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1 	Thermomechanical properties: stress 

�� �G�L�V�W�U�L�E�X�W�L�R�Q ���O�H�I�W�� �D�Q�G �W�H�P�S�H�U�D�W�X�U�H �G�L�V�W�U�L�E�X�W�L�R�Q ���U�L�J�K�W����

�� ���7�K�U�H�H �G�L�I�I�H�U�H�Q�W �P�H�O�W �H�M�H�F�W�L�R�Q �P�R�G�H�V��

Task

�+�L�J�K�O�\���V�W�U�H�V�V�H�G���F�R�P�S�R�Q�H�Q�W�V���R�I���W�R�G�D�\�B�V���J�D�V���W�X�U�E�L�Q�H�V���D�U�H���P�D�Q�X-

�I�D�F�W�X�U�H�G���R�X�W���R�I���W�K�H�U�P�D�O���E�D�U�U�L�H�U���F�R�D�W�L�Q�J���V�\�V�W�H�P�V�����7�K�H�V�H���F�R�Q�V�L�V�W��

of a high-temperature-resistant base material, a primer layer 

�D�Q�G���D���F�H�U�D�P�L�F���W�K�H�U�P�D�O���E�D�U�U�L�H�U���F�R�D�W�L�Q�J�����,�Q���W�K�H�����O�P���F�R�R�O�L�Q�J�����D��

�F�R�R�O�L�Q�J��� �X�L�G��� �R�Z�V���W�K�U�R�X�J�K���W�K�H���L�Q�W�U�R�G�X�F�H�G���F�R�R�O�L�Q�J���K�R�O�H�V���D�Q�G��

�W�K�H�Q���I�R�U�P�V���D���F�R�R�O�L�Q�J�����O�P���R�Q���W�K�H���V�L�G�H���D�F�W�H�G���X�S�R�Q���E�\���W�K�H���K�R�W��

�J�D�V���F�R�P�S�R�Q�H�Q�W�����,�I���W�K�H���F�R�R�O�L�Q�J���F�K�D�Q�Q�H�O�V���D�U�H���S�U�R�G�X�F�H�G���E�\���O�D�V�H�U��

drilling, delamination cracks can occur between the layer 

�F�R�P�S�R�Q�H�Q�W�V�����)�X�U�W�K�H�U�P�R�U�H�����D���S�U�R�Q�R�X�Q�F�H�G���P�H�O�W���H�M�H�F�W�L�R�Q���D�W���W�K�H��

�K�R�O�H���H�Q�W�U�\���F�D�Q���G�D�P�D�J�H���W�K�H���R�S�W�L�F�D�O���V�\�V�W�H�P�����,�Q���W�K�L�V���F�R�Q�W�H�[�W�����W�K�H��

project aims to identify suitable process settings to optimize 

�W�K�H���G�U�L�O�O�L�Q�J���S�U�R�F�H�V�V��

Method

With the aid of reduced models, fast process simulations have 

been developed which allow users to analyze large areas of 

the parameter space and to create process maps for process 

�V�H�W�W�L�Q�J���R�Q���W�K�L�V���E�D�V�L�V��

Results

�7�R���G�H�V�F�U�L�E�H���G�H�O�D�P�L�Q�D�W�L�R�Q���F�U�D�F�N�V�����)�U�D�X�Q�K�R�I�H�U���,�/�7�����U�V�W���V�L�P�X�O�D�W�H�G��

the thermo-mechanical behavior of the multi-layer system 

�D�V���W�K�H���G�U�L�O�O���K�R�O�H���I�R�U�P�H�G�����)�L�J�������������%�D�V�H�G���R�Q���W�K�L�V�����L�W���G�H�Y�H�O�R�S�H�G��

a reduced model that provides a substitute criterion for the 

�I�R�U�P�D�W�L�R�Q���R�I���F�U�D�F�N�V�����)�X�U�W�K�H�U�P�R�U�H�����W�K�H���L�Q�V�W�L�W�X�W�H���G�H�Y�H�O�R�S�H�G��

�D���P�R�G�H�O���I�R�U���W�K�H���P�H�O�W���H�M�H�F�W�L�R�Q���D�W���W�K�H���G�U�L�O�O���K�R�O�H���H�Q�W�U�D�Q�F�H�����,�Q��

particular, three different modes of melt ejection could be 

�L�G�H�Q�W�L���H�G���D�Q�G���H�[�S�H�U�L�P�H�Q�W�D�O�O�\���F�R�Q���U�P�H�G�����)�L�J����������

Applications

In addition to applications in laser drilling, the developed 

�P�R�G�H�O�V���F�D�Q���D�O�V�R���E�H���X�V�H�G���L�Q���R�W�K�H�U���P�D�Q�X�I�D�F�W�X�U�L�Q�J���S�U�R�F�H�V�V�H�V����

The substitute criterion for delamination cracks can be trans-

�I�H�U�U�H�G�����I�R�U���H�[�D�P�S�O�H�����W�R���W�K�H���F�U�D�F�N�L�Q�J���R�I���D�G�G�L�W�L�Y�H�O�\���P�D�Q�X�I�D�F�W�X�U�H�G��

�F�R�P�S�R�Q�H�Q�W�V�����7�K�H���P�H�O�W���H�M�H�F�W�L�R�Q���P�R�G�H�O���P�D�\���E�H���H�[�S�D�Q�G�H�G�����I�R�U��

�H�[�D�P�S�O�H�����W�R���G�H�V�F�U�L�E�H���W�K�H���G�\�Q�D�P�L�F���S�U�R�S�H�U�W�L�H�V���R�I���W�K�H���D�E�V�R�U�E�H�U��

layer in »laser-induced forward transfer« (LIFT), a process for 

�W�K�H���V�L�W�H���V�H�O�H�F�W�L�Y�H���W�U�D�Q�V�I�H�U���R�I���E�L�R�P�D�W�H�U�L�D�O�V���D�Q�G���F�H�O�O�V��
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FOR LASER DRILLING  
OF MULTILAYER SYSTEMS

1 2


