�_�g�l�b�q�g�h���d�Z�l�h ��4 �k�_���g�Z�f�b�j�Z���j�_�r�_�g�b�_�l�h���a�Z ��6: 
�–�ƒ�•�à�: 
L

�?�å�/�.
�å�/�-

  
�A�Z���t�]�t�e����6 �k�_���i�h�e�m�q�Z�\�Z: 
�à�: 
L �#�P�=�J�t�:
F�N�7�6�á�N�7�5�; 
E�è�J  

�d�t�^�_�l�h �J 
L 
F�t�á
F�s�á�r�á�s�á�t. 
2.4.2. �H�i�_�j�Z�p�b�h�g�g�Z���k�b�k�l�_�f�Z����HMI �i�h�l�j�_�[�b�l�_�e�k�d�b���b�g�l�_�j�n�_�c�k���b���_�d�j�Z�g�b�����[�Z�a�h�\�b���n�m�g�d�p�b�b��

�b���\�t�a�f�h�`�g�h�k�l�b���g�Z���h�i�_�j�Z�l�b�\�g�b�y���k�h�n�l�m�_�j���g�Z���j�h�[�h�l��KUKA KR 150 
�<�� �^�_�c�g�h�k�l�l�Z���_�� �j�Z�a�]�e�_�^�Z�g�� �b�� �Z�g�Z�e�b�a�b�j�Z�g���j�Z�a�j�Z�[�h�l�_�g�b�y�l �b�� �b�f�i�e�_�f�_�g�l�b�j�Z�g �k�h�n�l�m�_�j�� �a�Z��

�m�i�j�Z�\�e�_�g�b�_�� �g�Z�� �i�j�h�b�a�\�_�`�^�Z�g�b�l�_�� �h�l��KUKA �k�_�j�b�b�� �j�h�[�h�l�b, �j�Z�a�i�j�h�k�l�j�Z�g�y�\�Z�g�� �i�h�^ �b�f�_�l�h��KSS 
(Kuka System Software) [90]. �<�� �k�e�_�^�\�Z�s�b�l�_�� �j�_�^�h�\�_�� �_�� �^�Z�^�_�g�h�� �h�i�b�k�Z�g�b�_�l�h�� �g�Z�� �b�a�\�t�j�r�_�g�h�l�h��
�b�a�k�e�_�^�\�Z�g�_�� 

�A�Z���j�Z�a�]�e�_�`�^�Z�g�b�y���j�h�[�h�l��KUKA KR 150 �± �h�[�_�d�l���g�Z���b�a�k�e�_�^�\�Z�g�_���� �k�h�n�l�m�_�j�g�h�l�h�� �h�k�b�]�m�j�y�\�Z�g�_��
�k�_�� �h�k�t�s�_�k�l�\�y�\�Z�� �h�l�� �^�\�Z�� �h�k�g�h�\�g�b�� �d�h�f�i�h�g�_�g�l�Z����KSS �± �a�Z�� �b�a�i�t�e�g�_�g�b�_�� �g�Z�� �h�k�g�h�\�g�b�l�_�� �n�m�g�d�p�b�b�� �b��
�h�i�_�j�Z�l�b�\�g�b�� �\�t�a�f�h�`�g�h�k�l�b�� �g�Z�� �j�h�[�h�l�Z�� �b��Windows XP embedded 2.x �k�t�k��Service Pack 2, 
�h�k�b�]�m�j�y�\�Z�s�� �i�h�l�j�_�[�b�l�_�e�k�d�b�� �h�j�b�_�g�l�b�j�Z�g�� �b�g�l�_�j�n�_�c�k�� �a�Z�� �d�h�f�m�g�b�d�Z�p�b�y�� �k�� �i�h�l�j�_�[�b�l�_�e�y�� �g�Z��
�k�b�k�l�_�f�Z�l�Z�� 

�H�i�_�j�Z�p�b�h�g�g�Z���k�b�k�l�_�f�Z 
�K�h�n�l�m�_�j�g�h�l�h�� �h�k�b�]�m�j�y�\�Z�g�_�� �g�Z�� �j�h�[�h�l�b�l�_��KUKA �± KSS �h�l�]�h�\�Z�j�y�� �a�Z�� �\�k�b�q�d�b�� �h�k�g�h�\�g�b��

�i�j�h�p�_�k�b���b���n�m�g�d�p�b�h�g�Z�e�g�h�k�l�b�����k�\�t�j�a�Z�g�b���k���m�i�j�Z�\�e�_�g�b�_�l�h���g�Z���j�h�[�h�l�b�l�_�����d�h�b�l�h���k�Z�� 
- �_�^�g�h�\�j�_�f�_�g�g�h�� �m�i�j�Z�\�e�_�g�b�_�� �g�Z�� �^�\�b�]�Z�l�_�e�b�l�_�� �g�Z�� �h�l�^�_�e�g�b�l�_�� �a�\�_�g�Z�� �g�Z�� �j�h�[�h�l�Z�� �i�j�b��

�b�a�]�j�Z�`�^�Z�g�_�l�h���g�Z���l�j�Z�_�d�l�h�j�b�y���g�Z���^�\�b�`�_�g�b�_���i�h���a�Z�^�Z�^�_�g�b���d�h�h�j�^�b�g�Z�l�b���g�Z���l�h�q�d�b�l�_���a�Z��
�d�j�Z�c�g�b�y �_�n�_�d�l�h�j; 

- �m�i�j�Z�\�e�_�g�b�_���g�Z���\�o�h�^�h�\�_�l�_���b���b�a�o�h�^�b�l�_���g�Z���d�h�g�l�j�h�e�_�j�b�l�_���h�l���o�Z�j�^�m�_�j�g�Z�l�Z���k�b�k�l�_�f�Z���g�Z��
�j�h�[�h�l�Z; 

- �m�i�j�Z�\�e�_�g�b�_�� �g�Z�� �n�Z�c�e�h�\�Z�l�Z�� �k�b�k�l�_�f�Z���� �h�i�_�j�Z�l�b�\�g�Z�l�Z�� �b�� �g�_�h�i�_�j�Z�l�b�\�g�Z�� �i�Z�f�_�l�� �g�Z��
�j�h�[�h�l�Z�����a�Z���b�a�i�t�e�g�_�g�b�_���g�Z���a�Z�e�h�`�_�g�b�l�_���i�j�h�]�j�Z�f�g�b���n�m�g�d�p�b�h�g�Z�e�g�h�k�l�b; 

- �h�k�b�]�m�j�y�\�Z�g�_�� �g�Z�� �g�Z�^�_�`�^�_�g�� �b�� �^�h�k�l�t�i�_�g�� �a�Z�� �i�h�l�j�_�[�b�l�_�e�y��HMI (Human-machine 
interface). 

HMI �± �i�h�l�j�_�[�b�l�_�e�k�d�b���b�g�l�_�j�n�_�c�k 
�I�h�l�j�_�[�b�l�_�e�k�d�b�y�l�� �b�g�l�_�j�n�_�c�k���± HMI ���n�b�]���� ��6), �h�k�b�]�m�j�y�\�Z�� �[�t�j�a�� �b�� �e�_�k�_�g�� �^�h�k�l�t�i�� �^�h��

�k�e�_�^�g�b�l�_���n�m�g�d�p�b�h�g�Z�e�g�h�k�l�b���g�Z���k�h�n�l�m�_�j�Z���g�Z���j�h�[�h�l�Z�� 
- �i�h�l�j�_�[�b�l�_�e�k�d�h�� �g�b�\�h�� �g�Z�� �m�i�j�Z�\�e�_�g�b�_���± �h�k�b�]�m�j�y�\�Z�� �^�h�k�l�t�i�� �^�h�� �n�m�g�d�p�b�h�g�Z�e�g�h�k�l�b�l�_�� �g�Z��

�k�h�n�l�m�_�j�g�h�l�h���h�k�b�]�m�j�y�\�Z�g�_�����^�h�k�l�t�i�g�b���a�Z���g�b�\�h���Äuser�³�����b�e�b���a�Z���g�b�\�h���Äexpert�³. 
- �i�h�^�i�j�h�]�j�Z�f�Z�� �a�Z�� �j�_�^�Z�d�l�b�j�Z�g�_�� �g�Z�� �k�t�s�_�k�l�\�m�\�Z�s�b�� �i�j�h�]�j�Z�f�b���± �^�Z�\�Z�� �\�t�a�f�h�`�g�h�k�l�� �^�Z�� �k�_��

�j�_�^�Z�d�l�b�j�Z�l�� �a�Z�i�Z�f�_�l�_�g�b�� �i�j�h�]�j�Z�f�b�� �k�t�k�� �a�Z�^�Z�^�_�g�b�� �l�j�Z�_�d�l�h�j�b�b�� �g�Z�� �^�\�b�`�_�g�b�_�� �b�e�b�� �^�Z�� �k�_��
�h�i�l�b�f�b�a�b�j�Z�l���h�i�j�_�^�_�e�_�g�b���n�m�g�d�p�b�h�g�Z�e�g�h�k�l�b���g�Z���k�b�k�l�_�f�g�b�y���k�h�n�l�m�_�j�� 

- �k�i�_�p�b�Z�e�b�a�b�j�Z�g�Z�� �i�j�h�]�j�Z�f�g�Z�� �k�j�_�^�Z�� ���k�h�n�l�m�_�j�_�g�� �b�g�k�l�j�m�f�_�g�l �a�Z�� �j�Z�a�j�Z�[�h�l�d�Z�� �g�Z��
�i�j�h�]�j�Z�f�b�� �b�� �i�h�^�i�j�h�]�j�Z�f�b���� �a�Z�� �^�h�[�Z�\�y�g�_�� �g�Z�� �g�h�\�b�� �k�h�n�l�m�_�j�g�b�� �b�g�k�l�j�m�f�_�g�l�b�� �b��
�n�m�g�d�p�b�h�g�Z�e�g�h�k�l�b���± �b�a�i�h�e�a�\�Z�� �k�_�� �l���g�Z�j����KRL (Kuka Robot Language), �j�Z�a�j�Z�[�h�l�_�g�� �h�l��
�d�h�f�i�Z�g�b�y�l�Z��KUKA; 

- �_�d�j�Z�g�b���a�Z���^�h�k�l�t�i���^�h���j�Z�a�e�b�q�g�Z���k�b�k�l�_�f�g�Z���b�g�n�h�j�f�Z�p�b�y���± �l�h�\�Z���f�h�]�Z�l���^�Z���[�t�^�Z�l���_�d�j�Z�g�b����
�a�Z�� �\�t�a�g�b�d�g�Z�e�b�� �]�j�_�r�d�b���� �a�Z�� �i�j�h�k�e�_�^�y�\�Z�g�_�� �j�Z�[�h�l�Z�l�Z�� �g�Z�� �i�j�h�]�j�Z�f�b�l�_�� �\���Ä�^�_�[�t�]�b�g�]�³ 
�j�_�`�b�f���� �a�Z�� �b�g�n�h�j�f�Z�p�b�y�� �a�Z�� �j�Z�[�h�l�g�b�l�_�� �i�Z�j�Z�f�_�l�j�b�� �b�� �j�_�`�b�f�b�� �g�Z�� �j�Z�[�h�l�Z���� �a�Z�� �b�a�[�h�j�� �g�Z��
�d�h�h�j�^�b�g�Z�l�g�b���k�b�k�l�_�f�b���b���d�j�Z�c�g�b���l�h�q�d�b�����g�_�h�[�o�h�^�b�f�b���a�Z���i�j�h�]�j�Z�f�b�j�Z�g�_���g�Z���l�j�Z�_�d�l�h�j�b�y�l�Z��
�g�Z�� �^�\�b�`�_�g�b�_�� �g�Z�� �d�j�Z�c�g�b�y�� �_�n�_�d�l�h�j���� �a�Z�� �\�b�a�m�Z�e�b�a�Z�p�b�y�� �g�Z�� �^�\�b�`�_�g�b�y�l�Z�� �g�Z�� �a�\�_�g�Z�l�Z�� �g�Z��
�j�h�[�h�l�Z���b���^�j���� 
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- �j�Z�a�e�b�q�g�b�� �k�h�n�l�m�_�j�g�b�� �b�� �i�j�h�]�j�Z�f�g�b�� �i�h�f�h�s�g�b�� �k�j�_�^�k�l�\�Z���± �l�Z�d�b�\�Z�� �f�h�]�Z�l�� �^�Z�� �[�t�^�Z�l��
�j�Z�a�e�b�q�g�b�l�_�� �d�h�g�n�b�]�m�j�Z�p�b�h�g�g�b�� �n�Z�c�e�h�\�_�� �b�� �_�d�j�Z�g�b���� �^�h�k�l�t�i�� �^�h���³online�´ �k�t�i�h�j�l����
�h�k�b�]�m�j�_�g���h�l���i�j�h�b�a�\�h�^�b�l�_�e�y���b�e�b���^�b�k�l�j�b�[�m�l�h�j�Z���g�Z���m�i�j�Z�\�e�y�\�Z�g�b�y���j�h�[�h�l���b���^�j�� 

 
�N�b�]������6 HMI  �_�d�j�Z�g���a�Z���m�i�j�Z�\�e�_�g�b�_���g�Z���j�h�[�h�l��KUKA KR 150 

 
�d�t�^�_�l�h�� 

1 �± �E�y�\�h�h�j�b�_�g�l�b�j�Z�g�b�� �n�m�g�d�p�b�h�g�Z�e�g�b�� �[�m�l�h�g�b���± �[�m�l�h�g�b�� �a�Z���m�i�j�Z�\�e�_�g�b�_�� �g�Z�� �j�h�[�h�l�Z�� �b��
�g�Z�k�l�j�h�c�d�b���g�Z���j�Z�[�h�l�g�b���i�Z�j�Z�f�_�l�j�b�� 

2 �± �B�d�h�g�b���g�Z���e�y�\�h�h�j�b�_�g�l�b�j�Z�g�b�l�_���n�m�g�d�p�b�h�g�Z�e�g�b���[�m�l�h�g�b�� 
3 �± �;�m�l�h�g�b�� �a�Z�� �^�h�k�l�t�i�� �^�h�� �i�h�l�j�_�[�b�l�_�e�k�d�b�� �f�_�g�x�l�Z���± �^�h�k�l�t�i�\�Z�l�� �k�_�� �j�Z�a�e�b�q�g�b�� �f�_�g�x�l�Z�� �a�Z��

�j�Z�[�h�l�Z���k���h�i�j�_�^�_�e�_�g���i�Z�d�_�l���h�l���k�h�n�l�m�_�j�g�b���b�g�k�l�j�m�f�_�g�l�b�� 
4 �± �B�d�h�g�b���g�Z���[�m�l�h�g�b�l�_���a�Z���^�h�k�l�t�i���^�h���i�h�l�j�_�[�b�l�_�e�k�d�b���f�_�g�x�l�Z�� 
5 �± �>�y�k�g�h�h�j�b�_�g�l�b�j�Z�g�b���n�m�g�d�p�b�h�g�Z�e�g�b���[�m�l�h�g�b�� 
6 �± �B�d�h�g�b���g�Z���^�y�k�g�h�h�j�b�_�g�l�b�j�Z�g�b�l�_���n�m�g�d�p�b�h�g�Z�e�g�b���[�m�l�h�g�b�� 
7. �± �;�m�l�h�g�b���a�Z���^�b�g�Z�f�b�q�g�Z���k�f�y�g�Z���g�Z���i�h�l�j�_�[�b�l�_�e�k�d�b���_�d�j�Z�g�b�� 
8 �± �B�d�h�g�b���g�Z���[�m�l�h�g�b�l�_���a�Z���^�b�g�Z�f�b�q�g�Z���k�f�y�g�Z���g�Z���i�h�l�j�_�[�b�l�_�e�k�d�b���_�d�j�Z�g�b�� 
�?�d�j�Z�g�b�l�_�� �h�l��HMI �g�Z��KUKA KR 150 �h�k�g�h�\�g�h�� �k�_�� �j�Z�a�^�_�e�y�l�� �g�Z�� �l�j�b�� �n�m�g�d�p�b�h�g�Z�e�g�h-

�h�j�b�_�g�l�b�j�Z�g�b���i�j�h�a�h�j�_�p�Z�����i�h�d�Z�a�Z�g�b���g�Z���n�b�]����97. 

 
�N�b�]������7 �H�k�g�h�\�g�b���_�d�j�Z�g�b�����q�Z�k�l���h�l��HMI  �g�Z��KUKA KR 150 

�d�t�^�_�l�h�� 
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1 �± �=�e�Z�\�_�g�� ���h�k�g�h�\�_�g���� �_�d�j�Z�g���± �g�Z�\�b�]�b�j�Z�� �i�h�l�j�_�[�b�l�_�e�y�� �i�j�_�a�� �n�Z�c�e�h�\�Z�l�Z�� �k�b�k�l�_�f�Z�� �g�Z��
�k�h�n�l�m�_�j�g�h�l�h���h�k�b�]�m�j�y�\�Z�g�_�� 

2 �± �N�m�g�d�p�b�h�g�Z�e�_�g�� �_�d�j�Z�g���± �h�k�b�]�m�j�y�\�Z�� �^�h�k�l�t�i�� �^�h�� �h�i�j�_�^�_�e�_�g�b�� �n�m�g�d�p�b�h�g�Z�e�g�b�� �i�Z�j�Z�f�_�l�j�b��
�b�e�b���i�h�k�e�_�^�h�\�Z�l�_�e�g�h�k�l���h�l���n�m�g�d�p�b�b�����F�h�`�_���^�Z���[�t�^�_���h�l�\�h�j�_�g���k�Z�f�h���_�^�b�g���n�m�g�d�p�b�h�g�Z�e�_�g���_�d�j�Z�g���i�h��
�_�^�g�h���b���k�t�s�h���\�j�_�f�_�� 

3 �± �?�d�j�Z�g�� �a�Z�� �k�b�k�l�_�f�g�b�� �k�t�h�[�s�_�g�b�y���± �\�b�a�m�Z�e�b�a�b�j�Z�� �b�g�n�h�j�f�Z�p�b�y���� �k�\�t�j�a�Z�g�Z�� �k���� �\�t�a�g�b�d�g�Z�e�b��
�]�j�_�r�d�b�����^�b�Z�e�h�]�h�\�b���b���k�b�k�l�_�f�g�b���k�t�h�[�s�_�g�b�y�� 

�H�k�g�h�\�g�b���k�b�k�l�_�f�g�b���g�Z�k�l�j�h�c�d�b �g�Z���h�i�_�j�Z�p�b�h�g�g�Z�l�Z���k�b�k�l�_�f�Z��KSS 
�A�Z�� �g�Z�q�Z�e�g�h�� �k�l�Z�j�l�b�j�Z�g�_�� �g�Z�� �k�b�k�l�_�f�Z�l�Z�� �_�� �g�_�h�[�o�h�^�b�f�h�� �^�Z�� �k�_�� �\�t�\�_�^�Z�l�� �k�_�j�b�y�� �h�l��

�d�h�g�n�b�]�m�j�Z�p�b�h�g�g�b���i�Z�j�Z�f�_�l�j�b���b���g�Z�k�l�j�h�c�d�b�����d�h�b�l�h���\�d�e�x�q�\�Z�l�� 
- �k�l�Z�j�l�h�\�b���g�Z�k�l�j�h�c�d�b���g�Z���k�b�k�l�_�f�Z�l�Z���± �\�t�\�_�`�^�Z�l���k�_���j�_�`�b�f�b���a�Z���k�l�Z�j�l�b�j�Z�g�_���b���j�_�k�l�Z�j�l��

�g�Z���k�b�k�l�_�f�Z�l�Z���� 
- �b�a�[�h�j���g�Z���_�a�b�d���g�Z���k�b�k�l�_�f�g�b�y���k�h�n�l�m�_�j; 
- �k�_�e�_�d�l�b�j�Z�g�_���b���i�j�h�f�y�g�Z���g�Z���g�b�\�h�l�h���g�Z���i�h�l�j�_�[�b�l�_�e�y �± �q�_�l�b�j�b���k�Z���]�j�m�i�b�l�_���i�h�l�j�_�[�b�l�_�e�b��

�k�t�k�� �k�t�h�l�\�_�l�g�b�l�_�� �i�j�Z�\�Z���� �d�h�b�l�h�� �f�h�]�Z�l�� �^�Z�� �[�t�^�Z�l�� �k�_�e�_�d�l�b�j�Z�g�b����operator (�]�j�m�i�Z��
�i�h�l�j�_�[�b�l�_�e�b�� �i�h�� �i�h�^�j�Z�a�[�b�j�Z�g�_���� �k�� �h�k�g�h�\�g�b�� �i�j�Z�\�Z�� �a�Z�� �^�h�k�l�t�i�� �\�� �k�b�k�l�_�f�Z�l�Z), user (�]�j�m�i�Z��
�i�h�l�j�_�[�b�l�_�e�b�� �k�� �i�j�Z�\�Z�� �g�Z�� �h�i�_�j�Z�l�h�j�b�� �b�� �k�� �\�t�a�f�h�`�g�h�k�l�� �a�Z�� �j�_�^�Z�d�l�b�j�Z�g�_�� �g�Z�� �h�i�j�_�^�_�e�_�g�b��
�k�b�k�l�_�f�g�b�� �n�Z�c�e�h�\�_), expert (�]�j�m�i�Z�� �i�h�l�j�_�[�b�l�_�e�b�� �k�� �j�Z�a�r�b�j�_�g�b�� �i�j�Z�\�Z���� �k�t�k�� �a�g�Z�g�b�y �b��
�m�f�_�g�b�y�� �a�Z�� �^�h�k�l�t�i�� �^�h�� �n�Z�c�e�h�\�_���� �i�j�_�^�g�Z�a�g�Z�q�_�g�b�� �a�Z�� �i�j�h�]�j�Z�f�b�k�l�b�� �b�� �k�� �\�t�a�f�h�`�g�h�k�l�� �a�Z��
�k�f�y�g�Z�� �g�Z�� �i�h�l�j�_�[�b�l�_�e�k�d�b�y�� �b�g�l�_�j�n�_�c�k), administrator (�]�j�m�i�Z�� �i�h�l�j�_�[�b�l�_�e�b�� �k�� �i�t�e�g�b��
�i�j�Z�\�Z���a�Z���^�h�k�l�t�i���^�h���k�b�k�l�_�f�g�b�l�_���n�Z�c�e�h�\�_); 

- �b�a�[�h�j�� �g�Z�� �j�_�`�b�f�� �g�Z�� �j�Z�[�h�l�Z �± �a�Z�� �j�h�[�h�l�b�l�_��KUKA KR 150 �b�f�Z�� �q�_�l�b�j�b�� �j�_�`�b�f�Z�� �g�Z��
�j�Z�[�h�l�Z�����d�h�b�l�h���k�Z�����j�t�q�_�g���k���h�]�j�Z�g�b�q�_�g�b�_���a�Z���k�d�h�j�h�k�l�l�Z�����j�_�`�b�f��T1, �n�b�]������8 - 1), �j�t�q�_�g���k��
�\�b�k�h�d�Z�� �k�d�h�j�h�k�l�� ��T2���� �n�b�]���� ��8 - 2), �Z�\�l�h�f�Z�l�b�q�_�g�� ��AUT���� �n�b�]���� ��8 - 3), �Z�\�l�h�f�Z�l�b�q�_�g�� �k��
�\�t�g�r�_�g���^�h�k�l�t�i����AUT EXT�����n�b�]������8 - 4). �K�_�e�_�d�l�b�j�Z�l���k�_���h�l���i�Z�g�_�e�Z���a�Z���j�t�q�g�h���m�i�j�Z�\�e�_�g�b�_��
(�n�b�]������8). 

 
�N�b�]������8 �B�a�[�h�j���g�Z���j�_�`�b�f�b���g�Z���j�Z�[�h�l�Z���h�l���i�Z�g�_�e�Z���a�Z���j�t�q�g�h���m�i�j�Z�\�e�_�g�b�_���g�Z��KUKA KR 150 

 
�;�Z�a�h�\�b���g�Z�k�l�j�h�c�d�b���b���d�h�g�n�b�]�m�j�Z�p�b�y �g�Z���h�i�_�j�Z�p�b�h�g�g�Z�l�Z���k�b�k�l�_�f�Z��KSS�����g�_�h�[�o�h�^�b�f�b���a�Z��

�k�t�k�l�Z�\�y�g�_���g�Z���m�i�j�Z�\�e�y�\�Z�s�b���i�j�h�]�j�Z�f�b���g�Z���j�h�[�h�l�Z 
- �b�a�[�h�j�� �g�Z�� �d�h�h�j�^�b�g�Z�l�g�b�� �k�b�k�l�_�f�b �± �b�a�[�b�j�Z�� �k�_�� �f�_�`�^�m�� �l�j�b�� �\�t�a�f�h�`�g�h�k�l�b�� �g�Z�� �^�_�d�Z�j�l�h�\�Z��

�d�h�h�j�^�b�g�Z�l�g�Z�� �k�b�k�l�_�f�Z�� �a�Z�� �i�j�h�]�j�Z�f�b�j�Z�g�_�� �g�Z�� �l�j�Z�_�d�l�h�j�b�b�� �g�Z�� �^�\�b�`�_�g�b�_�� ���n�b�]���� ��9) - 
�h�k�g�h�\�g�Z���d�h�h�j�^�b�g�Z�l�g�Z���k�b�k�l�_�f�Z�����b�g�_�j�p�b�h�g�g�Z�������[�Z�a�h�\�Z�����i�h�f�h�s�g�Z�����d�h�h�j�^�b�g�Z�l�g�Z���k�b�k�l�_�f�Z��
�b�� �d�h�h�j�^�b�g�Z�l�g�Z�� �k�b�k�l�_�f�Z�� �g�Z�� �b�g�k�l�j�m�f�_�g�l�Z���� �H�k�g�h�\�g�Z�l�Z�� �d�h�h�j�^�b�g�Z�l�g�Z�� �k�b�k�l�_�f�Z�� �_�� �l�Z�a�b����
�d�h�y�l�h���j�h�[�h�l�t�l���i�j�b�_�f�Z���i�h���i�h�^�j�Z�a�[�b�j�Z�g�_���i�j�b���i�t�j�\�h�g�Z�q�Z�e�g�h���k�l�Z�j�l�b�j�Z�g�_���b���h�[�b�d�g�h�\�_�g�h��
�_���i�j�b�k�\�h�_�g�Z���d�t�f���h�k�g�h�\�Z�l�Z���g�Z���j�h�[�h�l�Z�� �;�Z�a�h�\�Z�l�Z���d�h�h�j�^�b�g�Z�l�g�Z���k�b�k�l�_�f�Z���_���i�j�b�k�\�h�_�g�Z���d�t�f��
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�j�Z�[�h�l�g�b�y�� �^�_�l�Z�c�e�� �b�� �_�� �k�\�t�j�a�Z�g�Z�� �k�� �h�k�g�h�\�g�Z�l�Z�� �g�Z�� �j�h�[�h�l�Z���� �I�h�� �i�h�^�j�Z�a�[�b�j�Z�g�_�� �l�_�� �k�t�\�i�Z�^�Z�l��
�i�j�b�� �g�Z�q�Z�e�g�h�� �i�m�k�d�Z�g�_�� �g�Z���M�J���� �Z�� �g�Z�k�l�j�h�c�d�b�l�_�� �a�Z���Äoffset�³ �k�_�� �a�Z�^�Z�\�Z�l�� �h�l�� �h�i�_�j�Z�l�h�j�Z�� �g�Z��
�k�b�k�l�_�f�Z�l�Z�� �i�h-�d�t�k�g�h���� �D�h�h�j�^�b�g�Z�l�g�Z�l�Z�� �k�b�k�l�_�f�Z�� �g�Z�� �b�g�k�l�j�m�f�_�g�l�Z�� �_�� �i�j�b�k�\�h�_�g�Z�� �d�t�f��
�g�_�]�h�\�b�y���\�j�t�o�����I�h���i�h�^�j�Z�a�[�b�j�Z�g�_���l�y���_���g�Z�k�l�j�h�_�g�Z���d�t�f���p�_�g�l�t�j�Z���g�Z���n�e�Z�g�_�p�Z���g�Z���d�j�Z�c�g�h�l�h��
�a�\�_�g�h���g�Z���j�h�[�h�l�Z���b���i�h-�d�t�k�g�h���k�_���^�_�n�b�g�b�j�Z���h�l���i�h�l�j�_�[�b�l�_�e�y�� 

 
�N�b�]������9 �<�b�^�h�\�_���d�h�h�j�^�b�g�Z�l�g�b���k�b�k�l�_�f�b���a�Z���j�h�[�h�l�b��KUKA 

 
- �g�Z�k�l�j�h�c�\�Z�g�_�� �g�Z�� �j�_�`�b�f�� �ÄJOG�³ �± �g�Z�k�l�j�h�c�\�Z�� �k�_�� �d�h�h�j�^�b�g�Z�l�g�Z�� �k�b�k�l�_�f�Z���� �i�h�� �d�h�y�l�h�� �k�_��

�b�a�\�t�j�r�\�Z�l�� �^�\�b�`�_�g�b�y�l�Z�� �\�� �l�h�a�b�� �j�_�`�b�f���� �B�a�[�h�j�t�l�� �g�Z�� �d�h�h�j�^�b�g�Z�l�g�b�l�_�� �k�b�k�l�_�f�b�� �a�Z�� �l�h�a�b��
�j�_�`�b�f�� �k�Z���� �a�Z�� �^�\�b�`�_�g�b�_�� ���i�h�e�h�`�b�l�_�e�g�h�� �b�e�b�� �h�l�j�b�p�Z�l�_�e�g�h���� �i�h�� �^�_�d�Z�j�l�h�\�Z�� �d�h�h�j�^�b�g�Z�l�g�Z��
�k�b�k�l�_�f�Z���b�e�b���i�h���b�a�[�j�Z�g�Z���h�k���� 

- �\�b�a�m�Z�e�b�a�Z�p�b�y�� �g�Z�� �j�Z�[�h�l�g�b�� �i�Z�j�Z�f�_�l�j�b�� �a�Z�� �^�b�Z�]�g�h�k�l�b�d�Z�� �b�� �d�h�g�l�j�h�e �± �g�Z�k�l�j�h�c�\�Z�l�� �k�_��
�i�h�f�h�s�g�b�� �_�d�j�Z�g�b�� �k�� �n�m�g�d�p�b�b�� �a�Z�� �f�h�g�b�l�h�j�b�g�]�� �g�Z�� �j�Z�[�h�l�g�b�� �i�Z�j�Z�f�_�l�j�b�� �d�Z�l�h���� �l�_�d�m�s�Z��
�i�h�a�b�p�b�y�� �g�Z�� �b�g�k�l�j�m�f�_�g�l�Z�� �b�e�b�� �a�\�_�g�Z�l�Z�� �g�Z�� �j�h�[�h�l�Z�� �\�� �b�a�[�j�Z�g�Z�l�Z�� �d�h�h�j�^�b�g�Z�l�g�Z�� �k�b�k�l�_�f�Z����
�\�b�a�m�Z�e�b�a�Z�p�b�y�� �g�Z�� �p�b�n�j�h�\�b�� �b�� �Z�g�Z�e�h�]�h�\�b�� �\�o�h�^�h�\�_�� �b�� �b�a�o�h�^�b���� �\�b�a�m�Z�e�b�a�Z�p�b�y�� �b��
�j�_�^�Z�d�l�b�j�Z�g�_�� �g�Z�� �k�b�k�l�_�f�g�b�� �i�j�h�f�_�g�e�b�\�b���� �b�a�i�h�e�a�\�Z�g�b�� �\�� �i�j�h�]�j�Z�f�b�l�_�� �g�Z�� �j�h�[�h�l�Z����
�\�b�a�m�Z�e�b�a�Z�p�b�y���g�Z���b�g�n�h�j�f�Z�p�b�y���a�Z���g�Z�k�l�j�h�c�\�Z�g�_���g�Z���b�a�[�j�Z�g�b�l�_���d�h�h�j�^�b�g�Z�l�g�b���k�b�k�l�_�f�b���a�Z��
�b�g�k�l�j�m�f�_�g�l�Z���� �^�_�l�Z�c�e�Z�� �b�� �h�k�g�h�\�Z�l�Z�� �g�Z�� �j�h�[�h�l�Z���� �i�h�d�Z�a�\�Z�g�_�� �g�Z�� �b�g�n�h�j�f�Z�p�b�y�� �a�Z��
�k�t�k�l�h�y�g�b�_�l�h�� �g�Z�� �j�h�[�h�l�Z�� �b���o�Z�j�^�m�_�j�g�b�l�_�� �_�e�_�f�_�g�l�b���� �h�l�]�h�\�h�j�g�b�� �a�Z�� �m�i�j�Z�\�e�_�g�b�_�l�h�� �g�Z��
�k�_�j�\�h�^�\�b�]�Z�l�_�e�b�l�_���b���^�j���� 

- �g�m�e�b�j�Z�g�_���g�Z���h�k�b�l�_���g�Z���j�h�[�h�l�Z���± �b�a�\�t�j�r�\�Z���k�_���\�b�g�Z�]�b���i�j�b���g�Z�q�Z�e�g�h���i�m�k�d�Z�g�_���g�Z���j�h�[�h�l�Z����
�K�t�s�h�� �k�_�� �g�Z�e�Z�]�Z�� �^�Z�� �k�_�� �b�a�\�t�j�r�b�� �k�e�_�^�� �f�b�g�Z�\�Z�g�_�� �i�j�_�a�� �k�_�j�\�b�a�g�h�� �h�[�k�e�m�`�\�Z�g�_�� �b��
�^�b�Z�]�g�h�k�l�b�d�Z�����k�f�y�g�Z���g�Z���^�\�b�]�Z�l�_�e���b�e�b���j�_�^�m�d�l�h�j�����i�j�b���i�h�^�f�y�g�Z���g�Z���d�h�g�l�j�h�e�_�j���\���l�Z�[�e�h�l�h��
�a�Z���m�i�j�Z�\�e�_�g�b�_���b���^�j���� 

- �d�Z�e�b�[�j�b�j�Z�g�_�� �g�Z�� �j�Z�[�h�l�g�b�y�� �b�g�k�l�j�m�f�_�g�l�� ���d�j�Z�c�g�b�y�� �_�n�_�d�l�h�j�����± �i�j�b�k�\�h�y�\�Z�� �k�_��
�d�h�h�j�^�b�g�Z�l�g�Z�l�Z���k�b�k�l�_�f�Z���g�Z���b�g�k�l�j�m�f�_�g�l�Z���d�t�f���b�a�[�j�Z�g�Z���l�h�q�d�Z���h�l���j�Z�[�h�l�g�b�y���b�g�k�l�j�m�f�_�g�l��; 

    �H�k�g�h�\�g�b �d�h�g�n�b�]�m�j�Z�p�b�h�g�g�b���b �j�Z�[�h�l�g�b���i�Z�j�Z�f�_�l�j�b���g�Z���h�i�_�j�Z�p�b�h�g�g�Z�l�Z���k�b�k�l�_�f�Z��KSS 
- �d�h�g�n�b�]�m�j�b�j�Z�g�_���g�Z��I/O �^�j�Z�c�\�t�j���± �d�h�g�n�b�]�m�j�b�j�Z�g�_�l�h���k�_���b�a�\�t�j�r�\�Z���\���f�_�g�x�l�h��Configure 

> I/O Driver > Reconfigure I/O Driver; 
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- �i�j�h�f�y�g�Z�� �g�Z�� �b�f�_�l�h�� �g�Z�� �j�Z�[�h�l�g�b�y�� �b�g�k�l�j�m�f�_�g�l�� ���d�j�Z�c�g�b�y�� �_�n�_�d�l�h�j�����± �h�l�� �f�_�g�x��
Configure > Tool definition > Tool type �k�_���b�a�[�b�j�Z���[�m�l�h�g��Name, �\�t�\�_�`�^�Z���k�_���g�h�\�h�l�h���b�f�_��
�b���k�_���i�h�l�\�t�j�`�^�Z�\�Z���k��OK; 

- �d�h�g�n�b�]�m�j�b�j�Z�g�_�� �g�Z�� �k�b�k�l�_�f�g�b�� �i�j�h�f�_�g�e�b�\�b���± �i�j�h�f�_�g�e�b�\�b�l�_���� �b�a�i�h�e�a�\�Z�g�b�� �\�� �k�b�k�l�_�f�g�b�y��
�k�h�n�l�m�_�j�� �k�_�� �\�b�a�m�Z�e�b�a�b�j�Z�l�� �b�� �j�_�^�Z�d�l�b�j�Z�l���� �F�h�]�Z�l�� �^�Z�� �k�_�� �]�j�m�i�b�j�Z�l�� �\�t�\�� �n�m�g�d�p�b�h�g�Z�e�g�b��
�]�j�m�i�b�����H�i�p�b�y�l�Z���_���^�h�k�l�t�i�g�Z���a�Z���i�h�l�j�_�[�b�l�_�e�b���g�Z���k�b�k�l�_�f�Z�l�Z���k���g�b�\�h���g�Z���^�h�k�l�t�i���³expert�´�� 
�B�a�\�t�j�r�\�Z�� �k�_�� �h�l�� �f�_�g�x�l�h��Monitor > Variable > Overview > Configure. 
�D�h�g�n�b�]�m�j�Z�p�b�h�g�g�b�y�l���i�j�h�a�h�j�_�p���_���i�h�d�Z�a�Z�g���g�Z���n�b�]��������0, 

 
�N�b�]��������0 �D�h�g�n�b�]�m�j�Z�p�b�h�g�_�g���i�j�h�a�h�j�_�p���k���i�j�h�f�_�g�e�b�\�b�l�_�����b�a�i�h�e�a�\�Z�g�b���\���k�b�k�l�_�f�g�b�y���k�h�n�l�m�_�j���g�Z��KUKA KR 150 

 
�d�t�^�_�l�h�� 

1 �± �K�l�Z�l�m�k�� �g�Z�� �k�t�k�l�h�y�g�b�_�l�h���± �i�h�d�Z�a�\�Z�� �^�Z�e�b�� �k�b�k�l�_�f�Z�l�Z�� �Z�\�l�h�f�Z�l�b�q�g�h�� �s�_�� �g�Z�i�j�Z�\�b�� �t�i�^�_�c�l����
�i�j�b���i�j�h�f�y�g�Z���g�Z �k�l�h�c�g�h�k�l�l�Z���g�Z���i�j�h�f�_�g�e�b�\�Z�l�Z�� 

2 �± �H�i�b�k�Z�g�b�_���g�Z���n�m�g�d�p�b�y�l�Z���a�Z���d�h�y�l�h���k�_���b�a�i�h�e�a�\�Z���i�j�h�f�_�g�e�b�\�Z�l�Z. 
3 �± �B�f�_���g�Z���i�j�h�f�_�g�e�b�\�Z�l�Z�� 
4 �± �G�b�\�h���g�Z���i�h�l�j�_�[�b�l�_�e���k���i�j�Z�\�Z���a�Z���j�_�^�Z�d�l�b�j�Z�g�_���g�Z���i�j�h�f�_�g�e�b�\�b�l�_���h�l���b�a�[�j�Z�g�Z�l�Z���]�j�m�i�Z�� 
5 �± �G�b�\�h���g�Z���i�h�l�j�_�[�b�l�_�e���k���i�j�Z�\�Z���a�Z���j�Z�a�]�e�_�`�^�Z�g�_���g�Z���i�j�h�f�_�g�e�b�\�b�l�_���h�l���b�a�[�j�Z�g�Z�l�Z���]�j�m�i�Z�� 
6 �± �>�t�e�`�b�g�Z���g�Z���k�_�e�_�d�l�b�j�Z�g�Z�l�Z���d�h�e�h�g�Z���h�l���l�Z�[�e�b�p�Z�l�Z�� 
7 �± �>�t�e�`�b�g�Z���g�Z���k�_�e�_�d�l�b�j�Z�g�b�y���j�_�^���h�l���l�Z�[�e�b�p�Z�l�Z�� 
 
- �j�_�^�m�p�b�j�Z�g�_�� �g�Z�� �\�j�_�f�_�l�h�� �a�Z�� �d�h�_�l�h�� �k�b�k�l�_�f�Z�l�Z�� �k�_�� �b�a�d�e�x�q�\�Z���± �\�j�_�f�_�l�h�� �a�Z�� �b�a�d�e�x�q�\�Z�g�_��

�g�Z�� �k�b�k�l�_�f�Z�l�Z�� �k�_�� �g�Z�k�l�j�h�c�\�Z�� �h�l�� �f�_�g�x�l�h��Configure > On/Off Options > Disable 
PowerOff Delay; 

- �i�j�h�f�y�g�Z���g�Z���i�Z�j�h�e�Z - �\�e�b�a�Z���k�_���i�h�k�e�_�^�h�\�Z�l�_�e�g�h���\��Configure > User group, �h�l�l�Z�f���\��Log 
On �b��Change Pwd; 

- �g�Z�k�l�j�h�c�d�b�� �a�Z�� �j�Z�[�h�l�Z�� �k�t�k�� �k�b�f�m�e�Z�p�b�h�g�g�b�� �\�o�h�^�h�\�_�� �b�� �b�a�o�h�^�b���± �\�o�h�^�h�\�_�l�_�� �b�� �b�a�o�h�^�b�l�_��
�f�h�]�Z�l���^�Z���[�t�^�Z�l���k�b�f�m�e�b�j�Z�g�b���h�l���k�h�n�l�m�_�j�Z���g�Z���b�a�k�e�_�^�\�Z�g�b�y���j�h�[�h�l���� 

- �d�h�g�n�b�]�m�j�b�j�Z�g�_�� �g�Z�� �j�Z�[�h�l�g�h�� �i�j�h�k�l�j�Z�g�k�l�\�h���± �q�j�_�a�� �l�Z�a�b�� �n�m�g�d�p�b�h�g�Z�e�g�h�k�l�� �k�_�� �a�Z�^�Z�\�Z��
�a�Z�s�b�l�_�g�h���i�j�h�k�l�j�Z�g�k�l�\�h���� �\�� �d�h�_�l�h���B�M�J �f�h�`�_���^�Z���b�a�\�t�j�r�\�Z���k�\�h�b�l�_���j�Z�[�h�l�g�b���^�\�b�`�_�g�b�y����
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�[�_�a�� �h�i�Z�k�g�h�k�l�� �h�l�� �d�h�e�b�a�b�y�� �k�� �^�j�m�]�b�� �h�[�_�d�l�b���� �H�i�p�b�h�g�Z�e�g�h�� �k�_�� �a�Z�^�Z�\�Z�l�� �^�\�Z�� �l�b�i�Z�� �j�Z�[�h�l�g�b��
�i�j�h�k�l�j�Z�g�k�l�\�Z���a�Z���j�h�[�h�l�Z���± �l�Z�d�b�\�Z�����\���d�h�b�l�h���l�h�c���f�h�`�_���^�Z���g�Z�\�e�b�a�Z���b���l�Z�d�b�\�Z�����\���d�h�b�l�h���g�_��
�l�j�y�[�\�Z���^�Z���g�Z�\�e�b�a�Z�� 

�>�h�i�t�e�g�b�l�_�e�g�Z�� �\�t�a�f�h�`�g�h�k�l�� �\�� �k�h�n�l�m�_�j�g�h�l�h�� �h�k�b�]�m�j�y�\�Z�g�_�� �g�Z�� �b�a�k�e�_�^�\�Z�g�b�y���M�J �_�� �b��
�\�t�\�_�`�^�Z�g�_�l�h�� �g�Z�� �h�]�j�Z�g�b�q�_�g�b�y�� �k�Z�f�h�� �a�Z�� �h�i�j�_�^�_�e�_�g�b�� �h�k�b�� ���n�b�]���� ����1������ �k�i�h�j�_�^�� �k�i�_�p�b�n�b�d�Z�l�Z�� �g�Z��
�b�a�\�t�j�r�\�Z�g�b�l�_���j�Z�[�h�l�g�b���^�\�b�`�_�g�b�y���b���d�b�g�_�f�Z�l�b�q�g�b�l�_���h�]�j�Z�g�b�q�_�g�b�y���g�Z���j�h�[�h�l�Z�� 

 
�N�b�]��������1 �I�j�b�f�_�j���a�Z���\�t�\�_�`�^�Z�g�_���g�Z���h�]�j�Z�g�b�q�_�g�b�y���a�Z���^�\�b�`�_�g�b�y�l�Z���g�Z���j�h�[�h�l�Z���i�h���h�i�j�_�^�_�e�_�g�b���h�k�b 

- �h�i�l�b�f�b�a�b�j�Z�g�_�� �g�Z�� �p�b�d�e�h�\�h�� �\�j�_�f�_���± �n�m�g�d�p�b�y�� �a�Z�� �h�i�j�_�^�_�e�y�g�_�� �g�Z�� �f�Z�d�k�b�f�Z�e�g�h��
�^�h�i�m�k�l�b�f�b�l�_�� �m�k�d�h�j�_�g�b�y�� �i�j�b�� �^�\�b�`�_�g�b�_�l�h�� �g�Z�� �a�\�_�g�Z�l�Z�� �g�Z�� �j�h�[�h�l�Z���� �I�j�h�f�y�g�Z�l�Z�� �b�f�� �_��
�\�t�a�f�h�`�g�h���^�Z���k�_���b�a�\�t�j�r�b���k�Z�f�h���h�l���i�h�l�j�_�[�b�l�_�e�b���k���g�b�\�h���Äexpert�³; 

- �a�Z�^�Z�\�Z�g�_�� �g�Z�� �e�b�f�b�l�b�� �i�j�b�� �^�_�n�b�g�b�j�Z�g�_�� �g�Z�� �l�h�q�d�b�� �h�l�� �l�j�Z�_�d�l�h�j�b�y�l�Z�� �g�Z�� �^�\�b�`�_�g�b�_�� �g�Z��
�d�j�Z�c�g�b�y�� �_�n�_�d�l�h�j���± �Z�d�h�� �n�m�g�d�p�b�y�l�Z�� �_�� �Z�d�l�b�\�b�j�Z�g�Z���� �h�i�_�j�Z�l�h�j�b�� �k�� �g�b�\�h�� �g�Z�� �^�h�k�l�t�i��
�³operator�´ �b���³user�´ �g�y�f�Z�� �^�Z�� �f�h�]�Z�l�� �^�Z�� �g�Z�g�Z�k�y�l�� �d�h�j�_�d�p�b�y�� �g�Z�� �k�t�s�_�k�l�\�m�\�Z�s�b�� �l�h�q�d�b�� �h�l��
�l�j�Z�_�d�l�h�j�b�y�l�Z�� �g�Z�� �^�\�b�`�_�g�b�_�� �g�Z�� �j�h�[�h�l�Z���� �Z�d�h�� �b�a�e�b�a�Z�l�� �b�a�\�t�g���a�Z�^�Z�^�_�g�b�l�_�� �\�� �i�j�h�]�j�Z�f�Z�l�Z��
�e�b�f�b�l�b�� 

- �b�a�d�e�x�q�\�Z�g�_���g�Z���k�_�j�\�h�^�\�b�]�Z�l�_�e�y���i�j�b���i�j�_�]�j�y�\�Z�g�_���g�Z���f�h�l�h�j-�j�_�^�m�d�l�h�j�g�Z�l�Z���]�j�m�i�Z �± �\�t�\��
�n�Z�c�e�Z��R1\Mada\$machine.dat �k�_�� �\�t�\�_�`�^�Z�l�� �k�l�h�c�g�h�k�l�b�� �g�Z�� �i�j�h�f�_�g�e�b�\�b�l�_����
�d�h�g�l�j�h�e�b�j�Z�s�b���l�_�f�i�_�j�Z�l�m�j�g�h�l�h���g�Z�j�Z�k�l�\�Z�g�_���\���k�_�j�\�h�f�h�l�h�j�b�l�_����$WARMUP_RED_VEL 
���\�d�e�x�q�\�Z�g�_���b�a�d�e�x�q�\�Z�g�_���g�Z���n�m�g�d�p�b�y�l�Z���a�Z���i�j�_�^�i�Z�a�\�Z�g�_���h�l���i�j�_�]�j�y�\�Z�g�_���k��true �b�e�b��false), 
$WARMUP_TIME  ���f�Z�d�k�b�f�Z�e�g�h�� �\�j�_�f�_�� �a�Z�� �k�e�_�^�_�g�_�� �g�Z�� �g�Z�j�Z�k�l�\�Z�s�b�y�� �l�h�d�� �\�� �g�Z�f�h�l�d�b�l�_��
�g�Z�� �^�\�b�]�Z�l�_�e�y���� �i�j�_�^�b�a�\�b�d�\�Z�s�� �i�j�_�]�j�y�\�Z�g�_�l�h���� �b��$COOLDOWN_TIME  ���\�j�_�f�_�� �\�� �d�h�_�l�h����
�j�h�[�h�l�t�l���l�j�y�[�\�Z���^�Z���[�t�^�_���b�a�d�e�x�q�_�g���k�e�_�^���m�k�l�Z�g�h�\�_�g�h���i�j�_�]�j�y�\�Z�g�_���� 

- �m�i�j�Z�\�e�_�g�b�_���g�Z���^�\�b�`�_�g�b�_�l�h���g�Z���j�h�[�h�l�Z�����i�j�b���d�h�e�b�a�b�y���i�h���g�y�d�h�y���h�l���a�Z�^�\�b�`�\�Z�g�b�l�_���h�k�b 
�± �i�j�b�� �d�h�e�b�a�b�y�� �k�� �h�[�_�d�l�� �\�� �j�Z�[�h�l�g�Z�l�Z�� �a�h�g�Z���� �m�i�j�Z�\�e�_�g�b�_�l�h�� �g�Z�� �j�h�[�h�l�Z�� �m�k�d�h�j�y�\�Z��
�a�Z�^�\�b�`�\�Z�g�Z�l�Z�� �h�k���� �a�Z�� �^�Z�� �k�_�� �i�j�_�h�^�h�e�_�_�� �i�j�_�i�y�l�k�l�\�b�_�l�h���� �A�Z�� �^�Z�� �k�_�� �j�_�^�m�p�b�j�Z�� �j�b�k�d�t�l�� �h�l��
�i�h�\�j�_�^�b�� �_�� �g�_�h�[�o�h�^�b�f�h�� �^�Z�� �k�_�� �d�h�g�l�j�h�e�b�j�Z�� �m�k�d�h�j�_�g�b�_�l�h�� �g�Z�� �^�\�b�`�_�s�Z�l�Z�� �k�_�� �h�k���� �q�j�_�a��
�m�i�j�Z�\�e�_�g�b�_���g�Z���k�t�h�l�\�_�l�g�b�y���k�_�j�\�h�^�\�b�]�Z�l�_�e�����N�m�g�d�p�b�y�l�Z���a�Z���m�i�j�Z�\�e�_�g�b�_���g�Z���m�k�d�h�j�_�g�b�y�l�Z��
�\�� �k�e�m�q�Z�c�� �g�Z�� �d�h�e�b�a�b�y���� �i�h�a�\�h�e�y�\�Z�� �i�j�b�� �b�a�e�b�a�Z�g�_�l�h�� �b�a�\�t�g�� �h�i�j�_�^�_�e�_�g�� �i�j�_�^�\�Z�j�b�l�_�e�g�h��
�a�Z�^�Z�^�_�g�� �^�b�Z�i�Z�a�h�g�� �h�l�� �k�l�h�c�g�h�k�l�b���� �m�i�j�Z�\�e�_�g�b�_�l�h�� �^�Z�� �a�Z�^�_�c�k�l�\�Z�� �Z�\�Z�j�b�_�g�� �k�l�h�i�� �b�e�b�� �^�Z��
�i�h�\�b�d�Z�� �i�j�_�^�\�Z�j�b�l�_�e�g�h�� �\�t�\�_�^�_�g�Z�� �i�j�h�]�j�Z�f�Z�� �k�� �i�h�k�e�_�^�h�\�Z�l�_�e�g�h�k�l�� �h�l�� �^�_�c�k�l�\�b�y����
�i�j�_�^�\�b�^�_�g�b���a�Z���i�h�^�h�[�g�b���k�b�l�m�Z�p�b�b�� 

- �a�Z�^�Z�\�Z�g�_���g�Z���f�_�l�h�^���a�Z���b�a�\�t�j�r�\�Z�g�_���g�Z���^�\�b�`�_�g�b�_���g�Z�a�Z�^���± �\���k�h�n�l�m�_�j�g�h�l�h���h�k�b�]�m�j�y�\�Z�g�_��
�g�Z�� �b�a�[�j�Z�g�b�y�� �j�h�[�h�l�� �b�f�Z�� �^�\�Z�� �\�Z�j�b�Z�g�l�Z�� �a�Z�� �i�j�h�]�j�Z�f�b�j�Z�g�_�� �g�Z�� �^�\�b�`�_�g�b�_�� �g�Z�a�Z�^����
�b�a�i�h�e�a�\�Z�c�d�b�� �f�_�l�h�^�b�l�_���ÄTRACE�³ �b�� �ÄSCAN�³. �F�_�l�h�^�t�l���ÄTRACE�³ �a�Z�i�b�k�\�Z��
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�^�\�b�`�_�g�b�_�l�h�����b�a�\�t�j�r�\�Z�g�h���i�j�b���o�h�^���g�Z�i�j�_�^���g�Z���a�\�_�g�Z�l�Z���g�Z���j�h�[�h�l�Z�����I�j�b���^�\�b�`�_�g�b�_���g�Z�a�Z�^����
�a�Z�i�b�k�Z�g�b�l�_�� �o�h�^�h�\�_�� �k�_�� �b�a�i�t�e�g�y�\�Z�l�� �\�� �h�[�j�Z�l�g�Z�� �i�h�k�e�_�^�h�\�Z�l�_�e�g�h�k�l���� �I�j�_�^�b�f�k�l�\�h�l�h�� �g�Z��
�l�h�a�b�� �f�_�l�h�^�� �_�� �h�i�j�h�k�l�_�g�b�y�l�� �g�Z�q�b�g�� �a�Z�� �a�Z�i�b�k�\�Z�g�_�� �g�Z�� �k�e�h�`�g�b�� �^�\�b�`�_�g�b�y�� �b�� �k�j�Z�\�g�b�l�_�e�g�h��
�e�_�k�g�h�l�h���b�f���i�j�_�k�t�a�^�Z�\�Z�g�_ �\���h�[�j�Z�l�_�g���o�h�^�����[�_�a���b�a�e�b�r�g�h���m�k�e�h�`�g�y�\�Z�g�_���g�Z���m�i�j�Z�\�e�_�g�b�_�l�h����
�H�k�g�h�\�_�g���g�_�^�h�k�l�Z�l�t�d���_�����q�_���a�Z���^�Z���k�_���b�a�\�t�j�r�b���^�Z�^�_�g�h���^�\�b�`�_�g�b�_���g�Z�a�Z�^�����i�t�j�\�h���l�j�y�[�\�Z���^�Z��
�k�_�� �b�a�\�t�j�r�b�� �k�t�s�h�l�h�� �^�\�b�`�_�g�b�_�� �g�Z�i�j�_�^���� �d�h�_�l�h�� �^�Z�� �[�t�^�_�� �a�Z�i�b�k�Z�g�h�� �b�� �i�j�_�k�t�a�^�Z�^�_�g�h�� �� �\��
�h�[�j�Z�l�g�Z�� �i�h�k�e�_�^�h�\�Z�l�_�e�g�h�k�l���� �<�� �f�_�l�h�^�Z���ÄSCAN�³���^�\�b�`�_�g�b�y�l�Z�� �k�_�� �b�g�l�_�j�i�j�_�l�b�j�Z�l�� �h�l��
�Z�e�]�h�j�b�l�t�f�Z���g�Z���i�j�h�]�j�Z�f�Z�l�Z�����h�l�]�h�\�Z�j�y�s�Z���a�Z���^�\�b�`�_�g�b�y�l�Z���g�Z�a�Z�^�����I�j�_�^�b�f�k�l�\�h�l�h���f�m���_�����q�_��
�f�h�]�Z�l�� �^�Z�� �k�_�� �b�a�\�t�j�r�\�Z�l�� �^�\�b�`�_�g�b�y�� �g�Z�a�Z�^�� �[�_�a�� �^�Z�� �[�t�^�Z�l�� �a�Z�i�b�k�\�Z�g�b�� �i�j�_�^�\�Z�j�b�l�_�e�g�h����
�F�_�l�h�^�t�l�� �i�h�a�\�h�e�y�\�Z���^�Z���k�_���b�a�i�h�e�a�\�Z���i�Z�j�Z�e�_�e�g�h���k���ÄTRACE�³ �f�_�l�h�^�Z���� �d�h�_�l�h�� �i�j�_�^�h�k�l�Z�\�y��
�\�t�a�f�h�`�g�h�k�l�� �a�Z�� �j�Z�a�e�b�q�g�b�� �d�h�f�[�b�g�Z�p�b�b�� �h�l�� �i�j�h�]�j�Z�f�b�j�Z�g�b�� �o�h�^�h�\�_�� �g�Z�i�j�_�^�� �b�� �g�Z�a�Z�^����
�H�k�g�h�\�_�g�� �g�_�^�h�k�l�Z�l�t�d�� �g�Z�� �f�_�l�h�^�Z���ÄSCAN�³ �_���� �q�_�� �g�_�� �f�h�]�Z�l�� �^�Z�� �k�_�� �b�g�l�_�j�i�j�_�l�b�j�Z�l�� �i�h-
�k�e�h�`�g�b���i�h�k�e�_�^�h�\�Z�l�_�e�g�h�k�l�b���h�l���^�\�b�`�_�g�b�y�����k�\�t�j�a�Z�g�b���_�^�g�h���k���^�j�m�]�h�� 

- �d�h�g�n�b�]�m�j�b�j�Z�g�_���g�Z���g�Z�k�l�j�h�c�d�b���a�Z���e�h�]�b�g���b���Z�\�l�_�g�l�b�d�Z�p�b�y���\���k�h�n�l�m�_�j�Z���± �g�Z�k�l�j�h�c�d�b�l�_���k�_��
�\�t�\�_�`�^�Z�l���\�t�\���n�Z�c�e�Z��C:\KRC\HMI \Config\Authentication.config. 

- �d�h�g�n�b�]�m�j�b�j�Z�g�_�� �g�Z�� �g�Z�k�l�j�h�c�d�b�� �a�Z�� �m�i�j�Z�\�e�_�g�b�_�� �g�Z�� �m�k�d�h�j�_�g�b�y�l�Z�� �i�h�� �a�Z�^�\�b�`�\�Z�g�b�l�_�� �h�k�b��
�g�Z�� �j�h�[�h�l�Z���± �k�� �l�Z�a�b�� �n�m�g�d�p�b�y�� �f�h�]�Z�l�� �^�Z�� �[�t�^�Z�l�� �a�Z�^�Z�\�Z�g�b�� �k�l�h�c�g�h�k�l�b�� �g�Z�� �m�k�d�h�j�_�g�b�y�l�Z���� �k��
�d�h�b�l�h�� �^�Z�� �k�_�� �i�j�_�h�^�h�e�y�\�Z�l�� �i�j�_�i�y�l�k�l�\�b�y�� �i�h�� �i�t�l�y�� �g�Z�� �a�Z�^�Z�^�_�g�Z�l�Z�� �l�j�Z�_�d�l�h�j�b�y�� �g�Z��
�^�\�b�`�_�g�b�_�� 

�J�Z�[�h�l�Z���k���n�Z�c�e�h�\�b�y���f�_�g�b�^�`�t�j���g�Z���k�h�n�l�m�_�j�g�h�l�h���h�k�b�]�m�j�y�\�Z�g�_ 
- �g�Z�\�b�]�Z�p�b�y�� �g�Z�� �n�Z�c�e�h�\�b�y�� �f�_�g�b�^�`�t�j���± �k�l�j�m�d�l�m�j�Z�l�Z�� �b�� �j�Z�a�^�_�e�_�g�b�_�l�h�� �g�Z�� �_�d�j�Z�g�b�l�_�� �\�t�\��

�n�Z�c�e�h�\�b�y���f�_�g�b�^�`�t�j���k�Z���i�h�d�Z�a�Z�g�b���g�Z���n�b�]��������2, 

 
�N�b�]��������2 �K�l�j�m�d�l�m�j�Z���g�Z���n�Z�c�e�h�\�b�y���f�_�g�b�^�`�t�j�����b�a�i�h�e�a�\�Z�g���\���k�h�n�l�m�_�j�Z���g�Z��KUKA KR 150 

 
�d�t�^�_�l�h�� 

1 �± �O�_�^�t�j���± �i�h�d�Z�a�\�Z���k�_�e�_�d�l�b�j�Z�g�b�l�_���n�b�e�l�j�b���a�Z���i�h�d�Z�a�\�Z�g�_���g�Z���^�b�j�_�d�l�h�j�b�b���b���n�Z�c�e�h�\�_�� 
2 �± �?�d�j�Z�g���k���^�t�j�\�h�l�h���g�Z���^�b�j�_�d�l�h�j�b�b�l�_�� 
3 �± �?�d�j�Z�g���k���n�Z�c�e�h�\���k�i�b�k�t�d�� 
4 �± �E�_�g�l�Z���g�Z���k�t�k�l�h�y�g�b�_�l�h�� 
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- �k�_�e�_�d�l�b�j�Z�g�_�� �b�� �i�h�d�Z�a�\�Z�g�_�� �g�Z�� �i�j�h�]�j�Z�f�b���± �i�j�b�� �k�_�e�_�d�l�b�j�Z�g�_�� �b�� �h�l�\�Z�j�y�g�_�� �g�Z�� �i�j�h�]�j�Z�f�b����
�n�Z�c�e�h�\�b�y�l�� �f�_�g�b�^�`�t�j�� �k�_�� �b�a�f�_�k�l�\�Z�� �h�l�� �j�_�^�Z�d�l�b�j�Z�s�Z�� �i�j�h�]�j�Z�f�g�Z�� �k�j�_�^�Z�� ���i�j�h�]�j�Z�f�Z-
�j�_�^�Z�d�l�h�j���� �g�Z�� �k�h�n�l�m�_�j�g�h�l�h�� �h�k�b�]�m�j�y�\�Z�g�_�� �?�^�g�Z�� �i�j�h�]�j�Z�f�Z�� �g�_�� �f�h�`�_�� �_�^�g�h�\�j�_�f�_�g�g�h���^�Z��
�[�t�^�_���k�_�e�_�d�l�b�j�Z�g�Z���b���h�l�\�h�j�_�g�Z�� 

- �k�l�j�m�d�l�m�j�Z�� �g�Z�� �i�j�h�]�j�Z�f�Z�l�Z���± �\���l�Z�[�e���� ���� �_�� �i�h�d�Z�a�Z�g�Z�� �h�[�s�Z�� �k�l�j�m�d�l�m�j�Z�� �g�Z�� �\�k�y�d�Z�� �_�^�g�Z��
�i�j�h�]�j�Z�f�Z���\���k�h�n�l�m�_�j�g�h�l�h���h�k�b�n�]�m�j�y�\�Z�g�_���g�Z���b�a�k�e�_�^�\�Z�g�b�y���j�h�[�h�l�� 

 
 

�L�Z�[�e�b�p�Z������ �H�[�s�Z���k�l�j�m�d�l�m�j�Z���g�Z���i�j�h�]�j�Z�f�b�l�_���\���k�h�n�l�m�_�j�Z���g�Z��KUKA KR 150 
1 DEF my_program() 
2 INI 
3 
4 PTP HOME Vel= 100 % DEFAULT 
... 
8 LIN point_5 CONT Vel= 2 m/s CPDAT1 Tool[3] Base[4] 
... 
14 PTP point_1 CONT Vel= 100 % PDAT1 Tool[3] Base[4] 
... 
20 PTP HOME Vel= 100 % DEFAULT 
21 
22 END 

 
�H�i�b�k�Z�g�b�_���g�Z���k�l�j�m�d�l�m�j�Z�l�Z���i�h �j�_�^�h�\�_�l�_�����a�Z�^�Z�^�_�g�b���\���l�Z�[�e��������: 
1 �± DEF �j�_�^�t�l�� �_�� �b�g�^�b�d�Z�l�h�j�� �a�Z�� �b�f�_�l�h�� �g�Z�� �i�j�h�]�j�Z�f�Z�l�Z�� �b�e�b�� �k�t�h�l�\�_�l�g�h�� �n�m�g�d�p�b�y�l�Z�� ���k��

DEFFCT). 
2 �± �K��INI �k�_���b�g�b�p�b�Z�e�b�a�b�j�Z�l���\�t�l�j�_�r�g�b�l�_���i�j�h�f�_�g�e�b�\�b���b���i�Z�j�Z�f�_�l�j�b���g�Z���i�j�h�]�j�Z�f�Z�l�Z�� 
4 �± �A�Z�^�Z�\�Z�g�_���g�Z��HOME �i�h�a�b�p�b�y �± �i�j�h�]�j�Z�f�g�h���g�Z�q�Z�e�h���a�Z���b�a�i�t�e�g�_�g�b�_���g�Z���d�h�f�Z�g�^�b�l�_�� 
8 �± �A�Z�^�Z�\�Z�g�_���g�Z���^�\�b�`�_�g�b�_���i�h���i�j�Z�\�Z���e�b�g�b�y���k���d�h�f�Z�g�^�Z�l�Z��LIN. 
14 �± �A�Z�^�Z�\�Z�g�_���g�Z���^�\�b�`�_�g�b�_���h�l���l�h�q�d�Z���^�h���l�h�q�d�Z���k��PTP. 
20 - �<�j�t�s�Z�g�_���^�h��HOME �i�h�a�b�p�b�y���k���^�\�b�`�_�g�b�_���h�l���l�h�q�d�Z���^�h���l�h�q�d�Z��PTP. 
22 �± �D�j�Z�c���g�Z���b�a�i�t�e�g�_�g�b�_���g�Z���i�j�h�]�j�Z�f�Z�l�Z���k��END. 
- �K�l�Z�j�l�b�j�Z�g�_���� �j�_�^�Z�d�l�b�j�Z�g�_�� �b�� �a�Z�i�b�k�\�Z�g�_�� �g�Z�� �i�j�h�]�j�Z�f�b���± �\�k�b�q�d�b�� �i�j�h�]�j�Z�f�b�� �f�h�]�Z�l�� �^�Z��

�[�t�^�Z�l�� �j�_�^�Z�d�l�b�j�Z�g�b���� �k�l�Z�j�l�b�j�Z�g�b���b���a�Z�i�b�k�\�Z�g�b�� �k���i�j�h�]�j�Z�f�Z�l�Z-�j�_�^�Z�d�l�h�j�� �g�Z�� �k�h�n�l�m�_�j�g�h�l�h��
�h�k�b�]�m�j�y�\�Z�g�_���g�Z���b�a�k�e�_�^�\�Z�g�b�y���j�h�[�h�l��KUKA KR 150. 

�K�t�k�l�Z�\�y�g�_���g�Z���m�i�j�Z�\�e�y�\�Z�s�b���i�j�h�]�j�Z�f�b���a�Z���b�a�k�e�_�^�\�Z�g�b�y���j�h�[�h�l 
- �\�b�^�h�\�_���j�Z�[�h�l�g�b���^�\�b�`�_�g�b�y �b���i�h�a�b�p�b�h�g�b�j�Z�g�b�y�����d�h�b�l�h���k�_���^�_�n�b�g�b�j�Z�l���\���i�j�h�]�j�Z�f�b�l�_���g�Z��

�k�h�n�l�m�_�j�g�h�l�h�� �h�k�b�]�m�j�y�\�Z�g�_���± �j�Z�[�h�l�g�b�l�_�� �^�\�b�`�_�g�b�y���� �b�a�\�t�j�r�\�Z�g�b�� �h�l�� �j�h�[�h�l�Z�� �k�Z��
�k�e�_�^�g�b�l�_�� 

�x �e�b�g�_�c�g�h���^�\�b�`�_�g�b�_ �± �^�\�b�`�_�g�b�_���i�h���i�j�Z�\�Z���e�b�g�b�y��LIN; 
�x �d�j�t�]�h�\�h���^�\�b�`�_�g�b�_ �± �^�\�b�`�_�g�b�_���i�h���d�j�t�]�h�\�Z���l�j�Z�_�d�l�h�j�b�y CIRC; 
�x �^�\�b�`�_�g�b�_�� �h�l�� �l�h�q�d�Z�� �^�h�� �l�h�q�d�Z��PTP �± �\���Z�e�]�h�j�b�l�t�f�Z�� �g�Z�� �i�j�h�]�j�Z�f�Z�l�Z�� �a�Z��

�b�a�i�t�e�g�_�g�b�_�� �g�Z�� �l�h�a�b�� �\�b�^�� �^�\�b�`�_�g�b�_�� �_�� �a�Z�e�h�`�_�g�h�� �^�Z�� �k�_�� �b�a�i�t�e�g�b�� �g�Z�c-�[�t�j�a�b�y�l�� �i�t�l�� ���d�h�c�l�h�� �g�_�� �_��
�a�Z�^�t�e�`�b�l�_�e�g�h���^�Z���[�t�^�_���g�Z�c-�d�j�Z�l�d�b�y�l��. 

�x �^�\�b�`�_�g�b�_�� �i�h��SPLINE �l�j�Z�_�d�l�h�j�b�y �± �^�\�b�`�_�g�b�_�� �b�a�\�t�j�r�\�Z�g�h�� �i�h�� �k�e�h�`�g�Z��
�l�j�Z�_�d�l�h�j�b�y���� �\�d�e�x�q�\�Z�s�Z�� �b�a�q�b�k�e�y�\�Z�g�_�l�h�� �g�Z�� �i�h-�k�e�h�`�g�b�� �b�g�l�_�j�i�h�e�Z�p�b�h�g�g�b�� �Z�e�]�h�j�b�l�f�b�� �d�Z�l�h��
�o�_�e�b�d�h�b�^�Z�e�g�b�����l�j�h�o�h�b�^�Z�e�g�b���b���^�j�m�]�b���d�h�f�i�e�_�d�k�g�b���b�g�l�_�j�i�h�e�Z�p�b�b�� 

�x �i�j�b�[�e�b�a�b�l�_�e�g�h�� �i�h�a�b�p�b�h�g�b�j�Z�g�_�� �g�Z�� �l�h�q�d�Z�� �h�l�� �l�j�Z�_�d�l�h�j�b�y�l�Z�� �g�Z��
�^�\�b�`�_�g�b�_ �± �^�\�b�`�_�g�b�_�l�h���k�_���b�a�\�t�j�r�\�Z���g�_���l�h�q�g�h���^�h���a�Z�^�Z�^�_�g�b�l�_���d�h�h�j�^�b�g�Z�l�b���g�Z���l�h�q�d�Z�l�Z�����Z���h�d�h�e�h��
�g�_�y�����\���a�Z�\�b�k�b�f�h�k�l���h�l���a�Z�^�Z�^�_�g�b�y���i�t�l���g�Z���^�\�b�`�_�g�b�_�����n�b�]��������3). 
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�N�b�]�������������I�j�b�[�e�b�a�b�l�_�e�g�h���i�h�a�b�p�b�h�g�b�j�Z�g�_���g�Z���b�a�[�j�Z�g�Z���l�h�q�d�Z���i�j�b���^�\�b�`�_�g�b�_���h�l���l�h�q�d�Z���^�h���l�h�q�d�Z���b���e�b�g�_�c�g�h��

�^�\�b�`�_�g�b�_ 
 

�x �h�j�b�_�g�l�Z�p�b�y�� �g�Z�� �b�g�k�l�j�m�f�_�g�l�Z�� �i�j�b���^�\�b�`�_�g�b�_�� �i�h�� �i�j�h�]�j�Z�f�b�j�Z�g�Z�l�Z��
�l�j�Z�_�d�l�h�j�b�y �± �h�j�b�_�g�l�Z�p�b�y�l�Z���_���\���a�Z�\�b�k�b�f�h�k�l���h�l���\�b�^�Z���g�Z���b�a�[�j�Z�g�h�l�h���j�Z�[�h�l�g�h���^�\�b�`�_�g�b�_���b���f�h�`�_��
�i�e�Z�\�g�h�� �^�Z�� �k�_�� �i�j�h�f�_�g�y�� �\�� �a�Z�\�b�k�b�f�h�k�l�� �h�l�� �f�h�f�_�g�l�g�Z�l�Z�� �i�h�a�b�p�b�y�� �g�Z�� �d�j�Z�c�g�b�y�� �_�n�_�d�l�h�j�� ���g�Z�q�Z�e�h�l�h��
�b�e�b�� �d�j�Z�y�� �g�Z�� �i�j�h�]�j�Z�f�b�j�Z�g�Z�l�Z�� �l�j�Z�_�d�l�h�j�b�y������ �I�j�b�f�_�j�� �a�Z�� �l�Z�d�t�\�� �i�e�Z�\�_�g�� �i�j�_�o�h�^�� �_�� �i�h�d�Z�a�Z�g�� �g�Z���n�b�]����
104. 

 
�N�b�]�������������H�j�b�_�g�l�Z�p�b�y���g�Z���d�j�Z�c�g�b�y���_�n�_�d�l�h�j���\���a�Z�\�b�k�b�f�h�k�l���h�l���i�h�a�b�p�b�y�l�Z���f�m���i�j�b���^�\�b�`�_�g�b�_���i�h��

�i�j�h�]�j�Z�f�b�j�Z�g�Z�l�Z���l�j�Z�_�d�l�h�j�b�y 
 

�x �_�^�g�h�a�g�Z�q�g�h�� �h�i�j�_�^�_�e�y�g�_�� �g�Z�� �i�h�a�b�p�b�y�l�Z�� �g�Z�� �a�\�_�g�Z�l�Z�� �g�Z�� �j�h�[�h�l�Z���i�j�b��
�^�\�b�`�_�g�b�_�� �h�l�� �l�h�q�d�Z�� �^�h�� �l�h�q�d�Z �± �a�Z�� �_�^�g�b�� �b�� �k�t�s�b�� �d�h�h�j�^�b�g�Z�l�b�� �g�Z�� �a�Z�^�Z�^�_�g�Z�l�Z�� �l�h�q�d�Z�� �h�l��
�i�j�h�]�j�Z�f�b�j�Z�g�Z�l�Z���l�j�Z�_�d�l�h�j�b�y���g�Z���^�\�b�`�_�g�b�_�����k�l�Z�\�b�l�_���g�Z���j�h�[�h�l�Z���f�h�]�Z�l���^�Z���a�Z�_�f�Z�l���j�Z�a�e�b�q�g�h���t�]�e�h�\�h��
�i�h�e�h�`�_�g�b�_���_�^�g�Z���k�i�j�y�f�h���^�j�m�]�Z�����A�Z���^�Z���[�t�^�_���h�i�j�_�^�_�e�_�g�h���_�^�g�h�a�g�Z�q�g�h���h�l���k�h�n�l�m�_�j�Z���d�b�g�_�f�Z�l�b�q�g�h�l�h��
�j�Z�a�i�h�e�h�`�_�g�b�_�� �g�Z�� �a�\�_�g�Z�l�Z�� �g�Z���j�h�[�h�l�Z��- �a�Z�� �\�k�y�d�Z�� �l�h�q�d�Z�� �h�l�� �i�j�h�]�j�Z�f�b�j�Z�g�Z�l�Z�� �l�j�Z�_�d�l�h�j�b�y���� �k�_��
�b�a�i�h�e�a�\�Z�l�� �^�\�Z�� �i�Z�j�Z�f�_�l�t�j�Z����Status �b��Turn. �I�Z�j�Z�f�_�l�t�j�t�l��Status �a�Z�i�b�k�\�Z�� �\�� �i�_�l�� �[�b�l�Z�� ������ �·��) 
�b�g�n�h�j�f�Z�p�b�y�l�Z���a�Z���j�_�e�Z�l�b�\�g�h�l�h�� �i�h�e�h�`�_�g�b�_���g�Z���k�l�Z�\�b�l�_���g�Z���j�h�[�h�l�Z���b���l�Z�d�Z���^�_�n�b�g�b�j�Z���_�^�g�h�a�g�Z�q�g�h��
�j�Z�a�i�h�e�h�`�_�g�b�_�l�h�� �b�f�� �\�� �i�j�h�k�l�j�Z�g�k�l�\�h�l�h���� �<���[�b�l�� �� �k�_�� �a�Z�i�b�k�\�Z�� �k��0 �b�e�b��1 �b�g�n�h�j�f�Z�p�b�y�l�Z�� �a�Z��X-
�d�h�h�j�^�b�g�Z�l�Z�l�Z�� �g�Z�� �i�j�_�k�_�q�g�Z�l�Z�� �l�h�q�d�Z�� �g�Z�� �h�k�b��A4, A5 �b��A6���� �K�l�h�c�g�h�k�l��1 �g�Z�� �[�b�l�Z�� �h�a�g�Z�q�Z�\�Z���� �q�_��
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�i�j�_�k�_�q�g�Z�l�Z�� �l�h�q�d�Z�� �_�� �\�� �a�h�g�Z�l�Z�� �a�Z�^�� �h�k�l�Z�� �g�Z�� �k�b�f�_�l�j�b�y�� �g�Z�� �[�Z�a�h�\�h�l�h�� �a�\�_�g�h�� �g�Z�� �j�h�[�h�l�Z�� �b�� �i�h��
�h�l�j�b�p�Z�l�_�e�g�Z�l�Z���i�h�e�m�h�k�� �g�Z��X �\���h�k�g�h�\�g�Z�l�Z���d�h�h�j�^�b�g�Z�l�g�Z���k�b�k�l�_�f�Z���� �d�Z�d�l�h�� �_���i�h�d�Z�a�Z�g�h���g�Z���n�b�]���� ����5. 
�K�l�h�c�g�h�k�l��0 �g�Z���[�b�l�Z���i�h�d�Z�a�\�Z�����q�_���i�j�_�k�_�q�g�Z�l�Z���l�h�q�d�Z���_���g�Z���i�h�e�h�`�b�l�_�e�g�Z�l�Z���i�h�e�m�h�k���g�Z��X �\���h�k�g�h�\�g�Z�l�Z��
�d�h�h�j�^�b�g�Z�l�g�Z���k�b�k�l�_�f�Z�����I�h���i�h�^�h�[�_�g���g�Z�q�b�g���k�_���a�Z�i�b�k�\�Z���b�g�n�h�j�f�Z�p�b�y�l�Z���a�Z���h�k��A3 �\ �[�b�l���������a�Z���h�k �:����
�\ �[�b�l�� ������ �[�b�l�� �����g�_�� �k�_�� �b�a�i�h�e�a�\�Z���� �Z�� �\���[�b�l�� �����k�_�� �a�Z�i�b�k�\�Z�� �b�g�n�h�j�f�Z�p�b�y�� �a�Z�� �g�Z�q�b�g�Z�� �i�h�� �d�h�c�l�h�� �k�Z��
�a�Z�^�Z�^�_�g�b���d�h�h�j�^�b�g�Z�l�b�l�_���g�Z���a�Z�^�Z�^�_�g�Z�l�Z���l�h�q�d�Z���h�l���l�j�Z�_�d�l�h�j�b�y�l�Z���g�Z���^�\�b�`�_�g�b�_�� 

�K�� �i�Z�j�Z�f�_�l�t�j�Z��Turn �_�� �\�t�a�f�h�`�g�h�� �^�Z�� �k�_���i�j�b�^�\�b�`�Z�l�� �h�k�b�l�_�� �k�� �t�]�e�b�� �i�h-�]�h�e�_�f�b�� �h�l�����������ƒ �b�e�b��
�i�h-�f�Z�e�d�b���h�l -�������ƒ. 

 
�N�b�]��������5 �?�^�g�h�a�g�Z�q�g�h���h�i�j�_�^�_�e�y�g�_���g�Z���d�b�g�_�f�Z�l�b�q�g�h�l�h���j�Z�a�i�h�e�h�`�_�g�b�_���g�Z���k�l�Z�\�b�l�_���g�Z���b�a�k�e�_�^�\�Z�g�b�y���j�h�[�h�l 

- �i�j�h�]�j�Z�f�b�j�Z�g�_�� �\�� �g�b�\�h�� �g�Z�� �i�h�l�j�_�[�b�l�_�e�� �Äuser�³�� �± �i�h�l�j�_�[�b�l�_�e�b�l�_�� �g�Z�� �k�h�n�l�m�_�j�g�Z�l�Z��
�k�b�k�l�_�f�Z���k���g�b�\�h���g�Z���^�h�k�l�t�i���Äuser�³ �b�f�Z�l���i�j�Z�\�Z���a�Z�� 

�x �a�Z�^�Z�\�Z�g�_�� �g�Z�� �b�f�_�g�Z�� �g�Z�� �l�h�q�d�b�� �h�l�� �l�j�Z�_�d�l�h�j�b�y�l�Z�� �g�Z�� �^�\�b�`�_�g�b�_���� �g�Z��
�h�i�j�_�^�_�e�_�g�b���\�b�^�h�\�_���^�\�b�`�_�g�b�y���b���^�j���� 

�x �i�j�h�]�j�Z�f�b�j�Z�g�_���g�Z���e�b�g�_�c�g�b���b���d�j�t�]�h�\�b���^�\�b�`�_�g�b�y�����b���g�Z���^�\�b�`�_�g�b�y���h�l���l�h�q�d�Z��
�^�h���l�h�q�d�Z�� 

�x �i�j�h�]�j�Z�f�b�j�Z�g�_���g�Z���Äspline�³ �^�\�b�`�_�g�b�y�� 
�x �j�_�^�Z�d�l�b�j�Z�g�_���g�Z���i�Z�j�Z�f�_�l�j�b�����k�\�t�j�a�Z�g�b���k���i�j�h�]�j�Z�f�b�j�Z�g�b�l�_���^�\�b�`�_�g�b�y�� 
�x �j�_�^�Z�d�l�b�j�Z�g�_�� �g�Z�� �d�h�h�j�^�b�g�Z�l�b�l�_�� �g�Z�� �l�h�q�d�b�l�_�� �h�l �a�Z�^�Z�^�_�g�Z�l�Z�� �l�j�Z�_�d�l�h�j�b�y�� �g�Z��

�^�\�b�`�_�g�b�_�� 
�x �b�a�i�h�e�a�\�Z�g�_�� �g�Z�� �e�h�]�b�q�_�k�d�b�� �d�h�f�Z�g�^�b�� �a�Z�� �^�b�]�b�l�Z�e�g�b�l�_�� �b�� �Z�g�Z�e�h�]�h�\�b�l�_��

�\�o�h�^�h�\�_���b���b�a�o�h�^�b�� 
- �i�j�h�]�j�Z�f�b�j�Z�g�_�� �\�� �g�b�\�h�� �g�Z�� �i�h�l�j�_�[�b�l�_�e�� �Äexpert�³���± �i�h�l�j�_�[�b�l�_�e�b�l�_�� �g�Z�� �k�h�n�l�m�_�j�g�Z�l�Z��

�k�b�k�l�_�f�Z���k���g�b�\�h���g�Z���^�h�k�l�t�i���Äexpert�³���b�f�Z�l���i�j�Z�\�Z���a�Z�� 

�x �^�h�k�l�t�i���^�h���\�k�b�q�d�b���k�b�k�l�_�f�g�b���b���i�h�l�j�_�[�b�l�_�e�k�d�b���d�h�g�k�l�Z�g�l�b���b���i�j�h�f�_�g�e�b�\�b�� 
�x �i�j�_�]�e�_�^���g�Z���k�b�g�l�Z�d�k�b�k�Z���g�Z���i�j�h�]�j�Z�f�g�b�y���_�a�b�d��KRL; 
�x �j�_�^�Z�d�l�b�j�Z�g�_�� �b���b�a�i�h�e�a�\�Z�g�_�� �g�Z�� �k�b�k�l�_�f�g�b�l�_�� �i�j�h�f�_�g�e�b�\�b�� �\�� �i�j�h�]�j�Z�f�b�l�_�� �g�Z��

�j�h�[�h�l�Z�� 
�x �^�h�k�l�t�i�� �k�� �i�j�Z�\�Z�� �a�Z�� �j�_�^�Z�d�p�b�y�� �^�h�� �\�k�b�q�d�b�� �k�b�k�l�_�f�g�b�� �b�� �d�h�g�n�b�]�m�j�Z�p�b�h�g�g�b��

�n�Z�c�e�h�\�_�����h�l�g�Z�k�y�s�b���k�_���^�h �k�t�k�l�Z�\�y�g�_�l�h���g�Z���m�i�j�Z�\�e�y�\�Z�s�b���i�j�h�]�j�Z�f�b�� 
�x �i�j�h�]�j�Z�f�b�j�Z�g�_���g�Z���Äspline�³ �^�\�b�`�_�g�b�y�� 
�x �i�j�Z�\�Z�� �^�Z�� �k�_�� �j�_�^�Z�d�l�b�j�Z�l�� �n�m�g�d�p�b�b�l�_�� �g�Z�� �k�h�n�l�m�_�j�Z���� �h�l�g�Z�k�y�s�b�� �k�_�� �^�h��

�k�i�_�p�b�Z�e�g�b�� �^�\�b�`�_�g�b�y�� �b�� �d�h�g�l�j�h�e�� �g�Z�^�� �h�i�j�_�^�_�e�_�g�b�� �o�Z�j�Z�d�l�_�j�b�k�l�b�d�b��- �m�k�d�h�j�_�g�b�_�� �g�Z�� �h�k�b�l�_����
�k�d�h�j�h�k�l�b���g�Z���^�\�b�`�_�g�b�y�����a�Z�^�Z�\�Z�g�_���g�Z���k�i�_�p�b�Z�e�g�b���l�h�q�d�b���i�h���d�j�b�\�Z�l�Z���g�Z���^�\�b�`�_�g�b�_���b���^�j�� 
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�x �^�h�k�l�t�i�� �^�h�� �b�� �b�a�i�h�e�a�\�Z�g�_�� �g�Z�� �\�k�b�q�d�b�� �Z�g�Z�e�h�]�h�\�b�� �b�� �p�b�n�j�h�\�b�� �\�o�h�^�h�\�_�� �b��
�b�a�o�h�^�b�� 

�x �b�a�i�h�e�a�\�Z�g�_�� �g�Z�� �e�h�]�b�q�_�k�d�b�� �d�h�f�Z�g�^�b�� �a�Z�� �^�b�]�b�l�Z�e�g�b�l�_�� �b�� �Z�g�Z�e�h�]�h�\�b�l�_��
�\�o�h�^�h�\�_���b���b�a�o�h�^�b�� 

�x �j�_�^�Z�d�l�b�j�Z�g�_���g�Z���i�Z�j�Z�f�_�l�j�b�����k�\�t�j�a�Z�g�b���k���i�j�h�]�j�Z�f�b�j�Z�g�b�l�_���^�\�b�`�_�g�b�y�� 
�x �j�_�^�Z�d�l�b�j�Z�g�_�� �g�Z�� �d�h�h�j�^�b�g�Z�l�b�l�_�� �g�Z�� �l�h�q�d�b�l�_�� �h�l�� �a�Z�^�Z�^�_�g�Z�l�Z�� �l�j�Z�_�d�l�h�j�b�y�� �g�Z��

�^�\�b�`�_�g�b�_�� 
�x �k�t�k�l�Z�\�y�g�_���g�Z���^�h�i�t�e�g�b�l�_�e�g�b���i�h�^�i�j�h�]�j�Z�f�b���b���n�m�g�d�p�b�b�� 
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3. �K�t�a�^�Z�\�Z�g�_���g�Z���f�_�l�h�^�b�d�b���a�Z���b�a�k�e�_�^�\�Z�g�_���g�Z���B�M�J 
 
�H�k�g�h�\�g�Z�l�Z�� �p�_�e���� �i�h�k�l�Z�\�_�g�Z�� �a�Z�� �b�a�i�t�e�g�_�g�b�_���_ �j�Z�a�j�Z�[�h�l�\�Z�g�_�l�h�� �g�Z�� �f�_�l�h�^�b�d�b�� �a�Z�� �b�g�h�\�Z�l�b�\�g�h��

�f�h�^�_�j�g�b�a�b�j�Z�g�_�� �b�� �g�h�\�h�� �k�i�_�p�b�n�b�q�g�h�� �i�j�b�e�h�`�_�g�b�_�� �g�Z�� �b�a�[�j�Z�g�b�y�� �l�b�i�h�i�j�_�^�k�l�Z�\�b�l�_�e�� �g�Z���B�M�J �\��
�g�h�\�b�� �h�[�e�Z�k�l�b - �g�Z�i�j�b�f�_�j �e�_�y�j�k�d�Z�l�Z�� �b�g�^�m�k�l�j�b�y���� �^�t�]�h�\�h�l�h�� �a�Z�\�Z�j�y�\�Z�g�_�� �b�� �^�j��. �F�_�l�h�^�b�d�b�l�_�� �k�Z��
�j�Z�a�j�Z�[�h�l�_�g�b���b���l�_�k�l�\�Z�g�b���m�k�i�_�r�g�h���\�t�j�o�m���b�a�[�j�Z�g�b�y���j�h�[�h�l�����<���k�e�_�^�\�Z�s�b�l�_���j�_�^�h�\�_���k�Z���i�j�_�^�k�l�Z�\�_�g�b��
�l�j�b�l�_���j�Z�a�j�Z�[�h�l�_�g�b���f�_�l�h�^�b�d�b���g�Z���b�a�[�j�Z�g�b�y���l�b�i�h�i�j�_�^�k�l�Z�\�b�l�_�e���g�Z���B�M�J �d�Z�d�l�h���k�_�^�\�Z�� 

- �a�Z���f�_�o�Z�g�b�q�g�b�l�_���d�h�f�i�h�g�_�g�l�b���� 
- �a�Z���o�Z�j�^�m�_�j�g�h�l�h �h�[�h�j�m�^�\�Z�g�_�� 
- �a�Z���k�h�n�l�m�_�j�g�h�l�h���m�i�j�Z�\�e�_�g�b�_�� 
 

3.1. �K�t�a�^�Z�\�Z�g�_���g�Z���f�_�l�h�^�b�d�Z���a�Z���b�a�k�e�_�^�\�Z�g�_���g�Z���f�_�o�Z�g�b�q�g�b�l�_���d�h�f�i�h�g�_�g�l�b 
 

�I�j�b�� �j�Z�a�j�Z�[�h�l�\�Z�g�_�l�h�� �g�Z�� �f�_�l�h�^�b�d�Z�l�Z���k�Z�� �\�a�_�l�b �i�h�^�� �\�g�b�f�Z�g�b�_�� �k�e�_�^�g�b�l�_�� �h�k�g�h�\�g�b��
�k�t�h�[�j�Z�`�_�g�b�y���� �f�h�f�_�g�l�g�h�� �k�t�k�l�h�y�g�b�_�� �g�Z�� �b�a�k�e�_�^�\�Z�g�b�y���M�J���� �h�[�_�d�l�� �g�Z�� �j�_�b�g�`�_�g�_�j�b�g�]����
�\�t�a�f�h�`�g�h�k�l�l�Z�� �a�Z�� �h�i�l�b�f�Z�e�g�h�� �b�a�i�h�e�a�\�Z�g�_�� �g�Z�� �k�t�s�_�k�l�\�m�\�Z�s�b�l�_�� �\�� �j�h�[�h�l�Z�� �_�e�_�f�_�g�l�b���� �\�t�a�e�b�� �b��
�k�]�e�h�[�_�g�b�� �_�^�b�g�b�p�b���� �\�t�a�f�h�`�g�h�k�l�l�Z�� �a�Z�� �_�n�_�d�l�b�\�g�Z�� �b�� �b�d�h�g�h�f�b�q�_�k�d�b�� �p�_�e�_�k�t�h�[�j�Z�a�g�Z�� �i�h�^�f�y�g�Z�� �g�Z��
�b�a�g�h�k�_�g�b�l�_�� �b���b�e�b�� �i�h�\�j�_�^�_�g�b�� �q�Z�k�l�b���� �k�t�h�[�j�Z�a�y�\�Z�g�_�� �k�� �h�[�e�Z�k�l�l�Z�� �g�Z�� �i�j�b�e�h�`�_�g�b�_���� �\�� �d�h�y�l�h�� �s�_��
�h�i�_�j�b�j�Z�� �j�h�[�h�l�Z���� �G�Z�� �[�Z�a�Z�� �l�_�a�b�� �k�t�h�[�j�Z�`�_�g�b�y���_ �b�a�]�j�Z�^�_�g�Z�� �f�_�l�h�^�b�d�Z�� �a�Z�� �b�a�k�e�_�^�\�Z�g�_�� �g�Z��
�f�_�o�Z�g�b�q�g�b�l�_�� �d�h�f�i�h�g�_�g�l�b�� �g�Z �b�a�[�j�Z�g�b�y�� �l�b�i�h�i�j�_�^�k�l�Z�\�b�l�_�e�� �g�Z���B�M�J���� �i�j�_�^�k�l�Z�\�_�g�Z�� �i�h-�^�h�e�m�� �\��
�l�_�d�k�l�Z�� 

I. �<�b�a�m�Z�e�g�Z�� �b�g�k�i�_�d�p�b�y�� �g�Z�� �f�_�o�Z�g�b�q�g�b�l�_�� �d�h�f�i�h�g�_�g�l�b�� �b��
�k�l�j�m�d�l�m�j�g�Z�l�Z���p�y�e�h�k�l���g�Z���b�a�[�j�Z�g�b�y���l�b�i�h�i�j�_�^�k�l�Z�\�b�l�_�e���g�Z���B�M�J 

�<�� �i�t�j�\�b�y�� �_�l�Z�i�� �h�l�� �f�_�l�h�^�b�d�Z�l�Z�� �b�a�[�j�Z�g�b�y�l�� �l�b�i�h�i�j�_�^�k�l�Z�\�b�l�_�e�� �g�Z���B�M�J �k�_�� �b�g�k�i�_�d�l�b�j�Z �a�Z��
�\�t�g�r�g�b���^�_�n�_�d�l�b���b���g�Z�j�m�r�_�g�b���h�k�g�h�\�g�b���n�m�g�d�p�b�h�g�Z�e�g�b���o�Z�j�Z�d�l�_�j�b�k�l�b�d�b�����d�h�_�l�h���k�_���g�Z�e�Z�]�Z���a�Z�j�Z�^�b��
�j�Z�[�h�l�Z�l�Z���g�Z���j�h�[�h�l�Z���i�j�b���h�i�j�_�^�_�e�_�g�b���l�_�o�g�h�e�h�]�b�q�g�b���m�k�e�h�\�b�y���h�l���^�h�k�_�]�Z�r�g�Z�l�Z���f�m���_�d�k�i�e�h�Z�l�Z�p�b�y�� 

�I�j�h�\�_�j�d�Z�l�Z���i�j�h�l�b�q�Z���\���k�e�_�^�g�b�l�_���k�l�t�i�d�b�� 
1. �H�k�g�h�\�g�h���i�h�q�b�k�l�\�Z�g�_���h�l���g�Z�l�j�m�i�Z�g�b���\�t�j�o�m���g�_�]�h���i�j�Z�o���b���^�j�m�]�b���a�Z�f�t�j�k�b�l�_�e�b���^�h���i�t�e�g�Z��

�b���y�k�g�Z���\�b�^�b�f�h�k�l���g�Z���d�h�j�i�m�k�g�b�l�_���b���h�k�g�h�\�g�b�l�_���^�_�l�Z�c�e�b���g�Z���B�M�J�����n�b�]�������������Z��. 
2. �<�b�a�m�Z�e�g�Z�� �b�g�k�i�_�d�p�b�y�� �a�Z�� �p�y�e�h�k�l�g�h�k�l�� �b�� �a�^�j�Z�\�b�g�Z �g�Z�� �d�h�j�i�m�k�g�b�l�_�� �^�_�l�Z�c�e�b�� ���n�b�]����

106���[����- �h�l�e�b�\�d�b�� �b�e�b�� �k�t�k�l�Z�\�g�b�� �a�Z�\�Z�j�_�g�b�� �d�h�g�k�l�j�m�d�p�b�b���� �I�j�b�� �g�Z�e�b�q�b�_�� �g�Z�� �i�m�d�g�Z�l�b�g�b�� �b�e�b��
�h�l�q�m�i�_�g�b�� �i�Z�j�q�_�l�Z�� �g�Z�� �\�t�a�e�h�\�b�� �f�_�k�l�Z, �g�Z�j�m�r�Z�\�Z�s�b�� �p�_�e�h�k�l�l�Z�� �g�Z�� �j�h�[�h�l�Z�� �b�e�b �a�^�j�Z�\�b�g�Z�l�Z�� �g�Z��
�k�t�h�l�\�_�l�g�b�y���^�_�l�Z�c�e�����j�h�[�h�l�Z���k�_���[�j�Z�d�m�\�Z���a�Z���j�_�a�_�j�\�g�b���q�Z�k�l�b�� 

3. �<�b�a�m�Z�e�g�Z�� �i�j�h�\�_�j�d�Z�� �g�Z�� �\�k�b�q�d�b�� �^�\�b�]�Z�l�_�e�b�� �a�Z�� �m�^�Z�j�b�� �b�� �g�Z�j�Z�g�y�\�Z�g�b�y�� �i�h�� �d�h�j�i�m�k�b�l�_����
�n�e�Z�g�p�b�l�_���b���d�m�i�e�m�g�]�b�l�_���b�f�����n�b�]�������������]�������I�j�h�\�_�j�y�\�Z���k�_���l�b�i�t�l���g�Z���^�\�b�]�Z�l�_�e�b�l�_�����n�b�]�������������\���� 

4. �<�b�a�m�Z�e�g�Z�� �i�j�h�\�_�j�d�Z�� �g�Z�� �o�b�^�j�h-�i�g�_�\�f�Z�l�b�q�g�b�y�� �f�_�o�Z�g�b�a�t�f�� �a�Z�� �m�j�Z�\�g�h�\�_�k�y�\�Z�g�_�� ���n�b�]����
106���^���� �b�� �h�l�q�b�l�Z�g�_�� �g�Z�� �g�Z�e�y�]�Z�g�_�l�h�� �g�Z�� �f�Z�k�e�h�l�h�� �i�j�b�� �k�]�t�g�Z�l�h���i�h�e�h�`�_�g�b�_�� �g�Z�� �f�_�o�Z�g�b�a�f�Z�� ���n�b�]����
106���_��. 

5. �H�l�^�_�e�y�g�_�� �g�Z�� �\�k�b�q�d�b�� �n�m�g�d�p�b�h�g�Z�e�g�h�� �a�^�j�Z�\�b�� �q�Z�k�l�b�� �^�_�l�Z�c�e�b�� �b�� �k�]�e�h�[�_�g�b�� �_�^�b�g�b�p�b�� �a�Z��
�j�_�a�_�j�\�g�b�� �q�Z�k�l�b�� �b�� �d�h�g�k�m�f�Z�l�b�\�b���� �i�j�b�� �m�k�l�Z�g�h�\�y�\�Z�g�_�� �g�Z�� �g�_�i�j�b�]�h�^�g�h�k�l�� �g�Z�� �j�h�[�h�l�Z�� �a�Z��
�j�_�b�g�`�_�g�_�j�b�g�]�� 
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II.  �I�j�h�\�_�j�d�Z�� �g�Z�� �^�_�l�Z�c�e�b�����k�]�e�h�[�_�g�b�� �\�t�a�e�b�� �b�� �d�h�f�i�h�g�_�g�l�b�� �a�Z��
�n�m�g�d�p�b�h�g�Z�e�g�Z���b���l�_�o�g�b�q�_�k�d�Z���b�a�i�j�Z�\�g�h�k�l 

1. �>�_�f�h�g�l�b�j�Z�g�_���g�Z���\�k�b�q�d�b���f�h�l�h�j�b�� 
2. �F�_�o�Z�g�b�q�g�Z�� �j�t�q�g�Z�� �i�j�h�\�_�j�d�Z�� �g�Z�� �^�\�b�]�Z�l�_�e�b�l�_ �± �i�j�h�\�_�j�y�\�Z�l�� �k�_�� �a�Z�� �o�e�Z�[�b�g�b�� �b�e�b��

�a�Z�^�t�j�`�Z�g�b�y���i�j�b���\�t�j�l�_�g�_���g�Z���j�h�l�h�j�Z���g�Z���j�t�d�Z�� 
3. �F�_�o�Z�g�b�q�g�Z�� �i�j�h�\�_�j�d�Z�� �k�� �i�h�^�Z�\�Z�g�_�� �g�Z�� �g�h�f�b�g�Z�e�g�h�� �a�Z�o�j�Z�g�\�Z�s�h�� �g�Z�i�j�_�`�_�g�b�_��- �i�j�b��

�a�Z�^�\�b�`�\�Z�g�_�l�h�� �g�Z�� �^�\�b�]�Z�l�_�e�b�l�_�� �k�� �g�h�f�b�g�Z�e�g�b�� �b�� �f�Z�d�k�b�f�Z�e�g�b�� �h�[�h�j�h�l�b���k�_�� �g�Z�[�e�x�^�Z�\�Z�� �a�Z�� �l�\�t�j�^�_ 
�k�b�e�g�b���\�b�[�j�Z�p�b�b���b�e�b���g�_�o�Z�j�Z�d�l�_�j�g�b���r�m�f�h�\�_�� 

4. �F�_�o�Z�g�b�q�g�Z�� �i�j�h�\�_�j�d�Z�� �g�Z�� �h�l�^�_�e�g�b�l�_�� �d�h�f�i�h�g�_�g�l�b�� �h�l�� �^�\�b�]�Z�l�_�e�y��- �i�j�h�\�_�j�y�\�Z�l�� �k�_��
�r�e�b�p�_�\�b�l�_���k�t�_�^�b�g�_�g�b�y�����n�b�]��������7) �f�_�`�^�m���r�e�b�p�_�\�b�y���\�Z�e���g�Z���^�\�b�]�Z�l�_�e�y���b���\�l�m�e�d�Z�l�Z�����d�t�f���d�h�y�l�h���k�_��
�i�j�b�k�t�_�^�b�g�y�\�Z���� �R�e�b�p�_�\�b�l�_�� �k�t�_�^�b�g�_�g�b�y�� �l�j�y�[�\�Z�� �^�Z�� �[�t�^�Z�l�� �[�_�a�� �k�q�m�i�_�g�b�� �b�e�b�� �k�b�e�g�h�� �b�a�g�h�k�_�g�b��
�r�e�b�p�b���b���i�j�b���j�_�\�_�j�k�b�\�g�h���m�k�m�d�\�Z�s�h���g�Z�l�h�\�Z�j�\�Z�g�_���g�Z���j�t�d�Z���^�Z���h�l�k�t�k�l�\�Z�l���]�h�e�_�f�b���o�e�Z�[�b�g�b�����>�\�Z�l�Z��
�^�_�l�Z�c�e�Z�� �k�\�t�j�a�Z�g�b�� �k�� �l�Z�d�h�\�Z�� �k�t�_�^�b�g�_�g�b�_, �l�j�y�[�\�Z�� �^�Z�� �f�h�]�Z�l�� �i�e�Z�\�g�h���� �[�_�a�� �]�h�e�y�f�h�� �m�k�b�e�b�_�� �^�Z�� �k�_��
�^�\�b�`�Z�l�� �Z�d�k�b�Z�e�g�h�� �_�^�b�g�� �k�i�j�y�f�h�� �^�j�m�]���� �A�Z�� �p�_�e�l�Z�� �k�t�_�^�b�g�_�g�b�y�l�Z�� �k�_�� �i�j�_�]�e�_�`�^�Z�l�� �\�b�a�m�Z�e�g�h�� �b�� �k�_��
�j�Z�a�^�\�b�`�\�Z�l���g�Z���j�t�d�Z���a�Z���m�k�l�Z�g�h�\�y�\�Z�g�_���g�Z���n�m�g�d�p�b�h�g�Z�e�g�Z�l�Z���b�f���]�h�^�g�h�k�l. 
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�r�e�b�p�_�\���\�Z�e �b���\�l�m�e�d�Z�l�Z���d�t�f���d�h�y�l�h���k�_���i�j�b�k�t�_�^�b�g�y�\�Z�� 
 
5. �L�_�k�l�\�Z�g�_�� �g�Z�� �^�\�b�]�Z�l�_�e�b�l�_�� �g�Z�� �k�l�Z�p�b�h�g�Z�j�_�g�� �k�l�_�g�^�� �a�Z�� �l�y�o�g�Z�l�Z�� �_�e�_�d�l�j�h�f�_�o�Z�g�b�q�g�Z��

�i�j�b�]�h�^�g�h�k�l���± �\���k�e�m�q�Z�c���g�Z �k�t�f�g�_�g�b�y���b�e�b���a�Z�[�_�e�_�`�d�b���a�Z���g�_�b�a�i�j�Z�\�g�h�k�l, �k�_���b�a�\�t�j�r�\�Z���i�h�^�f�y�g�Z �k��
�i�j�h�\�_�j�_�g�� �i�j�_�^�\�Z�j�b�l�_�e�g�h�� �^�\�b�]�Z�l�_�e�� �h�l�� �k�t�s�b�y�� �l�b�i, �h�l�� �i�j�_�^�\�b�^�_�g�b�l�_�� �a�Z�� �j�_�a�_�j�\�g�b�� �q�Z�k�l�b��
�^�\�b�]�Z�l�_�e�b�� 

6. �I�j�h�\�_�j�d�Z�� �g�Z�� �^�_�n�_�d�l�b�j�Z�e�� �^�\�b�]�Z�l�_�e�� ���Z�d�h�� �b�f�Z�� �l�Z�d�t�\����- �i�j�h�\�_�j�y�\�Z�l �k�_��
�\�t�a�f�h�`�g�h�k�l�b�l�_ �a�Z���h�l�k�l�j�Z�g�y�\�Z�g�_���g�Z���^�_�n�_�d�l�Z���b�e�b���b�a�i�h�e�a�\�Z�g�_�l�h�� �g�Z���^�\�b�]�Z�l�_�e�y �d�Z�l�h���b�a�l�h�q�g�b�d���a�Z��
�j�_�a�_�j�\�g�b���q�Z�k�l�b���g�Z���^�j�m�]�b���^�\�b�]�Z�l�_�e�b�� 

7. �I�j�h�\�_�j�d�Z�� �g�Z�� �h�l�^�_�e�g�b�� �d�h�f�i�h�g�_�g�l�b�� �h�l�� �d�h�g�k�l�j�m�d�p�b�y�l�Z�� �g�Z�� �j�h�[�h�l�Z�� �a�Z�� �f�_�o�Z�g�b�q�g�b��
�i�h�\�j�_�^�b �± �i�j�h�\�_�j�y�\�Z�l�� �k�_���e�Z�]�_�j�b�l�_�����j�_�f�t�p�b�l�_���b���a�t�[�g�b�l�_���d�h�e�_�e�Z���h�l���i�j�_�^�Z�\�Z�l�_�e�g�b�l�_���f�_�o�Z�g�b�a�f�b 
�a�Z���g�Z�e�b�q�b�_���g�Z���f�_�o�Z�g�b�q�g�b���^�_�n�_�d�l�b���b���\�b�^�b�f�b���h�l�d�e�h�g�_�g�b�y���b���o�e�Z�[�b�g�b���i�j�b���\�t�j�l�_�g�_���g�Z���h�l�^�_�e�g�b�l�_��
�h�k�b���g�Z���b�a�k�e�_�^�\�Z�g�b�y���j�h�[�h�l�� 

III.  �B�a�k�e�_�^�\�Z�g�_���g�Z���o�e�Z�[�b�g�b�l�_���\���j�_�^�m�p�b�j�Z�s�b�l�_���i�j�_�^�Z�\�d�b���b���e�Z�]�_�j�g�b�l�_��
�\�t�a�e�b���\�t�\���\�k�y�d�Z���_�^�g�Z���h�l���h�k�b�l�_���g�Z���j�h�[�h�l�Z 

1. �I�j�h�\�_�j�d�Z���g�Z���j�_�^�m�p�b�j�Z�s�b���i�j�_�^�Z�\�d�b���b���e�Z�]�_�j�g�b���\�t�a�e�b��- �k�e�_�^���i�j�h�\�_�j�d�Z���a�Z���b�a�i�j�Z�\�g�h�k�l��
�g�Z�� �f�h�l�h�j�b�l�_�� �b�� �l�_�o�g�b�l�_�� �k�i�b�j�Z�q�d�b�����d�Z�d�l�h�� �b�� �g�Z�� �d�Z�j�^�Z�g�h�\�b�l�_�� �f�_�o�Z�g�b�a�f�b�� �d�m�i�e�b�j�Z�g�b�� �d�t�f�� �l�y�o���� �k�_��
�i�j�_�f�b�g�Z�\�Z�� �d�t�f�� �]�e�h�[�Z�e�g�h�� �b�a�k�e�_�^�\�Z�g�_�� �g�Z�� �p�y�e�Z�l�Z�� �d�h�g�k�l�j�m�d�p�b�y�� �a�Z�� �o�e�Z�[�b�g�b�� �\�� �j�_�^�m�p�b�j�Z�s�b�l�_��
�i�j�_�^�Z�\�d�b���b���e�Z�]�_�j�g�b�l�_���\�t�a�e�b���g�Z���\�k�y�d�Z���_�^�g�Z���h�l���r�_�k�l�l�_���h�k�b�����O�e�Z�[�b�g�b�l�_���\���i�j�_�^�Z�\�d�b�l�_���i�h �i�h�k�h�d�Z��
�g�Z�� �\�t�j�l�_�g�_�� �g�_�� �[�b�\�Z�� �^�Z�� �g�Z�^�\�b�r�Z�\�Z�l�� �^�h�i�m�k�l�b�f�b�l�_�� �k�l�h�c�g�h�k�l�b�� �h�l���“���ƒ���� �i�j�_�^�\�b�^�� �[�t�^�_�s�h�l�h�� �b�f��
�i�j�b�e�h�`�_�g�b�_�� �\�� �e�_�y�j�k�d�Z�l�Z�� �b�g�^�m�k�l�j�b�y �b�� �a�Z�� �^�j�m�]�b�� �p�_�e�b. �>�h�i�m�k�l�b�f�b�l�_�� �k�l�h�c�g�h�k�l�b�� �k�Z�� �h�i�j�_�^�_�e�_�g�b��
�g�Z�� �[�Z�a�Z�� �g�Z�� �^�t�e�]�h�]�h�^�b�r�g�b�y�� �h�i�b�l�� �g�Z�� �k�i�_�p�b�Z�e�b�k�l�b�l�_�� �h�l�� �n�b�j�f�Z�l�Z-�i�h�a�m�\�Z�l�_ �Ä�K�i�_�k�b�f�Z�³���H�H�> �\��
�h�[�e�Z�k�l�l�Z�� �g�Z�� �k�i�_�p�b�Z�e�b�a�b�j�Z�g�b�l�_�� �k�b�k�l�_�f�b�� �a�Z�� �Z�\�l�h�f�Z�l�b�a�Z�p�b�y�� �g�Z�� �i�j�h�b�a�\�h�^�k�l�\�h�l�h���� �\�� �q�Z�k�l�g�h�k�l��- 
�j�_�r�_�g�b�y���a�Z���Z�\�l�h�f�Z�l�b�a�Z�p�b�y���g�Z���e�_�y�j�k�d�b���l�_�o�g�h�e�h�]�b�q�g�b���i�j�h�p�_�k�b�����I�j�h�\�_�j�d�Z�l�Z���g�Z���e�Z�]�_�j�g�b�l�_���\�t�a�e�b��
���\�t�j�l�y�s�b�l�_���^�\�h�b�p�b)�����l�j�y�[�\�Z���^�Z���i�h�d�Z�a�\�Z���e�b�i�k�Z���g�Z���o�e�Z�[�b�g�b���\�t�\���\�k�y�d�h���_�^�g�h���h�l���i�h�^�\�b�`�g�b�l�_���a�\�_�g�Z��
�g�Z���d�b�g�_�f�Z�l�b�q�g�Z�l�Z���k�b�k�l�_�f�Z�� 

2. �F�_�l�h�^�� �a�Z�� �b�a�k�e�_�^�\�Z�g�_�� �b�� �b�a�f�_�j�\�Z�g�_�� �g�Z�� �o�e�Z�[�b�g�b�l�_�� �\�� �i�j�_�^�Z�\�d�b�l�_ - �b�a�f�_�j�\�Z�g�_�l�h�� �g�Z��
�o�e�Z�[�b�g�b�l�_���\���i�j�_�^�Z�\�d�b�l�_���k�_���b�a�\�t�j�r�\�Z�����d�Z�l�h���k�_���a�Z�i�h�q�g�_���h�l���h�k���� �b���i�h�k�l�_�i�_�g�g�h���k�_���k�l�b�]�g�_���^�h���h�k����, 
�k�� �f�h�g�l�b�j�Z�g�b�� �^�\�b�]�Z�l�_�e�b �b�� �a�Z�^�_�c�k�l�\�Z�g�b�� �k�i�b�j�Z�q�d�b���� �i�j�b���d�h�_�l�h�� �\�� �b�^�_�Z�e�g�b�y�� �k�e�m�q�Z�c�� ���[�_�a�o�e�Z�[�b�g�g�b��
�i�j�_�^�Z�\�d�b���� �g�_�� �[�b�� �l�j�y�[�\�Z�e�h�� �^�Z�� �b�f�Z�� �\�t�a�f�h�`�g�h�k�l�� �a�\�_�g�Z�� �h�l�� �f�_�o�Z�g�b�a�f�Z, �^�Z�� �k�_�� �i�j�_�f�_�k�l�\�Z�l�� �_�^�g�h��
�k�i�j�y�f�h���^�j�m�]�h�����I�j�b�g�p�b�i�t�l �a�Z���b�a�f�_�j�\�Z�g�_�����d�h�c�l�h���f�h�`�_���^�Z���k�_���i�j�b�e�h�`�b���a�Z���\�k�b�q�d�b���h�k�b���_���k�e�_�^�g�b�y�l: 
�_�^�g�h���h�l���^�\�_�l�_���a�\�_�g�Z���k�\�t�j�a�Z�g�b���k�t�k���k�t�h�l�\�_�l�g�Z�l�Z���h�k �g�Z���j�h�l�Z�p�b�y���k�_���i�h�k�l�Z�\�y���l�Z�d�Z, �q�_���Z�d�h���d�t�f���g�_�]�h��
�k�_���i�j�b�e�h�`�b���o�h�j�b�a�h�g�l�Z�e�g�Z���k�b�e�Z, �l�h���l�y���^�Z���i�j�_�^�b�a�\�b�d�Z���f�Z�d�k�b�f�Z�e�_�g���f�h�f�_�g�l���\���l�Z�a�b���h�k���i�h���i�h�k�h�d�Z��
�g�Z�� �^�\�b�`�_�g�b�_�l�h�� �c���� �I�j�b�� �l�Z�a�b�� �i�h�k�l�Z�g�h�\�d�Z�� �k�_�� �i�h�k�l�Z�\�y�l�� �^�\�Z�� �m�j�_�^�Z�� �a�Z�� �b�a�f�_�j�\�Z�g�_�� �g�Z�� �g�Z�d�e�h�g�� �k��
�l�h�q�g�h�k�l���“�������ƒ�����_�^�b�g�b�y�l �g�Z���_�^�g�h�l�h���a�\�_�g�h�� �Z���^�j�m�]�b�y�l �g�Z���^�j�m�]�h�l�h���b���k�_���k�e�_�^�y�l���l�_�o�g�b�l�_���i�h�d�Z�a�Z�g�b�y����
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�K �o�h�j�b�a�h�g�l�Z�e�g�h���g�Z�l�b�k�d�Z�g�_���g�Z���j�t�d�Z���\���_�^�g�Z�l�Z�����Z���i�h�k�e�_���b���\���^�j�m�]�Z�l�Z���i�h�k�h�d�Z���k�_���h�[�b�j�Z�l���o�e�Z�[�b�g�b�l�_���\��
�i�j�_�^�Z�\�d�b�l�_, �\�� �^�\�_�l�_�� �i�h�k�h�d�b���� �H�l�q�b�l�Z�c�d�b�� �i�h�d�Z�a�Z�g�b�y�l�Z�� �g�Z�� �^�\�Z�l�Z�� �m�j�_�^�Z���� �j�Z�a�e�b�d�Z�l�Z�� �\��
�i�j�_�f�_�k�l�\�Z�g�b�y�l�Z���i�h�d�Z�a�\�Z �k�t�h�l�\�_�l�g�Z�l�Z�� �o�e�Z�[�b�g�Z�� �\�� �i�j�_�^�Z�\�d�b�l�_�� �G�Z���n�b�]���� ����8 �k�Z�� �i�h�d�Z�a�Z�g�b��
�i�h�k�l�Z�g�h�\�d�b�l�_���a�Z���r�_�k�l�l�_���h�k�b�� 

�I�j�b���m�k�l�Z�g�h�\�y�\�Z�g�_���g�Z �a�Z�\�b�r�_�g�b���k�l�h�c�g�h�k�l�b���g�Z���o�e�Z�[�b�g�b�l�_���\���g�y�d�h�b���h�l���h�k�b�l�_�����_���g�_�h�[�o�h�^�b�f�h��
�^�Z���k�_���i�h�^�f�_�g�y�l���k�t�h�l�\�_�l�g�b�l�_���j�_�^�m�p�b�j�Z�s�b���i�j�_�^�Z�\�d�b���b���b�e�b���e�Z�]�_�j�b�����B�g�k�i�_�d�p�b�y�l�Z���g�Z���i�j�_�^�Z�\�d�b�l�_��
�d�t�f���h�k�b�������b���� �_���k�\�t�j�a�Z�g�Z���b���k���i�j�h�\�_�j�d�Z���g�Z���k�t�k�l�h�y�g�b�_�l�h���g�Z���a�t�[�g�h-�j�_�f�t�q�g�b�l�_���i�j�_�^�Z�\�d�b�� 

�<�� �i�h�\�_�q�_�l�h�� �k�e�m�q�Z�b�� �j�_�f�t�p�b�l�_�� �k�_�� �i�h�^�f�_�g�y�l�� �k�� �g�h�\�b���� �a�Z�s�h�l�h �k�Z�� �k�j�Z�\�g�b�l�_�e�g�h�� �[�t�j�a�h��
�b�a�g�h�k�\�Z�s�b���k�_���_�e�_�f�_�g�l�b�����I �j�b�� �k�f�y�g�Z�l�Z�� �b�f�� �_�� �g�_�h�[�o�h�^�b�f�h�� �^�Z�� �[�t�^�Z�l�� �k�l�Z�j�Z�l�_�e�g�h�� �b�� �l�h�q�g�h��
�g�Z�l�_�]�g�Z�l�b, �i�h�k�j�_�^�k�l�\�h�f���i�j�_�^�\�b�^�_�g�b�l�_���a�Z���l�h�\�Z���[�t�q�\�h�h�[�j�Z�a�g�b �j�h�e�d�b�����d�h�b�l�h���k�Z���g�Z���_�d�k�p�_�g�l�j�b�q�g�b��
�h�k�b�� 

3. �B�a�f�_�j�\�Z�g�_���g�Z���l�h�q�g�h�k�l�l�Z���g�Z���i�h�a�b�p�b�h�g�b�j�Z�g�_���g�Z���p�_�e�b�y���j�h�[�h�l - �\�t�j�o�m �b�a�f�_�j�\�Z�g�_�l�h 
�g�Z���l�h�q�g�h�k�l�l�Z, �\�e�b�y�g�b�_�� �s�_�� �h�d�Z�`�_�� �g�_�� �k�Z�f�h�� �k�t�k�l�h�y�g�b�_�l�h�� �g�Z�� �f�_�o�Z�g�b�q�g�Z�l�Z�� �d�h�g�k�l�j�m�d�p�b�y���� �g�h�� �b��
�l�h�q�g�h�k�l�l�Z�� �b�� �i�j�_�p�b�a�g�h�k�l�l�Z�� �g�Z�� �k�Z�f�h�l�h�� �m�i�j�Z�\�e�_�g�b�_�� �g�Z�� �m�g�b�\�_�j�k�Z�e�g�b�y�� �j�h�[�h�l�� �I�j�_�^�e�h�`�_�g�� �_��
�k�e�_�^�g�b�y�l�� �f�_�l�h�^�� �a�Z�� �b�a�f�_�j�\�Z�g�_���� �d�t�f�� �n�e�Z�g�_�p�Z�� �g�Z���B�M�J���� �i�j�_�^�\�b�^�_�g�� �a�Z�� �a�Z�d�j�_�i�\�Z�g�_�� �g�Z�� �d�j�Z�c�g�b�y��
�_�n�_�d�l�h�j���� �k�_�� �i�h�k�l�Z�\�y���k�i�_�p�b�Z�e�_�g �i�j�_�p�b�a�g�h�� �b�a�j�Z�[�h�l�_�g�� �^�_�l�Z�c�e�� �k�� �^�\�_�� �k�n�_�j�b�q�g�b�� �l�h�q�d�b���� �d�h�b�l�h�� �k�Z��
�^�h�k�l�Z�l�t�q�g�h�� �l�h�q�g�h�� �b�a�j�Z�[�h�l�_�g�b�� �b�� �i�h�a�b�p�b�h�g�b�j�Z�g�b�� �_�^�g�Z�� �k�i�j�y�f�h�� �^�j�m�]�Z�� �b�� �k�i�j�y�f�h�� �d�h�h�j�^�b�g�Z�l�g�Z�l�Z��
�k�b�k�l�_�f�Z�� �g�Z���B�M�J���� �K�� �l�Z�d�Z�� �f�h�g�l�b�j�Z�g�b�y�� �b�a�f�_�j�\�Z�l�_�e�_�g�� �^�_�l�Z�c�e���j�h�[�h�l�t�l �k�_�� �i�j�_�f�_�k�l�\�Z�� �^�h��
�h�i�j�_�^�_�e�_�g�h�� �a�Z�^�Z�^�_�g�Z�� �i�h�a�b�p�b�y�� �\�� �j�Z�[�h�l�g�h�l�h�� �f�m�� �i�j�h�k�l�j�Z�g�k�l�\�h���� �<�� �l�Z�a�b�� �i�h�a�b�p�b�y�� �\�t�j�o�m�� �d�h�j�Z�\�Z��
�k�l�h�c�d�Z���k�_���i�h�k�l�Z�\�y�l���r�_�k�l���b�g�^�b�d�Z�l�h�j�g�b���q�Z�k�h�\�g�b�p�b, �k���l�h�q�g�h�k�l���g�Z���h�l�q�b�l�Z�g�_�������������f�f�������d�Z�l�h���l�j�b���h�l��
�l�y�o�� �s�_�� �h�l�q�b�l�Z�l�� �i�j�_�f�_�k�l�\�Z�g�_�l�h�� �g�Z���_�^�g�Z�l�Z�� �k�n�_�j�b�q�g�Z�� �l�h�q�d�Z�����:��, �\�� �l�j�b�l�_��
�\�a�Z�b�f�g�h�i�_�j�i�_�g�^�b�d�m�e�y�j�g�b���g�Z�i�j�Z�\�e�_�g�b�y���g�Z���]�e�h�[�Z�e�g�Z�l�Z���d�h�h�j�^�b�g�Z�l�g�Z���k�b�k�l�_�f�Z���g�Z���M�J�����:���^�j�m�]�b�l�_��
�l�j�b���i�h���k�t�s�b�y�l���g�Z�q�b�g���s�_���k�e�_�^�y�l���^�j�m�]�Z�l�Z���k�n�_�j�b�q�g�Z���l�h�q�d�Z�����<�� �g�Z���b�a�f�_�j�\�Z�l�_�e�g�b�y���^�_�l�Z�c�e�� 

 
�N�b�]��������8 �I�h�k�l�Z�g�h�\�d�Z���a�Z���b�a�f�_�j�\�Z�g�_���g�Z���o�e�Z�[�b�g�b�l�_���i�h���r�_�k�l�l�_���h�k�b���g�Z���j�h�[�h�l�Z 
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�K�e�_�^�� �g�b�\�_�e�b�j�Z�g�_�� �g�Z���M�J���� �k�h�n�l�m�_�j�g�h�� �f�m�� �k�_�� �a�Z�^�Z�\�Z �^�Z�� �k�_�� �i�j�_�f�_�k�l�b�� �\�� �h�i�j�_�^�_�e�_�g�Z�� �l�h�q�d�Z���k��

�d�h�h�j�^�b�g�Z�l�b�� �\�� �g�_�]�h�\�Z�l�Z�� �d�h�h�j�^�b�g�Z�l�g�Z�� �k�b�k�l�_�f�Z�� �b�� �^�Z�� �h�j�b�_�g�l�b�j�Z�� �b�a�f�_�j�\�Z�l�_�e�g�b�y�� �^�_�l�Z�c�e, 
�m�k�i�h�j�_�^�_�g �g�Z���_�^�g�Z���h�l���h�k�b�l�_���h�l���d�h�h�j�^�b�g�Z�l�g�Z�l�Z �k�b�k�l�_�f�Z�����I�h�k�l�Z�\�y���k�_���k�l�h�c�d�Z�l�Z���k���b�g�^�b�d�Z�l�h�j�g�b�l�_��
�q�Z�k�h�\�g�b�p�b�����d�h�b�l�h�� �k�_�� �g�b�\�_�e�b�j�Z�l�����l�Z�d�Z�� �q�_�� �^�Z�� �b�a�f�_�j�\�Z�l�� �\�a�Z�b�f�g�h�l�h �j�Z�a�i�h�e�h�`�_�g�b�_�� �g�Z���^�\�_�l�_��
�k�n�_�j�b�q�g�b���l�h�q�d�b���:���b���<. 

�I�j�b���l�Z�d�Z���k�n�h�j�f�b�j�Z�g�Z�l�Z���i�h�k�l�Z�g�h�\�d�Z���k�_���i�j�Z�\�y�l���j�_�^�b�p�Z���b�a�f�_�j�\�Z�g�b�y���a�Z���l�h�q�g�h�k�l: 
�Z�����h�l�q�b�l�Z�g�_�� �g�Z �]�j�_�r�d�b�l�_ �i�j�b�� �h�l�g�h�k�b�l�_�e�g�b�� �i�j�_�f�_�k�l�\�Z�g�b�y�� �i�h �l�j�b�l�_�� �h�k�b�� �b��

�k�t�h�l�\�_�l�g�b�l�_���j�h�l�Z�p�b�b �h�d�h�e�h���l�_�a�b���h�k�b �± �i�h�k�l�b�]�Z �k�_�����d�Z�l�h���k�_���a�Z�^�Z�^�Z�l���g�y�d�Z�d�\�b���i�j�_�f�_�k�l�\�Z�g�b�y���b��
�k�_���h�l�q�_�l�_���]�j�_�r�d�Z�l�Z���i�j�b���j�_�Z�e�g�h�l�h���b�f���b�a�i�t�e�g�_�g�b�_���h�l���j�h�[�h�l�Z�� 

�[�����b�a�f�_�j�\�Z�g�_�� �g�Z �i�h�\�l�Z�j�y�_�f�h�k�l�l�Z �g�Z�� �i�h�a�b�p�b�h�g�b�j�Z�g�_�l�h �± �a�Z�^�Z�\�Z�� �k�_�� �g�Z�� �j�h�[�h�l�Z 
�i�j�_�f�_�k�l�\�Z�g�_���i�h�� �_�^�g�Z�� �b�e�b�� �i�h�� �r�_�k�l�l�_�� �h�k�b�� �g�Z�� �d�h�h�j�^�b�g�Z�l�g�Z�l�Z�� �k�b�k�l�_�f�Z���� �k�e�_�^�� �d�h�_�l�h�� �k�_�� �a�Z�^�Z�\�Z��
�\�j�t�s�Z�g�_�� �h�[�j�Z�l�g�h�� �\�� �i�t�j�\�h�g�Z�q�Z�e�g�Z �i�h�a�b�p�b�y���� �\�� �d�h�y�l�h �k�_�� �h�l�q�b�l�Z �]�j�_�r�d�Z�l�Z �i�j�b�� �j�_�Z�e�g�h�l�h��
�b�a�i�t�e�g�_�g�b�_���g�Z���b�a�k�e�_�^�\�Z�g�b�y���l�b�i�h�i�j�_�^�k�l�Z�\�b�l�_�e; 

�\�����b�a�f�_�j�\�Z�g�b�y�� �\�t�j�o�m�� �f�g�h�`�_�k�l�\�h�� �l�h�q�d�b�� �h�l�� �j�Z�[�h�l�g�h�l�h�� �i�j�h�k�l�j�Z�g�k�l�\�h�� �g�Z�� �j�h�[�h�l�Z �± 
�b�a�\�t�j�r�\�Z�l�� �k�_�� �f�g�h�`�_�k�l�\�h�� �b�a�f�_�j�\�Z�g�b�y�� �\�t�j�o�m�� �j�Z�a�e�b�q�g�b�� �l�h�q�d�b�� �h�l�� �j�Z�[�h�l�g�Z�l�Z�� �a�h�g�Z�� �g�Z�� �j�h�[�h�l�Z�� �i�h��
�k�l�t�i�d�b���Z�����b���[��, �k�e�_�^���d�h�_�l�h���j�_�a�m�e�l�Z�l�b�l�_���k�_���h�[�j�Z�[�h�l�\�Z�l���k�l�Z�l�b�k�l�b�q�_�k�d�b���b���k�_���k�n�h�j�f�b�j�Z���]�e�h�[�Z�e�g�Z��
�d�Z�j�l�b�g�Z, �a�Z���g�_�l�h�q�g�h�k�l�b�l�_���i�j�b���i�h�a�b�p�b�h�g�b�j�Z�g�_���b���h�j�b�_�g�l�b�j�Z�g�_���g�Z���b�a�k�e�_�^�\�Z�g�b�y �B�M�J. 

�I�h�k�l�Z�g�h�\�d�Z�l�Z���g�Z���b�a�f�_�j�\�Z�g�_�l�h���_���i�h�d�Z�a�Z�g�Z���g�Z���n�b�]��������9. 

 
�N�b�]��������9 �I�h�k�l�Z�g�h�\�d�Z���a�Z���b�a�f�_�j�\�Z�g�_���g�Z���l�h�q�g�h�k�l�l�Z���g�Z���i�h�a�b�p�b�h�g�b�j�Z�g�_���g�Z���p�_�e�b�y���j�h�[�h�l 

 

IV.  �H�p�_�g�d�Z�� �g�Z�� �b�a�\�t�j�r�_�g�h�l�h�� �b�a�k�e�_�^�\�Z�g�_�� �b�� �i�h�^�]�h�l�h�\�d�Z�� �a�Z��
�j�_�b�g�`�_�g�_�j�b�g�]���g�Z���b�a�k�e�_�^�\�Z�g�b�y���l�b�i�h�i�j�_�^�k�l�Z�\�b�l�_�e���g�Z���B�M�J 

1. �H�p�_�g�d�Z�� �g�Z�� �i�j�b�]�h�^�g�h�k�l�l�Z�� �g�Z�� �h�l�^�_�e�g�b�� �^�_�l�Z�c�e�b�� �b�� �\�t�a�e�b�� �h�l�� �f�_�o�Z�g�b�q�g�Z�l�Z��
�d�h�g�k�l�j�m�d�p�b�y�� �g�Z�� �j�h�[�h�l�Z�� �a�Z�� �i�e�Z�g�b�j�Z�g�h�l�h���f�m�� �[�t�^�_�s�h�� �i�j�b�e�h�`�_�g�b�_ �± �\�k�b�q�d�b�� �]�h�^�g�b�� �^�_�l�Z�c�e�b�� �b��
�\�t�a�e�b���k�_���a�Z�i�Z�a�\�Z�l���b���i�j�_�b�a�i�h�e�a�\�Z�l���i�j�b���i�e�Z�g�b�j�Z�g�b�y���j�_�b�g�`�_�g�_�j�b�g�]���g�Z���j�h�[�h�l�Z�� 

2. �H�p�_�g�d�Z���g�Z���m�k�l�Z�g�h�\�_�g�b���i�h�\�j�_�^�_�g�b���^�_�l�Z�c�e�b���b���\�t�a�e�b �±�\���k�e�m�q�Z�c�����q�_���_���\�t�a�f�h�`�g�h���^�Z���k�_��
�i�j�_�b�a�i�h�e�a�\�Z�l�� �k�e�_�^�� �b�a�\�t�j�r�\�Z�g�_�� �g�Z�� �j�_�f�h�g�l���� �i�h�\�j�_�^�_�g�b�l�_�� �^�_�l�Z�c�e�b�� �k�_�� �j�_�f�h�g�l�b�j�Z�l�� �b�� �\�d�e�x�q�\�Z�l��
�i�j�b���b�a�\�t�j�r�\�Z�g�_���g�Z���j�_�b�g�`�_�g�_�j�b�g�]���\�t�j�o�m���b�a�k�e�_�^�\�Z�g�b�y���j�h�[�h�l�����G�_�]�h�^�g�b�l�_���q�Z�k�l�b���k�_���^�_�f�h�g�l�b�j�Z�l����
�Z���d�t�^�_�l�h���_���\�t�a�f�h�`�g�h�����k�]�e�h�[�_�g�b���\�t�a�e�b�����k�_���j�Z�a�]�e�h�[�y�\�Z�l���b���b�a�i�h�e�a�\�Z�l���k�t�k�l�Z�\�g�b�l�_���b�f���_�e�_�f�_�g�l�b���a�Z��
�j�_�a�_�j�\�g�b���q�Z�k�l�b�� 

3. �I�e�Z�g�b�j�Z�g�_���g�Z���d�h�e�b�q�_�k�l�\�Z���g�Z���[�t�j�a�h�b�a�g�h�k�\�Z�s�b���k�_���d�h�g�k�m�f�Z�l�b�\�b���b���f�Z�l�_�j�b�Z�e�b�����d�h�b�l�h��
�s�_���[�t�^�Z�l���q�_�k�l�h���i�h�^�f�_�g�y�g�b���i�j�b���[�t�^�_�s�Z���_�d�k�i�e�h�Z�l�Z�p�b�y���g�Z���j�h�[�h�l�Z�� 

�B�a�\�h�^�� �h�l�� �b�a�\�t�j�r�_�g�h�l�h�� �b�a�k�e�_�^�\�Z�g�_�� �g�Z�� �l�b�i�h�i�j�_�^�k�l�Z�\�b�l�_�e�y�� �g�Z�� �B�M�J - �\ �k�e�m�q�Z�c, �q�_��
�k�t�s�_�k�l�\�m�\�Z�l���h�l�d�e�h�g�_�g�b�y���\���l�h�q�g�h�k�l�l�Z���i�h-�]�h�e�_�f�b���h�l���^�h�i�m�k�l�b�f�b�l�_ �a�Z���k�t�h�l�\�_�l�g�b�y���l�_�o�g�h�e�h�]�b�q�_�g��
�i�j�h�p�_�k�����\�� �d�h�c�l�h�� �b�a�k�e�_�^�\�Z�g�b�y�l �j�h�[�h�l�� �s�_�� �g�Z�f�_�j�b�� �i�j�b�e�h�`�_�g�b�_�� �k�e�_�^�� �j�_�b�g�`�_�g�_�j�b�g�]�Z���� �k�e�_�^�\�Z�� �^�Z��
�k�_�� �m�k�l�Z�g�h�\�b�� �\�� �i�h-�a�Z�^�t�e�[�h�q�_�g�h�� �b�a�k�e�_�^�\�Z�g�_ �h�l�d�t�^�_�� �k�_�� �i�h�e�m�q�Z�\�Z�l�� �l�_�a�b�� �g�_�k�t�h�l�\�_�l�k�l�\�b�y���� �f�_�`�^�m��
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�a�Z�^�Z�^�_�g�b�� �b�� �b�a�f�_�j�_�g�b�� �k�l�h�c�g�h�k�l�b���� �L�h�\�Z�� �[�b�o�Z�� �f�h�]�e�b�� �^�Z�� �[�t�^�Z�l�� �]�j�_�r�d�b�� �h�l�� �m�i�j�Z�\�e�_�g�b�_�l�h�� �b���b�e�b��
�g�Z�l�j�m�i�\�Z�g�_���g�Z���l�Z�d�b�\�Z���h�l���f�_�o�Z�g�b�q�g�Z�l�Z���k�b�k�l�_�f�Z �g�Z���j�h�[�h�l�Z�� 

 
3.2. �K�t�a�^�Z�\�Z�g�_���g�Z���f�_�l�h�^�b�d�Z���a�Z���b�a�k�e�_�^�\�Z�g�_���g�Z���o�Z�j�^�m�_�j�Z���a�Z���m�i�j�Z�\�e�_�g�b�_���g�Z���j�h�[�h�l�Z���b��

�b�a�i�h�e�a�\�Z�g�b�l�_���k�_�g�a�h�j�b 
 
�K�e�_�^�� �b�a�\�t�j�r�_�g�h�l�h�� �b�a�k�e�_�^�\�Z�g�_�� �g�Z�� �o�Z�j�^�m�_�j�Z�� �g�Z�� �b�a�[�j�Z�g�b�y�� �l�b�i�h�i�j�_�^�k�l�Z�\�b�l�_�e�� �g�Z���B�M�J, �k�_��

�i�j�b�k�l�t�i�b �d�t�f�� �j�Z�a�j�Z�[�h�l�\�Z�g�_�� �g�Z�� �f�_�l�h�^�b�d�Z �a�Z�� �i�j�h�\�_�j�d�Z�� �a�Z�� �n�m�g�d�p�b�h�g�Z�e�g�h�k�l �g�Z���o�Z�j�^�m�_�j�g�Z�l�Z��
�d�h�g�n�b�]�m�j�Z�p�b�y���b���a�Z���k�t�h�l�\�_�l�k�l�\�b�_���g�Z���l�_�o�g�b�q�_�k�d�b�l�_ �i�Z�j�Z�f�_�l�j�b�����a�Z�e�h�`�_�g�b���\���g�_�y. 

�D�t�f���f�_�l�h�^�b�d�Z�l�Z���k�Z �i�j�_�^�y�\�_�g�b���k�e�_�^�g�b�l�_���b�a�b�k�d�\�Z�g�b�y�� 
- �f �Z�d�k�b�f�Z�e�g�h���h�l�j�Z�a�y�\�Z�g�_���g�Z���l�_�o�g�h�e�h�]�b�q�g�b�y���p�b�d�t�e���g�Z �b�a�k�e�_�^�\�Z�g�b�y���j�h�[�h�l�� 
- �_�^�g�h�a�g�Z�q�g�h�k�l���g�Z���b�a�f�_�j�\�Z�g�b�l�_���i�Z�j�Z�f�_�l�j�b; 
- �^�h�k�l�h�\�_�j�g�h�k�l���g�Z���i�j�h�\�_�j�d�Z�l�Z�� 
- �f�Z�d�k�b�f�Z�e�_�g���h�[�o�\�Z�l���g�Z���i�j�h�\�_�j�y�\�Z�g�b�l�_���i�Z�j�Z�f�_�l�j�b�� 
- �h�k�b�]�m�j�y�\�Z�g�_�� �g�Z�� �k�l�Z�g�^�Z�j�l�g�b�� �[�Z�a�h�\�b�� �m�k�e�h�\�b�y�� �a�Z�� �i�j�h�\�_�`�^�Z�g�_�� �g�Z�� �b�a�f�_�j�\�Z�g�b�y�l�Z�� �b��

�i�j�h�\�_�j�d�b�l�_�� 

�G�Z�� �[�Z�a�Z�� �l�_�a�b�� �b�a�b�k�d�\�Z�g�b�y���_ �b�a�]�j�Z�^�_�g�Z�� �f�_�l�h�^�b�d�Z�� �a�Z�� �b�a�k�e�_�^�\�Z�g�_�� �g�Z�� �o�Z�j�^�m�_�j�g�Z�l�Z��
�d�h�g�n�b�]�m�j�Z�p�b�y�� �g�Z�� �b�a�[�j�Z�g�b�y�� �l�b�i�h�i�j�_�^�k�l�Z�\�b�l�_�e�� �g�Z���B�M�J���� �A�Z�e�h�`�_�g�b�l�_�� �d�h�g�l�j�h�e�g�b�� �i�Z�j�Z�f�_�l�j�b�� �b��
�k�l�h�c�g�h�k�l�b�� �k�Z�� �[�Z�a�b�j�Z�g�b�� �g�Z�� �^�t�e�]�h�]�h�^�b�r�g�b�y�� �h�i�b�l�� �g�Z�� �n�b�j�f�Z���Ä�?�e�_�d�l�j�h�b�g�\�_�g�l�³�� �H�H�> �\��
�b�a�k�e�_�^�\�Z�g�_�l�h�����j�Z�a�j�Z�[�h�l�\�Z�g�_�l�h���b���i�j�h�b�a�\�R�^�k�l�\�h�l�h �g�Z���b�a�^�_�e�b�y���\���h�[�e�Z�k�l�l�Z���g�Z���_�e�_�d�l�j�h�l�_�o�g�b�d�Z�l�Z���b��
�k�b�e�h�\�Z�l�Z���_�e�_�d�l�j�h�g�b�d�Z�� �J�Z�a�j�Z�[�h�l�_�g�Z�l�Z���f�_�l�h�^�b�d�Z���_���i�h�d�Z�a�Z�g�Z���\���k�e�_�^�\�Z�s�b�l�_���j�_�^�h�\�_�� 

I. �<�b�a�m�Z�e�g�Z�� �b�g�k�i�_�d�p�b�y�� �g�Z���h�k�g�h�\�g�b�� �o�Z�j�^�m�_�j�g�b�� �d�h�f�i�h�g�_�g�l�b �g�Z��
�b�a�k�e�_�^�\�Z�g�b�y���B�M�J 

�G�Z���l�h�a�b���_�l�Z�i���k�_���h�]�e�_�`�^�Z���l�Z�[�e�h�l�h���a�Z���m�i�j�Z�\�e�_�g�b�_���g�Z���j�h�[�h�l�Z���a�Z���\�b�^�b�f�b���\�t�g�r�g�b���^�_�n�_�d�l�b���b��
�i�h�\�j�_�^�b�� 

�I�j�h�\�_�j�d�Z�l�Z���i�j�h�l�b�q�Z���\���k�e�_�^�g�b�l�_���k�l�t�i�d�b�� 
1. �H�k�g�h�\�g�h�� �i�h�q�b�k�l�\�Z�g�_�� �g�Z�� �l�Z�[�e�h�l�h�� �b�� �o�Z�j�^�m�_�j�g�b�l�_�� �_�e�_�f�_�g�l�b�� �\�� �g�_�]�h�� �h�l�� �g�Z�l�j�m�i�Z�g�b��

�i�j�Z�o���b���^�j�m�]�b���a�Z�f�t�j�k�b�l�_�e�b���^�h���i�t�e�g�Z���b���y�k�g�Z���\�b�^�b�f�h�k�l�� 
2. �<�b�a�m�Z�e�g�Z�� �b�g�k�i�_�d�p�b�y�� �a�Z�� �p�y�e�h�k�l�g�h�k�l�� �b�� �a�^�j�Z�\�b�g�Z�� �g�Z���o�Z�j�^�m�_�j�g�b�l�_�� �_�e�_�f�_�g�l�b�� �\��

�l�Z�[�e�h�l�h. 
3. �<�b�a�m�Z�e�g�Z�� �i�j�h�\�_�j�d�Z�� �a�Z�� �\�b�^�b�f�b�� �^�_�n�_�d�l�b�� �\�t�\�� �n�m�g�d�p�b�h�g�Z�e�g�h�k�l�l�Z�� �g�Z�� �_�e�_�f�_�g�l�b�l�_�� �b��

�\�j�t�a�d�b�l�_���f�_�`�^�m���l�y�o. 
4. �I�h�q�b�k�l�\�Z�g�_�� �b�� �\�b�a�m�Z�e�g�Z�� �i�j�h�\�_�j�d�Z���a�Z�� �b�a�i�j�Z�\�g�h�k�l�l�Z�� �g�Z�� �k�_�g�a�h�j�b�l�_���� �q�Z�k�l�� �h�l��

�Z�d�l�m�Z�l�h�j�g�Z�l�Z���k�b�k�l�_�f�Z �a�Z���d�h�g�l�j�h�e���b���k�_�j�\�h�m�i�j�Z�\�e�_�g�b�_���g�Z���^�\�b�`�_�g�b�y�l�Z���g�Z���j�h�[�h�l�Z. 

II.  �I�j�h�\�_�j�d�Z���a�Z���d�t�k�b���k�t�_�^�b�g�_�g�b�y���g�Z���h�k�g�h�\�g�b���a�Z�o�j�Z�g�\�Z�s�b���f�h�^�m�e�b 
1. �I�j�h�\�_�j�d�Z�� �g�Z�� �]�e�Z�\�g�h�l�h�� �a�Z�o�j�Z�g�\�Z�g�_�� �g�Z�� �l�Z�[�e�h�l�h�� �b�� �m�i�j�Z�\�e�y�\�Z�s�Z�l�Z�� �k�b�k�l�_�f�Z�� �a�Z��

�h�l�k�t�k�l�\�b�_�� �g�Z�� �d�t�k�b�� �k�t�_�^�b�g�_�g�b�y �± �i�j�h�l�b�q�Z�� �\�� �g�y�d�h�e�d�h�� �k�l�t�i�d�b���� �d�Z�l�h�� �k�_�� �k�i�Z�a�\�Z�l�� �k�e�_�^�g�b�l�_��
�m�k�e�h�\�b�y���� �b�a�d�e�x�q�_�g�h�� �a�Z�o�j�Z�g�\�Z�g�_�� �g�Z�� �l�Z�[�e�h�l�h�� �a�Z�� �m�i�j�Z�\�e�_�g�b�_�� �b�� �b�a�d�e�x�q�_�g�� �]�e�Z�\�_�g�� �i�j�_�d�t�k�\�Z�q����
�I�h�k�e�_�^�h�\�Z�l�_�e�g�h�k�l�l�Z���g�Z���b�a�\�t�j�r�\�Z�g�_���g�Z���i�j�h�\�_�j�d�Z�l�Z���_���k�e�_�^�g�Z�l�Z�� 

1.1.�I�j�h�\�_�j�d�Z�� �g�Z�� �l�j�b�l�_�� �a�Z�o�j�Z�g�\�Z�s�b�� �n�Z�a�b���� �a�Z�� �g�Z�e�b�q�b�_�� �g�Z�� �d�t�k�b�� �k�t�_�^�b�g�_�g�b�y��-  
�f�_�`�^�m�� �n�Z�a�b�l�_���� �f�_�`�^�m�� �n�Z�a�b�l�_�� �b�� �g�m�e�_�\�b�y���i�j�h�\�h�^�g�b�d (N)���� �f�_�`�^�m�� �n�Z�a�b�l�_�� �b��
�d�h�j�i�m�k�Z�����a�Z�f�Z�k�y�\�Z�g�_�l�h��PE). 

1.2.�I�j�h�\�_�j�d�Z���a�Z���d�t�k�h���k�t�_�^�b�g�_�g�b�_���f�_�`�^�m �g�m�e�_�\�b�y���i�j�h�\�h�^�g�b�d (N) �b���d�h�j�i�m�k��(P�?). 
�A�Z�� �i�j�b�_�f�e�b�\�� �j�_�a�m�e�l�Z�l�� �a�Z�� �h�l�k�t�k�l�\�b�_�� �g�Z���d�t�k�b�� �k�t�_�^�b�g�_�g�b�y �k�_�� �i�j�b�_�f�Z�� �b�a�f�_�j�_�g�h��

�k�t�i�j�h�l�b�\�e�_�g�b�_���•������M�Ÿ. 
�I �j�b�f�_�j�g�Z���l�Z�[�e�b�p�Z���a�Z���g�Z�g�Z�k�y�g�_���g�Z���j�_�a�m�e�l�Z�l�b�l�_���h�l �b�a�\�t�j�r�_�g�b�l�_���b�a�f�_�j�\�Z�g�b�y �_���i�h�d�Z�a�Z�g�Z�l�Z��

�i�h-�^�h�e�m���l�Z�[�e��������. 
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�L�Z�[�e�b�p�Z���������B�a�f�_�j�\�Z�g�b�y �a�Z���h�l�k�t�k�l�\�b�_���g�Z���d�t�k�b���k�t�_�^�b�g�_�g�b�y�� 
�B�a�f�_�j�\�Z�g�_���a�Z���g�Z�e�b�q�b�_���g�Z��
�d�t�k�b���k�t�_�^�b�g�_�g�b�y���f�_�`�^�m�� �5���!�������0�Ÿ 

�A�Z�[�_�e�_�`�d�Z ���\���k�e�m�q�Z�c�����q�_���b�f�Z��
�h�l�d�e�h�g�_�g�b�_�� 

1 2 3 
�N�Z�a�Z���/����- �N�Z�a�Z���/��   
�N�Z�a�Z���/����- �N�Z�a�Z���/��   
�N�Z�a�Z���/����- �N�Z�a�Z���/��   

--   
�N�Z�a�Z���/������- N   

--   
�N�Z�a�Z���/������- PE   

--   
N �± PE   

 
�<�� �d�h�e�h�g�Z�� �^�\�_ �k�_�� �f�Z�j�d�b�j�Z�� �k�t�k�� �a�g�Z�d�� �¥ ���^�Z�� �b�e�b�� �������g�_���� �a�Z���k�t�h�l�\�_�l�k�l�\�b�_�l�h�� �g�Z�� �j�_�a�m�e�l�Z�l�Z�� �h�l��

�b�a�i�b�l�Z�g�b�_�l�h���k�t�k���a�Z�e�h�`�_�g�h�l�h���b�a�b�k�d�\�Z�g�_�� 
�I�j�h�\�_�j�d�Z�l�Z�� �k�_���b�a�\�t�j�r�\�Z�� �k�t�k�� �k�i�_�p�b�Z�e�b�a�b�j�Z�g�� �b�a�f�_�j�\�Z�l�_�e�_�g�� �m�j�_�^���± �f�_�]�Z�h�f�f�_�l�t�j�� �b�e�b��

�p�b�n�j�h�\���l�_�k�l�_�j���a�Z���b�a�f�_�j�\�Z�g�_���g�Z �b�a�h�e�Z�p�b�h�g�g�h���k�t�i�j�h�l�b�\�e�_�g�b�_�� 
2. �I�j�h�\�_�j�d�Z�� �g�Z���\�o�h�^�g�b�l�_�� �d�e�_�f�b�� �g�Z���a�Z�o�j�Z�g�\�Z�s�b�y�� �[�e�h�d�� �a�Z�� ����V DC �g�Z�� �m�i�j�Z�\�e�y�\�Z�s�Z�l�Z��

�k�b�k�l�_�f�Z���a�Z���h�l�k�t�k�l�\�b�_���g�Z���d�t�k�b���k�t�_�^�b�g�_�g�b�y�� 
2.1.�I�j�h�\�_�j�d�Z���g�Z���\�o�h�^�g�b�y���n�Z�a�h�\���i�j�h�\�h�^�g�b�d��(L) �g�Z���l�h�d�h�b�a�i�j�Z�\�b�l�_�e�y�����a�Z���g�Z�e�b�q�b�_��

�g�Z���d�t�k�b���k�t�_�^�b�g�_�g�b�y��-  �f�_�`�^�m���g�_�]�h���b���g�m�e�_�\�b�y���i�j�h�\�h�^�g�b�d (N)�����f�_�`�^�m���g�_�]�h���b��
�d�h�j�i�m�k�Z�� ���a�Z�f�Z�k�y�\�Z�g�_�l�h�� �3�(���� �b�� �f�_�`�^�m�� �g�_�]�h�� �b�� �\�l�h�j�b�q�g�h�l�h�� �b�a�i�j�Z�\�_�g�h��
�g�Z�i�j�_�`�_�g�b�_��24V DC �± �d�t�f���d�e�_�f�Z��-24V DC �b���d�t�f���d�e�_�f�Z��+24V DC. 

2.2.�I�j�h�\�_�j�d�Z�� �g�Z�� �d�e�_�f�Z�l�Z�� �g�Z�� �g�m�e�_�\�b�y�� �i�j�h�\�h�^�g�b�d��(N) �g�Z�� �l�h�d�h�b�a�i�j�Z�\�b�l�_�e�y���� �a�Z��
�g�Z�e�b�q�b�_�� �g�Z�� �d�t�k�b�� �k�t�_�^�b�g�_�g�b�y��- �f�_�`�^�m�� �g�_�]�h�� �b�� �d�h�j�i�m�k�Z�� �g�Z�� �l�Z�[�e�h�l�h�� �a�Z��
�m�i�j�Z�\�e�_�g�b�_��(PE) �b���f�_�`�^�m���g�_�]�h���b���\�l�h�j�b�q�g�h�l�h���b�a�i�j�Z�\�_�g�h���g�Z�i�j�_�`�_�g�b�_��24V DC 
�± �d�t�f���d�e�_�f�Z��-24V DC �b���d�t�f���d�e�_�f�Z��+24V DC. 

�I �j�b�f�_�j�g�Z���l�Z�[�e�b�p�Z���a�Z���g�Z�g�Z�k�y�g�_���g�Z���j�_�a�m�e�l�Z�l�b�l�_���h�l �b�a�\�t�j�r�_�g�b�l�_���b�a�f�_�j�\�Z�g�b�y �a�Z���h�l�k�t�k�l�\�b�_��
�g�Z�� �d�t�k�b�� �k�t�_�^�b�g�_�g�b�y���\ �a�Z�o�j�Z�g�\�Z�s�b�y�� �[�e�h�d�� �g�Z�� �m�i�j�Z�\�e�y�\�Z�s�Z�l�Z�� �k�b�k�l�_�f�Z �_�� �i�h�d�Z�a�Z�g�Z�l�Z�� �i�h-�^�h�e�m��
�l�Z�[�e��������. 
�L�Z�[�e�b�p�Z���������B�a�f�_�j�\�Z�g�b�y���a�Z���h�l�k�t�k�l�\�b�_���g�Z���d�t�k�b���k�t�_�^�b�g�_�g�b�y���\ �a�Z�o�j�Z�g�\�Z�s�b�y���[�e�h�d���g�Z���m�i�j�Z�\�e�y�\�Z�s�Z�l�Z���k�b�k�l�_�f�Z 

�B�a�f�_�j�\�Z�g�_���a�Z���g�Z�e�b�q�b�_���g�Z��
�d�t�k�b���k�t�_�^�b�g�_�g�b�y���f�_�`�^�m�� 

�5���!�������0�Ÿ �A�Z�[�_�e�_�`�d�Z ���\���k�e�m�q�Z�c�����q�_���b�f�Z��
�h�l�d�e�h�g�_�g�b�_�� 

1 2 3 
�D�e�_�f�Z���/��- N   
�D�e�_�f�Z���/��- PE   

�D�e�_�f�Z���/��- �D�e�_�f�Z��-24VDC   
�D�e�_�f�Z���/��- �D�e�_�f�Z���������9�'�&   

�D�e�_�f�Z���1��- PE   
�D�e�_�f�Z���1��- �D�e�_�f�Z��-24VDC   
�D�e�_�f�Z���1��- �D�e�_�f�Z���������9�'�&   

 
�<�� �d�h�e�h�g�Z�� �^�\�_ �k�_�� �f�Z�j�d�b�j�Z�� �k�t�k�� �a�g�Z�d�� �¥ ���^�Z�� �b�e�b�� �������g�_���� �a�Z�� �k�t�h�l�\�_�l�k�l�\�b�_�l�h �g�Z�� �j�_�a�m�e�l�Z�l�Z�� �h�l��

�b�a�i�b�l�Z�g�b�_�l�h���k�t�k���a�Z�e�h�`�_�g�h�l�h���b�a�b�k�d�\�Z�g�_�� 
�I�j�h�\�_�j�d�Z�l�Z�� �k�_�� �b�a�\�t�j�r�\�Z�� �k�t�k�� �k�i�_�p�b�Z�e�b�a�b�j�Z�g�� �b�a�f�_�j�\�Z�l�_�e�_�g�� �m�j�_�^���± �f�_�]�Z�h�f�f�_�l�t�j�� �b�e�b��

�p�b�n�j�h�\���l�_�k�l�_�j���a�Z���b�a�f�_�j�\�Z�g�_���g�Z���b�a�h�e�Z�p�b�h�g�g�h���k�t�i�j�h�l�b�\�e�_�g�b�_�� 
3. �I�j�h�\�_�j�d�Z���g�Z���b�a�o�h�^�g�b�l�_���d�e�_�f�b���g�Z���a�Z�o�j�Z�g�\�Z�s�b�y���[�e�h�d�����“����V DC�����g�Z���m�i�j�Z�\�e�y�\�Z�s�Z�l�Z��

�k�b�k�l�_�f�Z���a�Z�� �h�l�k�t�k�l�\�b�_�� �g�Z�� �d�t�k�b�� �k�t�_�^�b�g�_�g�b�y��- �g�_�h�[�o�h�^�b�f�h�� �m�k�e�h�\�b�_�� �a�Z���b�a�\�t�j�r�\�Z�g�_�� �g�Z��
�b�a�f�_�j�\�Z�g�_�l�h �_���i�j�_�^�i�Z�a�b�l�_�e�b�l�_���a�Z���k�t�h�l�\�_�l�g�h�l�h��+24V DC �g�Z�i�j�_�`�_�g�b�_���f�_�`�^�m���a�Z�o�j�Z�g�\�Z�s�b�y���[�e�h�d��
�b���k�Z�f�b�l�_���d�e�_�f�b���^�Z���k�Z���b�a�d�e�x�q�_�g�b�� 



   

94 
 

3.1.�I�j�h�\�_�j�d�Z�� �g�Z���d�e�_�f�Z��-24V DC���� �a�Z�� �g�Z�e�b�q�b�_�� �g�Z�� �d�t�k�b�� �k�t�_�^�b�g�_�g�b�y��- �f�_�`�^�m��
�d�e�_�f�Z�l�Z���b���g�m�e�_�\�b�y���i�j�h�\�h�^�g�b�d (N)�����f�_�`�^�m���d�e�_�f�Z�l�Z���b���d�h�j�i�m�k�Z�����a�Z�f�Z�k�y�\�Z�g�_�l�h��
PE�����b���f�_�`�^�m���d�e�_�f�Z�l�Z���b���\�l�h�j�b�q�g�h�l�h���b�a�i�j�Z�\�_�g�h���g�Z�i�j�_�`�_�g�b�_����24V DC �± �d�t�f��
�d�e�_�f�Z��+24V DC �g�Z�� �m�i�j�Z�\�e�y�\�Z�s�b�y�� �[�e�h�d (PLC) �b�� �d�t�f�� �d�e�_�f�Z��+24V DC, 
�a�Z�o�j�Z�g�\�Z�s�Z���\�k�b�q�d�b���^�Z�l�q�b�p�b���b���Z�\�Z�j�b�c�g�b���\�_�j�b�]�b�� 

3.2.�I�j�h�\�_�j�d�Z�� �g�Z���d�e�_�f�Z�� ��24V DC �g�Z�� �m�i�j�Z�\�e�y�\�Z�s�b�y�� �[�e�h�d (PLC)���� �a�Z�� �g�Z�e�b�q�b�_�� �g�Z��
�d�t�k�b���k�t�_�^�b�g�_�g�b�y��- �f�_�`�^�m���d�e�_�f�Z�l�Z���b���g�m�e�_�\�b�y���i�j�h�\�h�^�g�b�d (N)�����f�_�`�^�m���d�e�_�f�Z�l�Z��
�b�� �d�h�j�i�m�k�Z�� ���a�Z�f�Z�k�y�\�Z�g�_�l�h�� �3�(���� �b�� �f�_�`�^�m�� �d�e�_�f�Z�l�Z�� �b�� �\�l�h�j�b�q�g�h�l�h�� �b�a�i�j�Z�\�_�g�h��
�g�Z�i�j�_�`�_�g�b�_����24V DC �± �d�t�f���d�e�_�f�Z��+24V DC�����a�Z�o�j�Z�g�\�Z�s�Z���\�k�b�q�d�b���^�Z�l�q�b�p�b���b��
�Z�\�Z�j�b�c�g�b���\�_�j�b�]�b�� 

3.3.�I�j�h�\�_�j�d�Z�� �g�Z���d�e�_�f�Z�� ��24V DC���� �a�Z�� �g�Z�e�b�q�b�_�� �g�Z�� �d�t�k�b�� �k�t�_�^�b�g�_�g�b�y��- �f�_�`�^�m��
�d�e�_�f�Z�l�Z���b���g�m�e�_�\�b�y���i�j�h�\�h�^�g�b�d (N)�����f�_�`�^�m���d�e�_�f�Z�l�Z���b���d�h�j�i�m�k�Z�����a�Z�f�Z�k�y�\�Z�g�_�l�h��
PE�����b���f�_�`�^�m���d�e�_�f�Z�l�Z���b���\�l�h�j�b�q�g�h�l�h���b�a�i�j�Z�\�_�g�h���g�Z�i�j�_�`�_�g�b�_����24V DC. 

�A�Z�� �g�Z�g�Z�k�y�g�_�� �g�Z�� �j�_�a�m�e�l�Z�l�b�l�_�� �h�l �b�a�i�b�l�Z�g�b�y�l�Z�� �k�_�� �b�a�i�h�e�a�\�Z�l�� �l�Z�[�e�b�p�b - �Z�g�Z�e�h�]�b�q�g�b�� �g�Z��
�h�i�b�k�Z�g�b�l�_���\�_�q�_���i�h-�]�h�j�_���l�Z�[�e�������� �b���l�Z�[�e��������. 

III.  �I�j�h�\�_�j�d�Z�� �a�Z�� �k�t�h�l�\�_�l�k�l�\�b�_�� �g�Z�� �a�Z�o�j�Z�g�\�Z�s�h�l�h�� �g�Z�i�j�_�`�_�g�b�_�� �g�Z��
�l�Z�[�e�h�l�h���a�Z���m�i�j�Z�\�e�_�g�b�_ 

1. �I�j�h�\�_�j�d�Z�� �g�Z�� �\�o�h�^�g�h�l�h�� �a�Z�o�j�Z�g�\�Z�s�h�� �l�j�b�n�Z�a�g�h�� �g�Z�i�j�_�`�_�g�b�_ - �b�a�f�_�j�\�Z�g�_�l�h�� �k�_��
�b�a�\�t�j�r�\�Z�� �i�j�b�� �k�\�t�j�a�Z�g�� �a�Z�o�j�Z�g�\�Z�s�� �d�Z�[�_�e�� �d�t�f�� �\�o�h�^�g�b�l�_�� �d�e�_�f�b�� �g�Z���l�Z�[�e�h�l�h �a�Z�� �m�i�j�Z�\�e�_�g�b�_�� �g�Z��
�j�h�[�h�l�Z���� �<�k�b�q�d�b�� �i�j�_�^�i�Z�a�b�l�_�e�b�� �l�j�y�[�\�Z�� �^�Z�� �ka �\�� �b�a�d�e�x�q�_�g�h�� ���[�_�a�h�i�Z�k�g�h�� �i�h�e�h�`�_�g�b�_�� 
�I�h�k�e�_�^�h�\�Z�l�_�e�g�h�k�l�l�Z���g�Z���b�a�f�_�j�_�g�b�l�_���k�l�h�c�g�h�k�l�b���_���i�h�d�Z�a�Z�g�Z���\���l�Z�[�e��������. 

�L�Z�[�e�b�p�Z���������B�a�f�_�j�\�Z�g�_���g�Z���\�o�h�^�g�h���a�Z�o�j�Z�g�\�Z�s�h���l�j�b�n�Z�a�g�h���g�Z�i�j�_�`�_�g�b�_ 
�B�a�f�_�j�\�Z�g�_���g�Z���\�o�h�^�g�h�l�h��
�a�Z�o�j�Z�g�\�Z�s�h���g�Z�i�j�_�`�_�g�b�_��

�f�_�`�^�m: 

�K�l�Z�g�^�Z�j�l�g�Z��
�k�l�h�c�g�h�k�l 

[VAC]  

�B�a�f�_�j�_�g�Z��
�k�l�h�c�g�h�k�l��

[VAC]  

�>�h�i�m�k�l�b�f���l�h�e�_�j�Z�g�k���g�Z��
�b�a�f�_�j�_�g�h�l�h��
�g�Z�i�j�_�`�_�g�b�_ 

�N�Z�a�Z��L1 �N�Z�a�Z��L2 400  +10% -15% 
�N�Z�a�Z���/�� �N�Z�a�Z���/�� 400  +10% -15% 
�N�Z�a�Z��L2 �N�Z�a�Z��L3 400  +10% -15% 
�N�Z�a�Z��L1 N 400  +10% -15% 
�N�Z�a�Z��L2 N 400  +10% -15% 
�N�Z�a�Z��L3 N 400  +10% -15% 

 
�I�j�h�\�_�j�d�Z�l�Z�� �k�_�� �b�a�\�t�j�r�\�Z�� �k�� �b�a�f�_�j�\�Z�l�_�e�_�g�� �m�j�_�^���± �i�j�_�p�b�a�_�g�� �f�m�e�l�b�p�_�l, �k�� �i�h�\�_�q�_�� �h�l �l�j�b��

�j�Z�a�j�y�^�Z. �<�� �k�e�m�q�Z�c���� �q�_�� �g�y�d�h�y�� �h�l�� �b�a�f�_�j�_�g�b�l�_�� �k�l�h�c�g�h�k�l�b�� �_�� �b�a�\�t�g�� �^�h�i�m�k�l�b�f�b�y�� �l�h�e�_�j�Z�g�k, �k�_��
�b�a�\�t�j�r�\�Z�� �i�j�h�\�_�j�d�Z���g�Z���k�\�t�j�a�\�Z�g�_�l�h�� �d�t�f�� �a�Z�o�j�Z�g�\�Z�s�Z�l�Z�� �f�j�_�`�Z���� �I�j�b�� �m�k�l�Z�g�h�\�y�\�Z�g�_�� �g�Z�� �k�l�h�c�g�h�k�l��
�b�a�\�t�g�� �^�h�i�m�k�l�b�f�b�y�� �l�h�e�_�j�Z�g�k���� �b�a�f�_�j�\�Z�g�b�y�l�Z�� �k�_�� �i�j�_�d�t�k�\�Z�l�����K�e�_�^�� �h�l�d�j�b�\�Z�g�_�� �b�� �h�l�k�l�j�Z�g�y�\�Z�g�_�� �g�Z��
�i�j�h�[�e�_�f�Z���k�_���i�j�Z�\�b���g�h�\�h���b�a�f�_�j�\�Z�g�_�� 

2. �I�j�h�\�_�j�d�Z�� �g�Z�� �b�a�i�j�Z�\�_�g�h�l�h�� �g�Z�i�j�_�`�_�g�b�_�� ����V DC �g�Z�� �b�a�o�h�^�Z�� �g�Z�� �a�Z�o�j�Z�g�\�Z�s�b�y�� �[�e�h�d �± 
�i�j�h�l�b�q�Z���\���g�y�d�h�e�d�h���k�l�t�i�d�b�� 

2.1.�I�j�h�\�_�j�d�Z�� �g�Z �i�j�Z�a�_�g�� �o�h�^���± �b�a�\�t�j�r�\�Z�� �k�_�� �i�j�b�� �h�i�j�_�^�_�e�_�g�b�� �m�k�e�h�\�b�y���� �^�Z�� �[�t�^�_��
�b�a�d�e�x�q�_�g�Z�� �\�_�j�b�]�Z�l�Z�� �g�Z�� �b�a�i�j�Z�\�_�g�h�l�h�� �g�Z�i�j�_�`�_�g�b�_�� �h�l�� �a�Z�o�j�Z�g�\�Z�s�b�y�� �[�e�h�d��
���\�k�b�q�d�b���i�j�_�^�i�Z�a�b�l�_�e�b���g�Z��24V DC �\�_�j�b�]�Z�l�Z���k�Z���b�a�d�e�x�q�_�g�b�� �b���b�a�f�_�j�\�Z�g�_�l�h���^�Z��
�[�t�^�_�� �\�t�j�o�m�� �d�e�_�f�b�l�_�� �g�Z�� �a�Z�o�j�Z�g�\�Z�s�b�y�� �[�e�h�d���� �>�b�Z�i�Z�a�h�g�t�l�� �g�Z�� �b�a�f�_�j�_�g�h�l�h��
�g�Z�i�j�_�`�_�g�b�_���l�j�y�[�\�Z���^�Z���[�t�^�_���\���]�j�Z�g�b�p�b�l�_��24V DC �“���������� ���h�l��23.9V �^�h��24.1V). 
�<�� �k�e�m�q�Z�c���� �q�_���b�a�f�_�j�_�g�h�l�h�� �g�Z�i�j�_�`�_�g�b�_�� �_�� �b�a�\�t�g�� �]�j�Z�g�b�p�b�l�_�� �g�Z�� �^�h�i�m�k�l�b�f�b�y��
�l�h�e�_�j�Z�g�k, �_�� �g�_�h�[�o�h�^�b�f�h�� �^�Z�� �k�_�� �b�a�\�t�j�r�b �g�Z�k�l�j�h�c�d�Z - �d�h�]�Z�l�h �a�Z�o�j�Z�g�\�Z�s�b�y�l 
�[�e�h�d�� �b�f�Z�� �l�Z�a�b�� �n�m�g�d�p�b�h�g�Z�e�g�h�k�l�����g�Z�i�j�_�`�_�g�b�_�l�h�� �^�Z�� �_�� �\�� �j�Z�f�d�b�l�_�� �g�Z��
�^�h�i�m�k�l�b�f�b�y���l�h�e�_�j�Z�g�k�� 

2.2.�I �j�h�\�_�j�d�Z�� �i�j�b�� �\�d�e�x�q�_�g�b�� �\�_�j�b�]�b�� �g�Z�� �a�Z�o�j�Z�g�\�Z�g�b�y�l�Z�� �g�Z�� �m�i�j�Z�\�e�y�\�Z�s�b�y�� �[�e�h�d 
(PLC) �b�� �k�_�g�a�h�j�b�l�_��- �b�a�\�t�j�r�\�Z�� �k�_�� �i�j�b�� �h�i�j�_�^�_�e�_�g�b�� �m�k�e�h�\�b�y���� �^�Z�� �[�t�^�_��
�b�a�d�e�x�q�_�g�Z�� �\�_�j�b�]�Z�l�Z�� �g�Z�� �b�a�i�j�Z�\�_�g�h�l�h�� �g�Z�i�j�_�`�_�g�b�_�� �h�l�� �a�Z�o�j�Z�g�\�Z�s�b�y�� �[�e�h�d��
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���\�k�b�q�d�b�� �i�j�_�^�i�Z�a�b�l�_�e�b�� �g�Z��24V DC �\�_�j�b�]�Z�l�Z�� �k�Z�� �b�a�d�e�x�q�_�g�b������ �>�b�Z�i�Z�a�h�g�t�l�� �g�Z��
�b�a�f�_�j�_�g�h�l�h�� �g�Z�i�j�_�`�_�g�b�_�� �l�j�y�[�\�Z�� �^�Z�� �[�t�^�_�� �\�� �]�j�Z�g�b�p�b�l�_��24V DC �“�� �������� ���h�l��
23.9V �^�h��24.1V). �<���k�e�m�q�Z�c�����q�_���b�a�f�_�j�_�g�h�l�h���g�Z�i�j�_�`�_�g�b�_���_���b�a�\�t�g���]�j�Z�g�b�p�b�l�_���g�Z��
�^�h�i�m�k�l�b�f�b�y�� �l�h�e�_�j�Z�g�k, �_�� �g�_�h�[�o�h�^�b�f�h�� �^�Z�� �k�_�� �b�a�\�t�j�r�b �g�Z�k�l�j�h�c�d�Z - �d�h�]�Z�l�h 
�a�Z�o�j�Z�g�\�Z�s�b�y�l �[�e�h�d���b�f�Z���l�Z�a�b���n�m�g�d�p�b�h�g�Z�e�g�h�k�l�����g�Z�i�j�_�`�_�g�b�_�l�h���^�Z���_���\���j�Z�f�d�b�l�_��
�g�Z���^�h�i�m�k�l�b�f�b�y���l�h�e�_�j�Z�g�k�� 

2.3.�I�j�h�\�_�j�d�Z�� �g�Z�� �d�e�_�f�b�l�_�� �a�Z�� �\�_�g�l�b�e�Z�l�h�j�b�l�_�� �g�Z�� �l�Z�[�e�h�l�h�� �a�Z�� �m�i�j�Z�\�e�_�g�b�_���± 
�b�a�\�t�j�r�\�Z�� �k�_���� �q�j�_�a�� �b�a�f�_�j�\�Z�g�_�� �g�Z�� �g�Z�i�j�_�`�_�g�b�_�l�h��(24V DC) �\�� �d�e�_�f�b�l�_�� �g�Z��
�a�Z�o�j�Z�g�\�Z�g�_�l�h���g�Z���\�_�g�l�b�e�Z�l�h�j�b�l�_���\���l�Z�[�e�h�l�h���a�Z���m�i�j�Z�\�e�_�g�b�_�� 

2.4.�I�j�h�\�_�j�d�Z�� �g�Z�� �a�Z�o�j�Z�g�\�Z�g�_�l�h�� �g�Z�� �k�_�j�\�h�a�Z�^�\�b�`�\�Z�g�b�y�l�Z���± �b�a�f�_�j�\�Z�g�_�l�h�� �k�_��
�b�a�\�t�j�r�\�Z���i�j�b���\�d�e�x�q�_�g�h���a�Z�o�j�Z�g�\�Z�g�_���g�Z���l�Z�[�e�h�l�h���a�Z�� �m�i�j�Z�\�e�_�g�b�_���� �I�j�h�\�_�j�y�\�Z�l��
�k�_ �\�o�h�^�g�b�l�_���d�e�_�f�b���g�Z���\�k�_�d�b���_�^�b�g���h�l���b�g�\�_�j�l�h�j�b�l�_���g�Z���k�_�j�\�h�a�Z�^�\�b�`�\�Z�g�b�y�l�Z �g�Z��
�j�h�[�h�l�Z�����A�Z���\�k�_�d�b���b�g�\�_�j�l�h�j���a�Z�o�j�Z�g�\�Z�s�b�l�_���g�Z�i�j�_�`�_�g�b�y���b���l�_�o�g�b�y�l���l�h�e�_�j�Z�g�k �_��
�g�_�h�[�o�h�^�b�f�h�� �^�Z�� �k�t�h�l�\�_�l�k�l�\�Z�l�� �g�Z�� �g�h�f�b�g�Z�e�g�b�l�_�� �^�Z�g�g�b���� �j�_�]�e�Z�f�_�g�l�b�j�Z�g�b�� �\��
�k�t�h�l�\�_�l�g�h�l�h�� �j�t�d�h�\�h�^�k�l�\�h�� �a�Z�� �f�h�g�l�Z�`�� �b�� �i�m�k�d�� �g�Z�� �b�a�^�_�e�b�_�l�h. �>�Z�g�g�b�l�_�� �h�l��
�b�a�f�_�j�\�Z�g�b�y�l�Z���k�_���i�h�i�t�e�\�Z�l���\���i�j�b�f�_�j�g�Z���l�Z�[�e�b�p�Z�����d�Z�l�h���i�h�d�Z�a�Z�g�Z�l�Z���l�Z�[�e��������. 

 
�L�Z�[�e�b�p�Z���������B�a�f�_�j�\�Z�g�_���g�Z���a�Z�o�j�Z�g�\�Z�g�b�y�l�Z���g�Z���b�g�\�_�j�l�h�j�b�l�_���a�Z���k�_�j�\�h�a�Z�^�\�b�`�\�Z�g�b�y�l�Z���g�Z���b�a�k�e�_�^�\�Z�g�b�y���j�h�[�h�l 

�B�a�f�_�j�\�Z�g�_���g�Z���\�o�h�^�g�h�l�h��
�a�Z�o�j�Z�g�\�Z�s�h���g�Z�i�j�_�`�_�g�b�_��

�f�_�`�^�m: 

�G�Z�i�j�_�`�_�g�b�_ 
[V]  

�A�Z�[�_�e�_�`�d�Z ���\���k�e�m�q�Z�c�����q�_���b�f�Z��
�h�l�d�e�h�g�_�g�b�_�� 

�B�g�\�_�j�l�h�j���������D�e�_�f�Z��L - N   
�B�g�\�_�j�l�h�j��2�����D�e�_�f�Z���/��- N   
�B�g�\�_�j�l�h�j��n �����D�e�_�f�Z��L - N   

 

IV.  �I�j�h�\�_�j�d�Z�� �g�Z�� �k�\�t�j�a�\�Z�g�_�l�h�� �b�� �n�m�g�d�p�b�h�g�Z�e�g�h�k�l�l�Z�� �g�Z��
�k�_�j�\�h�^�\�b�]�Z�l�_�e�b�l�_���g�Z �j�h�[�h�l�Z 

�I�j�_�^�b�� �^�Z�� �k�_�� �i�m�k�g�Z�l�� �k�_�j�\�h�a�Z�^�\�b�`�\�Z�g�b�y�l�Z�� �b���o�Z�j�^�m�_�j�g�Z�l�Z�� �d�h�g�n�b�]�m�j�Z�p�b�y�� �a�Z�� �m�i�j�Z�\�e�_�g�b�_�l�h��
�b�f�����_���g�_�h�[�o�h�^�b�f�h���^�Z���k�_���i�j�h�\�_�j�b���i�j�Z�\�b�e�g�h�l�h���k�\�t�j�a�\�Z�g�_���g�Z���k�_�j�\�h�^�\�b�]�Z�l�_�e�b�l�_�����^�Z���k�_���h�i�j�_�^�_�e�y�l��
�l�_�o�g�b�l�_�� �i�h�k�h�d�b�� �g�Z�� �^�\�b�`�_�g�b�_�� �b�� �^�Z�� �k�_�� �k�n�Z�a�b�j�Z�� �h�[�j�Z�l�g�Z�l�Z�� �\�j�t�a�d�Z�� �i�h�� �k�d�h�j�h�k�l�� �g�Z���\�k�_�d�b�� �f�h�l�h�j����
�I�j�h�\�_�j�d�Z�l�Z���k�_���b�a�\�t�j�r�\�Z���\���k�e�_�^�g�Z�l�Z���i�h�k�e�_�^�h�\�Z�l�_�e�g�h�k�l�� 

1. �>�_�d�m�i�e�b�j�Z�g�_���g�Z���\�k�b�q�d�b���k�_�j�\�h�^�\�b�]�Z�l�_�e�b���h�l���f�_�o�Z�g�b�d�Z�l�Z�����k���p�_�e���i�j�_�^�h�l�\�j�Z�l�y�\�Z�g�_���g�Z��
�f�_�o�Z�g�b�q�g�b���i�h�\�j�_�^�b���i�h���j�h�[�h�l�Z. 

2. �K�\�t�j�a�\�Z�g�_�� �g�Z�� �\�k�_�d�b�� �k�_�j�\�h�^�\�b�]�Z�l�_�e�� �k�t�k�� �k�t�h�l�\�_�l�g�b�y�� �b�g�\�_�j�l�h�j �± �k�\�t�j�a�\�Z�l�� �k�_��DC 
�k�i�b�j�Z�q�d�b�l�_�� �k�b�e�h�\�b�l�_�� �d�Z�[�_�e�b�� �g�Z�� �k�_�j�\�h�^�\�b�]�Z�l�_�e�b�l�_�� �b�� �b�g�n�h�j�f�Z�p�b�h�g�g�b�y�l �d�Z�[�_�e�� �a�Z�� �h�[�j�Z�l�g�Z��
�\�j�t�a�d�Z���i�h���k�d�h�j�h�k�l�����i�h�a�b�p�b�y�� - �j�_�a�h�e�\�_�j���b�e�b���i�m�e�k�d�h�^�_�j�� 

3. �I�j�h�\�_�j�d�Z�� �g�Z�� �_�e�_�d�l�j�h�f�Z�]�g�b�l�g�b�l�_�� �k�i�b�j�Z�q�d�b - �b�a�o�h�^�g�b�y�l �k�b�]�g�Z�e���ÄElectromagnetic 
Brake�³���\���o�Z�j�^�m�_�j�g�Z�l�Z���d�h�g�n�b�]�m�j�Z�p�b�y���_���i�j�_�^�g�Z�a�g�Z�q�_�g �a�Z�� �m�i�j�Z�\�e�_�g�b�_���g�Z���d�m�i�e�b�j�Z�g�Z�l�Z���d�t�f���\�Z�e�Z��
�g�Z�� �k�_�j�\�h�^�\�b�]�Z�l�_�e�y���_�e�_�d�l�j�h�f�Z�]�g�b�l�g�Z�� �k�i�b�j�Z�q�d�Z���� �:�d�l�b�\�b�j�Z�g�_�l�h�� �g�Z�� �k�b�]�g�Z�e�Z �h�k�\�h�[�h�`�^�Z�\�Z 
�k�i�b�j�Z�q�d�Z�l�Z�����G�_�h�[�o�h�^�b�f�h�� �m�k�e�h�\�b�_�� �a�Z�� �h�k�\�h�[�h�`�^�Z�\�Z�g�_�� �g�Z�� �k�i�b�j�Z�q�d�Z�l�Z�� �_�� �_�^�g�h�\�j�_�f�_�g�g�h�� �^�Z�� �k�_��
�Z�d�l�b�\�b�j�Z�l�����b�a�o�h�^�g�Z���n�m�g�d�p�b�y���Ä�5�(�$�'�<�³ �b���\�o�h�^�g�Z�� �n�m�g�d�p�b�y���Ä�5�8�1�³���� �d�Z�d�l�h�� �b�� �^�Z�� �k�_�� �\�t�\�_�^�_ 
�i�Z�j�Z�f�_�l�t�j���)����������Brake OFF). 

�>�j�m�]�b���k�e�m�q�Z�b���\���d�h�b�l�h���k�i�b�j�Z�q�d�Z�l�Z���k�_���a�Z�^�_�c�k�l�\�Z���k�Z�� 

- �i�j�b���Z�\�Z�j�b�c�g�h���k�t�k�l�h�y�g�b�_�� 
- �i�j�b�� �h�l�i�Z�^�Z�g�_�� �g�Z�� �\�o�h�^�g�Z�� �n�m�g�d�p�b�y���Ä�5�8�1�³ �b�� �i�j�b�� �a�Z�^�Z�^�_�g�� �g�Z�q�b�g�� �g�Z�� �k�i�b�j�Z�g�_�� �i�h��

�b�g�_�j�p�b�y��- d.05 = 0 (StopMode); 
- �i�j�b�� �h�l�i�Z�^�Z�g�_�� �g�Z�� �\�o�h�^�g�Z�� �n�m�g�d�p�b�y���Ä�5�8�1�³ �b�� �Z�d�l�b�\�g�Z�� �b�a�o�h�^�g�Z �n�m�g�d�p�b�y���Ä�5�(�$�'�<�³ �k 

�m�i�j�Z�\�e�y�_�f�h���k�i�b�j�Z�g�_��d.05 = 1 (StopMode) - �k�i�b�j�Z�q�d�Z�l�Z���k�_���a�Z�^�_�c�k�l�\�Z, �d�h�]�Z�l�h���k�d�h�j�h�k�l�l�Z��
�g�Z���\�Z�e�Z���g�Z���^�\�b�]�Z�l�_�e�y���^�h�k�l�b�]�g�_���i�j�Z�]�Z���a�Z�^�Z�^�_�g���h�l���i�Z�j�Z�f�_�l�t�j��F.11 (Brake ON). 
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�M�i�j�Z�\�e�_�g�b�_�l�h���g�Z���_�e�_�d�l�j�h�f�Z�]�g�b�l�g�Z�l�Z���k�i�b�j�Z�q�d�Z���k�_���h�k�t�s�_�k�l�\�y�\�Z �q�j�_�a���p�b�n�j�h�\���b�a�o�h�^���g�Z��
�b�g�\�_�j�l�h�j�Z�����i�h�d�Z�a�Z�g���g�Z���n�b�]��������0. 

 
�N�b�]�������������P�b�n�j�h�\���b�a�o�h�^���g�Z���b�g�\�_�j�l�h�j�Z���a�Z���m�i�j�Z�\�e�_�g�b�_���g�Z���k�_�j�\�h�^�\�b�]�Z�l�_�e�b�l�_ 

 
�I�j�h�\�_�j�d�Z�l�Z���a�Z���k�j�Z�[�h�l�\�Z�g�_�l�h���g�Z���_�e�_�d�l�j�h�f�Z�]�g�b�l�g�b�l�_���k�i�b�j�Z�q�d�b���g�Z���\�k�b�q�d�b���k�_�j�\�h�^�\�b�]�Z�l�_�e�b��

�k�_�� �i�j�Z�\�b���� �q�j�_�a�� �i�h�k�e�_�^�h�\�Z�l�_�e�g�h�� �Z�d�l�b�\�b�j�Z�g�_�� �g�Z�� �k�t�h�l�\�_�l�g�b�y�� �b�a�o�h�^�� �g�Z�� �b�g�\�_�j�l�h�j�b�l�_�� �b�� �j�t�q�g�Z��
�i�j�h�\�_�j�d�Z���a�Z���k�\�h�[�h�^�g�h���^�\�b�`�_�g�b�_���g�Z���\�Z�e�Z���g�Z���f�h�l�h�j�b�l�_�� 

�I�j�h�\�_�j�d�Z�l�Z�� �a�Z�� �j�Z�[�h�l�h�k�i�h�k�h�[�g�h�k�l�l�Z�� �g�Z�� �_�e�_�d�l�j�h�f�Z�]�g�b�l�g�b�l�_�� �k�i�b�j�Z�q�d�b�� �k�_�� �b�a�\�t�j�r�\�Z�� �i�j�b��
�k�e�_�^�g�b�l�_���h�[�k�l�h�y�l�_�e�k�l�\�Z�� 

- �i�j�b���g�_�Z�d�l�b�\�b�j�Z�g�Z���\�o�h�^�g�Z���n�m�g�d�p�b�y���Ä�5�8�1�³ �b���[�e�h�d�b�j�Z�g���\�Z�e���g�Z���k�_�j�\�h�f�h�l�h�j�Z�� 
-  �k�l�Z�j�l�b�j�Z�g�_���g�Z���d�h�f�m�g�b�d�Z�p�b�h�g�g�Z�l�Z���i�j�h�]�j�Z�f�Z�� 
- �i�j�b���Z�d�l�b�\�b�j�Z�g�_���g�Z���n�m�g�d�p�b�b���Ä�5�8�1�³ �b���Ä�-�2�*�³�����>�\�b�]�Z�l�_�e�y�l���k�_���\�t�j�l�b���d�h�g�l�j�h�e�b�j�Z�g�h�����Z 

�l�h�d�t�l���g�Z���k�_�j�\�h�^�\�b�]�Z�l�_�e�y��(�i�h���\�j�_�f�_���g�Z���j�Z�[�h�l�Z���g�Z���i�j�Z�a�_�g���o�h�^) �H���f�b�g�b�f�Z�e�_�g �����������P�:. 

�>�Z�g�g�b�l�_���h�l���i�j�h�\�_�j�d�Z�l�Z���k�_���i�h�i�t�e�\�Z�l���\���i�j�b�f�_�j�g�Z �l�Z�[�e�b�p�Z�����d�Z�l�h���i�h�d�Z�a�Z�g�Z�l�Z���l�Z�[�e��������. 
�L�Z�[�e�b�p�Z��17 �>�Z�g�g�b���a�Z���i�j�h�\�_�j�d�Z�l�Z���a�Z���k�j�Z�[�h�l�\�Z�g�_�l�h���g�Z���_�e�_�d�l�j�h�f�Z�]�g�b�l�g�Z�l�Z���k�i�b�j�Z�q�d�Z 

�I�j�h�\�_�j�d�Z���a�Z���k�j�Z�[�h�l�\�Z�g�_�l�h���g�Z��
�_�e�_�d�l�j�h�f�Z�]�g�b�l�g�Z���k�i�b�j�Z�q�d�Z���a�Z��

�k�_�j�\�h�h�k�� 

�K�j�Z�[�h�l�\�Z�g�_ 
�>�Z���g�_ 

�A�Z�[�_�e�_�`�d�Z�����\���k�e�m�q�Z�c�����q�_���b�f�Z��
�h�l�d�e�h�g�_�g�b�_�� 

�K�_�j�\�h�h�k��AX 1   
�K�_�j�\�h�h�k��AX 2   
�K�_�j�\�h�h�k��AX 3   

�«�«�«����    
�K�_�j�\�h�h�k��AX n   

 
4. �I�j�h�\�_�j�d�Z�� �i�h�k�h�d�Z�l�Z�� �g�Z�� �\�t�j�l�_�g�_�� �g�Z�� �k�_�j�\�h�^�\�b�]�Z�l�_�e�b�l�_ �± �i�j�h�\�_�j�y�\�Z�l���k�_ �a�Z�� �l���g����

�k�n�Z�a�b�j�Z�g�_�����A�Z���p�_�e�l�Z���k�_���i�j�_�f�b�g�Z�\�Z���i�j�_�a���k�e�_�^�g�b�l�_���k�l�t�i�d�b�� 
4.1.�<�t�\�_�`�^�Z�l�� �k�_�� �g�h�f�b�g�Z�e�g�b�l�_�� �^�Z�g�g�b�� �g�Z�� �k�_�j�\�h�^�\�b�]�Z�l�_�e�y�� �\��

�k�_�j�\�h�i�j�_�h�[�j�Z�a�m�\�Z�l�_�e�y �± �l�h�\�Z���k�Z���^�Z�g�g�b�l�_���a�Z���l�h�d�����g�Z�i�j�_�`�_�g�b�_�����[�j�h�c���i�h�e�x�k�b���b��
�l�b�i���g�Z���h�[�j�Z�l�g�Z�l�Z���\�j�t�a�d�Z�����j�_�a�h�e�\�_�j���b�e�b���i�m�e�k�d�h�^�_�j�� 

4.2.�B�a�[�b�j�Z�� �k�_�� �j�_�`�b�f�t�l�� �g�Z�� �g�Z�k�l�j�h�c�\�Z�g�_���± �j�t�q�_�g�� �b�e�b�� �Z�\�l�h�f�Z�l�b�q�_�g���� �A�Z�� �j�t�q�g�Z��
�g�Z�k�l�j�h�c�d�Z�� �k�_�� �k�_�e�_�d�l�b�j�Z�� �i�Z�j�Z�f�_�l�t�j�Z���Ä�l�b�i�� �g�Z�� �f�h�l�h�j�Z�� � �� ���³. �:�d�l�b�\�b�j�Z �k�_ 
�n�m�g�d�p�b�y�l�Z���Ä�5�8�1�³���� �k�_�j�\�h�^�\�b�]�Z�l�_�e�y�l �k�_�� �g�Z�f�Z�]�g�b�l�\�Z�� �b�� �h�k�l�Z�\�Z�� �\�� �i�h�e�h�`�_�g�b�_, 
�k�t�h�l�\�_�l�k�l�\�Z�s�h���g�Z���Ä�3�R�V�L�W�L�R�Q���R�I�I�V�H�W��� �����³�����>�_�Z�d�l�b�\�b�j�Z���k�_ �n�m�g�d�p�b�y�l�Z���Ä�5�8�1�³ �b��
�k�_�� �a�Z�^�Z�\�Z �i�Z�j�Z�f�_�l�t�j���Ä�l�b�i�� �g�Z�� �f�h�l�h�j�Z�� � �� ���³���� �I�j�h�q�b�l�Z�� �k�_�� �k�l�h�c�g�h�k�l�l�Z�� �g�Z��
�Ä�3�R�V�L�W�L�R�Q�� �)�H�H�G�E�D�F�N�³ �b�� �k�_�� �i�j�b�k�\�h�y�\�Z �k�� �h�[�j�Z�l�_�g�� �a�g�Z�d�� �g�Z���Ä�3�R�V�L�W�L�R�Q�� �R�I�I�V�H�W�³���� �A�Z��
�Z�\�l�h�f�Z�l�b�q�g�Z�� �g�Z�k�l�j�h�c�d�Z���k�_�� �b�a�[�b�j�Z�� �d�h�f�Z�g�^�Z���ÄAutotunning Rotor position�³. 
�>�\�b�]�Z�l�_�e�y�l�� �b�a�\�t�j�r�\�Z�� �g�y�d�h�e�d�h�� �h�[�h�j�h�l�Z�� �b�� �a�Z�i�b�k�\�Z�� �k�l�h�c�g�h�k�l�l�Z�� �g�Z���ÄPosition 
offset�³. 
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4.3.�K�e�_�^�� �i�j�b�d�e�x�q�\�Z�g�_�� �g�Z�� �i�j�h�p�_�^�m�j�Z�l�Z�� �i�h�� �g�Z�k�l�j�h�c�d�Z�� �g�Z�� �i�Z�j�Z�f�_�l�t�j�Z���ÄPosition 
offset�³ ���^�_�n�Z�a�b�j�Z�g�_�l�h�� �g�Z���^�\�b�]�Z�l�_�e�y�� �b�� �j�_�a�h�e�\�_�j�Z�� �k�_�� �Z�d�l�b�\�b�j�Z�l �n�m�g�d�p�b�b�l�_��
�ÄRUN�³, �ÄJOG���³  �b�e�b���ÄJOG-�³ �a�Z���l�_�k�l�h�\�h���\�t�j�l�_�g�_���g�Z���^�\�b�]�Z�l�_�e�y. 

�A�Z�� �i�h�e�h�`�b�l�_�e�g�Z�� �i�h�k�h�d�Z�� �g�Z�� �\�t�j�l�_�g�_�� �g�Z�� �^�\�b�]�Z�l�_�e�y�� �k�_�� �\�t�a�i�j�b�_�f�Z�� �^�\�b�`�_�g�b�_�l�h �h�[�j�Z�l�g�h�� �g�Z��
�q�Z�k�h�\�g�b�d�h�\�Z�l�Z���k�l�j�_�e�d�Z�����i�h�]�e�_�^�g�Z�l�h���h�l�d�t�f���\�Z�e�Z �g�Z���f�h�l�h�j�Z�����A�Z���h�l�j�b�p�Z�l�_�e�g�Z���i�h�k�h�d�Z���g�Z���\�t�j�l�_�g�_��
�g�Z���^�\�b�]�Z�l�_�e�y���k�_���\�t�a�i�j�b�_�f�Z���^�\�b�`�_�g�b�_�l�h �i�h���q�Z�k�h�\�g�b�d�h�\�Z�l�Z���k�l�j�_�e�d�Z�����i�h�]�e�_�^�g�Z�l�h���h�l�d�t�f���\�Z�e�Z �g�Z��
�f�h�l�h�j�Z�� 

�:�d�h���^�\�b�]�Z�l�_�e�y�l���k�_���\�t�j�l�b���g�h�j�f�Z�e�g�h �k�t�k���k�d�h�j�h�k�l���a�Z�^�Z�^�_�g�Z���h�l���i�Z�j�Z�f�_�l�t�j�Z���ÄJOGSpeed�³, �g�h��
�h�[�j�Z�l�g�h���g�Z���i�j�Z�\�b�e�h�l�h���a�Z���\�t�j�l�_�g�_, �_���g�m�`�g�h�� 

- �^�Z���k�_���^�_�Z�d�l�b�\�b�j�Z�l���n�m�g�d�p�b�b�l�_���Ä�5�8�1�³ �b���Ä�-�2�*�³, �a�Z���^�Z���k�_���i�j�_�d�j�Z�l�b���^�\�b�`�_�g�b�_�l�h; 
- �^�Z���j�Z�a�f�_�g�y�l���^�\�_ �h�l���n�Z�a�b�l�_����U,V,W�����g�Z���^�\�b�]�Z�l�_�e�y�� 
- �^�Z���k�_���b�a�\�t�j�r�b���h�l�g�Z�q�Z�e�h���i�j�h�p�_�^�m�j�Z�l�Z���a�Z���g�Z�k�l�j�h�c�\�Z�g�_���g�Z���Ä�3�R�V�L�W�L�R�Q���R�I�I�V�H�W�³. 

�:�d�h�� �^�\�b�]�Z�l�_�e�y�l �k�_���\�t�j�l�b�� �k�� �f�Z�d�k�b�f�Z�e�g�Z�� �k�d�h�j�h�k�l �g�_�d�h�g�l�j�h�e�b�j�m�_�f�h�� �b�e�b�� �b�a�d�e�x�q�b�� �i�h��
�k�j�Z�[�h�l�_�g�Z�� �a�Z�s�b�l�Z - �l�h�\�Z�� �_�� �a�g�Z�d�� �a�Z���I�H�< (�i�h�e�h�`�b�l�_�e�g�Z���h�[�j�Z�l�g�Z�� �\�j�t�a�d�Z�� �i�h�� �k�d�h�j�h�k�l���� �<�� �l�h�a�b��
�k�e�m�q�Z�c���_���g�_�h�[�o�h�^�b�f�h�� 

- �^�Z�� �k�_�� �i�j�h�f�_�g�b�� �g�m�e�_�\�b�y�l���[�b�l�� �g�Z�� �i�Z�j�Z�f�_�l�t�j���Ä�*�H�Q�&�0�'�:�U�G�³ �a�Z�� �k�f�y�g�Z�� �g�Z�� �i�h�k�h�d�Z�l�Z�� �g�Z��
�H�<. 

- �^�Z���j�Z�a�f�_�g�y�l���^�\�_ �h�l���n�Z�a�b�l�_����U,V,W�����g�Z���^�\�b�]�Z�l�_�e�y�� 
- �^�Z���k�_���b�a�\�t�j�r�b���h�l�g�Z�q�Z�e�h���i�j�h�p�_�^�m�j�Z�l�Z���a�Z���g�Z�k�l�j�h�c�\�Z�g�_���g�Z���Ä�3�R�V�L�W�L�R�Q���R�I�I�V�H�W�³. 

�>�Z�g�g�b�l�_���h�l���i�j�h�\�_�j�d�Z�l�Z���k�_���i�h�i�t�e�\�Z�l���\���i�j�b�f�_�j�g�Z���l�Z�[�e�b�p�Z�����d�Z�l�h���i�h�d�Z�a�Z�g�Z�l�Z���l�Z�[�e��������. 
�L�Z�[�e�b�p�Z��18�����I�j�h�\�_�j�d�Z���g�Z���i�h�k�h�d�Z�l�Z���g�Z���\�t�j�l�_�g�_���g�Z���k�_�j�\�h�^�\�b�]�Z�l�_�e�b�l�_�����k�\�t�j�a�Z�g�b���k�t�k���k�_�j�\�h�m�i�j�Z�\�e�_�g�b�y�l�Z 

�I�j�h�\�_�j�d�Z���g�Z���i�h�k�h�d�Z�l�Z���g�Z��
�\�t�j�l�_�g�_���g�Z���k�_�j�\�h�^�\�b�]�Z�l�_�e�b�l�_��

�a�Z���k�_�j�\�h�h�k�� 

�I�h�e�h�`�b�l�_�e�g�Z��
�i�h�k�h�d�Z���g�Z���\�t�j�l�_�g�_ 

�^�Z�������g�_ 

�A�Z�[�_�e�_�`�d�Z�����\���k�e�m�q�Z�c�����q�_���b�f�Z��
�h�l�d�e�h�g�_�g�b�_�� 

�K�_�j�\�h�h�k��AX 1   
�K�_�j�\�h�h�k��AX 2   
�K�_�j�\�h�h�k��AX 3   

�«�«�«����    
�K�_�j�\�h�h�k��AX n   

 
�I�h�k�h�d�Z�l�Z�� �g�Z�� �\�t�j�l�_�g�_�� �g�Z�� �k�_�j�\�h�^�\�b�]�Z�l�_�e�b�l�_�����i�h�e�h�`�b�l�_�e�g�Z���h�l�j�b�p�Z�l�_�e�g�Z���� �a�Z�� �\�k�y�d�Z�� �h�k�� �g�Z��

�j�h�[�h�l�Z�� �_�� �f�Z�j�d�b�j�Z�g�Z�� �\�t�j�o�m�� �f�_�o�Z�g�b�d�Z�l�Z�� �g�Z�� �k�t�h�l�\�_�l�g�Z�l�Z�� �h�k�� �g�Z�� �j�h�[�h�l�Z���� �I�h�k�h�d�b�l�_�� �k�Z�� �m�k�e�h�\�g�b�� �b��
�f�h�`�_�� �^�Z�� �g�_�� �k�t�h�l�\�_�l�k�l�\�Z�l�� �k�� �i�j�Z�\�b�e�h�l�h�� �a�Z�� �i�j�h�\�_�j�d�Z�� �g�Z�� �i�h�k�h�d�Z�l�Z�� �g�Z�� �\�t�j�l�_�g�_�� �g�Z�� �k�_�j�\�h�h�k�b�l�_����
�G�_�h�[�o�h�^�b�f�h�� �_�� �^�Z�� �k�_�� �k�t�h�[�j�Z�a�y�l�� �i�h�k�h�d�b�l�_�� �g�Z�� �\�t�j�l�_�g�_�� �g�Z�� �k�_�j�\�h�a�Z�^�\�b�`�\�Z�g�b�y�l�Z�� �b�� �k�_�j�\�h�h�k�b�l�_�� �\��
�d�h�f�i�e�_�d�l�����k�\�t�j�a�Z�g�b���k���f�_�o�Z�g�b�d�Z�l�Z���g�Z���j�h�[�h�l�Z���k���m�k�e�h�\�g�h���i�j�b�_�l�b�l�_���i�h�k�h�d�b���g�Z���\�t�j�l�_�g�_���a�Z���\�k�y�d�Z���h�k��
�g�Z���b�a�k�e�_�^�\�Z�g�b�y���M�J ���i�h�e�h�`�b�l�_�e�g�Z���h�l�j�b�p�Z�l�_�e�g�Z���� 

 
3.3. �J�Z�a�j�Z�[�h�l�\�Z�g�_���g�Z���f�_�l�h�^�b�d�Z���a�Z���b�a�k�e�_�^�\�Z�g�_���g�Z���k�h�n�l�m�_�j�Z 

 
�B�a�k�e�_�^�\�Z�g�_�l�h�� �g�Z�� �k�h�n�l�m�_�j�Z�� �g�Z�� �b�a�[�j�Z�g�b�y�� �l�b�i�h�i�j�_�^�k�l�Z�\�b�l�_�e�� �g�Z���B�M�J��KUKA KR 150 �_��

�h�k�g�h�\�g�h�� �k�\�t�j�a�Z�g�h�� �k�� �h�i�j�_�^�_�e�y�g�_�l�h�� �g�Z�� �o�Z�j�Z�d�l�_�j�b�k�l�b�d�b�l�_�� �b�� �n�m�g�d�p�b�h�g�Z�e�g�h�k�l�l�Z�� �g�Z�� �k�b�k�l�_�f�Z�l�Z�� �a�Z��
�m�i�j�Z�\�e�_�g�b�_���� �G�Z�� �l�Z�a�b�� �[�Z�a�Z�� �_�� �j�Z�a�j�Z�[�h�l�_�g�Z�� �f�_�l�h�^�b�d�Z�� �a�Z�� �b�a�i�b�l�Z�g�b�_�� �g�Z�� �k�h�n�l�m�_�j�Z�� �g�Z�� �b�a�k�e�_�^�\�Z�g�b�y��
�M�J�����[�Z�a�b�j�Z�g�Z���g�Z���i�j�h�\�_�j�d�Z���g�Z���n�m�g�d�p�b�h�g�Z�e�g�h�k�l�b�l�_�����d�h�b�l�h���m�i�j�Z�\�e�_�g�b�_�l�h���g�Z���j�h�[�h�l�Z���i�j�_�^�h�k�l�Z�\�y�� 
�J�Z�a�j�Z�[�h�l�_�g�Z�l�Z���b���l�_�k�l�\�Z�g�Z�l�Z���m�k�i�_�r�g�h���f�_�l�h�^�b�d�Z���_���i�j�_�^�k�l�Z�\�_�g�Z���i�h-�^�h�e�m�� 

I. �H�[�s�Z�� �b�g�k�i�_�d�p�b�y�� �a�Z�� �n�m�g�d�p�b�h�g�Z�e�g�h�k�l�l�Z�� �g�Z�� �k�h�n�l�m�_�j�g�h�l�h�� �b�� �k�b�k�l�_�f�g�h�l�h��
�h�k�b�]�m�j�y�\�Z�g�_ 

1. �G�Z�q�Z�e�g�Z�� �i�j�h�\�_�j�d�Z�� �a�Z�� �n�m�g�d�p�b�h�g�Z�e�g�h�k�l�l�Z�� �b�� �g�_�h�[�o�h�^�b�f�h�k�l�l�Z�� �h�l�� �i�j�_�b�g�k�l�Z�e�Z�p�b�y��
�g�Z�� �k�h�n�l�m�_�j�Z - �i�j�b�� �a�Z�d�m�i�m�\�Z�g�_�� �j�h�[�h�l�t�l�� �b�^�\�Z�� �k�� �b�g�k�l�Z�e�b�j�Z�g�� �b�� �d�h�g�n�b�]�m�j�b�j�Z�g�� �k�h�n�l�m�_�j�� �b��
�i�j�_�b�g�k�l�Z�e�Z�p�b�y�� �k�_�� �g�Z�e�Z�]�Z�� �k�Z�f�h�� �\�� �k�e�m�q�Z�b�l�_�� �g�Z�� �g�Z�j�m�r�_�g�b�� �k�b�k�l�_�f�g�b�� �n�m�g�d�p�b�b�� �b���b�e�b�� �i�h�\�j�_�^�Z�� �\��



   

98 
 

�o�Z�j�^�m�_�j�g�h�l�h�� �b�� �k�h�n�l�m�_�j�g�h�l�h�� �h�k�b�]�m�j�y�\�Z�g�_���± �g�Z�i�j�b�f�_�j�� �i�j�b �i�h�\�j�_�^�Z�� �b�e�b�� �a�Z�f�y�g�Z�� �g�Z�� �h�k�g�h�\�g�b��
�o�Z�j�^�m�_�j�g�b�� �d�h�f�i�h�g�_�g�l�b�� �d�Z�l�h�� �l�\�t�j�^�b�y�� �^�b�k�d���� �b�e�b�� �^�j�m�]�b�� �_�e�_�f�_�g�l�b���� �i�j�y�d�h�� �k�\�t�j�a�Z�g�b�� �k�t�k��
�k�b�k�l�_�f�g�Z�l�Z�� �b�g�n�h�j�f�Z�p�b�y�� �a�Z�� �k�h�n�l�m�_�j�Z�� �g�Z�� �j�h�[�h�l�Z���� �I�j�b�� �g�_�h�[�o�h�^�b�f�h�k�l�� �h�l�� �b�g�k�l�Z�e�Z�p�b�y�� �g�Z��
�k�h�n�l�m�_�j�Z�� �g�Z�� �b�a�k�e�_�^�\�Z�g�b�y�� �j�h�[�h�l��KUKA KR 150 �_�� �g�_�h�[�o�h�^�b�f�h�� �^�Z�� �n�m�g�d�p�b�h�g�b�j�Z�l�� �\�k�b�q�d�b��
�d�h�f�i�h�g�_�g�l�b���h�l���o�Z�j�^�m�_�j�g�Z�l�Z���d�h�g�n�b�]�m�j�Z�p�b�y���g�Z���j�h�[�h�l�Z���b�e�b���^�Z���[�t�^�Z�l���a�Z�f�_�g�_�g�b���k�t�k���k�t�h�l�\�_�l�g�b�l�_��
�Z�g�Z�e�h�a�b���� �B�g�k�l�Z�e�Z�p�b�y�l�Z�� �k�_�� �b�a�\�t�j�r�\�Z�� �q�j�_�a��CD/DVD ROM �m�k�l�j�h�c�k�l�\�h�� �b�e�b�� �k�_�� �Z�^�Z�i�l�b�j�Z���i�j�_�a 
BIOS �g�Z���k�b�k�l�_�f�g�b�y���k�h�n�l�m�_�j��- �n�m�g�d�p�b�y���a�Z���i�j�h�q�b�l�Z�g�_���b���a�Z�j�_�`�^�Z�g�_���g�Z���h�i�_�j�Z�p�b�h�g�g�Z�l�Z���k�b�k�l�_�f�Z��
�h�l��USB Flashdrive �m�k�l�j�h�c�k�l�\�h. 

2. �I�j�h�\�_�j�d�Z���g�Z���n�m�g�d�p�b�h�g�Z�e�g�h�k�l�l�Z���g�Z��HMI �b�g�l�_�j�n�_�c�k�Z; 
3. �I�j�h�\�_�j�d�Z���g�Z���g�Z�q�Z�e�g�b�l�_���d�h�g�n�b�]�m�j�Z�p�b�h�g�g�b���i�Z�j�Z�f�_�l�j�b���b���g�Z�k�l�j�h�c�d�b �a�Z���k�l�Z�j�l�b�j�Z�g�_��

�g�Z�� �k�h�n�l�m�_�j�Z�� �g�Z�� �b�a�k�e�_�^�\�Z�g�b�y�� �j�h�[�h�l �± �l�h�\�Z�� �k�Z�� �g�Z�k�l�j�h�c�d�b�l�_�� �b�� �i�Z�j�Z�f�_�l�j�b�l�_���� �g�_�h�[�o�h�^�b�f�b�� �g�Z��
�k�b�k�l�_�f�Z�l�Z�� �a�Z�� �m�i�j�Z�\�e�_�g�b�_�� �^�Z�� �k�l�Z�j�l�b�j�Z�� �m�k�i�_�r�g�h�� �b�� �^�Z�� �a�Z�j�_�^�b�� �i�j�h�]�j�Z�f�g�h�l�h�� �b�� �k�b�k�l�_�f�g�h�l�h��
�h�k�b�]�m�j�y�\�Z�g�_�� �g�Z�� �k�h�n�l�m�_�j�Z�� �g�Z�� �j�h�[�h�l��KUKA KR 150. �I�j�h�\�_�j�d�Z�l�Z�� �i�j�_�f�b�g�Z�\�Z�� �i�j�_�a�� �g�y�d�h�e�d�h��
�k�l�t�i�d�b�� 

- �i�j�h�\�_�j�d�Z�� �a�Z�� �d�h�j�_�d�l�g�h�� �\�t�\�_�^�_�g�b�� �f�Z�r�b�g�g�b�� �^�Z�g�g�b���� �g�Z�k�l�j�h�c�d�b�� �b�� �d�h�g�n�b�]�m�j�Z�p�b�h�g�g�b��
�i�Z�j�Z�f�_�l�j�b����machine data) �± �i�j�h�\�_�j�d�Z�l�Z���k�_���b�a�\�t�j�r�\�Z���\���f�_�g�x��Setup > Robot data�����I�j�b��
�h�l�\�h�j�_�g���i�j�h�a�h�j�_�p��Robot data �k�_���b�a�[�b�j�Z��Machine data; 

- �i�t�j�\�h�g�Z�q�Z�e�g�h�� �i�j�_�o�\�t�j�e�y�g�_�� �g�Z�� �f�Z�r�b�g�g�b�� �^�Z�g�g�b���� �g�Z�k�l�j�h�c�d�b�� �b�� �d�h�g�n�b�]�m�j�Z�p�b�h�g�g�b��
�i�Z�j�Z�f�_�l�j�b���h�l���l�\�t�j�^�b�y���^�b�k�d���^�h��RDC �m�k�l�j�h�c�k�l�\�h �± �i�j�_�o�\�t�j�e�y�g�_�l�h���k�_���b�a�\�t�j�r�\�Z���\���f�_�g�x��
Setup > Robot data�����B�a�[�b�j�Z���k�_��Hard Disc �b���k�_���i�h�l�\�t�j�`�^�Z�\�Z���k���H�D; 

- �^�Z���k�_���b�a�\�t�j�r�b���h�l�g�Z�q�Z�e�h���i�j�h�p�_�^�m�j�Z�l�Z���a�Z���g�Z�k�l�j�h�c�\�Z�g�_���g�Z���Ä�3�R�V�L�W�L�R�Q���R�I�I�V�H�W�³�� 

4. �B�a�\�_�`�^�Z�g�_�� �g�Z�� �j�h�[�h�l�Z�� �\�� �g�m�e�_�\�Z�� �i�h�a�b�p�b�y��(home position, mastering, �x�k�l�b�j�Z�g�_) - �a�Z��
�^�Z���[�t�^�_���\�t�a�f�h�`�g�h���b���j�Z�a�i�h�a�g�Z�\�Z�_�f�h���h�l���k�h�n�l�m�_�j�Z���^�\�b�`�_�g�b�_�l�h���g�Z���\�k�y�d�h���a�\�_�g�h���g�Z���j�h�[�h�l�Z���\���p�_�e�b�y��
�j�Z�[�h�l�_�g�� �^�b�Z�i�Z�a�h�g�� �g�Z�� �h�i�j�_�^�_�e�_�g�Z�� �k�l�Z�\�Z���� �_�� �g�_�h�[�o�h�^�b�f�h�� �i�j�_�^�b�� �k�l�Z�j�l�b�j�Z�g�_��- �j�h�[�h�l�t�l�� �^�Z�� �[�t�^�_��
�i�h�k�l�Z�\�_�g�� �\�� �b�a�o�h�^�g�Z�� ��home���� �i�h�a�b�p�b�y�� �A�Z�� �p�_�e�l�Z�� �k�_�� �k�b�g�o�j�h�g�b�a�b�j�Z�l�� �k�h�n�l�m�_�j�g�Z�l�Z�� �b�� �f�_�o�Z�g�b�q�g�Z�l�Z��
�g�m�e�Z�� �g�Z�� �j�h�[�h�l�Z���a�Z�� �\�k�y�d�Z�� �_�^�g�Z�� �h�l�� �h�k�b�l�_�� ���n�b�]���� ����1) [50]. �L�Z�d�Z�\�Z�� �k�b�g�o�j�h�g�b�a�Z�p�b�y�� �f�_�`�^�m��
�f�_�o�Z�g�b�d�Z�l�Z�� �b�� �k�h�n�l�m�_�j�g�h�l�h�� �h�k�b�]�m�j�y�\�Z�g�_�� �g�Z�� �b�a�k�e�_�^�\�Z�g�b�y���j�h�[�h�l�� �_�� �g�_�h�[�o�h�^�b�f�Z�� �\�k�_�d�b�� �i�t�l����
�d�h�]�Z�l�h�� 

- �j�h�[�h�l�t�l���k�_���i�m�k�d�Z���a�Z���i�j�t�\���i�t�l���\���_�d�k�i�e�h�Z�l�Z�p�b�y�� 
- �_�� �i�j�h�\�_�^�_�g�Z�� �k�_�j�\�b�a�g�Z�� �i�h�^�^�j�t�`�d�Z�� �b�� �j�_�f�h�g�l���� �i�j�b�� �d�h�y�l�h�� �j�h�[�h�l�t�l�� �]�m�[�b�� �^�Z�g�g�b�l�_�� �a�Z��

�k�\�h�y�l�Z�� �g�m�e�_�\�Z�� �i�h�a�b�p�b�y�� ���i�j�b�� �k�f�y�g�Z�� �g�Z�� �k�_�j�\�h�f�h�l�h�j�� �b�e�b�� �^�j�m�]�Z�� �q�Z�k�l�� �h�l�� �a�Z�^�\�b�`�\�Z�s�Z�l�Z�� �b�e�b��
�Z�d�l�m�Z�l�h�j�g�Z�l�Z �k�b�k�l�_�f�Z���� 

- �j�h�[�h�l�t�l�� �_�� �a�Z�^�\�b�`�_�g���� �[�_�a�� �m�q�Z�k�l�b�_�l�h�� �g�Z�� �d�h�g�l�j�h�e�_�j�b�l�_�� �h�l�� �k�_�j�\�h�k�b�k�l�_�f�Z�l�Z�� �a�Z��
�m�i�j�Z�\�e�_�g�b�_�� 

- �j�h�[�h�l�t�l���_���b�f�Z�e���d�h�e�b�a�b�y���k���\�t�g�r�g�b���_�e�_�f�_�g�l�b���b�e�b���i�j�b���j�y�a�d�h���k�i�b�j�Z�g�_���k�e�_�^���^�\�b�`�_�g�b�y��
�k�t�k���k�d�h�j�h�k�l�b���g�Z�^�����������f�f���k; 

�B�f�Z���^�\�Z���g�Z�q�b�g�Z���a�Z���\�t�\�_�`�^�Z�g�_���g�Z���j�h�[�h�l�Z���\���g�m�e�_�\�Z���i�h�a�b�p�b�y �b�e�b���l���g�Z�j�����Ämastering�³: 
- �k�� �_�e�_�d�l�j�h�g�g�h�� �b�a�f�_�j�\�Z�l�_�e�g�h�� �m�k�l�j�h�c�k�l�\�h�� ���n�b�]���� ����2���Z) �± �h�k�b�l�_�� �g�Z�� �j�h�[�h�l�Z�� �k�_��

�a�Z�^�\�b�`�\�Z�l�� �b�� �k�b�g�o�j�h�g�b�a�b�j�Z�l�� �Z�\�l�h�f�Z�l�b�q�g�h�� �h�l�� �d�h�g�l�j�h�e�_�j�b�l�_�� �g�Z�� �m�i�j�Z�\�e�y�\�Z�s�Z�l�Z�� �k�b�k�l�_�f�Z����
�B�a�\�t�j�r�\�Z���k�_���g�m�e�b�j�Z�g�_���g�Z���h�k�b�l�_���k���b���[�_�a���l�h�\�Z�j�����<�t�a�f�h�`�g�h���_���^�Z���k�_���a�Z�i�Z�a�y�l���g�y�d�h�e�d�h���i�h�a�b�p�b�b�����\��
�a�Z�\�b�k�b�f�h�k�l���h�l���l�h�\�Z�j�Z�����k���d�h�c�l�h���b�a�k�e�_�^�\�Z�g�b�y�l���j�h�[�h�l���l�j�y�[�\�Z���^�Z���k�_���a�Z�^�\�b�`�b; 

- �k�� �_�e�_�d�l�j�h-�f�_�o�Z�g�b�q�_�g�� �^�Z�l�q�b�d�� ���n�b�]���� ����2���[) �± �j�h�[�h�l�t�l�� �k�_�� �j�Z�a�^�\�b�`�\�Z�� �\�� �j�t�q�g�h��
�m�i�j�Z�\�e�_�g�b�_�� �h�l�� �h�i�_�j�Z�l�h�j�Z�� �g�Z�� �f�Z�r�b�g�Z�l�Z���� �B�a�\�t�j�r�\�Z�� �k�_�� �\�b�g�Z�]�b�� �k�� �l�h�\�Z�j�� �b�� �g�_�� �_�� �\�t�a�f�h�`�g�h�� �^�Z�� �k�_��
�a�Z�i�Z�a�y�l���g�y�d�h�e�d�h �i�h�a�b�p�b�b���k���j�Z�a�e�b�q�g�h���g�Z�l�h�\�Z�j�\�Z�g�_���g�Z���j�h�[�h�l�Z; 
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�N�b�]�������������F�_�o�Z�g�b�q�g�b���g�m�e�b���a�Z���\�k�y�d�Z���h�k���a�Z���k�b�g�o�j�h�g�b�a�b�j�Z�g�_���k�t�k���k�h�n�l�m�_�j�g�Z�l�Z���g�m�e�Z���g�Z���i�j�h�]�j�Z�f�g�h�l�h��

�h�k�b�]�m�j�y�\�Z�g�_�����i�j�_�^�b���i�t�j�\�h�g�Z�q�Z�e�g�h���i�m�k�d�Z�g�_���g�Z���j�h�[�h�l�Z 
 
�G�m�e�b�j�Z�g�_�l�h�� �g�Z�� �h�k�b�l�_�� �_�� �g�_�h�[�o�h�^�b�f�h�� �\�k�_�d�b�� �i�t�l���� �d�h�]�Z�l�h�� �^�Z�^�_�g���B�M�J �± �h�[�_�d�l�� �g�Z��

�j�_�b�g�`�_�g�_�j�b�g�]���� �_�� �i�m�k�d�Z�g�� �a�Z�� �i�j�t�\�� �i�t�l�� �k�e�_�^�� �a�Z�d�m�i�m�\�Z�g�_�l�h�� �f�m���� �K�e�_�^�� �g�m�e�b�j�Z�g�_�l�h�� �g�Z�� �h�k�b�l�_�� �g�Z��
�b�a�k�e�_�^�\�Z�g�b�y�� �j�h�[�h�l���� �b�g�n�h�j�f�Z�p�b�y�l�Z�� �l�j�y�[�\�Z�� �^�Z�� �[�t�^�_�� �k�t�o�j�Z�g�_�g�Z�� �b�� �b�a�i�h�e�a�\�Z�g�Z�� �d�Z�l�h�� �b�a�o�h�^�g�Z��
�i�h�a�b�p�b�y���a�Z���k�e�_�^�\�Z�s�h�� �k�l�Z�j�l�b�j�Z�g�_���b���a�Z�^�\�b�`�\�Z�g�_���� �A�Z�� �k�t�o�j�Z�g�y�\�Z�g�_���g�Z���^�Z�g�g�b�l�_���a�Z���g�m�e�b�j�Z�g�_�l�h�� �k�_��
�\�e�b�a�Z���\��Setup > Master > Save current data. 

5. �B�g�k�i�_�d�p�b�y�� �g�Z�� �n�m�g�d�p�b�h�g�Z�e�g�h�k�l�l�Z�� �Ä�d�Z�e�b�[�b�j�b�j�Z�g�_�� �g�Z�� �j�Z�[�h�l�g�b�y�� �b�g�k�l�j�m�f�_�g�l�³ �± 
�i�j�b�� �d�Z�e�b�[�j�b�j�Z�g�_�l�h�� �g�Z�q�Z�e�h�l�h�� �g�Z�� �d�h�h�j�^�b�g�Z�l�g�Z�l�Z�� �k�b�k�l�_�f�Z�� �g�Z�� �b�g�k�l�j�m�f�_�g�l�Z�� �k�_�� �i�j�b�k�\�h�y�\�Z�� �d�t�f��
�h�i�j�_�^�_�e�_�g�Z�� �l�h�q�d�Z�� �h�l�� �g�_�]�h���± �\�j�t�o�� �g�Z�� �b�g�k�l�j�m�f�_�g�l�Z�� ��TCP �± Tool Center Point) (�n�b�]���� ����3). 
�H�[�b�d�g�h�\�_�g�h�� �l�Z�a�b�� �l�h�q�d�Z�� �k�t�\�i�Z�^�Z�� �k�� �i�j�_�k�_�q�g�Z�l�Z�� �l�h�q�d�Z�� �g�Z�� �h�k�l�Z�� �g�Z�� �k�b�f�_�l�j�b�y�� �g�Z�� �b�g�k�l�j�m�f�_�g�l�Z��
���d�j�Z�c�g�b�y�� �_�n�_�d�l�h�j���� �b�� �g�Z�c-�\�t�g�r�g�Z�l�Z�� �f�m�� �j�Z�[�h�l�g�Z�� �i�h�\�t�j�o�g�b�g�Z���� �<�� �k�e�m�q�Z�c���� �q�_�� �k�h�n�l�m�_�j�g�h�l�h��
�h�k�b�]�m�j�y�\�Z�g�_�� �i�h�^�^�t�j�`�Z�� �l�Z�a�b�� �n�m�g�d�p�b�y���� �i�j�_�^�b�f�k�l�\�Z�l�Z�� �a�Z�� �m�i�j�Z�\�e�_�g�b�_�l�h�� �g�Z�� �j�h�[�h�l�Z�� �s�_�� �[�t�^�Z�l��
�k�e�_�^�g�b�l�_�� 

- �j�Z�[�h�l�g�b�y�l�� �b�g�k�l�j�m�f�_�g�l�� ���d�j�Z�c�g�b�y�l�� �_�n�_�d�l�h�j���� �s�_�� �f�h�`�_�� �^�Z�� �k�_�� �^�\�b�`�b�� �i�h���i�j�Z�\�Z�� �e�b�g�b�y����
�i�h���h�k�l�Z���k�b���g�Z���k�b�f�_�l�j�b�y�����h�k��Z); 

- �b�g�k�l�j�m�f�_�g�l�t�l���s�_���f�h�`�_���^�Z���b�a�\�t�j�r�\�Z���j�h�l�Z�p�b�y���h�d�h�e�h���g�Z�q�Z�e�h�l�h���g�Z���d�h�h�j�^�b�g�Z�l�g�Z�l�Z���f�m��
�k�b�k�l�_�f�Z�����[�_�a���^�Z���k�_���b�a�f�_�g�y�l���d�h�h�j�^�b�g�Z�l�b�l�_���g�Z���k�Z�f�b�y���\�j�t�o���g�Z���b�g�k�l�j�m�f�_�g�l�Z�� 
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�N�b�]��������2 �G�m�e�b�j�Z�g�_���g�Z���h�k�b�l�_���g�Z���b�a�k�e�_�^�\�Z�g�b�y���j�h�[�h�l��KUKA KR 150 

�Z�����k���_�e�_�d�l�j�h�g�g�h���b�a�f�_�j�\�Z�l�_�e�g�h���m�k�l�j�h�c�k�l�\�h �[�����k���_�e�_�d�l�j�h-�f�_�o�Z�g�b�q�_�g���^�Z�l�q�b�d 
 

 
�N�b�]��������3 �H�i�j�_�^�_�e�y�g�_���g�Z���g�Z�q�Z�e�h�l�h���g�Z���d�h�h�j�^�b�g�Z�l�g�Z�l�Z���k�b�k�l�_�f�Z���g�Z���j�Z�[�h�l�g�b�y���b�g�k�l�j�m�f�_�g�l�����d�j�Z�c�g�b�y���_�n�_�d�l�h�j����

�a�Z���j�h�[�h�l��KUKA KR 150 
 
�K�e�_�^�� �b�a�\�t�j�r�\�Z�g�_�� �g�Z�� �\�k�b�q�d�b�� �k�l�t�i�d�b�� �i�h�� �g�Z�q�Z�e�g�Z�l�Z�� �i�j�h�\�_�j�d�Z�� �a�Z�� �n�m�g�d�p�b�h�g�Z�e�g�h�k�l�l�Z�� �g�Z��

�k�h�n�l�m�_�j�g�h�l�h���b���k�b�k�l�_�f�g�h�l�h���h�k�b�]�m�j�y�\�Z�g�_�����f�h�`�_���^�Z���k�_���i�j�b�k�l�t�i�b���d�t�f���b�a�k�e�_�^�\�Z�g�_���g�Z���i�j�h�]�j�Z�f�g�h�l�h��
�h�k�b�]�m�j�y�\�Z�g�_�� �b�� �^�Z�� �k�_�� �Z�g�Z�e�b�a�b�j�Z�� �^�h�d�h�e�d�h�� �k�t�h�l�\�_�l�k�l�\�Z�� �g�Z�� �\�t�a�f�h�`�g�h�k�l�b�l�_���� �d�h�b�l�h�� �i�h��
�^�h�d�m�f�_�g�l�Z�p�b�y�� �l�h�� �i�j�_�^�e�Z�]�Z�� �i�j�b�� �k�t�k�l�Z�\�y�g�_�� �g�Z�� �m�i�j�Z�\�e�y�\�Z�s�b�� �i�j�h�]�j�Z�f�b�� �a�Z�� �d�h�g�l�j�h�e�� �g�Z��
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�B�a�\�_�^�_�g���_���m�k�j�_�^�g�_�g���j�_�a�m�e�l�Z�l���a�Z���k�l�Z�g�^�Z�j�l�g�h�l�h���h�l�d�e�h�g�_�g�b�_�� 

�ê�Ç 
L
�5

�Ç
�Ã �ê�Ü

�Ç
�Ü�@�5 
N�r�ä�r�t. 

�<�b�`�^�Z�� �k�_���� �q�_�� �a�Z�� �l�j�Z�g�k�e�Z�p�b�h�g�g�b�l�_�� �q�Z�k�l�b�� �k�_�� �g�Z�[�e�x�^�Z�\�Z�� �h�l�d�e�h�g�_�g�b�_�� �h�l�� �i�h�j�y�^�t�d�Z�� �g�Z��0.02 
mm �f�_�`�^�m�� �b�a�q�b�k�e�_�g�b�l�_�� �b�� �_�d�k�i�_�j�b�f�_�g�l�Z�e�g�h�� �i�h�e�m�q�_�g�b�l�_�� �k�l�h�c�g�h�k�l�b���� �A�Z�� �h�j�b�_�g�l�Z�p�b�y�l�Z��
�h�l�d�e�h�g�_�g�b�_�l�h���_���i�j�b�[�e�b�a�b�l�_�e�g�h�����������ƒ. 
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�N�b�]. 114 �?�d�k�i�_�j�b�f�_�g�l�Z�e�g�b���j�_�a�m�e�l�Z�l�b���h�l���i�j�h�\�_�j�d�Z�l�Z���g�Z���j�_�r�_�g�b�_�l�h���g�Z���i�j�Z�\�Z�l�Z���a�Z�^�Z�q�Z���\���d�b�g�_�f�Z�l�b�d�Z�l�Z���a�Z��

�b�a�k�e�_�^�\�Z�g�b�y���j�h�[�h�l��KUKA KR 150 
 
2. �H�p�_�g�d�Z�� �g�Z�� �f�Z�l�_�f�Z�l�b�q�_�k�d�b�y�� �f�h�^�_�e�� �a�Z�� �j�_�r�Z�\�Z�g�_�� �g�Z�� �h�[�j�Z�l�g�Z�l�Z �a�Z�^�Z�q�Z���g�Z��

�d�b�g�_�f�Z�l�b�d�Z�l�Z���a�Z���b�a�k�e�_�^�\�Z�g�b�y���j�h�[�h�l 
�H�k�g�h�\�g�b�y�l���i�j�h�[�e�_�f���i�j�b���j�_�r�Z�\�Z�g�_�l�h���g�Z���h�[�j�Z�l�g�Z�l�Z���a�Z�^�Z�q�Z���\���d�b�g�_�f�Z�l�b�d�Z�l�Z���_���^�Z���k�_���b�a�[�_�j�_��

�h�i�l�b�f�Z�e�g�h�l�h�� �j�_�r�_�g�b�_�� �a�Z�� �l�j�Z�_�d�l�h�j�b�y�l�Z�� �g�Z�� �^�\�b�`�_�g�b�_�� �g�Z�� �j�h�[�h�l�Z���� �g�_�h�[�o�h�^�b�f�Z�� �a�Z�� �^�h�k�l�b�]�Z�g�_�� �g�Z��
�d�j�Z�c�g�b�y���_�n�_�d�l�h�j���^�h���d�h�h�j�^�b�g�Z�l�b�l�_���g�Z���a�Z�^�Z�^�_�g�Z�l�Z���l�h�q�d�Z�����>�\�b�`�_�g�b�_�l�h���f�h�`�_���^�Z���[�t�^�_���b�a�\�t�j�r�_�g�h��
�k�� �j�Z�a�e�b�q�g�b�� �i�h�� �k�e�h�`�g�h�k�l�� �b�� �^�t�e�`�b�g�Z�� �l�j�Z�_�d�l�h�j�b�b���� �d�h�_�l�h�� �\�h�^�b�� �^�h�� �f�g�h�]�h�\�Z�j�b�Z�g�l�g�h�k�l�� �b��
�d�h�f�i�e�_�d�k�g�h�k�l�� �i�j�b�� �h�i�j�_�^�_�e�y�g�_�� �g�Z�� �t�]�e�b�l�_�� �g�Z�� �l�j�Z�g�k�n�h�j�f�Z�p�b�y�� �g�Z�� �j�Z�a�e�b�q�g�b�l�_�� �a�\�_�g�Z�� �h�l��
�b�a�k�e�_�^�\�Z�g�b�y���j�h�[�h�l��KUKA KR 150. 

�A�Z���h�i�l�b�f�Z�e�g�h���j�_�r�_�g�b�_���i�j�b���b�a�[�h�j���g�Z���l�j�Z�_�d�l�h�j�b�y���g�Z���^�\�b�`�_�g�b�_���k�_���k�q�b�l�Z���l�h�\�Z�����k���g�Z�c-�f�Z�e�d�Z��
�i�j�h�f�y�g�Z�� �g�Z�� �t�]�e�b�l�_�� �g�Z�� �l�j�Z�g�k�n�h�j�f�Z�p�b�y�� �g�Z�� �h�l�^�_�e�g�b�l�_�� �a�\�_�g�Z�� �g�Z�� �j�h�[�h�l�Z���� �H�p�_�g�d�Z�l�Z�� �g�Z��
�f�Z�l�_�f�Z�l�b�q�_�k�d�b�y�� �f�h�^�_�e�� �a�Z�� �j�_�r�Z�\�Z�g�_�l�h�� �g�Z�� �h�[�j�Z�l�g�Z�l�Z�� �a�Z�^�Z�q�Z���� �b�f�i�e�_�f�_�g�l�b�j�Z�g�� �\�� �k�h�n�l�m�_�j�g�h�l�h��
�h�k�b�]�m�j�y�\�Z�g�_���g�Z���b�a�[�j�Z�g�b�y���M�J�����_���g�_�h�[�o�h�^�b�f�h���^�Z���k�_���[�Z�a�b�j�Z���g�Z���i�j�h�\�_�j�d�Z�l�Z���a�Z���b�a�[�h�j���g�Z���h�i�l�b�f�Z�e�g�h��
�j�_�r�_�g�b�_�����:�d�h���à�Ü

�:�4�; �_���f�b�g�b�f�Z�e�g�Z�l�Z���l�j�Z�g�k�n�h�j�f�Z�p�b�y���g�Z���t�]�e�b�l�_���g�Z���a�\�_�g�Z�l�Z���g�Z���j�h�[�h�l�Z���a�Z���l�_�d�m�s�h�l�h��
�f�m�� �i�h�e�h�`�_�g�b�_���� �l�h�� �h�l�d�e�h�g�_�g�b�_�l�h �Ü�Ü �g�Z�� �\�k�y�d�h�� �a�\�_�g�h���� �f�h�`�_�� �^�Z�� �k�_���b�a�q�b�k�e�b�� �a�Z�� �\�k�y�d�h�� �\�t�a�f�h�`�g�h��
�j�_�r�_�g�b�_���b���^�Z���k�_���b�a�[�_�j�_���l�h�\�Z���k���f�b�g�b�f�Z�e�g�h�l�h���h�l�d�e�h�g�_�g�b�_. 

�Ü�Ü
L �Ã �ñ�á�Z�à�á�á�Ü
�:�4�; 
F �à�á�á�Ü�Z

�:
�á�@�5 , 

�d�t�^�_�l�h �ñ�á 
L �x
F �J �_�� �d�h�_�n�b�p�b�_�g�l�� �g�Z�� �l�_�`�_�k�l�� �g�Z�� �a�\�_�g�h�l�h���� �d�h�_�l�h�� �h�a�g�Z�q�Z�\�Z���� �q�_��
�l�j�Z�g�k�n�h�j�f�Z�p�b�y�l�Z�� �g�Z�� �i�t�j�\�Z�l�Z�� �\�j�t�a�d�Z���� �b�f�Z�� �i�h-�]�h�e�y�f�Z�� �l�_�`�_�k�l�� �h�l�� �l�j�Z�g�k�n�h�j�f�Z�p�b�y�l�Z�� �g�Z��
�h�k�l�Z�g�Z�e�b�l�_. 

�B�a�q�b�k�e�_�g�Z�l�Z�� �k�l�h�c�g�h�k�l�� �i�h�� �^�Z�^�_�g�Z�l�Z�� �a�Z�\�b�k�b�f�h�k�l�� �k�_�� �k�j�Z�\�g�y�\�Z���� �k�� �j�_�Z�e�g�h�l�h�� �^�\�b�`�_�g�b�_�� �g�Z��
�j�h�[�h�l�Z���i�j�b���_�^�g�b���b���k�t�s�b���d�h�h�j�^�b�g�Z�l�b���g�Z���d�j�Z�c�g�Z�l�Z���l�h�q�d�Z�����A�Z���i�j�b�_�f�e�b�\�h���k�_���k�q�b�l�Z���h�l�d�e�h�g�_�g�b�_���h�l��
�h�i�l�b�f�Z�e�g�Z�l�Z�� �k�l�h�c�g�h�k�l���^�h 2�ƒ �a�Z���t�]�e�b�l�_�� �g�Z�� �l�j�Z�g�k�n�h�j�f�Z�p�b�y�� �g�Z���h�l�^�_�e�g�b�l�_�� �a�\�_�g�Z�� �g�Z KUKA KR 
150. �>�h�i�m�k�l�b�f�b�l�_���k�l�h�c�g�h�k�l�b���k�Z���h�i�j�_�^�_�e�_�g�b���g�Z���[�Z�a�Z���g�Z���^�t�e�]�h�]�h�^�b�r�g�b�y���h�i�b�l���g�Z���k�i�_�p�b�Z�e�b�k�l�b�l�_��
�h�l�� �n�b�j�f�Z�l�Z-�i�h�l�j�_�[�b�l�_�e �Ä�K�i�_�k�b�f�Z�³�� �H�H�> �\�� �h�[�e�Z�k�l�l�Z�� �g�Z�� �k�i�_�p�b�Z�e�b�a�b�j�Z�g�b�l�_�� �k�b�k�l�_�f�b�� �a�Z��
�Z�\�l�h�f�Z�l�b�a�Z�p�b�y�� �g�Z�� �i�j�h�b�a�\�h�^�k�l�\�h�l�h���� �\�� �q�Z�k�l�g�h�k�l��- �j�_�r�_�g�b�y�� �a�Z�� �Z�\�l�h�f�Z�l�b�a�Z�p�b�y�� �g�Z�� �e�_�y�j�k�d�b��
�l�_�o�g�h�e�h�]�b�q�g�b���i�j�h�p�_�k�b�� 

 
3.5. �K�t�a�^�Z�\�Z�g�_���g�Z���d�h�g�p�_�i�p�b�y���a�Z���p�y�e�h�k�l�_�g���j�_�b�g�`�_�g�_�j�b�g�]���g�Z���b�a�[�j�Z�g�b�y��
�l�b�i�h�i�j�_�^�k�l�Z�\�b�l�_�e���g�Z���B�M�J 

 
�<�� �^�_�c�g�h�k�l�l�Z���_���k�t�a�^�Z�^�_�g�Z�� �d�h�g�p�_�i�p�b�y�� �a�Z�� �p�y�e�h�k�l�_�g�� �j�_�b�g�`�_�g�_�j�b�g�] �g�Z�� �j�h�[�h�l�Z���� �<�� �l�Z�a�b��

�d�h�g�p�_�i�p�b�y���_�� �m�k�l�Z�g�h�\�_�g�h���� �q�_�� �a�Z�e�h�`�_�g�b�l�_�� �a�Z�� �b�a�i�t�e�g�_�g�b�_�� �p�_�e�b �k�Z�� �b�a�i�t�e�g�_�g�b. �G�Z���[�Z�a�Z��
�i�h�e�m�q�_�g�b�l�_�� �j�_�a�m�e�l�Z�l�b���_�� �b�a�]�j�Z�^�_�g�Z�� �k�l�Z�[�b�e�g�Z�� �h�k�g�h�\�Z�� �a�Z�� �b�d�h�g�h�f�b�q�_�k�d�b�� �b�a�]�h�^�_�g���� �_�d�h�e�h�]�b�q�g�h��
�q�b�k�l�� �b�� �_�g�_�j�]�b�c�g�h�� �_�n�_�d�l�b�\�_�g�� �b�g�^�m�k�l�j�b�Z�e�_�g�� �j�_�b�g�`�_�g�_�j�b�g�]�� �g�Z�� �b�g�^�m�k�l�j�b�Z�e�g�b�� �m�g�b�\�_�j�k�Z�e�g�b��
�j�h�[�h�l�b���b���g�Z�k�h�q�\�Z�g�_�l�h���b�f���h�l���Ä�\�l�h�j�b�q�g�b�y�³���i�Z�a�Z�j���g�Z���j�h�[�h�l�b���d�t�f���h�[�e�Z�k�l�b���k���^�j�m�]�h���b�g�^�m�k�l�j�b�Z�e�g�h��
�i�j�b�e�h�`�_�g�b�_���� �<�� �j�_�a�m�e�l�Z�l�� �h�l�� �b�a�i�t�e�g�_�g�b�_�l�h�� �g�Z�� �i�h�k�l�Z�\�_�g�b�l�_�� �p�_�e�b�� �k�Z �g�Z�i�j�Z�\�_�g�b�� �g�y�d�h�b��
�k�t�s�_�k�l�\�_�g�b���Z�g�Z�e�b�l�b�q�g�b���b�g�`�_�g�_�j�g�b���j�Z�a�j�Z�[�h�l�d�b�����a�Z�k�y�]�Z�s�b���j�Z�a�\�b�l�b�_�l�h���g�Z���b�^�_�c�g�Z�l�Z���d�h�g�p�_�i�p�b�y����
�a�Z�e�h�`�_�g�Z���\���b�a�k�e�_�^�\�Z�g�_�l�h �b���\���q�Z�k�l�g�h�k�l���[�t�^�_�s�Z�l�Z���f�m���d�h�f�_�j�k�b�Z�e�b�a�Z�p�b�y: 
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- �b�a�\�t�j�r�_�g�h���_ �^�_�l�Z�c�e�g�h�� �i�j�h�m�q�\�Z�g�_�� �b�� �b�g�`�_�g�_�j�g�h�� �b�a�k�e�_�^�\�Z�g�_�� �g�Z�� �f�_�o�Z�g�b�q�g�Z�l�Z����
�o�Z�j�^�m�_�j�g�Z�l�Z���b���k�h�n�l�m�_�j�g�Z�l�Z���k�b�k�l�_�f�Z �g�Z���b�a�[�j�Z�g�b�y���l�b�i�h�i�j�_�^�k�l�Z�\�b�l�_�e���g�Z���B�M�J���± �j�h�[�h�l KUKA KR 
150; 

- �b�a�k�e�_�^�\�Z�g���_���^�b�g�Z�f�b�q�g�b�y�l���f�h�^�_�e���g�Z���b�a�[�j�Z�g�b�y���j�h�[�h�l; 
- �i�j�_�^�k�l�Z�\�_�g�� �_�� �f�Z�l�_�f�Z�l�b�q�_�k�d�b�y�l�� �Z�i�Z�j�Z�l�� �a�Z�� �j�_�r�Z�\�Z�g�_�� �g�Z�� �i�j�Z�\�Z�l�Z�� �b�� �h�[�j�Z�l�g�Z�l�Z�� �a�Z�^�Z�q�Z��

�g�Z���d�b�g�_�f�Z�l�b�d�Z�l�Z���a�Z���b�a�k�e�_�^�\�Z�g�b�y���i�j�_�^�k�l�Z�\�b�l�_�e���g�Z���B�M�J�� 
- �k�t�a�^�Z�^�_�g�b�� �k�Z�� �f�_�l�h�^�b�d�b�� �a�Z�� �b�a�k�e�_�^�\�Z�g�_�� �g�Z�� �f�_�o�Z�g�b�d�Z�l�Z���� �o�Z�j�^�m�_�j�Z�� �b�� �k�h�n�l�m�_�j�Z���g�Z��

KUKA KR 150. 
�H�l�q�_�l�_�g�h �_�����q�_���j�_�Z�e�b�a�Z�p�b�y�l�Z �m�k�i�_�r�g�h���i�j�_�^�h�k�l�Z�\�y���\�t�a�f�h�`�g�h�k�l�b �a�Z �j�Z�a�\�b�l�b�_�l�h���\���g�y�d�h�e�d�h��

�h�k�g�h�\�g�b�� �g�Z�i�j�Z�\�e�_�g�b�y�� �a�Z�� �p�y�e�h�k�l�_�g�� �j�_�b�g�`�_�g�_�j�b�g�]�� �g�Z�� �b�a�[�j�Z�g�b�y�� �l�b�i�h�i�j�_�^�k�l�Z�\�b�l�_�e�� �g�Z���B�M�J���± 
KUKA KR 150�����d�h�_�l�h���^�h�\�_�^�_���^�h���k�e�_�^�g�b�l�_���j�_�a�m�e�l�Z�l�b�� 

1. �J�Z�a�j�Z�[�h�l�d�Z�l�Z �m�k�i�_�r�g�h���h�l�]�h�\�h�j�b �g�Z���h�q�Z�d�\�Z�g�b�y�l�Z���g�Z �m�q�Z�k�l�g�b�p�b�l�_���\���g�_�y�����i�h�l�j�_�[�b�l�_�e 
�± �n�b�j�f�Z�� �K�i�_�k�b�f�Z�� �H�H�> �b�� �i�h�^�b�a�i�t�g�b�l�_�e �± �?�e�_�d�l�j�h�b�g�\�_�g�l�� �H�H�>���� �a�Z�� �^�b�\�_�j�k�b�n�b�d�Z�p�b�y�� �g�Z��
�i�j�h�^�m�d�l�b�l�_���� �m�\�_�e�b�q�Z�\�Z�g�_�� �g�Z�� �i�j�h�b�a�\�h�^�k�l�\�_�g�Z�l�Z�� �g�h�f�_�g�d�e�Z�l�m�j�Z�� �b�� �d�h�g�d�m�j�_�g�l�h�k�i�h�k�h�[�g�h�k�l�� �\��
�k�l�j�Z�g�Z�l�Z���b���q�m�`�[�b�g�Z�� 

2. �B�g�^�m�k�l�j�b�Z�e�g�h�l�h�� �i�j�h�m�q�\�Z�g�_���� �f�_�l�h�^�b�d�b�l�_�� �a�Z�� �b�a�k�e�_�^�\�Z�g�_�� �b�� �b�g�`�_�g�_�j�g�b�y�l�� �Z�g�Z�e�b�a��
�\�t�j�o�m���d�h�g�k�l�j�m�d�p�b�y�l�Z�����o�Z�j�^�m�_�j�Z���b���k�h�n�l�m�_�j�Z���g�Z���b�a�k�e�_�^�\�Z�g�b�y���l�b�i�h�i�j�_�^�k�l�Z�\�b�l�_�e��KUKA KR 150, 
�m�k�i�_�r�g�h�� �s�_�� �i�h�k�e�m�`�Z�l�� �d�Z�l�h�� �h�k�g�h�\�Z�� �a�Z�� �b�g�h�\�Z�l�b�\�g�h�� �f�h�^�_�j�g�b�a�b�j�Z�g�_�� �b�� �g�h�\�h�� �k�i�_�p�b�n�b�q�g�h��
�i�j�b�e�h�`�_�g�b�_���g�Z���r�_�k�l�h�k�g�b���Ä�Z�g�l�j�h�i�h�f�h�j�n�g�b�³���b�g�^�m�k�l�j�b�Z�e�g�b���m�g�b�\�_�j�k�Z�e�g�b���j�h�[�h�l�b�����k���g�Z�k�h�q�_�g�h�k�l��
�\���h�[�e�Z�k�l�l�Z���g�Z���e�_�y�j�k�d�Z�l�Z�����o�b�f�b�q�_�k�d�Z�l�Z�����h�i�Z�d�h�\�Z�q�g�Z�l�Z�����l�j�Z�g�k�i�h�j�l�g�Z���b���^�j�����b�g�^�m�k�l�j�b�b�� 

3. �D�h�f�_�j�k�b�Z�e�b�a�Z�p�b�y�� �g�Z�� �j�_�a�m�e�l�Z�l�Z��- �j�_�a�m�e�l�Z�l�b�l�_�� �h�l�� �g�_�]�h���� �f�h�]�Z�l�� �^�Z�� �k�_�� �b�a�i�h�e�a�\�Z�l�� �\��
�;�t�e�]�Z�j�b�y�� �b�� �j�_�]�b�h�g�Z���� �d�t�^�_�l�h�� �i�j�b�e�h�`�_�g�b�_�l�h�� �g�Z�� �m�g�b�\�_�j�k�Z�e�g�b�� �j�h�[�h�l�b�� �_�� �a�Z�l�j�m�^�g�_�g�h���� �i�h�j�Z�^�b��
�\�b�k�h�d�Z�l�Z�� �p�_�g�Z�� �b�� �e�b�i�k�Z�l�Z�� �g�Z�� �b�g�\�_�k�l�b�p�b�b���� �L�h�\�Z�� �k�t�a�^�Z�\�Z�� �g�_�h�[�o�h�^�b�f�Z�l�Z�� �i�j�_�^�i�h�k�l�Z�\�d�Z�� �i�j�b�� �i�h-
�f�Z�e�d�b�� �j�Z�a�o�h�^�b���� �b�g�^�m�k�l�j�b�Z�e�g�b�l�_�� �i�j�_�^�i�j�b�y�l�b�y�� �^�Z�� �i�h�\�b�r�Z�l�� �a�g�Z�q�b�l�_�e�g�h�� �k�\�h�y�l�Z��
�i�j�h�b�a�\�h�^�b�l�_�e�g�h�k�l�����Z���h�l�l�Z�f���b���k�\�h�y�l�Z���d�h�g�d�m�j�_�g�l�h�k�i�h�k�h�[�g�h�k�l�� 

4. �B�g�l�_�]�j�b�j�Z�g�_�� �g�Z�� �b�g�l�_�e�b�]�_�g�l�g�b�� �\�]�j�Z�^�_�g�b�� �d�h�f�i�h�g�_�g�l�b�� �b�� �k�b�k�l�_�f�b���� �h�[�e�Z�q�g�b�� �b��
�i�Z�j�Z�e�_�e�g�b���b�a�q�b�k�e�_�g�b�y�����\�b�j�l�m�Z�e�g�b���k�b�f�m�e�Z�p�b�b�����f�Z�l�_�f�Z�l�b�q�_�k�d�b���f�h�^�_�e�b���a�Z���j�_�r�Z�\�Z�g�_���g�Z���i�j�Z�\�Z�l�Z��
�b���h�[�j�Z�l�g�Z�l�Z���a�Z�^�Z�q�Z���g�Z�� �d�b�g�_�f�Z�l�b�d�Z�l�Z���\�� �j�_�Z�e�g�h���\�j�_�f�_���� �f�g�h�]�h�d�j�b�l�_�j�b�Z�e�g�Z���h�i�l�b�f�b�a�Z�p�b�y���b���g�h�\�h��
�i�h�d�h�e�_�g�b�_���b�g�l�_�j�n�_�c�k�����k�i�h�f�Z�]�Z�s���a�Z���b�g�l�_�e�b�]�_�g�l�g�h���b���^�b�k�l�Z�g�p�b�h�g�g�h���m�i�j�Z�\�e�_�g�b�_�� 

5. �K�t�a�^�Z�\�Z�g�_�� �g�Z�� �i�j�_�^�i�h�k�l�Z�\�d�b�� �a�Z�� �b�a�]�j�Z�`�^�Z�g�_�� �b�� �i�Z�l�_�g�l�h�\�Z�g�_�� �g�Z�� �g�h�\�b�� �i�j�h�^�m�d�l�b�� �b��
�l�_�o�g�h�e�h�]�b�q�g�b���j�_�r�_�g�b�y�� 

6. �K�t�a�^�Z�^�_�g�b�l�_�� �f�_�l�h�^�b�d�b�� �b�� �b�^�_�c�g�Z�l�Z�� �h�k�g�h�\�Z�� �a�Z�� �h�k�t�s�_�k�l�\�y�\�Z�g�_�� �g�Z�� �j�_�b�g�`�_�g�_�j�b�g�]�� �g�Z��
�j�h�[�h�l�b���h�l���l�b�i�Z���g�Z���b�a�[�j�Z�g�b�y���l�b�i�h�i�j�_�^�k�l�Z�\�b�l�_�e�����k�Z���i�h�^�o�h�^�y�s�b���a�Z���\�g�_�^�j�y�\�Z�g�_���\���f�Z�e�d�b���b���k�j�_�^�g�b��
�n�b�j�f�b�����d�h�b�l�h���b�f�Z�l���i�h�^�o�h�^�y�s�h���h�[�h�j�m�^�\�Z�g�_���b���i�h�^�]�h�l�\�_�g���i�_�j�k�h�g�Z�e�� 

7. �<�� �i�j�h�p�_�k�Z�� �g�Z�� �j�Z�a�j�Z�[�h�l�d�Z�l�Z�� �k�Z�� �b�a�i�h�e�a�\�Z�g�b�� �k�t�\�j�_�f�_�g�g�b�� �f�_�o�Z�l�j�h�g�g�b�� �i�h�^�o�h�^�b�� �a�Z��
�n�m�g�d�p�b�h�g�Z�e�g�h-�k�l�j�m�d�l�m�j�_�g�� �Z�g�Z�e�b�a�� �g�Z�� �f�h�^�m�e�b�l�_�� �b�� �k�b�k�l�_�f�Z�l�Z�� �d�Z�l�h�� �p�y�e�h���� �d�h�f�i�x�l�t�j�g�h��
�f�h�^�_�e�b�j�Z�g�_�� �b�� �^�j�m�]�b�� �k�t�\�j�_�f�_�g�g�b�� �f�_�l�h�^�b�d�b���� �d�h�_�l�h�� �s�_�� �^�h�\�_�^�_�� �^�h���]�_�g�_�j�b�j�Z�g�_ �g�Z�� �Ä�g�h�m-�o�Z�m�´���a�Z��
�m�q�Z�k�l�\�Z�s�b�l�_���n�b�j�f�b. 

�<���a�Z�d�e�x�q�_�g�b�_�� �j�_�Z�e�b�a�Z�p�b�y�l�Z���g�Z �J�M�J �s�_���h�l�d�j�b�_���g�h�\�Z���g�b�r�Z���a�Z���f�Z�e�d�b�y���b���k�j�_�^�g�b�y���[�b�a�g�_�k���\��
�;�t�e�]�Z�j�b�y���� �d�t�^�_�l�h�� �p�_�g�Z�l�Z�� �g�Z�� �l�j�m�^�Z�� �b�� �k�l�_�i�_�g�l�Z �g�Z�� �Z�\�l�h�f�Z�l�b�a�Z�p�b�y�� �g�Z�� �i�j�h�f�b�r�e�_�g�h�l�h��
�i�j�h�b�a�\�h�^�k�l�\�h�� �k�Z�� �g�b�k�d�b���� �g�h�� �k�t�s�_�k�l�\�m�\�Z�� �b�g�h�\�Z�p�b�h�g�_�g�� �q�h�\�_�r�d�b�� �i�h�l�_�g�p�b�Z�e���� �_�d�k�i�_�j�l�b�a�Z�� �b��
�l�j�Z�^�b�p�b�b���a�Z���j�_�r�Z�\�Z�g�_���g�Z���\�t�i�j�h�k�b���h�l���i�h�^�h�[�_�g���o�Z�j�Z�d�l�_�j�� 
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3.6. �B�a�j�Z�[�h�l�d�Z���g�Z �o�Z�j�^�m�_�j�g�Z�l�Z���k�b�k�l�_�f�Z 
 
�>�h���f�h�f�_�g�l�Z���k�Z���b�a�k�e�_�^�\�Z�g�b���_�e�_�d�l�j�b�q�_�k�d�b�l�_���o�Z�j�Z�d�l�_�j�b�k�l�b�d�b���g�Z���^�\�b�]�Z�l�_�e�b�l�_�����k�_�g�a�h�j�b�l�_���a�Z��

�h�[�j�Z�l�g�Z�� �\�j�t�a�d�Z�� �b�� �k�_�j�\�h�a�Z�^�\�b�`�\�Z�g�b�y�l�Z���� �J�Z�a�]�e�_�^�Z�g�� �b�� �b�a�k�e�_�^�\�Z�g���_�� �f�Z�l�_�f�Z�l�b�q�_�k�d�b�y�l�� �Z�i�Z�j�Z�l���� �k��
�d�h�c�l�h�� �k�_�� �j�_�r�Z�\�Z�l�� �i�j�Z�\�Z�l�Z�� �b�� �h�[�j�Z�l�g�Z�l�Z�� �a�Z�^�Z�q�Z�� �g�Z�� �d�b�g�_�f�Z�l�b�d�Z�l�Z�� �i�j�b �r�_�k�l�h�k�g�Z�l�Z��
�Z�g�l�j�h�i�h�f�h�j�n�g�Z�� �k�l�j�m�d�l�m�j�Z�� �g�Z�� �j�h�[�h�l�Z���� �H�l�� �b�a�\�t�j�r�_�g�b�y�� �Z�g�Z�e�b�a�� �g�Z�� �h�j�b�]�b�g�Z�e�g�h�l�h�� �o�Z�j�^�m�_�j�g�h��
�h�k�b�]�m�j�y�\�Z�g�_���g�Z���j�h�[�h�l��KUKA KR-150 �[�y�o�Z���g�Z�i�j�Z�\�_�g�b���k�e�_�^�g�b�l�_���b�a�\�h�^�b���b���a�Z�d�e�x�q�_�g�b�y�� 
- �p�_�e�_�k�t�h�[�j�Z�a�g�h���_���^�Z���k�_���b�a�]�j�Z�^�b���g�h�\�Z���o�Z�j�^�m�_�j�g�Z���k�b�k�l�_�f�Z���a�Z�� �m�i�j�Z�\�e�_�g�b�_�����k���d�h�y�l�h���j�h�[�h�l�t�l���^�Z��

�[�t�^�_���_�n�_�d�l�b�\�g�h���i�j�_�g�Z�k�h�q�_�g���d�t�f���g�h�\�h�l�h���k�b���b�g�^�m�k�l�j�b�Z�e�g�h���i�j�b�e�h�`�_�g�b�_�� 
- �d�h�f�m�g�b�d�Z�p�b�y�l�Z�����b�g�l�_�j�n�_�c�k�t�l���b���_�e�_�f�_�g�l�b�l�_���h�l���o�Z�j�^�m�_�j�g�Z�l�Z���d�h�g�n�b�]�m�j�Z�p�b�y���l�j�y�[�\�Z���^�Z���[�t�^�Z�l��

�k�t�h�[�j�Z�a�_�g�b�� �k�� �b�a�b�k�d�\�Z�g�b�y�l�Z�� ���k�d�h�j�h�k�l�� �b�� �h�[�_�f�� �g�Z�� �b�g�n�h�j�f�Z�p�b�y�l�Z���� �k�� �d�h�y�l�h�� �s�_�� �d�h�f�m�g�b�d�b�j�Z�l��
�d�h�g�l�j�h�e�_�j�b�l�_�����k�_�g�a�h�j�b�l�_���a�Z���h�[�j�Z�l�g�Z���\�j�t�a�d�Z���b���k�_�j�\�h�a�Z�^�\�b�`�\�Z�g�b�y�l�Z�����i�j�_�^�i�Z�a�\�Z�g�_���g�Z���^�Z�g�g�b�l�_��
�h�l�� �i�Z�j�Z�a�b�l�g�b�� �_�e�_�d�l�j�h�f�Z�]�g�b�l�g�b�� �k�f�m�s�_�g�b�y�� �b�� �^�j�������� �d�h�b�l�h�� �k�Z�� �i�h�k�l�Z�\�_�g�b�� �i�j�_�^�� �b�a�[�j�Z�g�b�y��
�l�b�i�h�i�j�_�^�k�l�Z�\�b�l�_�e�� �a�Z�� �j�Z�[�h�l�g�b�l�_�� �m�k�e�h�\�b�y���� �\�� �d�h�b�l�h�� �l�h�c�� �s�_�� �[�t�^�_�� �b�a�i�h�e�a�\�Z�g��- �h�i�_�j�b�j�Z�g�_�� �\��
�a�h�g�Z�l�Z���g�Z���Z�\�l�h�f�Z�l�b�a�b�j�Z�g���e�_�y�j�k�d�b���d�h�f�i�e�_�d�k���d�Z�l�h���_�d�k�l�j�Z�d�l�h�j �a�Z���]�h�l�h�\�b�l�_���h�l�e�b�\�d�b�� 

- �g�_�h�[�o�h�^�b�f�h�� �_�� �^�Z�� �[�t�^�Z�l�� �i�h�^�[�j�Z�g�b�� �i�h�^�o�h�^�y�s�b�� �k�_�j�\�h�m�i�j�Z�\�e�_�g�b�y�� �b�� �d�h�g�l�j�h�e�_�j�b���� �d�h�b�l�h�� �^�Z��
�h�l�]�h�\�Z�j�y�l�� �g�Z�� �b�a�b�k�d�\�Z�g�b�y�l�Z�� �a�Z�� �k�d�h�j�h�k�l�� �g�Z�� �h�[�j�Z�[�h�l�d�Z�� �g�Z�� �b�g�n�h�j�f�Z�p�b�y�l�Z�� �i�j�b�� �d�h�g�l�j�h�e�Z�� �g�Z��
�k�_�j�\�h�a�Z�^�\�b�`�\�Z�g�b�y�l�Z�� �b�� �i�j�b�� �j�_�r�Z�\�Z�g�_�l�h�� �g�Z�� �i�j�Z�\�Z�l�Z�� �b�� �h�[�j�Z�l�g�Z�l�Z�� �a�Z�^�Z�q�Z�� �\�� �d�b�g�_�f�Z�l�b�d�Z�l�Z�� �a�Z��
�m�i�j�Z�\�e�_�g�b�_�l�h���g�Z���r�_�k�l�l�_���h�k�b���g�Z���j�h�[�h�l�Z�� 

�<���j�_�a�m�e�l�Z�l���g�Z���g�Z�i�j�Z�\�_�g�b�y���Z�g�Z�e�b�a���b���a�Z�d�e�x�q�_�g�b�y�l�Z���h�l���g�_�]�h���\���g�Z�k�l�h�y�s�b�y���b���i�h�k�e�_�^�_�g���l�j�_�l�b��
�_�l�Z�i�����k�Z���b�a�\�t�j�r�_�g�b���g�Z�c-�\�Z�`�g�b�l�_���^�_�c�g�h�k�l�b���i�h���h�[�j�Z�l�g�b�y���k�b�g�l�_�a���b���b�a�]�j�Z�`�^�Z�g�_���g�Z���j�Z�a�j�Z�[�h�l�_�g�b�y��
�g�h�\���o�Z�j�^�m�_�j���b���k�t�h�l�\�_�l�g�b�y���k�h�n�l�m�_�j�����J�Z�a�]�e�_�^�Z�g�b���k�Z���^�\�Z���\�Z�j�b�Z�g�l�Z���g�Z���m�i�j�Z�\�e�_�g�b�_�l�h�����[�Z�a�b�j�Z�g�b���g�Z��
�j�Z�a�e�b�q�g�b���k�_�j�\�h�a�Z�^�\�b�`�\�Z�g�b�y�����d�h�g�l�j�h�e�_�j�b�����k�h�n�l�m�_�j�g�h���h�k�b�]�m�j�y�\�Z�g�_���b���b�g�l�_�j�n�_�c�k�� 

�B�a�j�Z�[�h�l�_�g�Z �_�� �o�Z�j�^�m�_�j�g�Z �d�h�g�n�b�]�m�j�Z�p�b�y�����[�Z�a�b�j�Z�g�Z�� �g�Z�� �f�h�^�m�e�b�� �g�Z�� �n�b�j�f�Z��
�Ä�?�e�_�d�l�j�h�b�g�\�_�g�l�³��E�H�H�> �± �i�Z�j�l�g�v�h�j�� �i�h�� �^�h�]�h�\�h�j�Z���� �I�h�� �i�h�^�h�[�b�_�� �g�Z���h�j�b�]�b�g�Z�e�g�b�l�_�� �f�h�^�m�e�b�� �g�Z��
�j�h�[�h�l�Z�����d�h�g�n�b�]�m�j�Z�p�b�y�l�Z���_ �k�t�k�l�Z�\�_�g�Z���h�l���l�j�b���h�k�g�h�\�g�b���b���g�Z�i�t�e�g�h���g�h�\�b���f�h�^�m�e�b���a�Z���i�e�Z�g�b�j�Z�g�h�l�h��
�b�g�^�m�k�l�j�b�Z�e�g�h���i�j�_�^�g�Z�a�g�Z�q�_�g�b�_���g�Z���M�J: �k�_�j�\�h�a�Z�^�\�b�`�\�Z�g�b�y, �_�e�_�d�l�j�b�q�_�k�d�h���l�Z�[�e�h���a�Z���m�i�j�Z�\�e�_�g�b�_ 
�b���i�Z�g�_�e �a�Z���j�t�q�g�h���m�i�j�Z�\�e�_�g�b�_��(�n�b�]��������0). 

 
�N�b�]��������0 �H�k�g�h�\�g�b���f�h�^�m�e�b���h�l���j�Z�a�j�Z�[�h�l�\�Z�g�Z�l�Z���o�Z�j�^�m�_�j�g�Z���k�b�k�l�_�f�Z���g�Z���b�a�[�j�Z�g�b�y���l�b�i�h�i�j�_�^�k�l�Z�\�b�l�_�e���g�Z���B�M�J - 
KUKA KR 150: �Z�����k�_�j�\�h�^�\�b�]�Z�l�_�e�b�����a�Z�^�\�b�`�\�Z�s�b���r�_�k�l�l�_���h�k�b���g�Z���j�h�[�h�l�Z��(Servomotors), �[�����_�e�_�d�l�j�b�q�_�k�d�h���l�Z�[�e�h��
�a�Z���m�i�j�Z�\�e�_�g�b�_�����d�h�f�i�e�_�d�l���k�t�k���k�_�j�\�h�a�Z�^�\�b�`�\�Z�g�b�y (Control Cabinet set with Servodrives), �\�����h�i�_�j�Z�l�h�j�k�d�b���i�Z�g�_�e��

�a�Z���m�i�j�Z�\�e�_�g�b�_ (Control Panel) 
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3.6.1. �B�a�j�Z�[�h�l�\�Z�g�_���g�Z���k�_�j�\�h�a�Z�^�\�b�`�\�Z�g�b�y���a�Z���r�_�k�l�l�_���h�k�b���g�Z���j�h�[�h�l�Z 

�O�Z�j�^�m�_�j�g�Z�l�Z�� �k�b�k�l�_�f�Z �g�Z�� �b�a�[�j�Z�g�b�y�� �l�b�i�h�i�j�_�^�k�l�Z�\�b�l�_�e�� �g�Z�� �j�h�[�h�l��KUKA KR-150, �h�[�o�\�Z�g�Z��
�k�e�_�^�g�b�l�_���h�k�g�h�\�g�b���d�h�f�i�h�g�_�g�l�b�� 

- �k�_�j�\�h�i�j�_�h�[�j�Z�a�m�\�Z�l�_�e�� 
- �i�j�h�f�b�r�e�_�g���d�h�g�l�j�h�e�_�j�� 
- �d�h�f�m�l�Z�p�b�h�g�g�Z���Z�i�Z�j�Z�l�m�j�Z�� 
- �_�e�_�d�l�j�b�q�_�k�d�h�� �l�Z�[�e�h�� �a�Z�� �m�i�j�Z�\�e�_�g�b�_���� �\�� �d�h�_�l�h�� �k�Z�� �f�h�g�l�b�j�Z�g�b�� �h�i�b�k�Z�g�b�l�_�� �i�h-�]�h�j�_��

�d�h�f�i�h�g�_�g�l�b�� 
- �h�i�_�j�Z�l�h�j�k�d�b���b���j�t�q�_�g���i�m�e�l���a�Z���m�i�j�Z�\�e�_�g�b�_�� 
- �k�\�t�j�a�\�Z�s�b���d�Z�[�_�e�b�� 
�A�Z�� �b�a�i�t�e�g�_�g�b�_�l�h�� �g�Z�� �i�h�k�l�Z�\�_�g�b�l�_�� �p�_�e�b���a�Z�� �j�_�Z�e�b�a�b�j�Z�g�_�� �g�Z�� �l�_�o�g�b�q�_�k�d�b�l�_�� �i�Z�j�Z�f�_�l�j�b���� �g�Z��

�d�h�b�l�h�� �l�j�y�[�\�Z�r�_ �^�Z�� �h�l�]�h�\�Z�j�y�l�� �k�_�j�\�h�a�Z�^�\�b�`�\�Z�g�b�y�l�Z�� �g�Z�� �j�_�b�g�`�_�g�b�j�Z�g�b�y�� �j�h�[�h�l��KUKA KR-150, 
�\�t�\���n�b�j�f�Z���Ä�?�e�_�d�l�j�h�b�g�\�_�g�l�³���?�H�H�> �k�Z���j�Z�a�j�Z�[�h�l�_�g�b�����b�a�j�Z�[�h�l�_�g�b���b���b�a�i�b�l�Z�g�b �\���e�Z�[�h�j�Z�l�h�j�g�b���b��
�j�_�Z�e�g�b�� �m�k�e�h�\�b�y�� �k�_�j�\�h�i�j�_�h�[�j�Z�a�m�\�Z�l�_�e�b�� �a�Z�� �m�i�j�Z�\�e�_�g�b�_�� �g�Z�� �k�_�j�\�h�^�\�b�]�Z�l�_�e�b���� �b�a�i�h�e�a�\�Z�g�b�� �a�Z��
�a�Z�^�\�b�`�\�Z�g�_�� �g�Z�� �h�k�b�l�_�� �g�Z�� �b�a�[�j�Z�g�b�y�� �l�b�i�h�i�j�_�^�k�l�Z�\�b�l�_�e�� �g�Z���B�M�J - �n�m�g�d�p�b�h�g�Z�e�g�h�� �^�_�c�k�l�\�Z�s�b�y�l��
�e�Z�[�h�j�Z�l�h�j�_�g���f�h�^�_�e��KUKA KR-150. 

�K�_�j�\�h�i�j�_�h�[�j�Z�a�m�\�Z�l�_�e�b�l�_�� �k�Z�� �i�j�_�^�g�Z�a�g�Z�q�_�g�b�� �a�Z�� �m�i�j�Z�\�e�_�g�b�_�� �g�Z���:�K �[�_�a�q�_�l�d�h�\�b��
�k�_�j�\�h�^�\�b�]�Z�l�_�e�b���� �a�Z�^�\�b�`�\�Z�s�b�� �h�k�b�l�_�� �g�Z�� �j�h�[�h�l�Z���� �I�j�_�h�[�j�Z�a�m�\�Z�l�_�e�b�l�_���k�Z �h�d�h�f�i�e�_�d�l�h�\�Z�g�b �k��
�[�_�a�q�_�l�d�h�\�b�� �k�b�g�o�j�h�g�g�b�� �_�e�_�d�l�j�b�q�_�k�d�b�� �^�\�b�]�Z�l�_�e�b���� �k�� �i�h�k�l�h�y�g�g�b�� �f�Z�]�g�b�l�b��1FK6081- 6AF71 
�����������d�:�� �b 1FK6100 �± 8AF91 (3,77kW)���� �b�a�i�h�e�a�\�Z�g�b�� �\�� �j�h�[�h�l�b�l�_�� �h�l�� �l�b�i�Z�� �g�Z�� �b�a�[�j�Z�g�b�y�� �a�Z��
�j�_�b�g�`�_�g�_�j�b�g�]�� �j�h�[�h�l��- KUKA KR-150 KUKA KR-150. �H�k�g�h�\�g�b�l�_�� �l�_�o�g�b�q�_�k�d�b�� �o�Z�j�Z�d�l�_�j�b�k�l�b�d�b��
�g�Z�� �k�_�j�\�h�^�\�b�]�Z�l�_�e�b�l�_���� �d�h�b�l�h�� �h�i�j�_�^�_�e�y�l�� �b�� �h�k�g�h�\�g�b�l�_�� �b�a�b�k�d�\�Z�g�b�y�� �d�t�f�� �k�_�j�\�h�i�j�_�h�[�j�Z�a�m�\�Z�l�_�e�b�l�_��
�k�Z���i�h�d�Z�a�Z�g�b���\���l�Z�[�e��������. 

�L�Z�[�e�b�p�Z��20 �H�k�g�h�\�g�b���l�_�o�g�b�q�_�k�d�b���o�Z�j�Z�d�l�_�j�b�k�l�b�d�b���g�Z���k�_�j�\�h�^�\�b�]�Z�l�_�e�b�l�_�����b�a�i�h�e�a�\�Z�g�b���\ KUKA KR 150 
�K�_�j�b�y���g�Z���_�e�����^�\�b�]�Z�l�_�e�b�l�_ 1FK6081- 6AF71 1FK6100 �± 8AF91 

�L�b�i���g�Z���_�e�����^�\�b�]�Z�l�_�e�b�l�_ 
�:�K���k�_�j�\�h�^�\�b�]�Z�l�_�e�b���� 

�K�b�g�o�j�h�g�g�b���_�e�����^�\�b�]�Z�l�_�e�b���k���j�_�^�d�h�a�_�f�g�b���f�Z�]�g�b�l�b 
�G�h�f�b�g�Z�e�g�Z���f�h�s�g�h�k�l 2,83 kW 3,77 kW 

N nom/max 3000 / 3950 min -1 3000 / 4200 min -1 
I nom 6,6 A 9,5 A 
�8���g�h�f 168 V 156 V 

�F�h�f�_�g�l���i�j�b���g�m�e�_�\�Z���k�d�h�j�h�k�l��- Mo 8,0 Nm 18,0 Nm 
�G�h�f�b�g�Z�e�_�g���f�h�f�_�g�l��- �F�1 6,8 Nm 12,0 Nm 

�H�o�e�Z�`�^�Z�g�_ �?�k�l�_�k�l�\�_�g�h�����;�_�a���\�_�g�l�b�e�Z�l�h�j�� 
�>�Z�l�q�b�d���a�Z���k�d�h�j�h�k�l �J�_�a�h�e�\�_�j�����^�\�m�i�h�e�x�k�_�g�������f�g�h�]�h�i�h�e�x�k�_�g 

�G�Z�e�b�q�b�_���g�Z���b�g�l�_�]�j�b�j�Z�g�Z�����\�]�j�Z�^�_�g�Z����
�k�i�b�j�Z�q�d�Z 

�A�Z�o�j�Z�g�\�Z�g�_�����������9�'�&���“�������� 

�L�_�j�f�b�q�g�Z���a�Z�s�b�l�Z���g�Z���_�e�����^�\�b�]�Z�l�_�e�y��
�k�t�]�e�Z�k�g�h���,�(�&���b���(�1������������-11 

�.�7�<���������l�_�f�i�_�j�Z�l�m�j�_�g���k�_�g�a�h�j���\���k�l�Z�l�h�j�g�Z�l�Z���g�Z�f�h�l�d�Z 

�F�Z�l�_�j�b�Z�e���g�Z���f�Z�]�g�b�l�b�l�_ �J�_�^�d�h�a�_�f�g�b���f�Z�]�g�b�l�b 
 
�I�h-�^�h�e�m���\�� �l�_�d�k�l�Z�� �_�� �h�i�b�k�Z�g�h�� �d�Z�d�� �k�Z�� �h�n�h�j�f�_�g�b�� �d�h�g�k�l�j�m�d�l�b�\�g�h�� �b�a�j�Z�[�h�l�_�g�b�l�_��

�k�_�j�\�h�i�j�_�h�[�j�Z�a�m�\�Z�l�_�e�b�� 
�K�_�j�\�h�i�j�_�h�[�j�Z�a�m�\�Z�l�_�e�b�l�_���k�Z���j�_�Z�e�b�a�b�j�Z�g�b���h�l���k�e�_�^�g�b�l�_���f�h�^�m�e�b�� 
- �k�b�e�h�\���[�e�h�d�� 
- �[�e�h�d���a�Z���m�i�j�Z�\�e�_�g�b�_�� 
- �f�h�^�m�e���a�Z���j�_�a�h�e�\�_�j�g�Z���k�b�k�l�_�f�Z�� 
- �[�e�h�d���a�Z���h�o�e�Z�`�^�Z�g�_�� 
- �f�_�o�Z�g�b�q�g�Z���d�h�g�k�l�j�m�d�p�b�y�� 
1. �K�b�e�h�\���[�e�h�d 
�K�b�e�h�\�b�y�l���[�e�h�d�����i�h�d�Z�a�Z�g���g�Z���n�b�]��������2�����_���k�t�k�l�Z�\�_�g���h�l�� 
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�x �h�o�e�Z�^�b�l�_�e- �]�Z�j�Z�g�l�b�j�Z���j�Z�a�k�_�c�\�Z�g�_���g�Z���h�l�^�_�e�_�g�Z�l�Z���l�h�i�e�b�g�Z���h�l���k�b�e�h�\�b�l�_���d�h�f�i�h�g�_�g�l�b��
���b�a�i�j�Z�\�b�l�_�e�y���b��IGBT �f�h�^�m�e�Z�����b���l�y�o�g�Z�l�Z���g�h�j�f�Z�e�g�Z���j�Z�[�h�l�Z�� 

�x �\�o�h�^�_�g�� �b�a�i�j�Z�\�b�l�_�e��- �l�j�b�n�Z�a�g�b�y�l�� �\�o�h�^�_�g�� �b�a�i�j�Z�\�b�l�_�e�� �i�j�_�h�[�j�Z�a�m�\�Z�� �i�j�h�f�_�g�e�b�\�h�l�h 
�\�o�h�^�g�h���g�Z�i�j�_�`�_�g�b�_���\���i�h�k�l�h�y�g�g�h��(DC), �d�h�_�l�h���a�Z�o�j�Z�g�\�Z���d�h�g�^�_�g�a�Z�l�h�j�g�Z�l�Z���[�Z�g�d�Z�� 

�x IGBT �f�h�^�m�e�����f�h�g�l�b�j�Z�g���\�t�j�o�m���h�o�e�Z�^�b�l�_�e�y�����n�b�]��������1) - �\���a�Z�\�b�k�b�f�h�k�l���h�l���^�\�b�]�Z�l�_�e�y, 
�a�Z�� �d�h�c�l�h�� �_�� �i�j�_�^�g�Z�a�g�Z�q�_�g�� �k�_�j�\�h�i�j�_�h�[�j�Z�a�m�\�Z�l�_�e�y�l�� �b�a�i�h�e�a�\�Z�g�b�l�_��IGBT �f�h�^�m�e�b�� �k�Z��
�k�t�h�l�\�_�l�g�h�� �a�Z�������:  �b�e�b�������: , �i�j �h�b�a�\�h�^�k�l�\�h�� �g�Z�� �n�b�j�f�Z���ÄMitsubishi Electric�³���� �\�h�^�_�s��
�i�j�h�b�a�\�h�^�b�l�_�e���g�Z���l�h�a�b���\�b�^���f�h�^�m�e�b�����B�a�[�j�Z�g�b�l�_���f�h�^�_�e�b���k�Z���k�t�h�l�\�_�l�g�h���l�b�i��PS22A76 
���a�Z�� �k�_�j�\�h�i�j�_�h�[�j�Z�a�m�\�Z�l�_�e�y, �k�� �g�h�f�b�g�Z�e�_�g �l�h�d�����: ���� �b��PSS22A-78E ���a�Z��
�k�_�j�\�h�i�j�_�h�[�j�Z�a�m�\�Z�l�_�e�y���k���g�h�f�b�g�Z�e�_�g���l�h�d�������:). 

 
�N�b�]��������1 IGBT �f�h�^�m�e�����f�h�g�l�b�j�Z�g���\�t�j�o�m���h�o�e�Z�^�b�l�_�e�y���g�Z���k�b�e�h�\�b�y���[�e�h�d���g�Z���k�_�j�\�h�i�j�_�h�[�j�Z�a�m�\�Z�l�_�e�y�����b�a�[�j�Z�g���a�Z��

�j�_�]�m�e�b�j�Z�g�_���b���m�i�j�Z�\�e�_�g�b�_���g�Z���k�_�j�\�h�f�h�l�h�j�b�l�_���g�Z���j�_�b�g�`�_�g�b�j�Z�g�b�y���j�h�[�h�l��KUKA KR-150 
 

�x �i�e�Z�l�d�Z�� �g�Z�� �k�b�e�h�\�b�y�� �[�e�h�d���± �\�� �g�_�y �k�Z�� �f�h�g�l�b�j�Z�g�b�� �k�b�e�h�\�b�l�_�� �\�o�h�^�g�h-�b�a�o�h�^�g�b�� �d�e�_�f�b����
�\�o�h�^�g�b�y�l �b�a�i�j�Z�\�b�l�_�e �b�� IGBT �f�h�^�m�e�Z���� �K�b�e�h�\�b�y�l�� �[�e�h�d�� �_�� �Z�^�Z�i�l�b�j�Z�g�� �k��
�d�h�g�^�_�g�a�Z�l�h�j�g�Z�l�Z�� �[�Z�l�_�j�b�y���� �^�j�Z�c�\�_�j�b�l�_�� �a�Z�� �m�i�j�Z�\�e�_�g�b�_�� �g�Z��IGBT �f�h�^�m�e�Z���� �l�h�d�h�\�b�l�_��
�l�j�Z�g�k�n�h�j�f�Z�l�h�j�b�� �a�Z�� �d�h�g�l�j�h�e�� �g�Z�� �n�Z�a�b�l�_�� �g�Z�� �m�i�j�Z�\�e�y�\�Z�g�b�y�� �k�_�j�\�h�^�\�b�]�Z�l�_�e�����Ä�J�_�e�_�� �b��
Pre charge�³ �j�_�a�b�k�l�h�j�b�l�_�����k�t�]�e�Z�k�m�\�Z�s�Z�l�Z���_�e�_�d�l�j�h�g�b�d�Z���b���^�j��; 

 
�N�b�]����122 �K�b�e�h�\���[�e�h�d���g�Z���k�_�j�\�h�i�j�_�h�[�j�Z�a�m�\�Z�l�_�e�y�����b�a�[�j�Z�g���a�Z���j�_�]�m�e�b�j�Z�g�_���b���m�i�j�Z�\�e�_�g�b�_���g�Z���k�_�j�\�h�f�h�l�h�j�b�l�_���g�Z��

�j�_�b�g�`�_�g�b�j�Z�g�b�y���j�h�[�h�l��KUKA KR-150 
 

�x �d�h�g�^�_�g�a�Z�l�h�j�g�Z�� �[�Z�l�_�j�b�y���± �b�a�]�e�Z�`�^�Z�� �b�a�i�j�Z�\�_�g�h�l�h�� �g�Z�i�j�_�`�_�g�b�_�� �b�� �i�h�_�f�Z�� �i�b�d�h�\�b�l�_��
�g�Z�l�h�\�Z�j�\�Z�g�b�y, �\���j�_�`�b�f�b�l�_���g�Z���m�k�d�h�j�y�\�Z�g�_���b���k�i�b�j�Z�g�_���g�Z �k�_�j�\�h�^�\�b�]�Z�l�_�e�y�� 

�x �l�h�d�h�\�b���k�_�g�a�h�j�b���± �d�h�g�l�j�h�e�b�j�Z�l���b�a�o�h�^�g�b�y���l�h�d���g�Z���^�\�_���h�l���n�Z�a�b�l�_���g�Z���k�_�j�\�h�^�\�b�]�Z�l�_�e�y�� 
�x �^�j�Z�c�\�_�j�b���a�Z���m�i�j�Z�\�e�_�g�b�_���g�Z��IGBT �f�h�^�m�e�Z���± �]�Z�e�\�Z�g�b�q�g�h���j�Z�a�^�_�e�y�l���k�b�e�h�\�Z�l�Z���q�Z�k�l���h�l��

�d�h�g�l�j�h�e�g�Z�l�Z�� �_�e�_�d�l�j�h�g�b�d�Z�����=�Z�j�Z�g�l�b�j�Z�l�� �g�Z�^�_�`� �̂g�Z�� �j�Z�[�h�l�Z�� �g�Z�� �k�b�e�h�\�b�y�� �[�e�h�d. 
�>�j�Z�c�\�_�j�b�l�_���k�Z���d�e�x�q�h�\���_�e�_�f�_�g�l���a�Z���k�b�e�h�\�b�y���[�e�h�d���b���a�Z���p�y�e�Z�l�Z���m�i�j�Z�\�e�y�\�Z�g�Z���k�b�k�l�_�f�Z. 

�x �k�t�]�e�Z�k�m�\�Z�s�Z�� �_�e�_�d�l�j�h�g�b�d�Z���± �h�k�t�s�_�k�l�\�y�\�Z �\�j�t�a�d�Z�l�Z�� �f�_�`�^�m�� �k�b�e�h�\�Z�l�Z �b��
�m�i�j�Z�\�e�y�\�Z�s�Z�l�Z �q�Z�k�l�� 
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2. �;�e�h�d���a�Z���m�i�j�Z�\�e�_�g�b�_ 
�;�e�h�d�t�l�� �a�Z�� �m�i�j�Z�\�e�_�g�b�_�� ��Control Board) �g�Z�� �k�_�j�\�h�i�j�_�h�[�j�Z�a�m�\�Z�l�_�e�y���� �i�h�d�Z�a�Z�g�� �g�Z���n�b�]���� ����3, 

�b�a�i�t�e�g�y�\�Z�� 
�x �\�k�b�q�d�b���n�m�g�d�p�b�b�����k�\�t�j�a�Z�g�b���k���d�h�g�l�j�h�e�Z���g�Z���k�_�j�\�h�^�\�b�]�Z�l�_�e�y�� 
�x �f�h�^�_�e�b�j�Z���R�B�F �a�Z���m�i�j�Z�\�e�_�g�b�_���g�Z���^�j�Z�c�\�_�j�b�l�_�� 
�x �j�_�Z�e�b�a�b�j�Z���n�m�g�d�p�b�b�l�_���a�Z���d�h�f�m�g�b�d�Z�p�b�y���i�j�_�a��RS �\�o�h�^�h�\�_�l�_�� 
�x �m�i�j�Z�\�e�y�\�Z���b���d�h�g�l�j�h�e�b�j�Z���\�k�b�q�d�b���_�e�_�d�l�j�h�g�g�b���a�Z�s�b�l�b�� 
�x �i�h�d�Z�a�\�Z���g�Z���f�h�g�l�b�j�Z�g���\�t�j�o�m �i�e�Z�l�d�Z�l�Z���k�_�^�_�f���k�_�]�f�_�g�l�_�g���b�g�^�b�d�Z�l�h�j���k�t�k�l�h�y�g�b�_�l�h���g�Z��

�i�j�_�h�[�j�Z�a�m�\�Z�l�_�e�y�����\�b�^���g�Z���]�j�_�r�d�Z�l�Z�����n�m�g�d�p�b�h�g�Z�e�g�h���k�t�h�[�s�_�g�b�_���b�e�b���k�l�Z�l�m�k���� 

 
�N�b�]��������3 �;�e�h�d���a�Z���m�i�j�Z�\�e�_�g�b�_���g�Z���k�_�j�\�h�i�j�_�h�[�j�Z�a�m�\�Z�l�_�e�y�����b�a�[�j�Z�g���a�Z���j�_�]�m�e�b�j�Z�g�_���b���m�i�j�Z�\�e�_�g�b�_���g�Z��

�k�_�j�\�h�f�h�l�h�j�b�l�_���g�Z���j�_�b�g�`�_�g�b�j�Z�g�b�y���j�h�[�h�l��KUKA KR-150 
 
�<�� �[�e�h�d�Z�� �a�Z�� �m�i�j�Z�\�e�_�g�b�_�� �k�Z�� �j�Z�a�i�h�e�h�`�_�g�b�� �k�e�_�^�g�b�l�_�� �i�j�_�\�d�e�x�q�\�Z�l�_�e�b�� �b�� �d�h�g�_�d�l�h�j�b�� �a�Z��

�j�_�Z�e�b�a�b�j�Z�g�_���g�Z���\�o�h�^�g�h��- �b�a�o�h�^�g�b�y���b�g�l�_�j�n�_�c�k�� 
�x �i�j�_�\�d�e�x�q�\�Z�l�_�e�b���a�Z���b�a�[�h�j���g�Z���l�b�i�Z���g�Z���k�_�j�b�c�g�Z���d�h�f�m�g�b�d�Z�p�b�y��RS232 <->RS485; 
�x �&�1�����&�1�����&�1���� �k�_�j�b�_�g�� �d�h�f�m�g�b�d�Z�p�b�h�g�_�g�� �b�g�l�_�j�n�_�c�k RS485/RS232 �± �b�a�i�h�e�a�\�Z�� �k�_�� �a�Z��

�k�\�t�j�a�\�Z�g�_�� �g�Z�� �k�_�j�\�h�a�Z�^�\�b�`�\�Z�g�_�l�h�� �d�t�f���J�K���� �d�h�g�l�j�h�e�_�j�� ��PLC���� �b�e�b�� �^�b�k�l�Z�g�p�b�h�g�_�g��
�i�m�e�l���a�Z���m�i�j�Z�\�e�_�g�b�_�� 

�x �&�1���� �\�o�h�^�g�h-�b�a�o�h�^�_�g�� �b�g�l�_�j�n�_�c�k - �b�a�i�h�e�a�\�Z�� �k�_�� �a�Z�� �k�\�t�j�a�\�Z�g�_�� �g�Z�� �\�t�g�r�g�b��
�m�i�j�Z�\�e�y�\�Z�s�b���\�o�h�^�g�h-�b�a�o�h�^�g�b���k�b�]�g�Z�e�b; 

�x �&�1���� �b�g�l�_�j�n�_�c�k�� �a�Z�� �h�[�j�Z�l�g�Z�� �\�j�t�a�d�Z�� �i�h�� �i�h�a�b�p�b�y���k�d�h�j�h�k�l - �b�a�i�h�e�a�\�Z�� �k�_�� �a�Z��
�k�\�t�j�a�\�Z�g�_���g�Z���j�_�a�h�e�\�_�j�Z���g�Z���k�_�j�\�h�^�\�b�]�Z�l�_�e�y�� 

3. �F�h�^�m�e���a�Z���j�_�a�h�e�\�_�j�g�Z���k�b�k�l�_�f�Z 
�F�h�^�m�e�t�l���[�_�r�_���f�h�g�l�b�j�Z�g���\�t�j�o�m���i�e�Z�l�d�Z�l�Z�����\���d�h�y�l�h���_���j�Z�a�i�h�e�h�`�_�g���b���[�e�h�d�t�l���a�Z���m�i�j�Z�\�e�_�g�b�_����

�H�k�g�h�\�g�Z�l�Z���a�Z�^�Z�q�Z�����d�h�y�l�h���f�h�^�m�e�t�l���l�j�y�[�\�Z���^�Z���b�a�i�t�e�g�b���_���^�Z���i�j�b�_�f�_���k�b�]�g�Z�e���h�l���j�_�a�h�e�\�_�j�Z �b���^�Z���]�h��
�i�j�_�h�[�j�Z�a�m�\�Z�� �\�� �i�h�j�_�^�b�p�Z�� �h�l�� �b�f�i�m�e�k�b���� �g�_�h�[�o�h�^�b�f�b�� �d�Z�d�l�h�� �a�Z�� �j�_�Z�e�b�a�b�j�Z�g�_�� �h�l��
�k�_�j�\�h�i�j�_�h�[�j�Z�a�m�\�Z�l�_�e�y�� �g�Z�� �n�m�g�d�p�b�y�l�Z�� �a�Z�� �h�[�j�Z�l�g�Z�� �\�j�t�a�d�Z�� �i�h�� �k�d�h�j�h�k�l���� �l�Z�d�Z�� �b�� �a�Z�� �j�_�Z�e�b�a�b�j�Z�g�_�� �g�Z��
�n�m�g�d�p�b�y�l�Z���a�Z���i�h�a�b�p�b�h�g�b�j�Z�g�_���h�l���J�K �b�e�b��PLC. 

4. �;�e�h�d���a�Z���h�o�e�Z�`�^�Z�g�_ 
�;�e�h�d�t�l�� �a�Z�� �h�o�e�Z�`�^�Z�g�_�� �g�Z�� �k�_�j�\�h�i�j�_�h�[�j�Z�a�m�\�Z�l�_�e�y�� �h�k�b�]�m�j�y�\�Z�� �g�_�h�[�o�h�^�b�f�Z�l�Z�� �j�Z�[�h�l�g�Z��

�l�_�f�i�_�j�Z�l�m�j�Z���� �l�Z�d�Z�� �q�_�� �k�b�e�h�\�Z�l�Z�� �q�Z�k�l��- �l�j�b�n�Z�a�g�b�y�� �b�a�i�j�Z�\�b�l�_�e�� �b��IGBT �f�h�^�m�e�b�l�_���� �f�h�g�l�b�j�Z�g�b��
�\�t�j�o�m�� �h�o�e�Z�^�b�l�_�e�y���� �^�Z�� �j�Z�[�h�l�y�l�� �\�� �l�_�f�i�_�j�Z�l�m�j�_�g�� �^�b�Z�i�Z�a�h�g�� �k�t�]�e�Z�k�g�h�� �l�y�o�g�Z�l�Z�� �l�_�o�g�b�q�_�k�d�Z��
�k�i�_�p�b�n�b�d�Z�p�b�y���� �F�h�g�l�b�j�Z�g�b�y�l�� �\�_�g�l�b�e�Z�l�h�j�� �b�� �i�j�_�^�\�b�^�_�g�b�l�_�� �h�l�\�h�j�b�� �\�� �d�h�j�i�m�k�Z�� �g�Z��
�k�_�j�\�h�i�j�_�h�[�j�Z�a�m�\�Z�l�_�e�y�� �h�k�b�]�m�j�y�\�Z�l���Ä�d�h�f�b�g�³���� �l�Z�d�Z�� �q�_�� �^�Z�� �f�h�`�_�� �h�i�l�b�f�Z�e�g�h�� �^�Z�� �k�_�� �h�l�\�_�`�^�Z��
�h�l�^�_�e�_�g�Z�l�Z���l�h�i�e�b�g�Z�����k�e�_�^�k�l�\�b�_���h�l���d�h�f�m�l�Z�p�b�h�g�g�b�l�_���a�Z�]�m�[�b���g�Z���k�b�e�h�\�b�l�_���_�e�_�f�_�g�l�b�� 

�G�Z���n�b�]���� ����4 �k�Z�� �i�h�d�Z�a�Z�g�b�� �l�j�b�� �b�a�]�e�_�^�Z�� �g�Z�� �[�e�h�d�Z�� �a�Z�� �h�o�e�Z�`�^�Z�g�_���� �h�l�� �d�h�b�l�h�� �k�_�� �\�b�`�^�Z�� �d�Z�d�� �_��
�j�_�Z�e�b�a�b�j�Z�g�Z�� �k�b�k�l�_�f�Z�l�Z�� �a�Z�� �h�o�e�Z�`�^�Z�g�_�� �i�j�b�� �k�_�j�\�h�i�j�_�h�[�j�Z�a�m�\�Z�l�_�e�b�l�_���� �b�a�i�h�e�a�\�Z�g�b���a�Z��
�j�_�b�g�`�_�g�_�j�b�g�]���g�Z���b�a�[�j�Z�g�b�y���l�b�i�h�i�j�_�^�k�l�Z�\�b�l�_�e���g�Z���B�M�J. 
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�N�b�]��������4 �L�j�b���b�a�]�e�_�^�Z���d�t�f���[�e�h�d�Z���a�Z���h�o�e�Z�`�^�Z�g�_���g�Z���k�_�j�\�h�i�j�_�h�[�j�Z�a�m�\�Z�l�_�e�y�����m�i�j�Z�\�e�y�\�Z�s�� 

�k�_�j�\�h�f�h�l�h�j�b�l�_���g�Z���n�m�g�d�p�b�h�g�Z�e�g�h���^�_�c�k�l�\�Z�s�b�y���e�Z�[�h�j�Z�l�h�j�_�g���f�h�^�_�e���g�Z���b�a�[�j�Z�g�b�y�� 
�l�b�i�h�i�j�_�^�k�l�Z�\�b�l�_�e���g�Z���B�M�J- �j�h�[�h�l��KUKA KR-150 

 
5. �F�_�o�Z�g�b�q�g�Z���d�h�g�k�l�j�m�d�p�b�y 
�F�_�o�Z�g�b�q�g�Z�l�Z�� �d�h�g�k�l�j�m�d�p�b�y�� �g�Z�� �k�_�j�\�h�i�j�_�h�[�j�Z�a�m�\�Z�l�_�e�y���[�_�r�_�� �i�j�h�_�d�l�b�j�Z�g�Z�� �b�� �b�a�i�t�e�g�_�g�Z�� �\��

�f�h�^�m�e�_�g�� �\�Z�j�b�Z�g�l�� ���n�b�]���� ����5������ �L�h�\�Z�� �i�h�a�\�h�e�b �e�_�k�_�g�� �f�h�g�l�Z�`�� �\�� �l�Z�[�e�h�l�h�� �a�Z�� �m�i�j�Z�\�e�_�g�b�_�� �g�Z��
�j�_�b�g�`�_�g�b�j�Z�g�b�y���j�h�[�h�l���b���\�t�a�f�h�`�g�h�k�l���a�Z���f�h�g�l�b�j�Z�g�_���g�Z���^�h�i�t�e�g�b�l�_�e�g�b���f�h�^�m�e�b�����H�k�b�]�m�j�_�g���[�_�r�_��
�e�_�k�_�g�� �^�h�k�l�t�i�� �^�h�� �\�o�h�^�g�h-�b�a�o�h�^�g�b�l�_�� �k�b�e�h�\�b�� �l�_�j�f�b�g�Z�e�b���� �\�k�b�q�d�b�� �d�e�_�f�h�j�_�^�b�� �b�� �d�h�g�_�d�l�h�j�b�� �g�Z��
�b�g�l�_�j�n�_�c�k�Z�� 

 

 
�N�b�]�������������J�_�Z�e�b�a�Z�p�b�y���g�Z���f�_�o�Z�g�b�q�g�Z�l�Z���d�h�g�k�l�j�m�d�p�b�y���g�Z���k�_�j�\�h�i�j�_�h�[�j�Z�a�m�\�Z�l�_�e�y�����m�i�j�Z�\�e�y�\�Z�s�� 

�k�_�j�\�h�f�h�l�h�j�b�l�_���g�Z���n�m�g�d�p�b�h�g�Z�e�g�h���^�_�c�k�l�\�Z�s�b�y���e�Z�[�h�j�Z�l�h�j�_�g���f�h�^�_�e���g�Z���b�a�[�j�Z�g�b�y�� 
�l�b�i�h�i�j�_�^�k�l�Z�\�b�l�_�e���g�Z���B�M�J - �j�h�[�h�l��KUKA KR-150 

 
�G�_�h�[�o�h�^�b�f�h���[�_�r�_���^�Z���k�_���h�k�b�]�m�j�b���^�h�i�t�e�g�b�l�_�e�g�Z���\�_�g�l�b�e�Z�p�b�y���\���l�Z�[�e�h�l�h���a�Z���m�i�j�Z�\�e�_�g�b�_�����a�Z��

�^�Z�� �k�_�� �b�a�[�_�]�g�Z�l�� �h�d�h�e�g�b�� �l�_�f�i�_�j�Z�l�m�j�b���� �i�j�_�\�b�r�Z�\�Z�s�b�� �h�i�j�_�^�_�e�_�g�b�l�_�� �j�Z�[�h�l�g�b�� �l�_�f�i�_�j�Z�l�m�j�b�� �a�Z��
�k�_�j�\�h�i�j�_�h�[�j�Z�a�m�\�Z�l�_�e�y. 

 
  3.6.2.�B�a�j�Z�[�h�l�\�Z�g�_���g�Z���_�e�_�d�l�j�b�q�_�k�d�h�l�h���l�Z�[�e�h���a�Z���m�i�j�Z�\�e�_�g�b�_ 

�<���l�Z�[�e���� ���� �k�Z�� �i�h�d�Z�a�Z�g�b�� �h�k�g�h�\�g�b�l�_�� �l�_�o�g�b�q�_�k�d�b�� �i�Z�j�Z�f�_�l�j�b�����d�h�b�l�h�� �k�Z���i�j �_�^�\�b�^�_�g�b�� �a�Z��
�b�a�i�t�e�g�_�g�b�_�� �\�� �j�Z�a�j�Z�[�h�l�\�Z�g�h�l�h�� �_�e�_�d�l�j�b�q�_�k�d�h�� �l�Z�[�e�h�� �a�Z�� �m�i�j�Z�\�e�_�g�b�_�� �g�Z�� �f�h�^�_�e�Z�� �g�Z���B�M�J - KUKA 
KR 150�����h�[�_�d�l���g�Z �j�_�b�g�`�_�g�_�j�b�g�]. 

�L�Z�[�e�b�p�Z��21 �I�j�_�^�\�b�^�_�g�b���a�Z���b�a�i�t�e�g�_�g�b�_���h�k�g�h�\�g�b���l�_�o�g�b�q�_�k�d�b���i�Z�j�Z�f�_�l�j�b���g�Z���_�e�_�d�l�j�b�q�_�k�d�h�l�h���l�Z�[�e�h���a�Z��
�m�i�j�Z�\�e�_�g�b�_���g�Z��KUKA KR 150 

�F�Z�d�k�b�f�Z�e�_�g �[�j�h�c���h�k�b���a�Z���d�h�g�l�j�h�e 6 
�A�Z�o�j�Z�g�\�Z�s�h���g�Z�i�j�_�`�_�g�b�_ 380V 
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�>�h�i�m�k�l�b�f���l�h�e�_�j�Z�g�k 
�Q�_�k�l�h�l�Z 

�G�h�f�b�g�Z�e�_�g���l�h�d 

380V-���������^�h���������9�������� 
50 Hz 
25A 

�L�_�f�i�_�j�Z�l�m�j�Z�� 
�;�_�a���^�h�i�t�e�g�b�l�_�e�_�g���h�o�e�Z�`�^�Z�s���f�h�^�m�e 
�K���^�h�i�t�e�g�b�l�_�e�_�g���h�o�e�Z�`�^�Z�s���f�h�^�m�e 

 
�P�D�[�������ƒ�& 
�P�D�[�������ƒ�& 

�7�_�]�e�h �H�d�h�e�h�����������d�] 
 
�B�a�b�k�d�\�Z�g�b�y�l�Z�����i�h�k�l�Z�\�_�g�b�� �d�t�f�� �l�Z�[�e�h�l�h�� �a�Z�� �m�i�j�Z�\�e�_�g�b�_, �h�k�g�h�\�g�h�� �[�y�o�Z�� �i�j�b�\�_�^�_�g�b�� �d�t�f��

�h�k�b�]�m�j�y�\�Z�g�_�� �g�Z�� �Z�j�o�b�l�_�d�l�m�j�Z���� �h�k�b�]�m�j�y�\�Z�s�Z�� �k�d�h�j�h�k�l�g�b�� �d�h�f�m�g�b�d�Z�p�b�h�g�g�b�� �d�Z�g�Z�e�b�� �a�Z�� �\�j�t�a�d�Z�� �k��
�j�Z�a�e�b�q�g�b�l�_���f�h�^�m�e�b���g�Z���b�a�[�j�Z�g�b�y���j�h�[�h�l��- �k�_�j�\�h�a�Z�^�\�b�`�\�Z�g�b�y�����b�g�l�_�j�n�_�c�k�����i�m�e�l���a�Z���m�i�j�Z�\�e�_�g�b�_���b��
�d�h�g�l�j�h�e�_�j�����K�_�j�\�h�m�i�j�Z�\�e�_�g�b�_�l�h���g�Z���f�h�l�h�j�b�l�_���[�_�r�_���h�k�t�s�_�k�l�\�_�g�h�����i�h�k�j�_�^�k�l�\�h�f���h�[�j�Z�l�g�Z���\�j�t�a�d�Z��
�k�� �j�_�a�h�e�\�_�j�� �a�Z�� �i�h�a�b�p�b�y�� �b�� �k�d�h�j�h�k�l���� �?�e�_�d�l�j�b�q�_�k�d�b�l�_ �_�e�_�f�_�g�l�b�� �b�� �d�h�f�i�h�g�_�g�l�b���� �d�h�b�l�h�� �k�_��
�b�a�i�h�e�a�\�Z�o�Z �\�� �r�d�Z�n�Z�� �a�Z�� �m�i�j�Z�\�e�_�g�b�_�� �g�Z�� �j�_�b�g�`�_�g�b�j�Z�g�b�y�� �j�h�[�h�l�� �k�Z�����������9�� �'�&�� �a�Z�o�j�Z�g�\�Z�s�� �[�e�h�d����
�d�e�_�f�b���� �j�_�e�_�l�Z���� �d�h�g�l�Z�d�l�h�j�b�� �i�j�_�^�i�Z�a�b�l�_�e�b���� �[�m�l�h�g�b���� �k�t�i�j�h�l�b�\�e�_�g�b�y���� �d�h�g�^�_�g�a�Z�l�h�j�b���� �^�b�h�^�b����
�k�\�_�l�e�b�g�g�Z���d�m�e�Z�����i�j�_�\�d�e�x�q�\�Z�l�_�e�����d�m�i�e�m�g�]�b�����\�_�g�l�b�e�Z�l�h�j�����b�g�l�_�j�n�_�c�k�g�Z���i�e�Z�l�d�Z�����a�Z�s�b�l�g�h���j�_�e�_����
�J�Z�a�i�h�e�h�`�_�g�b�_�l�h �g�Z���_�e�_�f�_�g�l�b�l�_���\���i�j�h�_�d�l�b�j�Z�g�h�l�h���l�Z�[�e�h���a�Z���m�i�j�Z�\�e�_�g�b�_���_���i�h�d�Z�a�Z�g�h �\�t�\���n�b�]��������6, 
�d�t�^�_�l�h�� 

  
�N�b�]��������6 �I �j�h�_�d�l�g�h���j�Z�a�i�h�e�h�`�_�g�b�_���g�Z���o�Z�j�^�m�_�j�g�b�l�_���_�e�_�f�_�g�l�b���\���j�Z�a�j�Z�[�h�l�\�Z�g�h�l�h���l�Z�[�e�h���a�Z���m�i�j�Z�\�e�_�g�b�_���g�Z��

�f�h�^�_�e�Z���g�Z���j�h�[�h�l��KUKA KR-150 
 

1 - �a�Z�o�j�Z�g�\�Z�s���[�e�h�d��24V/5A   8 �± �k�i�b�j�Z�q�_�g���j�_�a�b�k�l�h�j���������Ÿ���������: 
2 �± �b�g�l�_�j�n�_�c�k�g�Z���i�e�Z�l�d�Z   9 - �d�e�_�f�h�j�_�^��XT:100 
3 - �a�Z�o�j�Z�g�\�Z�s���[�e�h�d�������9�������:  10 - �d�e�_�f�h�j�_�^��XT:101 
4 �± �d�e�_�f�h�j�_�^��XT:103    11 - �d�e�_�f�h�j�_�^��XT:102 
5 - �a�Z�o�j�Z�g�\�Z�s���[�e�h�d��12VDC   12 - AC �k�_�j�\�h�m�i�j�Z�\�e�_�g�b�_��Electroinvent 
6 �± �d�h�g�l�Z�d�l�h�j�b��24V    13 - �[�e�h�d���a�Z���a�Z�s�b�l�Z�����i�j�_�^�i�Z�a�b�l�_�e�b�� 
7 �± �f�_�l�Z�e�g�Z���h�k�g�h�\�Z���������o�����������f�f 
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�A�Z�o�j�Z�g�\�Z�s�b�l�_���[�e�h�d�h�\�_�����������b�����������a�Z�o�j�Z�g�\�Z�l���_�e�_�d�l�j�b�q�_�k�d�b�l�_���\�_�j�b�]�b�����k�\�t�j�a�Z�g�b���k�t�h�l�\�_�l�g�h���k����
�\�_�g�l�b�e�Z�l�h�j�b�l�_�� �a�Z�� �h�o�e�Z�`�^�Z�g�_�� �g�Z�� �_�e�_�d�l�j�b�q�_�k�d�h�l�h�� �l�Z�[�e�h���� �n�h�l�h�_�e�_�d�l�j�b�q�_�k�d�b�l�_�� �k�_�g�a�h�j�b�� �a�Z��
�d�h�g�l�j�h�e�� �g�Z�� �h�l�e�b�\�d�Z�l�Z�� �b�� �h�i�_�j�Z�l�b�\�g�Z�l�Z�� �\�_�j�b�]�Z���� �a�Z�o�j�Z�g�\�Z�g�_�l�h�� �g�Z�� �_�e�_�d�l�j�h�f�Z�]�g�b�l�g�b�l�_�� �k�i�b�j�Z�q�d�b��
�g�Z�� �k�_�j�\�h�f�h�l�h�j�b�l�_�� ������������ �D�h�g�l�Z�d�l�h�j�g�b�l�_�� �_�e�_�f�_�g�l�b�� �b�� �j�_�e�_�l�Z�� ���������� �k�e�m�`�Z�l�� �a�Z�� �d�h�f�m�l�b�j�Z�g�_�� �b��
�m�i�j�Z�\�e�_�g�b�_�� �g�Z�� �\�_�j�b�]�b�l�_�� �\�� �r�d�Z�n�Z�� �a�Z�� �m�i�j�Z�\�e�_�g�b�_���� �K�i�b�j�Z�q�g�b�y�l�� �j�_�a�b�k�l�h�j�� �������� �k�e�m�`�b�� �a�Z��
�j�Z�a�k�_�c�\�Z�g�_�� �g�Z�� �f�h�s�g�h�k�l�l�Z�� �\�� �j�_�`�b�f�� �g�Z�� �k�i�b�j�Z�g�_�� �g�Z�� �^�\�b�`�_�g�b�_�l�h�� �g�Z�� �j�h�[�h�l�Z���� �B�g�l�_�j�n�_�c�k�g�Z�l�Z��
�i�e�Z�l�d�Z�� ���������� �a�Z�o�j�Z�g�\�Z�g�Z�� �h�l�� �[�e�h�d�� ���������� �k�e�m�`�b�� �d�Z�l�h�� �e�h�]�b�q�_�k�d�h�� �p�b�n�j�h�\�h�� �\�o�h�^�g�h-�b�a�o�h�^�g�h��
�m�k�l�j�h�c�k�l�\�h���� �k�� �d�h�_�l�h�� �k�_�� �i�j�b�_�f�Z�l�� �b�� �i�j�_�^�Z�\�Z�l�� �m�i�j�Z�\�e�y�\�Z�s�b�� �k�b�]�g�Z�e�b�� �h�l�� �b�� �d�t�f�� �m�i�j�Z�\�e�_�g�b�_�l�h�� �g�Z��
�j�h�[�h�l�Z�����K���d�e�_�f�h�j�_�^�b�l�_��XT:100 (9), XT:101 (10), XT:102 �����������b��XT:103 �����������j�Z�a�i�h�e�h�`�_�g�b���a�Z�_�^�g�h��
�k�� �\�k�b�q�d�b�� �h�k�l�Z�g�Z�e�b�� �_�e�_�d�l�j�b�q�_�k�d�b�� �_�e�_�f�_�g�l�b�� �\�t�j�o�m�� �f�_�l�Z�e�g�Z�l�Z�� �h�k�g�h�\�Z�� ���������� �k�_�� �j�Z�a�i�j�_�^�_�e�y�l��
�_�e�_�d�l�j�b�q�_�k�d�b�l�_�� �\�_�j�b�]�b�� �k�t�h�l�\�_�l�g�h�� �a�Z���� �]�e�Z�\�g�h�l�h�� �a�Z�o�j�Z�g�\�Z�g�_�� �g�Z�� �j�h�[�h�l�Z���� �h�k�g�h�\�g�b�l�_�� �o�Z�j�^�m�_�j�g�b��
�_�e�_�f�_�g�l�b���\���l�Z�[�e�h�l�h�����b�g�l�_�j�n�_�c�k�t�l�����k�b�]�g�Z�e�b�a�Z�p�b�y�l�Z���b���m�i�j�Z�\�e�_�g�b�_�l�h�����;�e�h�d�t�l���a�Z���a�Z�s�b�l�Z�������������b�e�b��
�i�j�_�^�i�Z�a�b�l�_�e�b�l�_���k�e�m�`�Z�l���a�Z���a�Z�s�b�l�Z���g�Z���_�e�_�d�l�j�b�q�_�k�d�b�l�_���\�_�j�b�]�b�� 

�I�e�Z�g�b�j�Z�g�b�l�_���a�Z���b�a�i�h�e�a�\�Z�g�_���f�_�o�Z�g�b�q�g�b���b���_�e�_�d�l�j�b�q�_�k�d�b���d�h�f�i�h�g�_�g�l�b�����d�h�b�l�h���\�i�h�k�e�_�^�k�l�\�b�_��
�b�a�]�j�Z�^�b�o�Z �r�d�Z�n�Z���g�Z���l�Z�[�e�h�l�h���a�Z���m�i�j�Z�\�e�_�g�b�_���k�Z���i�h�d�Z�a�Z�g�b���\���l�Z�[�e��������. 

�L�Z�[�e�b�p�Z������ �K�i�_�p�b�n�b�d�Z�p�b�y���g�Z���b�a�i�h�e�a�\�Z�g�b�l�_���f�_�o�Z�g�b�q�g�b���b���_�e�_�d�l�j�b�q�_�k�d�b���d�h�f�i�h�g�_�g�l�b�����i�e�Z�g�b�j�Z�g�b���a�Z��
�b�a�]�j�Z�`�^�Z�g�_�l�h���g�Z���r�d�Z�n�Z���a�Z���_�e�_�d�l�j�b�q�_�k�d�h�l�h���l�Z�[�e�h���a�Z���m�i�j�Z�\�e�_�g�b�_���g�Z���j�_�b�g�`�_�g�b�j�Z�g�b�y��KUKA KR 150 

�‹  
�H�[�h�a�g�Z�q�_�g�b�_���\��
�_�e�_�d�l�j�b�q�_�k�d�b�l�_��

�k�o�_�f�b 
�H�i�b�k�Z�g�b�_ �D�h�e�b�q�_�k�l�\�h 

�?�e�_�d�l�j�b�q�_�k�d�b���r�d�Z�n���a�Z���l�Z�[�e�h�l�h���a�Z���m�i�j�Z�\�e�_�g�b�_���g�Z��KUKA KR-150 
�K�]�e�h�[�_�g�b���_�^�b�g�b�p�b�� 

1  �F�_�l�Z�e�_�g���r�d�Z�n 1 
2  �I�e�Z�k�l�f�Z�k�h�\�Z���j�_�r�_�l�d�Z���k���n�b�e�l�t�j 2 
3  �D�m�e�Z���k�t�k���k�\�_�l�e�b�g�g�Z���k�b�]�g�Z�e�b�a�Z�p�b�y 1 

4  
�F�_�l�Z�e�g�Z���i�e�h�q�Z-�h�k�g�h�\�Z�����a�Z���j�Z�a�i�h�e�Z�]�Z�g�_��

�g�Z���_�e�_�d�l�j�b�q�_�k�d�b�l�_���b���_�e�_�d�l�j�h�g�g�b�l�_��
�d�h�f�i�h�g�_�g�l�b���\���l�Z�[�e�h�l�h 

1 

�F�_�o�Z�g�b�q�g�b���q�Z�k�l�b���b���d�h�f�i�h�g�_�g�l�b�� 

6  
�L�Z�[�_�e�d�Z���k�t�k���a�g�Z�d���a�Z���i�j�_�^�m�i�j�_�`�^�_�g�b�_���h�l��

�\�b�k�h�d�h���g�Z�i�j�_�`�_�g�b�_ 1 

7  �L�Z�[�_�e�d�Z���k���g�Z�^�i�b�k���Ä�5�0�&�´ 1 
8  �L�Z�[�_�e�d�Z���k���g�Z�^�i�b�k���Ä�(-�6�W�R�S�´ 1 
9  �L�Z�[�_�e�d�Z���k���g�Z�^�i�b�k���ÄSetting Mode�³ 1 

�?�e�_�d�l�j�b�q�_�k�d�b���b���_�e�_�d�l�j�h�g�g�b���q�Z�k�l�b���b���_�e�_�f�_�g�l�b 
13 Q01 �=�e�Z�\�_�g���i�j�_�d�t�k�\�Z�q 1 
14 S140 �:�\�Z�j�b�_�g���k�l�h�i�����;�%���%�6�������� 1 
15 S141 �>�\�m�i�h�a�b�p�b�h�g�_�g���i�j�_�\�d�e�x�q�\�Z�l�_�e 1 

16 E01, E02 �<�_�g�l�b�e�Z�l�h�j���.�'�(���������3�0�6��-6A 
�<�_�g�l�b�e�Z�l�h�j���.�'�(���������3�0�6��-6A 

2 

17  �I�j�_�^�i�Z�a�g�Z���j�_�r�_�l�d�Z 2 

18  
�D�m�d�Z���a�Z���o�\�Z�s�Z�g�_���g�Z���r�d�Z�n�Z 

 M12 DIN580 2 

19  �D�e�x�q�Z�e�d�Z 2 
20  �:�d�m�f�m�e�Z�l�h�j�����0�6������-12 1 
21  �/�(�'���e�Z�f�i�Z 1 

 
�I�e�Z�g�b�j�Z�g�b�l�_�� �a�Z�� �b�a�i�h�e�a�\�Z�g�_�� �_�e�_�d�l�j�h�g�g�b�� �b�� �_�e�_�d�l�j�b�q�_�k�d�b�� �d�h�f�i�h�g�_�g�l�b�����d�h�b�l�h��

�\�i�h�k�e�_�^�k�l�\�b�_���b�a�]�j�Z�^�b�o�Z �l�Z�[�e�h�l�h���a�Z���m�i�j�Z�\�e�_�g�b�_���k�Z���i�h�d�Z�a�Z�g�b���\���l�Z�[�e��������. 
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�L�Z�[�e�b�p�Z������ �K�i�_�p�b�n�b�d�Z�p�b�y���g�Z���b�a�i�h�e�a�\�Z�g�b�l�_���_�e�_�d�l�j�h�g�g�b���b���_�e�_�d�l�j�b�q�_�k�d�b���d�h�f�i�h�g�_�g�l�b�����i�e�Z�g�b�j�Z�g�b���a�Z��
�b�a�]�j�Z�`�^�Z�g�_�l�h���g�Z���_�e�_�d�l�j�b�q�_�k�d�h�l�h���l�Z�[�e�h���a�Z���m�i�j�Z�\�e�_�g�b�_���g�Z���j�_�b�g�`�_�g�b�j�Z�g�b�y��KUKA KR 150 

�‹  
�H�[�h�a�g�Z�q�_�g�b�_���\��
�_�e�_�d�l�j�b�q�_�k�d�b�l�_��

�k�o�_�f�b 
�H�i�b�k�Z�g�b�_ �D�h�e�b�q�_�k�l�\�h 

�?�e�_�d�l�j�b�q�_�k�d�h���l�Z�[�e�h���a�Z���m�i�j�Z�\�e�_�g�b�_���g�Z��KUKA KR-150 
�K�]�e�h�[�_�g�b���_�^�b�g�b�p�b�� 

1  �H�i�p�b�y�����J�_�e�_�������3�'�7�������9�'�&���b���/�(�'���^�b�h�^ - 
2  �H�i�p�b�y�����J�_�e�_�������3�'�7�������9�'�&���b���/�(�'���^�b�h�^ - 
3 K17 �J�_�e�_�������3�'�7�������9�'�&���b���/�(�'���^�b�h�^ 1 

4 
R1, R2, R3, R4, 

R5, R6 �J�_�e�_���3�/�&-BSC-24DC/21 6 

5  
�I�h�e�b�f�_�j�g�b���m�i�e�t�l�g�_�g�b�y���a�Z���d�Z�[�_�e�g�b��

�\�o�h�^�h�\�_���Ä�0�X�U�U�S�O�D�V�W�L�N�³ 
 

1 

�F�_�o�Z�g�b�q�g�b���q�Z�k�l�b���b���d�h�f�i�h�g�_�g�l�b 
6  �F�_�l�Z�e�g�Z���i�e�h�q�Z-�h�k�g�h�\�Z���������[�����������P�P 1 
1 2 3 4 

�I�j�h�^�t�e�`�_�g�b�_�� �g�Z�� �L�Z�[�e�b�p�Z�� ���� �K�i�_�p�b�n�b�d�Z�p�b�y�� �g�Z�� �b�a�i�h�e�a�\�Z�g�b�l�_�� �_�e�_�d�l�j�h�g�g�b�� �b�� �_�e�_�d�l�j�b�q�_�k�d�b��
�d�h�f�i�h�g�_�g�l�b���� �i�e�Z�g�b�j�Z�g�b�� �a�Z�� �b�a�]�j�Z�`�^�Z�g�_�l�h�� �g�Z�� �_�e�_�d�l�j�b�q�_�k�d�h�l�h�� �l�Z�[�e�h�� �a�Z�� �m�i�j�Z�\�e�_�g�b�_�� �g�Z�� �j�_�b�g�`�_�g�b�j�Z�g�b�y��
KUKA KR 150 

1 2 3 4 
7  �D�e�_�f�h�j�_�^���b���r�b�g�Z���;�7��������  
8  �D�e�_�f�h�j�_�^���b���r�b�g�Z���;�7��������  
9  �D�e�_�f�h�j�_�^���b���r�b�g�Z���;�7��������  
10  �D�e�_�f�h�j�_�^���b���r�b�g�Z���;�7��������  
11  �J�_�e�_�l�Z  
12  �I�j�_�^�i�Z�a�b�l�_�e�b  

�?�e�_�d�l�j�b�q�_�k�d�b���b���_�e�_�d�l�j�h�g�g�b���q�Z�k�l�b���b���_�e�_�f�_�g�l�b 
13 A3 �D�h�f�m�g�b�d�Z�p�b�h�g�_�g���f�h�^�m�e 1 
14 A02 �A�Z�s�b�l�g�h���j�_�e�_���;�3�6-AV 11113 1 

15 T01 
�I�h�k�l�h�y�g�g�h�l�h�d�h�\�h���a�Z�o�j�Z�g�\�Z�g�_ 

24VDC 10A 1 

16 T02 �I�h�k�l�h�y�g�g�h�l�h�d�h�\�h���a�Z�o�j�Z�g�\�Z�g�_ 
24VDC 5A 

1 

17 T03 �I�h�k�l�h�y�g�g�h�l�h�d�h�\�h���a�Z�o�j�Z�g�\�Z�g�_���±12VDC 1 

18 N01, N02, N03, 
N04, N05, N06 

AC �k�_�j�\�h�m�i�j�Z�\�e�_�g�b�_ �Ä�(�O�H�F�W�U�R�L�Q�Y�H�Q�W�³ 6 

19 F01, F02, F03 �I�j�_�^�i�Z�a�b�l�_�e���*�����&���������3���&�������*�( 3 

20 
K01, K02, K03, 
K04, K05, K06 �D�h�g�l�Z�d�l�h�j�����3�± LP1K0610BD 6 

21 F07, F09 �I�j�_�^�i�Z�a�b�l�_�e��G61C04 4A GE 2 

22 
F06, F08, F10, 

F11, F12 �I�j�_�^�i�Z�a�b�l�_�e���*�����&���������$���*�( 4 

23 F04 �I�j�_�^�i�Z�a�b�l�_�e���*�����&�����������•���*�( 1 
24 Socket �D�h�g�l�Z�d�l���6�'-D/SC/LA/GY, 16A, 250V 1 
25  �N�_�j�b�l���$�������P�P���%�������P�P���&�����P�P 18 
26  �N�_�j�b�l���5�������������������/�.�������� 6 
27  �N�_�j�b�l���/�)-503B (B15) - 

28  
�D�m�i�e�m�g�]�� �`�_�g�k�d�b�����������3�,�1�����+-BE 24 BS 

(EPIC Contact) 1 

29  �K�i�b�j�Z�q�_�g���j�_�a�b�k�l�h�j�����������
���������������: 3 
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1 2 3 4 
1 2 3 4 

30  
�J�Z�a�i�j�_�^�_�e�b�l�_�e�g�Z���d�e�_�f�Z�������P�P2 Type ST 

6 Phoenix Contact 3 

31  �A�Z�a�_�f�b�l�_�e�g�Z���d�e�_�f�Z�������P�P2 Type ST 6-
PE Phoenix Contact 

1 

32  �G�m�e�_�\�Z���d�e�_�f�Z�������P�P2 Type ST 6-blue 
Phoenix Contact 

1 

33  �A�Z�a�_�f�b�l�_�e�g�Z���d�e�_�f�Z���������P�P2 Type ST 10 
PE QUATTRO Phoenix Contact 

1 

34  
�J�Z�a�i�j�_�^�_�e�b�l�_�e�g�Z���d�e�_�f�Z�����������P�P2 Type 

ST 2.5 Phoenix Contact 77 

35  
�G�m�e�_�\�Z���d�e�_�f�Z�����������P�P2 Type ST 2.5-blue 

Phoenix Contact 2 

1 2 3 4 
 
�I�j�h�^�t�e�`�_�g�b�_�� �g�Z �L�Z�[�e�b�p�Z�� ���� �K�i�_�p�b�n�b�d�Z�p�b�y�� �g�Z�� �b�a�i�h�e�a�\�Z�g�b�l�_�� �_�e�_�d�l�j�h�g�g�b�� �b�� �_�e�_�d�l�j�b�q�_�k�d�b��

�d�h�f�i�h�g�_�g�l�b���� �i�e�Z�g�b�j�Z�g�b�� �a�Z�� �b�a�]�j�Z�`�^�Z�g�_�l�h�� �g�Z�� �_�e�_�d�l�j�b�q�_�k�d�h�l�h�� �l�Z�[�e�h�� �a�Z�� �m�i�j�Z�\�e�_�g�b�_�� �g�Z�� �j�_�b�g�`�_�g�b�j�Z�g�b�y��
KUKA KR 150 

1 2 3 4 

36  
�A�Z�a�_�f�b�l�_�e�g�Z���d�e�_�f�Z�����������P�P2 Type ST 

2.5 PE Phoenix Contact 8 

37  
�J�Z�a�i�j�_�^�_�e�b�l�_�e�g�Z���d�e�_�f�Z�����������P�P2 Type 

ST 2.5 QUATTRO Phoenix Contact 24 

38  �A�Z�a�_�f�b�l�_�e�g�Z���d�e�_�f�Z�����������P�P2 Type ST 
2.5 PE QUATTRO Phoenix Contact 

5 

39  �J�Z�a�i�j�_�^�_�e�b�l�_�e�g�Z���d�e�_�f�Z�����������P�P2 ST 2.5 
TWIN Phoenix Contact 

13 

40  �A�Z�a�_�f�b�l�_�e�g�Z���d�e�_�f�Z�����������P�P2 Type ST 
2.5 PE TWIN Phoenix Contact 

4 

 
�G�Z�� �i�t�j�\�Z�� �b�� �\�l�h�j�Z�� �k�l�j�Z�g�b�p�b�� �_�� �i�h�d�Z�a�Z�g�h�� �h�i�j�h�\�h�^�y�\�Z�g�_�l�h�� �g�Z�� �k�b�e�h�\�Z�l�Z�� �q�Z�k�l�� �g�Z�� �r�d�Z�n�Z�� �a�Z��

�m�i�j�Z�\�e�_�g�b�_�� ���������9������ �h�i�_�j�Z�l�b�\�g�h�l�h�� �a�Z�o�j�Z�g�\�Z�g�_�� �������9������ �d�Z�d�l�h�� �b�� �d�h�f�m�l�Z�l�b�\�g�Z�l�Z�� �\�_�j�b�]�Z�� �a�Z��
�m�i�j�Z�\�e�_�g�b�_���g�Z���k�i�b�j�Z�q�d�b�l�_���g�Z���k�_�j�\�h�f�h�l�h�j�b�l�_�����H�l���l�j�_�l�Z���^�h���h�k�f�Z���k�l�j�Z�g�b�p�b���k�Z���i�h�d�Z�a�Z�g�b���k�o�_�f�b�l�_��
�g�Z�� �h�i�j�h�\�h�^�y�\�Z�g�_�� �g�Z�� �k�_�j�\�h�m�i�j�Z�\�e�_�g�b�y�l�Z���� �d�Z�l�h�� �l�h�\�Z�� �\�d�e�x�q�\�Z�� �]�e�Z�\�g�h�� �a�Z�o�j�Z�g�\�Z�g�_���� �h�i�_�j�Z�l�b�\�g�Z��
�\�_�j�b�]�Z���� �j�_�a�h�e�\�_�j�g�Z�� �h�[�j�Z�l�g�Z�� �\�j�t�a�d�Z�� �b�� �k�\�t�j�a�\�Z�g�_�� �d�t�f�� �k�_�j�\�h�f�h�l�h�j�b�l�_���� �G�Z�� ��-�l�Z�� �k�l�j�Z�g�b�p�Z�� �_��
�i�h�d�Z�a�Z�g�Z���k�o�_�f�Z�l�Z���g�Z���k�\�t�j�a�\�Z�g�_���g�Z���n�h�l�h�_�e�_�d�l�j�b�q�_�k�d�b�l�_���k�_�g�a�h�j�b���a�Z���d�h�g�l�j�h�e���g�Z���h�l�e�b�\�d�Z�l�Z�����Z���g�Z��
10-�l�Z�� �k�l�j�Z�g�b�p�Z�� �k�o�_�f�Z�l�Z�� �g�Z�� �k�\�t�j�a�\�Z�g�_�� �g�Z�� �k�\�_�l�e�b�g�g�Z�l�Z�� �d�m�e�Z�� �a�Z�� �k�b�]�g�Z�e�b�a�Z�p�b�y�� �i�j�b�� �j�Z�a�e�b�q�g�b�l�_��
�j�_�`�b�f�b���g�Z���j�Z�[�h�l�Z�����j�t�q�_�g�����Z�\�l�h�f�Z�l�b�q�_�g���b���\�t�a�g�b�d�g�Z�e�Z���]�j�_�r�d�Z�����g�Z���b�a�[�j�Z�g�b�y���l�b�i�h�i�j�_�^�k�l�Z�\�b�l�_�e����
�K�o�_�f�b�l�_�� �g�Z�� �k�l�j�Z�g�b�p�Z�� ������ �i�j�_�^�k�l�Z�\�y�l�� �h�i�j�h�\�h�^�y�\�Z�g�_�l�h�� �g�Z�� �a�Z�s�b�l�g�h�l�h�� �j�_�e�_�� �b�� �k�t�h�l�\�_�l�g�b�l�_��
�a�Z�s�b�l�_�g�b���_�e�_�d�l�j�b�q�_�k�d�b���\�_�j�b�]�b�����<���k�l�j�Z�g�b�p�b�����������������b���������k�Z���i�h�d�Z�a�Z�g�b���k�o�_�f�b�l�_���g�Z���k�\�t�j�a�\�Z�g�_���g�Z��
�h�i�_�j�Z�l�h�j�k�d�b�y�� �i�m�e�l�� �a�Z�� �m�i�j�Z�\�e�_�g�b�_���� �G�Z�� ������ �b�� ������ �k�l�j�Z�g�b�p�b�� �k�Z�� �i�h�d�Z�a�Z�g�b�� �k�o�_�f�b�l�_�� �g�Z�� �b�a�]�j�Z�^�_�g�b�y��
�b�g�l�_�j�n�_�c�k���f�_�`�^�m���j�_�b�g�`�_�g�b�j�Z�g�b�y���j�h�[�h�l���b���f�Z�r�b�g�Z���a�Z���e�_�_�g�_���g�Z���Z�e�m�f�b�g�b�c �i�h�^���\�b�k�h�d�h���g�Z�e�y�]�Z�g�_��
���a�Z�� �g�h�\�h�l�h�� �b�g�^�m�k�l�j�b�Z�e�g�h�� �i�j�b�e�h�`�_�g�b�_�� �g�Z��KUKA KR-150������ �K�\�t�j�a�\�Z�g�_�l�h�� �g�Z�� �o�\�Z�s�Z�q�Z��
���a�Z�^�\�b�`�\�Z�g�_���b���h�[�j�Z�l�g�Z���\�j�t�a�d�Z�����_ �i�h�d�Z�a�Z�g�h �g�Z���k�l�j�Z�g�b�p�Z�����������G�Z���i�h�k�e�_�^�g�Z�l�Z���k�l�j�Z�g�b�p�Z���_���i�h�d�Z�a�Z�g�h��
�k�\�t�j�a�\�Z�g�_�l�h�� �g�Z�� �b�g�l�_�j�n�_�c�k�g�b�y�� �d�h�f�m�g�b�d�Z�p�b�h�g�_�g���f�h�^�m�e�� ���e�h�]�b�q�_�k�d�h�� �p�b�n�j�h�\�h�� �\�o�h�^�g�h-�b�a�o�h�^�g�h��
�m�k�l�j�h�c�k�l�\�h�������k���d�h�c�l�h���k�_���i�j�b�_�f�Z�l���b���i�j�_�^�Z�\�Z�l�� �m�i�j�Z�\�e�y�\�Z�s�b���k�b�]�g�Z�e�b���h�l�� �b���d�t�f�� �m�i�j�Z�\�e�_�g�b�_�l�h���g�Z��
�j�h�[�h�l�Z. 

3.6.3. �B�a�j�Z�[�h�l�\�Z�g�_���g�Z���i�Z�g�_�e���a�Z���j�t�q�g�h���m�i�j�Z�\�e�_�g�b�_ 
�M�i�j�Z�\�e�_�g�b�_�l�h�� �g�Z�� �j�_�b�g�`�_�g�b�j�Z�g�b�y�� �j�h�[�h�l�� �[�_�r�_�� �j�_�Z�e�b�a�b�j�Z�g�h���� �q�j�_�a�� �h�i�_�j�Z�l�h�j�k�d�b�� �i�m�e�l�� �a�Z��

�m�i�j�Z�\�e�_�g�b�_�� �b��Wi-Fi �j�t�q�_�g�� �i�m�e�l�� �a�Z�� �m�i�j�Z�\�e�_�g�b�_�� �b�� �g�Z�k�l�j�h�c�\�Z�g�_���� �J�_�Z�e�b�a�Z�p�b�y�l�Z�� �b�f�� �_�� �h�i�b�k�Z�g�Z�� �\��
�k�e�_�^�\�Z�s�b�l�_���j�_�^�h�\�_�� 



   

113 
 

�H�i�_�j�Z�l�h�j�k�d�b���i�m�e�l���a�Z���m�i�j�Z�\�e�_�g�b�_ 
�H�k�g�h�\�g�Z�l�Z�� �n�m�g�d�p�b�y�� �g�Z�� �h�i�_�j�Z�l�h�j�k�d�b�y�� �i�m�e�l�� �a�Z�� �m�i�j�Z�\�e�_�g�b�_�� �_�� �^�Z�� �h�k�t�s�_�k�l�\�y�\�Z�� �\�j�t�a�d�Z�l�Z��

�f�_�`�^�m�� �h�i�_�j�Z�l�h�j�Z�� �b�� �b�a�[�j�Z�g�b�y�� �l�b�i�h�i�j�_�^�k�l�Z�\�b�l�_�e��KUKA KR-150���� �h�[�_�d�l�� �g�Z �j�_�b�g�`�_�g�_�j�b�g�]���� �I�h��
�\�j�_�f�_�� �g�Z�� �j�Z�[�h�l�Z�� �g�Z�� �^�b�k�i�e�_�y�� �g�Z�� �i�m�e�l�Z�� �k�_�� �i�h�d�Z�a�\�Z�l�� �k�t�h�[�s�_�g�b�y�� �a�Z�� �k�t�k�l�h�y�g�b�_�l�h�� �g�Z�� �i�j�h�p�_�k�b�l�_���b��
�]�j�_�r�d�b�l�_�� �g�Z�� �j�h�[�h�l�Z���� �I�j�b�� �b�a�[�h�j�� �g�Z�� �k�t�h�l�\�_�l�g�b�l�_�� �_�d�j�Z�g�b���� �q�j�_�a�� �b�a�i�h�e�a�\�Z�g�_�� �g�Z���³�W�R�X�F�K�V�F�U�H�H�Q�´ 
�n�m�g�d�p�b�h�g�Z�e�g�h�k�l�� �g�Z���^�b�k�i�e�_�y�� �k�_�� �\�t�\�_�`�^�Z�l�� �j�Z�a�e�b�q�g�b�l�_�� �j�Z�[�h�l�g�b�� �i�Z�j�Z�f�_�l�j�b���g�Z�� �j�h�[�h�l�Z�� ���e�b�f�b�l�b����
�l�h�q�g�h�k�l���� �i�h�\�l�Z�j�y�_�f�h�k�l�� �b�� �^�j������ �b�� �k�_�� �k�t�k�l�Z�\�y�l�� �i�j�h�]�j�Z�f�b���� �k�t�]�e�Z�k�g�h�� �k�t�h�l�\�_�l�g�h�l�h�� �i�j�b�e�h�`�_�g�b�_����
�M�i�j�Z�\�e�_�g�b�_�l�h�� �i�j�_�^�h�k�l�Z�\�y�� �\�t�a�f�h�`�g�h�k�l�� �l�_�a�b�� �i�j�h�]�j�Z�f�b�� �^�Z�� �[�t�^�Z�l�� �j�_�^�Z�d�l�b�j�Z�g�b���� �k�t�o�j�Z�g�y�\�Z�g�b�� �b��
�h�l�g�h�\�h�� �b�a�i�h�e�a�\�Z�g�b���� �H�i�_�j�Z�l�h�j�t�l�� �g�Z�� �i�m�e�l�Z�� �b�f�Z�� �g�Z�� �j�Z�a�i�h�e�h�`�_�g�b�_�� �_�d�j�Z�g���� �k�� �d�h�c�l�h�� �f�h�`�_�� �^�Z��
�g�Z�[�e�x�^�Z�\�Z���\���j�_�Z�e�g�h���\�j�_�f�_���d�h�h�j�^�b�g�Z�l�b�l�_���g�Z���j�h�[�h�l�Z���\���i�j�h�k�l�j�Z�g�k�l�\�h�l�h�����d�Z�d�l�h���b���i�Z�j�Z�f�_�l�j�b�l�_���g�Z��
�h�l�^�_�e�g�b�l�_���h�k�b�����]�h�e�_�f�b�g�Z���g�Z���l�h�d�Z�����i�h�a�b�p�b�y�����k�d�h�j�h�k�l���b���^�j���������<���m�i�j�Z�\�e�_�g�b�_�l�h���b�f�Z���\�t�a�f�h�`�g�h�k�l�b��
�a�Z�� �j�Z�a�e�b�q�g�b�� �n�m�g�d�p�b�h�g�Z�e�g�h�k�l�b���� �k�i�h�j�_�^�� �g�b�\�h�l�h�� �g�Z�� �^�h�k�l�t�i�� �g�Z�� �h�i�_�j�Z�l�h�j�Z�� �g�Z�� �i�m�e�l�Z�� ���h�i�_�j�Z�l�h�j����
�g�Z�k�l�j�h�c�q�b�d�� �b�e�b�� �k�_�j�\�b�a�_�g�� �l�_�o�g�b�d������ �<�� �i�Z�g�_�e�Z�� �o�Z�j�^�m�_�j�g�h�� �b�� �k�h�n�l�m�_�j�g�h�� �_�� �a�Z�e�h�`�_�g�h�� �^�Z�� �k�_��
�h�k�t�s�_�k�l�\�b��VPN �d�h�f�m�g�b�d�Z�p�b�y���a�Z���^�b�k�l�Z�g�p�b�h�g�_�g���k�_�j�\�b�a���b���^�b�Z�]�g�h�k�l�b�d�Z�� 

�G�Z���n�b�]���� ����7 �_�� �i�h�d�Z�a�Z�g�� �j�Z�a�j�Z�[�h�l�_�g�b�y�l�� �h�i�_�j�Z�l�h�j�k�d�b�� �i�m�e�l�� �a�Z�� �m�i�j�Z�\�e�_�g�b�_�� �g�Z�� �b�a�[�j�Z�g�b�y��
�l�b�i�h�i�j�_�^�k�l�Z�\�b�l�_�e��KUKA KR-150. 

 

 
�N�b�]��������7 �H�i�_�j�Z�l�h�j�k�d�b���i�m�e�l���a�Z���m�i�j�Z�\�e�_�g�b�_���g�Z���j�_�b�g�`�_�g�b�j�Z�g�b�y���j�h�[�h�l��KUKA KR-150 

 
�I�e�Z�g�b�j�Z�g�b�l�_�� �a�Z�� �b�a�i�h�e�a�\�Z�g�_�� �f�_�o�Z�g�b�q�g�b���� �_�e�_�d�l�j�h�g�g�b�� �b�� �_�e�_�d�l�j�b�q�_�k�d�b�� �d�h�f�i�h�g�_�g�l�b����

�b�a�]�j�Z�`�^�Z�s�b���h�i�_�j�Z�l�h�j�k�d�b�y���i�m�e�l���a�Z���m�i�j�Z�\�e�_�g�b�_���k�Z���i�h�d�Z�a�Z�g�b���\���l�Z�[�e��������. 
�L�Z�[�e�b�p�Z�� ���� �K�i�_�p�b�n�b�d�Z�p�b�y�� �g�Z�� �b�a�i�h�e�a�\�Z�g�b�l�_�� �f�_�o�Z�g�b�q�g�b���� �_�e�_�d�l�j�h�g�g�b�� �b�� �_�e�_�d�l�j�b�q�_�k�d�b�� �d�h�f�i�h�g�_�g�l�b����

�i�e�Z�g�b�j�Z�g�b���a�Z���b�a�]�j�Z�`�^�Z�g�_�l�h���g�Z���h�i�_�j�Z�l�h�j�k�d�b�y���i�m�e�l���a�Z���m�i�j�Z�\�e�_�g�b�_���g�Z���j�_�b�g�`�_�g�b�j�Z�g�b�y��KUKA KR 150 

�‹  
�H�[�h�a�g�Z�q�_�g�b�_���\��
�_�e�_�d�l�j�b�q�_�k�d�b�l�_��

�k�o�_�f�b 
�H�i�b�k�Z�g�b�_ �D�h�e�b�q�_�k�l�\�h 

�H�i�_�j�Z�l�h�j�k�d�b���i�m�e�l���a�Z���m�i�j�Z�\�e�_�g�b�_ 
�K�]�e�h�[�_�g�b���_�^�b�g�b�p�b�� 

1  �A�Z�s�b�l�g�Z���l�j�t�[�Z�� 
SPR-EDU-AS, AD27, 22x27, PG21 

1 

2  �D�Z�[�_�e�������[���[�������� 1 
�F�_�o�Z�g�b�q�g�b���b���_�e�_�d�l�j�h�g�g�b���d�h�f�i�h�g�_�g�l�b 

3 A1 �>�b�k�i�e�_�c�����(�O�R���7�R�X�F�K���6�R�O�X�W�L�R�Q�V�����������/ 1 
4 A4 Wi-�)�L���J�t�q�_�g���i�m�e�l���a�Z���m�i�j�Z�\�e�_�g�b�_ 1 
5 S141 �:�\�Z�j�b�_�g���k�l�h�i���;�%���%�6�������� 1 
1 2 3 4 
1 2 3 4 
6 S10 �I�j�_�\�d�e�x�q�\�Z�l�_�e�� 1 
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 �j�t�q�_�g���Z�\�l�h�f�Z�l�b�q�_�g���j�_�`�b�f 
7 SA02/HA02 �;�y�e���[�m�l�h�g���k�t�k���k�\�_�l�e�b�g�g�Z���k�b�]�g�Z�e�b�a�Z�p�b�y 2 
8 A2 PLC �D�h�g�l�j�h�e�_�j 1 
9  �A�Z�o�j�Z�g�\�Z�g�_�����9 1 
10  �B�g�l�_�j�n�_�c�k�g�Z���i�e�Z�l�d�Z 

���d�h�f�m�g�b�d�Z�p�b�h�g�_�g���f�h�^�m�e�� 
2 

11  �D�m�i�e�m�g�]�����(�3�,�&���&�R�Q�W�D�F�W�� 
H-B 24 TG M25 

1 

12 X07 �D�m�i�e�m�g�]�����`�_�g�k�d�b�����������3�,�1 
H-D 64 BCM (EPIC Contact) 

1 

13  �H�k�g�h�\�Z 
H-B 24 AG (EPIC Contact) 

1 

14  �D�m�i�e�m�g�]�����f�t�`�d�b�����������3�,�1 
H-D 64 SCG 

1 

15  �;�_�a�`�b�q�_�g���j�m�l�_�j���*���5�R�X�W�H�U 1 
16  �/�(�'���^�b�h�^�g�Z���b�g�^�b�d�Z�p�b�y 1 

�<���l�Z�[�e�������� �k�Z���i�h�d�Z�a�Z�g�b���^�_�c�k�l�\�b�y�l�Z�����d�h�b�l�h���f�h�]�Z�l���^�Z���k�_���b�a�\�t�j�r�Z�l���k���f�_�o�Z�g�b�q�g�b�l�_���[�m�l�h�g�b���b��
�k�b�]�g�Z�e�b�a�Z�p�b�y���\���h�i�_�j�Z�l�h�j�k�d�b�y���i�m�e�l���a�Z���m�i�j�Z�\�e�_�g�b�_���g�Z���j�_�b�g�`�_�g�b�j�Z�g�b�y���j�h�[�h�l�� 

�L�Z�[�e�b�p�Z������ �N�m�g�d�p�b�b���g�Z���f�_�o�Z�g�b�q�g�b�l�_���[�m�l�h�g�b���b���k�b�]�g�Z�e�b�a�Z�p�b�y�l�Z���\���h�i�_�j�Z�l�h�j�k�d�b�y���i�m�e�l���a�Z���m�i�j�Z�\�e�_�g�b�_��
�g�Z���j�_�b�g�`�_�g�b�j�Z�g�b�y��KUKA KR 150 

�;�m�l�h�g�������D�e�x�q �N�m�g�d�p�b�y �H�i�b�k�Z�g�b�_ 

 

�;�m�l�h�g���± �k�_�j�\�h���\�d�e�x�q�_�g�h��
RMC 

�;�y�e�Z�l�Z���e�Z�f�i�Z���k�\�_�l�b�����i�h�^�Z�^�_�g�h���_��
�a�Z�o�j�Z�g�\�Z�g�_���d�t�f���b�g�\�_�j�l�h�j�b�l�_�� 
�;�y�e�Z�l�Z���e�Z�f�i�Z���g�_���k�\�_�l�b�����g�_���_��

�g�Z�l�b�k�g�Z�l���[�m�l�h�g�Z���b�e�b���g�_���_���b�a�i�t�e�g�_�g�h��
�g�y�d�h�_���h�l���k�e�_�^�g�b�l�_���m�k�e�h�\�b�y�� 

- �g�Z�l�b�k�g�Z�l���Z�\�Z�j�b�_�g���k�l�h�i���g�Z��
DCM �f�Z�r�b�g�Z�l�Z�� 

- �H�l�\�h�j�_�g�Z���i�j�_�^�i�Z�a�g�Z���h�]�j�Z�^�Z�� 

 

�;�m�l�h�g���Z�\�Z�j�b�_�g���k�l�h�i 

- �I�j�_�d�t�k�\�Z���\�_�j�b�]�Z�l�Z���g�Z��
�a�Z�o�j�Z�g�\�Z�g�_���g�Z���k�_�j�\�h���f�h�l�h�j�b�l�_���\��
�r�d�Z�n�Z���a�Z���m�i�j�Z�\�e�_�g�b�_���g�Z���?�F��. 
- �I�j�_�d�t�k�\�Z���\�_�j�b�]�Z�l�Z���g�Z��

�a�Z�o�j�Z�g�\�Z�g�_���g�Z���k�_�j�\�h���f�h�l�h�j�b�l�_���\��
�r�d�Z�n�Z���a�Z���m�i�j�Z�\�e�_�g�b�_���g�Z��MPS. 
- �I�j�_�d�t�k�\�Z���\�_�j�b�]�Z�l�Z���g�Z��

�a�Z�o�j�Z�g�\�Z�g�_���\���r�d�Z�n�Z���a�Z���m�i�j�Z�\�e�_�g�b�_���g�Z��
DCM. 

 

�D�e�x�q���± �j�t�q�_�g�����g�_�m�l�j�Z�e�_�g���b��
�Z�\�l�h�f�Z�l�b�q�_�g���j�_�`�b�f���g�Z��

�j�Z�[�h�l�Z�� 

�J�t�q�_�g���j�_�`�b�f�����\�t�a�f�h�`�g�h���_��
�b�a�i�h�e�a�\�Z�g�_�l�h���g�Z���j�t�q�g�b�y���i�m�e�l���a�Z��

�m�i�j�Z�\�e�_�g�b�_�� 
�G�_�m�l�j�Z�e�g�Z���i�h�a�b�p�b�y: 

�f�Z�g�b�i�m�e�Z�l�h�j�b�l�_���g�_���f�h�]�Z�l���^�Z���k�_��
�^�\�b�`�Z�l�� 

�:�\�l�h�f�Z�l�b�q�_�g���j�_�`�b�f�����\�t�a�f�h�`�g�h���_��
�k�l�Z�j�l�b�j�Z�g�_�l�h���g�Z���Z�\�l�h�f�Z�l�b�q�g�b�y��

�p�b�d�t�e�� 
 
�H�k�g�h�\�g�b�l�_�� �d�h�f�i�h�g�_�g�l�b�� �g�Z�� �h�i�_�j�Z�l�h�j�k�d�b�y�� �i�m�e�l�� �k�Z��PLC �d�h�g�l�j�h�e�_�j���� �j�Z�a�r�b�j�b�l�_�e�_�g�� �f�h�^�m�e��

�a�Z��PLC �d�h�g�l�j�h�e�_�j �b���Ä�W�R�X�F�K�V�F�U�H�H�Q�³ �^�b�k�i�e�_�c���(�/�2���?�L-1541L. 
�x PLC �d�h�g�l�j�h�e�_�j - �a�Z���^�Z���[�t�^�Z�l���j�_�Z�e�b�a�b�j�Z�g�b���`�_�e�Z�g�b�l�_���n�m�g�d�p�b�h�g�Z�e�g�h�k�l�b���g�Z���m�i�j�Z�\�e�_�g�b�_�l�h���_��

�i�h�^�[�j�Z�g��PLC �d�h�g�l�j�h�e�_�j�����i�h�d�Z�a�Z�g���g�Z���n�b�]����128. 
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�N�b�]��������8 PLC �d�h�g�l�j�h�e�_�j 

 
 
PLC �d�h�g�l�j�h�e�_�j�t�l �i�h�^�^�t�j�`�Z��Raspbian (Debian), Ubuntu, Windows 10 IoT Core, RISC OS, 

OSMC, OpenELEC �b���^�j�� 
�H�k�g�h�\�g�b�l�_���o�Z�j�Z�d�l�_�j�b�k�l�b�d�b���g�Z��PLC �d�h�g�l�j�h�e�_�j�Z �k�Z�� 

- CPU: Broadcom BCM2837 64-bit ARM Cortex-�$������ �4�X�D�G�� �&�R�U�H�� �3�U�R�F�H�V�V�R�U�� �6�R�&�� �g�Z��
1.2GHz; 

- �H�i�_�j�Z�l�b�\�g�Z���i�Z�f�_�l�������*�%���5�$�0�� 
- �%�&�0�������������:�L�)�L���g�Z���i�e�Z�l�d�Z�l�Z�� 
- �%�O�X�H�W�R�R�W�K���/�R�Z���(�Q�H�U�J�\�����%�/�(�����g�Z���i�e�Z�l�d�Z�l�Z�� 
- �*�3�8�����'�X�D�O���&�R�U�H���9�L�G�H�R�&�R�U�H���,�9�Š���0�X�O�W�L�P�H�G�L�D���&�R-Processor; 
- 40-�i�b�g�h�\���*�3�,�2���o�_�^�t�j�� 
- �����[���8�6�%���i�h�j�l�Z���k���b�a�o�h�^�_�g���l�h�d���^�h���������:�� 
- Low-�/�H�Y�H�O���i�_�j�b�n�_�j�b�y�� 

�9 27 x GPIO; 
�9 UART; 
�9 I2C �r�b�g�Z�� 
�9 �6�3�,���r�b�g�Z���k���^�\�Z���F�K�L�S���V�H�O�H�F�W���i�b�g�h�\�_�� 

- �:�m�^�b�h���b���\�b�^�_�h���b�a�o�h�^�b�� 
�9 �������f�f���`�Z�d���a�Z���d�h�f�i�h�a�b�l�_�g���Z�m�^�b�h���\�b�^�_�h���b�a�o�h�^�� 
�9 �K�l�Z�g�^�Z�j�l�_�g���+�'�0�,���b�a�o�h�^�����Y���������	���Y���������� 

- �&�6�,���i�h�j�l���a�Z���d�Z�f�_�j�Z�� 
- �'�6�,���^�b�k�i�e�_�c���i�h�j�l���a�Z���^�b�k�i�e�_�c���k���l�t�q�k�d�j�b�c�g�� 
- �I�t�e�g�Z���k�t�\�f�_�k�l�b�f�h�k�l���k���+�$�7���i�e�Z�l�d�b�l�_�����l�b�i���r�b�c�e�^���� 
- �K�e�h�l���a�Z���P�L�F�U�R���6�'���d�Z�j�l�Z�����a�Z���h�i�_�j�Z�p�b�h�g�g�Z���k�b�k�l�_�f�Z���b���k�t�o�j�Z�g�_�g�b�_���g�Z���^�Z�g�g�b�� 
- �A�Z�o�j�Z�g�\�Z�g�_�����k���0�L�F�U�R���8�6�%���d�h�g�_�d�l�h�j�����k���i�j�_�i�h�j�t�q�b�l�_�e�g�b���i�Z�j�Z�f�_�l�j�b�����9�#���$�� 

�x �J�Z�a�r�b�j�b�l�_�e�g�b�y�l�� �f�h�^�m�e�� �a�Z��PLC �d�h�g�l�j�h�e�_�j�Z���� �i�h�d�Z�a�Z�g�� �g�Z���n�b�]���� ����9���� �i�j�b�l�_�`�Z�\�Z�� �k�e�_�^�g�b�l�_��
�l�_�o�g�b�q�_�k�d�b���i�Z�j�Z�f�_�l�j�b���b���o�Z�j�Z�d�l�_�j�b�k�l�b�d�b�� 

- 8 �p�b�n�j�h�\�b���\�o�h�^�Z�� 
- �����p�b�n�j�h�\�b���b�a�o�h�^�Z�� 
- �H�i�p�b�y���j�_�a�_�j�\�g�h���a�Z�o�j�Z�g�\�Z�g�_�����Z�d�m�f�m�e�Z�l�h�j�g�h���� 
- �K�_�j�b�c�g�Z���d�h�f�m�g�b�d�Z�p�b�y���5�6�������� 
- �&�$�1���d�h�f�m�g�b�d�Z�p�b�y�� 
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�N�b�]��������9 �J�Z�a�r�b�j�b�l�_�e�_�g���f�h�^�m�e���a�Z��PLC �d�h�g�l�j�h�e�_�j�Z 

 
�x �<�b�a�m�Z�e�b�a�Z�p�b�y�l�Z�� �g�Z�� �i�j�h�p�_�k�b�l�_�� �k�_�� �i�j�_�^�k�l�Z�\�y���� �q�j�_�a�� �\�b�k�h�d�h�d�Z�q�_�k�l�\�_�g�b�y��LCD �^�b�k�i�e�_�c��ELO 

�?�L-1541L. 
 

Wi-�)�L���j�t�q�_�g���i�m�e�l���a�Z���m�i�j�Z�\�e�_�g�b�_ 
�J�t�q�g�b�y�l�� �i�m�e�l�� �b�a�i�h�e�a�\�Z��Wi-Fi �k�l�Z�g�^�Z�j�l�� �a�Z�� �d�h�f�m�g�b�d�Z�p�b�y�� �k�� �m�i�j�Z�\�e�_�g�b�_�l�h�� �g�Z��

�j�_�b�g�`�_�g�b�j�Z�g�b�y�� �j�h�[�h�l���� �K�t�k�l�h�b�� �k�_�� �h�l�� �^�\�Z�� �h�k�g�h�\�g�b�� �d�h�f�i�h�g�_�g�l�Z���± �i�j�b�_�f�g�b�d�� �b�� �i�j�_�^�Z�\�Z�l�_�e����
�I�j�_�^�h�k�l�Z�\�y���k�e�_�^�g�b�l�_���\�t�a�f�h�`�g�h�k�l�b�� 

- �f�h�g�h�o�j�h�f�_�g���^�b�k�i�e�_�c�����g�Z���d�h�c�l�h���k�_���i�h�d�Z�a�\�Z�l���d�h�h�j�^�b�g�Z�l�b�l�_���g�Z���j�h�[�h�l�Z�� 
- �^�\�_�� �h�i�p�b�b�� �a�Z�� �^�\�b�`�_�g�b�_�� �g�Z�� �j�h�[�h�l�Z�� �\�� �i�j�h�k�l�j�Z�g�k�l�\�h�l�h���± �h�k�� �i�h�� �h�k�� �b�� �d�Z�j�l�_�a�b�Z�g�g�h�� �i�h��

�d�h�h�j�^�b�g�Z�l�b���[�����\�����]�� 
- �i�j�h�]�j�Z�f�b�l�_���� �a�Z�i�Z�f�_�l�_�g�b�� �\�� �h�i�_�j�Z�l�h�j�k�d�b�y�� �i�Z�g�_�e���� �f�h�]�Z�l�� �^�Z�� �[�t�^�Z�l�� �b�a�i�t�e�g�y�\�Z�g�b��

�k�l�t�i�d�Z���i�h���k�l�t�i�d�Z�����q�j�_�a���[�m�l�h�g���h�l���j�t�q�g�b�y���i�m�e�l���a�Z���m�i�j�Z�\�e�_�g�b�_�� 
- �f�h�]�Z�l�� �^�Z�� �k�_�� �i�h�^�f�_�g�y�l�� �b�e�b�� �^�h�[�Z�\�y�l�� �h�l�^�_�e�g�b�� �l�h�q�d�b�� �\�� �i�j�h�]�j�Z�f�b�j�Z�g�b�y�� �i�t�l�� �a�Z��

�^�\�b�`�_�g�b�_���g�Z���j�h�[�h�l�Z�� 
- �i�j�_�^�h�k�l�Z�\�y���\�t�a�f�h�`�g�h�k�l���a�Z���j�t�q�g�h���m�i�j�Z�\�e�_�g�b�_���g�Z���d�j�Z�c�g�b�y���_�n�_�d�l�h�j�����o�\�Z�s�Z�q���� 
- �j�Z�a�i�h�e�Z�]�Z���k���[�m�l�h�g���a�Z���Z�\�Z�j�b�c�g�h���k�i�b�j�Z�g�_���g�Z���j�Z�[�h�l�Z�l�Z���g�Z���j�h�[�h�l�Z�� 
�G�Z���n�b�]��������0 �_���i�h�d�Z�a�Z�g��Wi-Fi �i�m�e�l���a�Z���m�i�j�Z�\�e�_�g�b�_���g�Z���j�_�b�g�`�_�g�b�j�Z�g�b�y���j�h�[�h�l��KUKA KR-150. 
�H�k�g�h�\�g�b�l�_���o�Z�j�Z�d�l�_�j�b�k�l�b�d�b���g�Z���j�t�q�g�b�y���i�m�e�l���k�Z���i�h�d�Z�a�Z�g�b���\���l�Z�[�e��������. 

�L�Z�[�e�b�p�Z������ �L�_�o�g�b�q�_�k�d�b���^�Z�g�g�b���b���i�Z�j�Z�f�_�l�j�b���g�Z���j�t�q�g�b�y���i�m�e�l���a�Z���m�i�j�Z�\�e�_�g�b�_���g�Z���j�_�b�g�`�_�g�b�j�Z�g�b�y���j�h�[�h�l��
KUKA KR-150 

�L�b�i���g�Z���^�b�k�i�e�_�y �/�&�'���k���i�h�^�k�\�_�l�d�Z 
�Q�_�k�l�h�l�g�b���e�_�g�l�b ISM, 433Mhz 

�B�a�l�h�q�g�b�d���g�Z���a�Z�o�j�Z�g�\�Z�g�_ �����$�$���[�Z�l�_�j�b�b 
�H�[�o�\�Z�l���g�Z���^�_�c�k�l�\�b�_ �������f�_�l�j�Z 

�J�Z�a�f�_�j�b�����^�t�e�`�b�g�Z���o���\�b�k�h�q�b�g�Z���o��
�r�b�j�h�q�b�g�Z�����f�f 

���������o�����������o������ 

�F�Z�d�k�b�f�Z�e�_�g���[�j�h�c���h�k�b���g�Z���m�i�j�Z�\�e�_�g�b�_ 6 
�;�j�h�c���n�m�g�d�p�b�h�g�Z�e�g�b���[�m�l�h�g�b 18 

�<�j�_�f�_���a�Z���h�l�]�h�\�h�j���i�j�b���^�h�i�b�j���g�Z��
�³�W�R�X�F�K�V�F�U�H�H�Q�´���^�b�k�i�e�_�y�����f�b�e�b�k�_�d�m�g�^�b 

16 

�L�_�]�e�h�����d�] 0.5 
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�N�b�]��������0 Wi-Fi  �i�m�e�l���a�Z���m�i�j�Z�\�e�_�g�b�_���g�Z���j�_�b�g�`�_�g�b�j�Z�g�b�y���j�h�[�h�l��KUKA KR-150 

�������i�j�_�\�d�e�x�q�\�Z�l�_�e��- �\�d�e�x�q�_�g�h���b�a�d�e�x�q�_�g�h �������[�m�l�h�g���a�Z���b�a�[�h�j���g�Z���h�k�b���a�Z���m�i�j�Z�\�e�_�g�b�_���± �h�k�b���:��-�:��  
3) �i�h�l�_�g�p�b�h�f�_�l�t�j���a�Z���b�a�[�h�j���g�Z���i�h�k�h�d�Z���b���m�i�j�Z�\�e�_�g�b�_���g�Z���^�\�b�`�_�g�b�_�l�h���g�Z���h�k�b�l�_���g�Z���j�h�[�h�l�Z���\���j�t�q�_�g���j�_�`�b�f 

 
 3.6.4. �J�Z�a�j�Z�[�h�l�\�Z�g�_���g�Z���i�j�b�e�h�`�g�b�y���k�h�n�l�m�_�j 

�D�Z�l�h�� �h�k�g�h�\�g�Z�� �i�e�Z�l�n�h�j�f�Z�� �a�Z�� �j�Z�a�j�Z�[�h�l�\�Z�g�_�l�h�� �g�Z�� �i�j�b�e�h�`�g�h�l�h�� �i�j�h�]�j�Z�f�g�h�� �h�k�b�]�m�j�y�\�Z�g�_���_��
�b�a�i�h�e�a�\�Z�g�Z�� �i�j�h�]�j�Z�f�g�Z�l�Z�� �k�j�_�^�Z��Qt���� �k�t�k�� �k�t�h�l�\�_�l�g�b�l�_�� �b�g�k�l�j�m�f�_�g�l�b�� �a�Z�� �j�Z�a�j�Z�[�h�l�d�Z��QtCreator, 
QtDesigner �b��QtLinguist���� �B�a�[�h�j�t�l���_�� �h�[�m�k�e�h�\�_�g�� �h�k�g�h�\�g�h�� �h�l�� �h�l�\�h�j�_�g�b�y�� �d�h�^���� �k�� �d�h�c�l�h�� �_��
�j�_�Z�e�b�a�b�j�Z�g�Z���k�j�_�^�Z�l�Z�����g�_�c�g�Z�l�Z���f�m�e�l�b�i�e�Z�l�n�h�j�f�_�g�h�k�l���b���i�h�^�^�j�t�`�d�Z�l�Z���g�Z���f�g�h�`�_�k�l�\�h���i�j�h�p�_�k�h�j�g�b��
�Z�j�o�b�l�_�d�l�m�j�b�� ���d�h�_�l�h�� �\�� �i�j�h�p�_�k�Z�� �g�Z�� �j�Z�a�\�b�l�b�_�l�h�� �g�Z�� �Z�i�Z�j�Z�l�g�h�l�h�� �h�k�b�]�m�j�y�\�Z�g�_�� �k�_�� �h�d�Z�a�\�Z�� �f�g�h�]�h��
�\�Z�`�g�h���k�\�h�c�k�l�\�h�������I �e�Z�l�n�h�j�f�Z�l�Z��Qt �i�j�_�^�h�k�l�Z�\�y���h�]�j�h�f�_�g���g�Z�[�h�j���h�l���\�]�j�Z�^�_�g�b���f�h�^�m�e�b�����i�h�d�j�b�\�Z�s��
�h�k�g�h�\�g�b�l�_���g�m�`�^�b���g�Z���i�j�b�e�h�`�g�h�l�h���i�j�h�]�j�Z�f�g�h���h�k�b�]�m�j�y�\�Z�g�_�����n�b�]��������1). 

 
�N�b�]��������1 �<�]�j�Z�^�_�g�b���f�h�^�m�e�b���\���i�j�h�]�j�Z�f�g�Z�l�Z���k�j�_�^�Z���a�Z���j�Z�a�j�Z�[�h�l�\�Z�g�_��Qt 

 
�B�a�b�k�d�\�Z�g�b�y�l�Z�� �d�t�f�� �i�j�b�e�h�`�g�h�l�h�� �i�j�h�]�j�Z�f�g�h�� �h�k�b�]�m�j�y�\�Z�g�_�� �a�Z�� �g�m�`�^�b�l�_�� �g�Z�� �i�j�h�_�d�l�Z�� �k�Z��

�d�h�f�i�e�_�d�k�g�b���b���j�Z�a�g�h�h�[�j�Z�a�g�b���b���k�_���]�j�m�i�b�j�Z�o�Z �\���k�e�_�^�g�b�l�_���h�k�g�h�\�g�b���d�h�f�i�h�g�_�g�l�b�� 
- �f�h�^�m�e�� �a�Z�� �d�h�f�m�g�b�d�Z�p�b�y�� �k�t�k�� �k�_�j�\�h�a�Z�^�\�b�`�\�Z�g�b�y�l�Z�� �g�Z�� �h�k�b�l�_�� �g�Z�� �n�m�g�d�p�b�h�g�Z�e�g�h��

�^�_�c�k�l�\�Z�s�b�y���e�Z�[�h�j�Z�l�h�j�_�g���f�h�^�_�e���g�Z���j�_�b�g�`�_�g�b�j�Z�g�b�y���j�h�[�h�l��KUKA KR-150; 
- �f�h�^�m�e���a�Z���k�b�g�l�_�a���g�Z���a�Z�^�Z�g�b�_�l�h���a�Z���^�\�b�`�_�g�b�_�l�h���g�Z���h�k�b�l�_�� 
- �f�h�^�m�e���a�Z���d�b�g�_�f�Z�l�b�q�g�h���f�h�^�_�e�b�j�Z�g�_���g�Z���j�h�[�h�l�Z�����i�j�Z�\�Z���b���h�[�j�Z�l�g�Z���d�b�g�_�f�Z�l�b�q�g�Z���a�Z�^�Z�q�Z���� 
- �f�h�^�m�e���a�Z���k�b�g�l�_�a���g�Z���^�\�b�`�_�g�b�y���\���^�_�d�Z�j�l�h�\�h�l�h���i�j�h�k�l�j�Z�g�k�l�\�h�� 
- �f�h�^�m�e���a�Z���h�[�j�Z�[�h�l�d�Z���g�Z���k�i�h�f�Z�]�Z�l�_�e�g�b�l�_���\�o�h�^�g�h-�b�a�o�h�^�g�b���k�b�]�g�Z�e�b�� 
- �f�h�^�m�e���a�Z���j�_�Z�e�b�a�Z�p�b�y���g�Z���[�Z�a�h�\�Z�l�Z���e�h�]�b�d�Z���g�Z���i�j�h�p�_�k�Z�� 
- �f�h�^�m�e���a�Z���k�b�g�l�_�a�����k�t�o�j�Z�g�_�g�b�_���b���h�[�j�Z�[�h�l�d�Z���g�Z���i�j�h�]�j�Z�f�b�j�Z�g�b���^�\�b�`�_�g�b�y�� 
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- �f�h�^�m�e���j�t�q�g�h���m�i�j�Z�\�e�_�g�b�_�� 
- �f�h�^�m�e���a�Z���]�j�Z�n�b�q�_�g���i�h�l�j�_�[�b�l�_�e�k�d�b���b�g�l�_�j�n�_�c�k�� 
- �f�h�^�m�e���k�i�h�f�Z�]�Z�l�_�e�g�b���n�m�g�d�p�b�b�� 

�G�Z���n�b�]�m�j�Z���n�b�]��������2 �k�Z���i�h�d�Z�a�Z�g�b���h�k�g�h�\�g�b�l�_���f�h�^�m�e�b���b���l�y�o�g�h�l�h���\�a�Z�b�f�h�^�_�c�k�l�\�b�_�� 

 
�N�b�]��������2 �H�k�g�h�\�g�b���f�h�^�m�e�b���b���\�a�Z�b�f�h�^�_�c�k�l�\�b�_�l�h���f�_�`�^�m���l�y�o���\���j�Z�a�j�Z�[�h�l�\�Z�g�b�y���k�h�n�l�m�_�j���a�Z���m�i�j�Z�\�e�_�g�b�_���g�Z��

�n�m�g�d�p�b�h�g�Z�e�g�h���^�_�c�k�l�\�Z�s�b�y���e�Z�[�h�j�Z�l�h�j�_�g���f�h�^�_�e���g�Z���j�_�b�g�`�_�g�b�j�Z�g�b�y���j�h�[�h�l��KUKA KR-150 
�H�i�b�k�Z�g�b�_�l�h�� �g�Z�� �h�l�^�_�e�g�b�l�_�� �f�h�^�m�e�b�� �b �j�_�Z�e�b�a�Z�p�b�y�l�Z�� �g�Z�� �k�h�n�l�m�_�j�g�h�l�h�� �h�k�b�]�m�j�y�\�Z�g�_�� �g�Z��

�j�_�b�g�`�_�g�b�j�Z�g�b�y���j�h�[�h�l���_���h�i�b�k�Z�g�Z���i�h-�^�h�e�m�� 

3.7. �F�h�^�m�e���a�Z���d�h�f�m�g�b�d�Z�p�b�y���k�t�k���k�_�j�\�h�a�Z�^�\�b�`�\�Z�g�b�y�l�Z���g�Z���h�k�b�l�_���g�Z���n�m�g�d�p�b�h�g�Z�e�g�h��
�^�_�c�k�l�\�Z�s�b�y���e�Z�[�h�j�Z�l�h�j�_�g���f�h�^�_�e���g�Z���j�_�b�g�`�_�g�b�j�Z�g�b�y���j�h�[�h�l���.�8�.�$���.�5-150 

�A�Z���^�Z���k�_���j�_�Z�e�b�a�b�j�Z���d�Z�d�\�h�l�h���b���^�Z���_���^�\�b�`�_�g�b�_���g�Z���n�m�g�d�p�b�h�g�Z�e�g�h���^�_�c�k�l�\�Z�s�b�y���e�Z�[�h�j�Z�l�h�j�_�g��
�f�h�^�_�e�� �g�Z�� �j�_�b�g�`�_�g�b�j�Z�g�b�y�� �j�h�[�h�l��KUKA KR-150 �_�� �g�_�h�[�o�h�^�b�f�h�� �^�Z�� �k�_�� �h�k�b�]�m�j�b�� �g�Z�^�_�`�^�g�Z��
�d�h�f�m�g�b�d�Z�p�b�y���f�_�`�^�m���i�h�l�j�_�[�b�l�_�e�k�d�h�l�h���i�j�h�]�j�Z�f�g�h���h�k�b�]�m�j�y�\�Z�g�_���b���k�_�j�\�h�a�Z�^�\�b�`�\�Z�g�b�y�l�Z���g�Z���h�k�b�l�_��
�g�Z���j�h�[�h�l�Z�����A�Z���p�_�e�l�Z �k�Z���j�Z�a�j�Z�[�h�l�_�g�b���^�\�_���h�k�g�h�\�g�b���k�o�_�f�b���a�Z���d�h�f�m�g�b�d�Z�p�b�y���± �g�Z���[�Z�a�Z�l�Z���g�Z���k�_�j�b�_�g��
�b�g�l�_�j�n�_�c�k��RS485 ���i�j�h�l�h�d�h�e��MODBUS�����b���g�Z���[�Z�a�Z�l�Z���g�Z���i�h-�[�t�j�a���b���h�i�l�b�f�b�a�b�j�Z�g���b�g�l�_�j�n�_�c�k��CAN 
BUS���� �I�t�j�\�b�y�l�� �\�Z�j�b�Z�g�l�� �[�_�r�_�� �b�a�[�j�Z�g�� �d�Z�l�h�� �g�Z�q�Z�e�g�Z�� �[�Z�a�Z���� �g�_�� �b�a�b�k�d�\�Z�s�Z�� �k�i�_�p�b�n�b�q�g�b�� �Z�i�Z�j�Z�l�g�b��
�k�j�_�^�k�l�\�Z���� �i�h�� �e�_�k�g�Z�� �b�� �[�t�j�a�Z�� �a�Z�� �j�_�Z�e�b�a�Z�p�b�y���� �k�� �p�_�e�� �g�Z�q�Z�e�g�h�� �b�a�k�e�_�^�\�Z�g�_�� �g�Z�� �i�h�\�_�^�_�g�b�_�l�h�� �g�Z��
�j�h�[�h�l�Z�� 

�F�h�^�m�e�t�l�� �_�� �j�_�Z�e�b�a�b�j�Z�g�� �d�Z�l�h�� �h�l�^�_�e�_�g�� �i�j�h�p�_�k�� ��thread������ �k�� �p�_�e�� �h�i�l�b�f�Z�e�g�h�� �b�a�i�h�e�a�\�Z�g�_�� �g�Z��
�\�t�a�f�h�`�g�h�k�l�b�l�_�� �g�Z�� �k�t�\�j�_�f�_�g�g�b�l�_�� �i�j�h�p�_�k�h�j�b�� ���g�Z�e�b�q�b�_�l�h�� �g�Z�� �i�h�\�_�q�_�� �h�l�� �_�^�g�h�� �b�a�q�b�k�e�b�l�_�e�g�h��
�y�^�j�h�������H�k�g�h�\�_�g�� �k�_�� �y�\�y�\�Z�� �d�e�Z�k�t�l��codeThread���� �d�h�c�l�h�� �h�k�b�]�m�j�y�\�Z�� �h�i�Z�r�d�Z�� �a�Z�� �^�Z�g�g�b�l�_�� �d�t�f��
�k�_�j�\�h�a�Z�^�\�b�`�\�Z�g�b�y�l�Z���� �d�Z�l�h�� �k�t�s�_�\�j�_�f�_�g�g�h�� �i�j�b�_�f�Z�� �b�� �\�Z�e�b�^�b�j�Z�� �i�h�e�m�q�_�g�b�l�_�� �h�l�� �a�Z�^�\�b�`�\�Z�g�b�y�l�Z��
�^�Z�g�g�b�� 

�G�Z���n�b�]��������3 �_���i�h�d�Z�a�Z�g�Z���k�l�j�m�d�l�m�j�Z�l�Z���g�Z���k�t�h�l�\�_�l�g�b�y���d�e�Z�k��  
 
�I�j�b�� �i�h�e�m�q�Z�\�Z�g�_�� �g�Z�� �^�Z�g�g�b�� �h�l�� �a�Z�^�\�b�`�\�Z�g�b�y�l�Z�� �k�_�� �]�_�g�_�j�b�j�Z�� �k�t�h�l�\�_�l�g�b�y�l�� �k�b�]�g�Z�e���� �d�h�c�l�h��

�a�Z�^�_�c�k�l�\�Z�� �i�j�h�p�_�^�m�j�Z�� �i�h�� �h�[�g�h�\�y�\�Z�g�_�l�h�� �g�Z�� �^�Z�g�g�b�l�_�� �a�Z�� �k�t�k�l�h�y�g�b�_�l�h�� �g�Z�� �h�k�b�l�_�� �\�t�\�� �\�t�l�j�_�r�g�b�y��
�d�e�Z�k��AxisFrame�����G�Z���n�b�]���������� �_���i�h�d�Z�a�Z�g�Z���k�l�j�m�d�l�m�j�Z�l�Z���g�Z���d�e�Z�k�Z�� 
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�N�b�]��������3 �K�l�j�m�d�l�m�j�Z���g�Z���d�e�Z�k�Z��codeThread �\���j�Z�a�j�Z�[�h�l�\�Z�g�b�y���k�h�n�l�m�_�j���a�Z���m�i�j�Z�\�e�_�g�b�_���g�Z���n�m�g�d�p�b�h�g�Z�e�g�h��

�^�_�c�k�l�\�Z�s�b�y���e�Z�[�h�j�Z�l�h�j�_�g���f�h�^�_�e���g�Z���j�_�b�g�`�_�g�b�j�Z�g�b�y���j�h�[�h�l��KUKA KR-150 
 
�J�_�Z�e�b�a�Z�p�b�y�l�Z�� �g�Z�� �h�k�g�h�\�Z�l�Z�� �g�Z��CAN BUS �b�g�l�_�j�n�_�c�k�� �k�_�� �j�Z�a�e�b�q�Z�\�Z�� �h�l�� �j�_�Z�e�b�a�Z�p�b�y�l�Z�� �g�Z��

�i�j�_�^�b�r�g�b�y�� �b�g�l�_�j�n�_�c�k�� �i�h�� �\�b�^�Z�� �g�Z�� �d�h�f�m�g�b�d�Z�p�b�h�g�g�b�y�� �d�e�Z�k���� �D�e�Z�k�t�l��CanWorkerThread �j�Z�[�h�l�b��
�h�l�g�h�\�h�� �d�Z�l�h�� �h�l�^�_�e�_�g�� �i�j�h�p�_�k���� �g�h�� �j�Z�a�e�b�d�Z�l�Z�� �b�^�\�Z�� �h�l�� �k�b�]�g�Z�e�b�a�b�j�Z�g�_�l�h�� �d�t�f�� �h�k�g�h�\�g�b�y�� �i�j�h�p�_�k����
�d�h�_�l�h�� �g�_�� �_�� �Z�k�b�g�o�j�h�g�g�h���� �q�j�_�a�� �h�i�Z�r�d�Z�� �g�Z�� �k�t�h�[�s�_�g�b�y�l�Z���� �Z�� �j�_�Z�e�g�h�� �p�y�e�Z�l�Z�� �i�h-�g�Z�l�Z�l�t�r�g�Z��
�h�[�j�Z�[�h�l�d�Z�� �k�_�� �b�a�\�t�j�r�\�Z�� �\�� �g�b�r�d�Z�l�Z�� �g�Z�� �d�h�f�m�g�b�d�Z�p�b�h�g�g�b�y�� �d�e�Z�k���� �I�h�� �l�h�a�b���g�Z�q�b�g�� �k�_�� �h�k�b�]�m�j�y�\�Z��
�[�e�b�a�d�Z���^�h���j�_�Z�e�g�h�l�h���\�j�_�f�_���h�[�j�Z�[�h�l�d�Z���b���k�t�h�l�\�_�l�g�h���]�_�g�_�j�b�j�Z�g�_���g�Z���a�Z�^�Z�g�b�_�l�h�� 
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�N�b�]���������� �K�l�j�m�d�l�m�j�Z���g�Z���d�e�Z�k�Z��AxisFrame �\���j�Z�a�j�Z�[�h�l�\�Z�g�b�y���k�h�n�l�m�_�j���a�Z���m�i�j�Z�\�e�_�g�b�_���g�Z���n�m�g�d�p�b�h�g�Z�e�g�h��

�^�_�c�k�l�\�Z�s�b�y���e�Z�[�h�j�Z�l�h�j�_�g���f�h�^�_�e���g�Z���j�_�b�g�`�_�g�b�j�Z�g�b�y���j�h�[�h�l��KUKA KR-150 
 
�H�k�\�_�g �k�t�o�j�Z�g�_�g�b�_�l�h�� �b�� �h�[�j�Z�[�h�l�d�Z�l�Z�� �g�Z�� �^�Z�g�g�b�l�_�� �a�Z�� �k�t�k�l�h�y�g�b�_�l�h�� �g�Z�� �k�t�h�l�\�_�l�g�Z�l�Z�� �h�k���� �l�h�a�b��

�d�e�Z�k���h�k�b�]�m�j�y�\�Z���b���]�j�Z�n�b�q�g�h���i�j�_�^�k�l�Z�\�y�g�_���g�Z���h�k�g�h�\�g�Z�l�Z���b�g�n�h�j�f�Z�p�b�y�����n�b�]��������5). 
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�N�b�]��������5 �=�j�Z�n�b�q�g�h���i�j�_�^�k�l�Z�\�y�g�_���g�Z���h�k�g�h�\�g�Z�l�Z���b�g�n�h�j�f�Z�p�b�y���h�l���d�e�Z�k�Z��AxisFrame �\���j�Z�a�j�Z�[�h�l�\�Z�g�b�y���k�h�n�l�m�_�j��
�a�Z���m�i�j�Z�\�e�_�g�b�_���g�Z���n�m�g�d�p�b�h�g�Z�e�g�h���^�_�c�k�l�\�Z�s�b�y���e�Z�[�h�j�Z�l�h�j�_�g���f�h�^�_�e���g�Z���j�_�b�g�`�_�g�b�j�Z�g�b�y���j�h�[�h�l��KUKA KR-150 

 

3.8. �F�h�^�m�e���a�Z���k�b�g�l�_�a���g�Z���a�Z�^�Z�g�b�_�l�h���a�Z���^�\�b�`�_�g�b�_�l�h���g�Z���h�k�b�l�_ 

�I�h�� �i�h�^�h�[�_�g�� �g�Z�q�b�g�� �g�Z�� �i�j�_�^�o�h�^�g�b�y�� �f�h�^�m�e�� �k�b�g�l�_�a�b�j�Z�g�_�l�h�� �g�Z�� �a�Z�^�Z�g�b�_�l�h�� �a�Z�� �^�\�b�`�_�g�b�_�� �g�Z��
�h�k�b�l�_�� �g�Z�� �j�h�[�h�l�Z�� �b�f�Z�� �^�\�_�� �\�_�j�k�b�b �± �_�^�g�Z�� �i�j�b�� �j�_�Z�e�b�a�Z�p�b�y�� �k�� �i�j�h�l�h�d�h�e��MODBUS �b�� �_�^�g�Z�� �i�j�b��
�j�_�Z�e�b�a�Z�p�b�y�� �k��CAN BUS���� �H�k�g�h�\�g�Z�l�Z�� �j�Z�a�e�b�d�Z�� �k�_�� �k�t�k�l�h�b�� �\�� �l�h�\�Z���� �q�_�� �i�j�b�� �i�t�j�\�Z�l�Z�� �\�_�j�k�b�y�� �k�_��
�b�a�i�j�Z�s�Z���a�Z�^�Z�g�b�_���a�Z���i�h�a�b�p�b�y���b���k�d�h�j�h�k�l�� �d�t�f�� �k�_�j�\�h�f�h�^�m�e�b�l�_���b���a�Z�d�h�g�Z���� �a�Z���^�\�b�`�_�g�b�_���g�Z���h�k�l�Z���k�_��
�h�i�j�_�^�_�e�y�� �h�l�� �k�_�j�\�h�a�Z�^�\�b�`�\�Z�g�_�l�h���� �I�j�b�� �\�l�h�j�b�y�� �\�Z�j�b�Z�g�l�� �d�t�f�� �k�_�j�\�h�f�h�^�m�e�Z�� �k�_�� �i�h�^�Z�\�Z�l�� �\�� �j�_�Z�e�g�h��
�\�j�_�f�_�� �k�Z�f�h�� �h�l�g�h�k�b�l�_�e�g�h�� �f�Z�e�d�b�� �i�j�_�f�_�k�l�\�Z�g�b�y�� �\�� �i�h�a�b�p�b�y�l�Z���� �Z�� �p�y�e�h�k�l�g�Z�l�Z�� �l�j�Z�_�d�l�h�j�b�y�� �k�_��
�]�_�g�_�j�b�j�Z���h�l���i�j�b�e�h�`�g�b�y���k�h�n�l�m�_�j�����L�h�\�Z���^�Z�\�Z���\�t�a�f�h�`�g�h�k�l���a�Z���f�g�h�]�h���i�h-�i�j�_�p�b�a�g�Z���k�b�g�o�j�h�g�b�a�Z�p�b�y��
�g�Z�� �h�k�b�l�_���� �d�h�_�l�h�� �_�� �h�k�h�[�_�g�h�� �\�Z�`�g�h�� �i�j�b�� �j�_�Z�e�b�a�b�j�Z�g�_�l�h�� �g�Z�� �k�e�_�^�\�Z�s�b�y�� �f�h�^�m�e�� �a�Z�� �]�_�g�_�j�b�j�Z�g�_�� �g�Z��
�^�\�b�`�_�g�b�y���\���^�_�d�Z�j�l�h�\�h�l�h���i�j�h�k�l�j�Z�g�k�l�\�h�����A�Z���d�j�Z�l�d�h�k�l���g�Z���b�a�e�h�`�_�g�b�_�l�h���l�m�d���s�_���[�t�^�_���h�i�b�k�Z�g���k�Z�f�h��
�\�Z�j�b�Z�g�l�Z���g�Z���[�Z�a�Z�l�Z���g�Z��CAN BUS �i�j�h�l�h�d�h�e�� 

�J�_�Z�e�b�a�Z�p�b�y�l�Z���k�_���k�t�k�l�h�b���h�l���g�Z�[�h�j���n�m�g�d�p�b�b���b���d�e�Z�k�h�\�_�� 
- �n�m�g�d�p�b�y���a�Z���k�t�a�^�Z�\�Z�g�_���g�Z���a�Z�^�Z�g�b�_�l�h���a�Z���^�\�b�`�_�g�b�_���g�Z���r�_�k�l�l�_���h�k�b���g�Z���j�h�[�h�l�Z (�l�Z�[�e��������); 

�L�Z�[�e�b�p�Z������ �N�m�g�d�p�b�y���a�Z���k�t�a�^�Z�\�Z�g�_���g�Z���a�Z�^�Z�g�b�_�l�h���a�Z���^�\�b�`�_�g�b�_���g�Z���r�_�k�l�l�_���h�k�b���g�Z���j�h�[�h�l�Z 
void MainWindow::createJointsTrajectory(int speed) 
{  

     QList<qreal> b,e; 

     for(int i=0;i<6;i++){  
         b.append(axises[i] ->getPosition()); 
         e.append(axises[i] ->getTargetPosition()); 
     }  
     pTrajectory.setupJointsTrajectory(b,e,speed,CANSCANMS*4); 

}  

- �d�e�Z�k���a�Z���k�b�g�l�_�a�b�j�Z�g�_���g�Z���l�j�Z�_�d�l�h�j�b�b��- �a�Z���k�b�g�l�_�a�b�j�Z�g�_�l�h���g�Z���l�j�Z�_�d�l�h�j�b�y�l�Z���a�Z���^�\�b�`�_�g�b�_���\��
�i�j�h�k�l�j�Z�g�k�l�\�h�l�h���g�Z���h�k�b�l�_���g�Z���j�h�[�h�l�Z���k�_���b�a�i�h�e�a�\�Z���i�h�e�b�g�h�f���h�l���i�_�l�Z �k�l�_�i�_�g���h�l���\�b�^�Z�� 

 
 
�I�j�b���]�j�Z�g�b�q�g�b���m�k�e�h�\�b�y���a�Z���g�m�e�_�\�Z���g�Z�q�Z�e�g�Z���b���d�j�Z�c�g�Z���k�d�h�j�h�k�l���b���g�m�e�_�\�h���g�Z�q�Z�e�g�h���b���d�j�Z�c�g�h��

�m�k�d�h�j�_�g�b�_�����f�h�]�Z�l���^�Z���k�_���b�a�q�b�k�e�y�l���d�h�_�n�b�p�b�_�g�l�b�l�_���g�Z���i�h�e�b�g�h�f�Z 
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a0 = 0, a1 = 0, a2 = 0, a3 = 10, a4 � ���í���������D5 = 6. 
�I�j�b�� �l�h�a�b�� �f�h�^�_�e�� �g�Z�� �k�b�g�l�_�a�b�j�Z�g�_�� �g�Z�� �l�j�Z�_�d�l�h�j�b�b�l�_�� �k�_�� �i�h�e�m�q�Z�\�Z�l�� �k�e�_�^�g�b�l�_�� �]�j�Z�n�b�d�b�� �a�Z��

�i�h�a�b�p�b�y�����k�d�h�j�h�k�l���b���m�k�d�h�j�_�g�b�_�����n�b�]��������6); 

 
�N�b�]��������6 �=�j�Z�n�b�d�b���a�Z���i�h�a�b�p�b�y�����k�d�h�j�h�k�l���b���m�k�d�h�j�_�g�b�_���i�j�b���l�h�a�b���f�h�^�_�e���g�Z���k�b�g�l�_�a�b�j�Z�g�_���g�Z���l�j�Z�_�d�l�h�j�b�b�l�_ 

 
- �N�m�g�d�p�b�y���a�Z���b�a�i�t�e�g�_�g�b�_���g�Z���]�_�g�_�j�b�j�Z�g�Z�l�Z���l�j�Z�_�d�l�h�j�b�y���g�Z���h�k�b�l�_ �l�Z�[�e��������: 

�L�Z�[�e�b�p�Z������ �N�m�g�d�p�b�y���a�Z���b�a�i�t�e�g�_�g�b�_���g�Z���]�_�g�_�j�b�j�Z�g�Z�l�Z���l�j�Z�_�d�l�h�j�b�y���g�Z���h�k�b�l�_ 
        case ServoJointsMove: 
        {             
            moveJoints(); 
            if (pTrajectory.timeIncrement(0)){  
                pTrajectory.timeIncrement(CANSCANMS); 
            }  
            else servoMode=ServoEndCartesianMove; 

        }  
            break; 
 
void MainWindow::moveJoints() 
{  
    bool converge=true; 
    CommandsData d; 
    CommandStruct cs; 
    QList<qreal> newP=pTrajectory.getJointForTime(pTrajectory.getCurrentTime()); 
    for(int i=0;i<6;i++){  
        cs.axPos[i]= axises[i] ->getPosition(); 
        cs.axSpeed[i]= 0; 
    }  
    cs.speed=0; 
    d.setBeginPos(cs); 

    for(int i=0;i<6;i++){  

        double axNewPos=newP.at(i); 
        cs.axPos[i]=axNewPos; 
        axNewPos=axises[i] ->getPositionAngle(); 
        if (axises[i] ->isAxEnabled()){ 
            if (axUpperLimits[i]&&   axNewPos>axUpperLimits[i]){  
                converge=false; 
                qDebug()<<"Limits"<<i+1<<cs.axPos[i]<<axUpperLimits[i];  
            }  
            if (axLowerLimits[i]&&axNewPos<axLowerLimits[i]){  
                converge=false; 
                qDebug()<<"Limits"<<i+1<<cs.axPos[i]<<axUpperLimits[i];  
            }  
        }  

        cs.axSpeed[i]= 0; 
    }  
    cs.command=MOVETO; 


















































































































































































































































































