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Sammandrag

En ºkande grad av automation i samhªllet krªver b¬de forskning och utveckling av metoder, strategier samt

verktyg fºr att framtidens fabriker skall klara av att producera produkter b¬de p¬ ett sªkert och effektivt sªtt.

Detta projekt ªr givet av Instutitionen fºr Industri och Materialvetenskap p¬ Chalmers Tekniska Hºgskola.

Bilfabriken ªr ett kollaborativt projekt som ªr delat mellan tre kandidatarbetsgrupper.

Genom att anvªnda plattformen 3DEXPERIENCE, som p¬ senare tid har bºrjat anvªndas hos flera stora

svenska fºretag s¬som Volvo, Scania, SAAB, ABB och SKF, kommer grupperna att gemensamt arbeta mot

m¬let som ªr att skapa en produktionscell dªr en nedskalad bilkaross skall monteras p¬ ett sªtt som efter-

liknar punktsvetsning. Gruppens roll ªr att fysiskt bygga stationen dªr flera robotar kommer anvªndas fºr

att montera bilen. N¬gra av gruppens centrala omr¬den inkluderar programmering av styrsystem, sensorer,

ihopfogninsmetoder, inmªtning, samt tillverkning av robotverktyg, verktygsstªll och fixturer.

Genom fºrbindelsen mellan de tre grupperna och arbetet ºver den kollaborativa plattformen 3DEXPERI-

ENCE, skapas en vªrdefull samarbetsstruktur som ger m¬nga fºrdelar och stor flexibilitet. Det ger ªven

mºjlighet till att jobba virtuellt i form av en digital tvilling. Projektet efterliknar ocks¬ till viss del den ar-

betsstruktur som kan observeras ute i industrin vilket skapar ett realistisk fºrh¬llningssªtt till uppdraget.



Kandidatarbete

Abstract

An increasing degree of automation in society requires both research and development of methods, strategies

and tools for the factories of the future to be able to produce products both in a safe and efficient manner.

This project is given byDepartment of Industry andMaterials Science at Chalmers University of Technology.

Bilfabriken is a collaborative project that is divided between three bachelor groups.

By using the 3DEXPERIENCE platform, which several large Swedish companies such as Volvo, Scania,

SAAB, ABB and SKF has begun to implement, the groups will work together towards the goal of creating

a production cell where a scaled-down car body will be mounted in a way which mimics spot welding. The

role of this group is to physically build the station where several robots will be used to assemble the car.

Some of the central areas of the group include programming of control systems, sensors, joining methods,

measurement, and design as well as manufacturing of robotic tools, tool racks and fixtures.

Through the connection between the three groups and the usage of the collaborative platform 3DEXPERI-

ENCE, a valuable collaboration structure is created that provides many benefits and great flexibility. It also

provides the opportunity to work virtually in the form of a digital twin. The project also to some extent mimics

the work structure that can be observed in the industry which creates a realistic approach to the assignment.
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Fºrord
Projektet Bilfabrikens monteringsstation utfºrs av fyra studenter i samverkan med tv¬ andra kandidatgrupper

under v¬rterminen 2022. Valet av kandidatarbete gjordes d¬ gruppmedlemmarna alla var intresserade av att

lªra sig mer om vad som krªvs i en fabrik fºr att mºjliggºra automatiserad tillverkning. I gruppen finns tre

studenter fr¬n avdelningen Maskinteknik och en fr¬n avdelningen Automation och Mekatronik p¬ Chalmers.

Vi vill tacka v¬r examinator Dr. Henrik Kihlman fºr att vi f¬tt mºjligheten lªra oss mer inom dessa omr¬den

som intresserar oss genom att utfºra detta examensarbete. Vi vill ªven tacka v¬r handledare Per Nyquist fºr

hans vªgledning under arbetets g¬ng samt den kunskap han har delat med sig om inom de omr¬den som var

nya fºr oss. Avslutningsvis vill vi ocks¬ tacka de andra tv¬ kandidatgrupperna inom Bilfabriken fºr ett vªl

fungerande samarbete och en bra gruppdynamik.
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�S�H�U �V�H�N�X�Q�G �W�L�O�O �V�N�L�O�O�Q�D�G �I�U�n�Q �G�H�W �D�X�W�R�P�D�W�L�V�N�D �O�l�J�H�W �G�n �������� �P�P �S�H�U �V�H�N�X�Q�G �W�L�O�O�n�W�V��

�3�U�R�J�U�D�P�P�H�U�L�Q�J�H�Q �D�Y �U�R�E�R�W�H�Q �J�|�U�V �P�H�G �S�U�R�J�U�D�P�P�H�U�L�Q�J�V�V�S�U�n�N�H�W �5�D�S�L�G �V�R�P �l�U �V�S�U�n�N�H�W �$�%�% �K�D�U �V�N�D�S�D�W �I�|�U �D�W�W
�V�W�\�U�D �$�%�%���U�R�E�R�W�D�U�Q�D�� �)�|�U �D�W�W �V�W�\�U�D �P�D�Q�L�S�X�O�D�W�R�U�Q�� �G�H�W �Y�L�O�O �V�l�J�D �V�M�l�O�Y�D �U�R�E�R�W�H�Q�� �D�Q�Y�l�Q�G�V �N�L�Q�H�P�D�W�L�N�� �.�L�Q�H�P�D�W�L�N�H�Q
�l�U �K�X�U �G�H�W �E�H�V�W�l�P�G�D �N�R�R�U�G�L�Q�D�W�V�\�V�W�H�P�H�W �D�Q�Y�l�Q�G�V �I�|�U �D�W�W �E�H�V�N�U�L�Y�D �E�n�G�H �U�R�W�D�W�L�R�Q �R�F�K �W�U�D�Q�V�O�D�W�L�R�Q �D�Y �U�R�E�R�W�H�Q�V �O�H�G�H�U��
�'�H�W�W�D �J�|�U�V �P�H�G �K�M�l�O�S �D�Y �W�U�D�Q�V�I�R�U�P�D�W�L�R�Q�V�P�D�W�U�L�V�H�U �V�R�P �P�X�O�W�L�S�O�L�F�H�U�D�V �L�K�R�S �Y�L�O�N�H�W �J�H�U �S�R�V�L�W�L�R�Q�H�Q �D�Y �G�H�Q �V�L�V�W�D
�O�H�G�H�Q �L �I�|�U�K�n�O�O�D�Q�G�H �W�L�O�O �H�[�H�P�S�H�O�Y�L�V �U�R�E�R�W�H�Q�V �E�D�V�N�R�R�U�G�L�Q�D�W�V�\�V�W�H�P ���%�H�Q���$�U�L �R�F�K �0�R�Q�G�D�G�D�� ������������ �5�R�E�R�W�D�U�Q�D
�D�Q�Y�l�Q�G�H�U �l�Y�H�Q �S�Q�H�X�P�D�W�L�N �I�|�U �D�W�W �I�l�V�W�D �Y�H�U�N�W�\�J �R�F�K �I�|�U �D�W�W �D�Q�Y�l�Q�G�D �Y�H�U�N�W�\�J�H�Q�V �I�X�Q�N�W�L�R�Q�H�U�� �H�[�H�P�S�H�O�Y�L�V �V�X�J�D �W�D�J
�L �I�|�U�H�P�n�O �H�O�O�H�U �D�N�W�L�Y�H�U�D �R�O�L�N�D �Y�H�U�N�W�\�J �V�R�P �H�Q �J�U�L�S�N�O�R �H�O�O�H�U �H�W�W �V�X�J�Y�H�U�N�W�\�J�� �)�|�U �S�Q�H�X�P�D�W�L�N�H�Q �D�Q�Y�l�Q�G�V �I�U�l�P�V�W
�V�O�D�Q�J�D�U �L �V�W�R�U�O�H�N�H�Q ���P�P �R�F�K ���P�P �L �G�L�D�P�H�W�H�U��

��
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�)�L�J�X�U ���� �'�H �W�U�H �R�O�L�N�D �U�R�E�R�W�P�R�G�H�O�O�H�U�Q�D��

���D�� �/�L�W�H�Q ���,�5�% �������� ���E�� �0�H�O�O�D�Q�V�W�R�U ���,�5�% �������������F�� �6�W�R�U ���,�5�% ����������

���������� �'�H �R�O�L�N�D �N�R�R�U�G�L�Q�D�W�V�\�V�W�H�P�H�Q

�'�H�W �H�[�L�V�W�H�U�D�U �R�O�L�N�D �N�R�R�U�G�L�Q�D�W�V�\�V�W�H�P �L �U�R�E�R�W�F�H�O�O�H�Q �G�l�U �G�H �P�H�V�W �F�H�Q�W�U�D�O�D �S�U�H�V�H�Q�W�H�U�D�V �K�l�U�� �8�W�J�n�Q�J�V�S�X�Q�N�W�H�Q �l�U
�H�W�W �J�O�R�E�D�O�W �N�R�R�U�G�L�Q�D�W�V�\�V�W�H�P �V�R�P �O�L�J�J�H�U �L �K�|�U�Q�H�W �D�Y �P�R�Q�W�H�U�L�Q�J�V�F�H�O�O�H�Q�� �, �G�H�W�W�D �E�H�I�L�Q�Q�H�U �V�L�J �U�R�E�R�W�D�U�Q�D�V �E�D�V�N�R��
�R�U�G�L�Q�D�W�V�\�V�W�H�P�� �9�D�U�M�H �U�R�E�R�W �K�D�U �R�F�N�V�n �L �V�L�Q �W�X�U �H�W�W �N�R�R�U�G�L�Q�D�W�V�\�V�W�H�P �L �Y�D�U�M�H �O�H�G�� �6�O�X�W�O�L�J�H�Q �I�L�Q�Q�V �G�H�W �l�Y�H�Q �H�W�W
�N�R�R�U�G�L�Q�D�W�V�\�V�W�H�P �L �V�L�V�W�D �O�H�G�H�Q �G�l�U �Y�H�U�N�W�\�J�H�W �l�U �S�O�D�F�H�U�D�W�� �$�O�O�D �G�H�V�V�D �D�Q�Y�l�Q�G�V �I�|�U �D�W�W �V�\�V�W�H�P�D�W�L�V�N�W �E�H�U�l�N�Q�D �K�X�U
�U�R�E�R�W�D�U�Q�D �V�N�D�O�O �U�|�U�D �V�L�J �I�|�U �D�W�W �Q�n �H�Q �Y�L�V�V �S�R�V�L�W�L�R�Q�� �R�F�K �l�Y�H�Q �K�X�U �U�R�E�R�W�D�U�Q�D �l�U �S�R�V�L�W�L�R�Q�H�U�D�G�H �L �I�|�U�K�n�O�O�D�Q�G�H �W�L�O�O
�Y�D�U�D�Q�G�U�D�� �.�R�R�U�G�L�Q�D�W�V�\�V�W�H�P �l�U �\�W�W�H�U�V�W �Q�|�G�Y�l�Q�G�L�J�W �I�|�U �D�W�W �|�Y�H�U �K�X�Y�X�G �W�D�J�H�W �N�X�Q�Q�D �N�|�U�D �R�F�K �S�U�R�J�U�D�P�P�H�U�D �U�R�E�R��
�W�D�U�Q�D�� �6�W�R�U �K�l�Q�V�\�Q �P�n�V�W�H �W�D�V �I�|�U �D�W�W �D�O�O�D �U�R�E�R�W�D�U�Q�D �V�N�D�O�O �S�R�V�L�W�L�R�Q�H�U�D �V�L�J �U�l�W�W�� �0�D�Q �N�D�Q �l�Y�H�Q �V�N�D�S�D�Z�R�U�N�R�E�M�H�F�W�V
�V�R�P �l�U �N�R�R�U�G�L�Q�D�W�V�\�V�W�H�P �Y�L�O�N�D �U�R�E�R�W�H�Q �N�D�Q �X�W�J�n �I�U�n�Q �Q�l�U �G�H�Q �V�N�D �X�W�I�|�U�D �V�L�Q�D �U�|�U�H�O�V�H�U�� �'�H�W�W�D �N�D�Q �Y�D�U�D �D�Q�Y�l�Q�G��
�E�D�U�W �H�[�H�P�S�H�O�Y�L�V �I�|�U �D�W�W �O�l�W�W�D�U�H �G�H�I�L�Q�L�H�U�D �K�X�U �U�R�E�R�W�D�U�Q�D �V�N�D�O�O �U�|�U�D �V�L�J�� �b�Y�H�Q �L�I�D�O�O �P�D�Q �E�H�K�|�Y�H�U �I�|�U�I�O�\�W�W�D �G�H�V�V�D
�N�R�R�U�G�L�Q�D�W�V�\�V�W�H�P �V�n �N�D�Q �G�H�W�D�U�J�H�W�V���S�R�V�L�W�L�R�Q�H�U �V�R�P �U�R�E�R�W�H�Q �I�O�\�W�W�D�U �V�L�J �W�L�O�O�� �O�l�W�W �I�O�\�W�W�D�V �P�H�G �R�P �G�H �l�U �G�H�I�L�Q�L�H�U�D�G�H
�L �Z�R�U�N�R�E�M�H�F�W�H�W�V��

���������� �7�U�|�J�K�H�W�V�P�R�P�H�Q�W

�9�L�G �U�R�E�R�W�U�|�U�H�O�V�H�U �L �K�|�J�U�H �K�D�V�W�L�J�K�H�W�H�U �P�H�G �W�\�Q�J�U�H �Y�H�U�N�W�\�J �V�n �K�D�U �W�U�|�J�K�H�W�V�P�R�P�H�Q�W�H�W �H�Q �L�Q�Y�H�U�N�D�Q�� �5�R�E�R�W�H�Q �D�Q��
�Y�l�Q�G�H�U �Y�H�U�N�W�\�J�H�Q�V �Y�L�N�W �R�F�K �P�D�V�V�F�H�Q�W�U�X�P �I�|�U �D�W�W �E�H�U�l�N�Q�D �W�U�|�J�K�H�W�V�P�R�P�H�Q�W�H�W �V�R�P �L �V�L�Q �W�X�U �D�Q�Y�l�Q�G�V �I�|�U �D�W�W �V�W�\�U�D
�U�R�E�R�W�H�Q�V �U�|�U�H�O�V�H�U�� �5�R�E�R�W�H�Q �W�D�U �K�l�Q�V�\�Q �W�L�O�O �W�U�|�J�K�H�W�V�P�R�P�H�Q�W�H�W �I�|�U �D�W�W �V�W�\�U�D �D�F�F�H�O�H�U�D�W�L�R�Q �R�F�K �K�D�V�W�L�J�K�H�W �Q�l�U �U�R�E�R�W�U�|��
�U�H�O�V�H�U �X�W�I�|�U�V�� �9�L�N�W�H�Q �R�F�K �W�U�|�J�K�H�W�V�P�R�P�H�Q�W�H�Q �S�n �G�H �Y�H�U�N�W�\�J �V�R�P �D�Q�Y�l�Q�G�V �L �G�H�W �K�l�U �I�D�O�O�H�W �l�U �L �S�U�L�Q�F�L�S �I�|�U�V�X�P�E�D�U�D �L
�U�H�O�D�W�L�R�Q �W�L�O�O �U�R�E�R�W�D�U�Q�D�V �V�S�H�F�L�I�L�N�D�W�L�R�Q�H�U�� �(�[�H�P�S�H�O�Y�L�V �R�P �H�W�W �Y�H�U�N�W�\�J �Y�l�J�H�U �� �N�L�O�R �R�F�K �U�R�E�R�W�H�Q �H�Q�O�L�J�W �V�S�H�F�L�I�L�N�D�W�L�R�Q
�V�N�D �N�X�Q�Q�D �K�D�Q�W�H�U�D ������ �N�J�� �V�n �E�O�L�U �Y�H�U�N�W�\�J�H�W�V �W�\�Q�J�G �L �S�U�L�Q�F�L�S �K�H�O�W �I�|�U�V�X�P�E�D�U �Q�l�U �U�R�E�R�W�H�Q �E�H�U�l�N�Q�D�U �N�L�Q�H�P�D�W�L�N�H�Q��
�, �W�D�E�H�O�O �� �S�U�H�V�H�Q�W�H�U�D�V �V�D�P�W�O�L�J�D �Y�H�U�N�W�\�J�V �Y�L�N�W�H�U��
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�7�D�E�H�O�O �����9�L�N�W�H�U �I�|�U �Y�H�U�N�W�\�J

���������� �.�R�O�O�L�V�L�R�Q�V�N�R�Q�W�U�R�O�O

�$�%�%���V �G�H�W�H�N�W�L�R�Q �I�|�U �N�R�O�O�L�V�L�R�Q �l�U �P�\�F�N�H�W �V�R�I�L�V�W�L�N�H�U�D�G �R�F�K �I�X�Q�J�H�U�D�U �J�H�Q�R�P �D�W�W �G�H�Q �O�H�W�D�U �H�I�W�H�U �R�Q�R�U�P�D�O�D �Y�U�L�G��
�P�R�P�H�Q�W �L �D�O�O�D �D�[�O�D�U ���$�%�%�� ���������D���� �'�H�W�H�N�W�L�R�Q�V�V�\�V�W�H�P�H�W �I�X�Q�J�H�U�D�U �K�H�O�W �X�W�D�Q �Q�n�J�U�D �H�[�W�U�D �P�H�N�D�Q�L�V�N�D �G�H�O�D�U �H�O�O�H�U
�N�D�E�O�D�J�H�� �1�l�U �H�Q �N�R�O�O�L�V�L�R�Q �X�S�S�W�l�F�N�W�V �E�D�F�N�D�U �U�R�E�R�W�H�Q �H�W�W �S�D�U �P�L�O�O�L�P�H�W�H�U �R�F�K �V�W�D�Q�Q�D�U �V�H�G�D�Q�� �'�l�U�H�I�W�H�U �N�D�Q �P�D�Q
�V�W�\�U�D �G�H�Q �P�D�Q�X�H�O�O�W �H�O�O�H�U �V�W�D�U�W�D �R�P �S�U�R�J�U�D�P�P�H�W��

������ ���'���X�W�V�N�U�L�I�W�H�U

�'�H ���'���V�N�U�L�Y�D�U�H �J�U�X�S�S�H�Q �K�D�U �W�L�O�O�J�l�Q�J�O�L�J�D �l�U �D�Y �P�R�G�H�O�O�H�Q �2�U�L�J�L�Q�D�O �3�U�X�V�D �L�� �P�N�� ���3�5�8�6�$ �U�H�V�H�D�U�F�K�� ������������ �)�|�U
�D�W�W �I�n �H�Q �K�|�J�S�U�H�V�W�H�U�D�Q�G�H ���'���X�W�V�N�U�L�I�W �N�U�l�Y�V �G�H�W �H�Q �V�W�D�E�L�O�W �J�n�H�Q�G�H �V�N�U�L�Y�D�U�H �V�R�P �N�D�Q �N�R�P�P�D �X�S�S �L �W�L�O�O�U�l�F�N�O�L�J�W �K�|�J
�W�H�P�S�H�U�D�W�X�U ���%�L�U�N�H�O�L�G �P�� �I�O���� ������������ �, �X�Q�G�H�U�V�|�N�Q�L�Q�J�H�Q �W�H�V�W�D�V �S�U�H�V�W�D�Q�G�D�Q �S�n�3�U�X�V�D �L�� �P�N���R�F�K �G�l�U �U�H�G�R�Y�L�V�D�V �D�W�W
�V�N�U�L�Y�D�U�H�Q�V �P�X�Q�V�W�\�F�N�H �N�R�P�P�H�U �X�S�S �L �H�Q �W�H�P�S�H�U�D�W�X�U �S�n ������ �J�U�D�G�H�U �F�H�O�F�L�X�V �V�D�P�W �H�Q �W�H�P�S�H�U�D�W�X�U �S�n �S�O�D�W�W�D�Q �S�n ������
�J�U�D�G�H�U �F�H�O�F�L�X�V�� �7�L�O�O �V�M�l�O�Y�D �V�N�U�L�Y�D�U�H�Q �D�Q�Y�l�Q�G�V �P�M�X�N�Y�D�U�D�Q�3�U�X�V�D�6�O�L�F�H�U�� �H�W�W �W�L�O�O�K�|�U�D�Q�G�H �S�U�R�J�U�D�P �W�L�O�O �V�N�U�L�Y�D�U�H�Q �V�R�P
�W�D�U �H�Q �G�L�J�L�W�D�O �U�L�W�Q�L�Q�J �R�F�K �S�O�D�Q�H�U�D�U �X�S�S �V�N�U�L�Y�D�U�H�Q�V �D�U�E�H�W�H�� �'�H�W�W�D �S�U�R�J�U�D�P �W�L�O�O�n�W�H�U �H�Q �6�7�/���U�L�W�Q�L�Q�J �V�R�P �Y�D�Q�O�L�J�W�Y�L�V
�H�[�S�R�U�W�H�U�D�V �I�U�n�Q �&�$�'�� �D�W�W �G�H�O�D �X�S�S �J�H�R�P�H�W�U�L�Q �L �H�Q �S�O�D�Q�H�U�D�G �U�X�W�W �I�|�U �V�N�U�L�Y�D�U�H�Q �V�n �D�W�W �G�H�Q �N�D�Q �V�N�U�L�Y�D �X�W �R�E�M�H�N�W�H�W
�P�H�G �V�W�|�G�P�D�W�H�U�L�D�O�� �'�H�W�W�D �I�|�U �D�W�W �X�W�V�N�U�L�I�W�H�Q �V�N�D�O�O �Y�D�U�D �V�W�D�E�L�O �X�Q�G�H�U �S�U�R�F�H�G�X�U�H�Q �V�n �D�W�W �S�U�H�F�L�V�L�R�Q�H�Q �E�L�E�H�K�n�O�O�V��

������ �,�Q�P�l�W�Q�L�Q�J

�8�Q�G�H�U �S�U�R�M�H�N�W�H�W�V �J�n�Q�J �J�M�R�U�G�H�V �L�Q�P�l�W�Q�L�Q�J�D�U �D�Y �R�O�L�N�D �W�\�S�H�U �I�|�U �D�W�W �G�L�J�L�W�D�O�D���W�Y�L�O�O�L�Q�J�J�U�X�S�S�H�Q �V�N�X�O�O�H �N�X�Q�Q�D �J�|�U�D
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