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Histórico (resumido) de robôs com pernas
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1970 1980

Purely passive dynamics
(McGeer, 1990)The pre-robotic period 

First walking machines were 
tele-operated by humans: GE 

Walking Truck (~1960s)

First computer-controller 
robot (Raiber, 70s – 80s)

First Humanoid Robot
(1973 - Waseda

University, Japan)

ZMP concept
(Vukobratovic, 1972)

1990 2000

P2
(Honda, 1996)
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Histórico (resumido) de robôs com pernas
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2000 2010 2020

ASIMO, 
Honda (2000)

iCub
(IIT, 2009)

HRP-2
(Kawada, 2002)

Walkman
(IIT, 2015)

Toro
(DLR, 2013)

BigDog, Boston Dynamics (2008)
Atlas, Boston Dynamics (2019)

HyQ, IIT (2010)

ANYmal, ETH 
(2016)

HyQReal, IIT (2019)
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Base de suporte (BoS)
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Pés
BoS

Polígono formado pela envoltória convexa 
dos pontos de contato com o ambiente

http://creativecommons.org/licenses/by-nc-nd/4.0/
http://creativecommons.org/licenses/by-nc-nd/4.0/
http://creativecommons.org/licenses/by-nc-nd/4.0/
http://creativecommons.org/licenses/by-nc-nd/4.0/
http://creativecommons.org/licenses/by-nc-nd/4.0/
http://creativecommons.org/licenses/by-nc-nd/4.0/
http://creativecommons.org/licenses/by-nc-nd/4.0/
http://creativecommons.org/licenses/by-nc-nd/4.0/
http://creativecommons.org/licenses/by-nc-nd/4.0/
http://creativecommons.org/licenses/by-nc-nd/4.0/
http://creativecommons.org/licenses/by-nc-nd/4.0/
http://creativecommons.org/licenses/by-nc-nd/4.0/


Au
la 

pa
ss

ad
a…

ARCLab SEM5950/0586 — Prof. Dr. Thiago Boaventura

Base de suporte (BoS)
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Estabilidade estática
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Centro de Pressão (CoP)
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Ponto por onde 
passa a força 
resultante das 
forças de interação
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Centro de Pressão (CoP)
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Torques no CoP
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<latexit sha1_base64="LWNzxTIfClLnY5plT7sIa7lzAgg=">AAAB/nicdVDLSgMxFL1TX7W+qi7dBIvgqsyIoMuiG5ct2Ae0pWTSO21oJhmSjFCHgnu3+gvuxK2/4h/4Gc60FVofBwKHc+4rx48EN9Z1P5zcyura+kZ+s7C1vbO7V9w/aBgVa4Z1poTSLZ8aFFxi3XIrsBVppKEvsOmPrjO/eYfacCVv7TjCbkgHkgecUZtKtfteseSV3SmI+4t8WyWYo9orfnb6isUhSssENabtuZHtJlRbzgROCp3YYETZiA6wnVJJQzTdZHrohJykSp8ESqdPWjJVFzsSGhozDv20MqR2aH56mfiX145tcNlNuIxii5LNFgWxIFaR7NekzzUyK8YpoUzz9FbChlRTZtNslrZks61SwkwWo/mfNM7Knlv2auelytU8pDwcwTGcggcXUIEbqEIdGCA8whM8Ow/Oi/PqvM1Kc8685xCW4Lx/Aboylss=</latexit><latexit sha1_base64="LWNzxTIfClLnY5plT7sIa7lzAgg=">AAAB/nicdVDLSgMxFL1TX7W+qi7dBIvgqsyIoMuiG5ct2Ae0pWTSO21oJhmSjFCHgnu3+gvuxK2/4h/4Gc60FVofBwKHc+4rx48EN9Z1P5zcyura+kZ+s7C1vbO7V9w/aBgVa4Z1poTSLZ8aFFxi3XIrsBVppKEvsOmPrjO/eYfacCVv7TjCbkgHkgecUZtKtfteseSV3SmI+4t8WyWYo9orfnb6isUhSssENabtuZHtJlRbzgROCp3YYETZiA6wnVJJQzTdZHrohJykSp8ESqdPWjJVFzsSGhozDv20MqR2aH56mfiX145tcNlNuIxii5LNFgWxIFaR7NekzzUyK8YpoUzz9FbChlRTZtNslrZks61SwkwWo/mfNM7Knlv2auelytU8pDwcwTGcggcXUIEbqEIdGCA8whM8Ow/Oi/PqvM1Kc8685xCW4Lx/Aboylss=</latexit><latexit sha1_base64="LWNzxTIfClLnY5plT7sIa7lzAgg=">AAAB/nicdVDLSgMxFL1TX7W+qi7dBIvgqsyIoMuiG5ct2Ae0pWTSO21oJhmSjFCHgnu3+gvuxK2/4h/4Gc60FVofBwKHc+4rx48EN9Z1P5zcyura+kZ+s7C1vbO7V9w/aBgVa4Z1poTSLZ8aFFxi3XIrsBVppKEvsOmPrjO/eYfacCVv7TjCbkgHkgecUZtKtfteseSV3SmI+4t8WyWYo9orfnb6isUhSssENabtuZHtJlRbzgROCp3YYETZiA6wnVJJQzTdZHrohJykSp8ESqdPWjJVFzsSGhozDv20MqR2aH56mfiX145tcNlNuIxii5LNFgWxIFaR7NekzzUyK8YpoUzz9FbChlRTZtNslrZks61SwkwWo/mfNM7Knlv2auelytU8pDwcwTGcggcXUIEbqEIdGCA8whM8Ow/Oi/PqvM1Kc8685xCW4Lx/Aboylss=</latexit><latexit sha1_base64="LWNzxTIfClLnY5plT7sIa7lzAgg=">AAAB/nicdVDLSgMxFL1TX7W+qi7dBIvgqsyIoMuiG5ct2Ae0pWTSO21oJhmSjFCHgnu3+gvuxK2/4h/4Gc60FVofBwKHc+4rx48EN9Z1P5zcyura+kZ+s7C1vbO7V9w/aBgVa4Z1poTSLZ8aFFxi3XIrsBVppKEvsOmPrjO/eYfacCVv7TjCbkgHkgecUZtKtfteseSV3SmI+4t8WyWYo9orfnb6isUhSssENabtuZHtJlRbzgROCp3YYETZiA6wnVJJQzTdZHrohJykSp8ESqdPWjJVFzsSGhozDv20MqR2aH56mfiX145tcNlNuIxii5LNFgWxIFaR7NekzzUyK8YpoUzz9FbChlRTZtNslrZks61SwkwWo/mfNM7Knlv2auelytU8pDwcwTGcggcXUIEbqEIdGCA8whM8Ow/Oi/PqvM1Kc8685xCW4Lx/Aboylss=</latexit>
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fz1
<latexit sha1_base64="AOvQBKEhX2bqvb15zSm9ABgH9Cg=">AAACBHicdVDLSgMxFM34rPVVdekmWARXQ6bWtsuiG5cV7APaYcikmTY0MxmSjFCHbt271V9wJ279D//AzzAzrWBFDwQO59ybe+/xY86URujDWlldW9/YLGwVt3d29/ZLB4cdJRJJaJsILmTPx4pyFtG2ZprTXiwpDn1Ou/7kKvO7d1QqJqJbPY2pG+JRxAJGsDZSN/DSe8+ZeaUyslHNqaEGRHa1Vr3IiVOp1Ovn0LFRjjJYoOWVPgdDQZKQRppwrFTfQbF2Uyw1I5zOioNE0RiTCR7RvqERDqly03zdGTw1yhAGQpoXaZirPztSHCo1DX1TGWI9Vr+9TPzL6yc6aLgpi+JE04jMBwUJh1rA7HY4ZJISzaeGYCKZ2RWSMZaYaJPQ0pTsby0EV1k03/fD/0mnYjsmr5tquXm5CKkAjsEJOAMOqIMmuAYt0AYETMAjeALP1oP1Yr1ab/PSFWvRcwSWYL1/AbnnmZk=</latexit><latexit sha1_base64="AOvQBKEhX2bqvb15zSm9ABgH9Cg=">AAACBHicdVDLSgMxFM34rPVVdekmWARXQ6bWtsuiG5cV7APaYcikmTY0MxmSjFCHbt271V9wJ279D//AzzAzrWBFDwQO59ybe+/xY86URujDWlldW9/YLGwVt3d29/ZLB4cdJRJJaJsILmTPx4pyFtG2ZprTXiwpDn1Ou/7kKvO7d1QqJqJbPY2pG+JRxAJGsDZSN/DSe8+ZeaUyslHNqaEGRHa1Vr3IiVOp1Ovn0LFRjjJYoOWVPgdDQZKQRppwrFTfQbF2Uyw1I5zOioNE0RiTCR7RvqERDqly03zdGTw1yhAGQpoXaZirPztSHCo1DX1TGWI9Vr+9TPzL6yc6aLgpi+JE04jMBwUJh1rA7HY4ZJISzaeGYCKZ2RWSMZaYaJPQ0pTsby0EV1k03/fD/0mnYjsmr5tquXm5CKkAjsEJOAMOqIMmuAYt0AYETMAjeALP1oP1Yr1ab/PSFWvRcwSWYL1/AbnnmZk=</latexit><latexit sha1_base64="AOvQBKEhX2bqvb15zSm9ABgH9Cg=">AAACBHicdVDLSgMxFM34rPVVdekmWARXQ6bWtsuiG5cV7APaYcikmTY0MxmSjFCHbt271V9wJ279D//AzzAzrWBFDwQO59ybe+/xY86URujDWlldW9/YLGwVt3d29/ZLB4cdJRJJaJsILmTPx4pyFtG2ZprTXiwpDn1Ou/7kKvO7d1QqJqJbPY2pG+JRxAJGsDZSN/DSe8+ZeaUyslHNqaEGRHa1Vr3IiVOp1Ovn0LFRjjJYoOWVPgdDQZKQRppwrFTfQbF2Uyw1I5zOioNE0RiTCR7RvqERDqly03zdGTw1yhAGQpoXaZirPztSHCo1DX1TGWI9Vr+9TPzL6yc6aLgpi+JE04jMBwUJh1rA7HY4ZJISzaeGYCKZ2RWSMZaYaJPQ0pTsby0EV1k03/fD/0mnYjsmr5tquXm5CKkAjsEJOAMOqIMmuAYt0AYETMAjeALP1oP1Yr1ab/PSFWvRcwSWYL1/AbnnmZk=</latexit><latexit sha1_base64="AOvQBKEhX2bqvb15zSm9ABgH9Cg=">AAACBHicdVDLSgMxFM34rPVVdekmWARXQ6bWtsuiG5cV7APaYcikmTY0MxmSjFCHbt271V9wJ279D//AzzAzrWBFDwQO59ybe+/xY86URujDWlldW9/YLGwVt3d29/ZLB4cdJRJJaJsILmTPx4pyFtG2ZprTXiwpDn1Ou/7kKvO7d1QqJqJbPY2pG+JRxAJGsDZSN/DSe8+ZeaUyslHNqaEGRHa1Vr3IiVOp1Ovn0LFRjjJYoOWVPgdDQZKQRppwrFTfQbF2Uyw1I5zOioNE0RiTCR7RvqERDqly03zdGTw1yhAGQpoXaZirPztSHCo1DX1TGWI9Vr+9TPzL6yc6aLgpi+JE04jMBwUJh1rA7HY4ZJISzaeGYCKZ2RWSMZaYaJPQ0pTsby0EV1k03/fD/0mnYjsmr5tquXm5CKkAjsEJOAMOqIMmuAYt0AYETMAjeALP1oP1Yr1ab/PSFWvRcwSWYL1/AbnnmZk=</latexit>

fz2
<latexit sha1_base64="4u9rzexPDmwxGSu1A+jQ6wId1/k=">AAACBHicdVDLSgMxFM34rPVVdekmWARXw0ytbZdFNy4r2Ae0w5BJM21oJhmSjFCHbt271V9wJ279D//AzzAzrWBFDwQO59ybe+8JYkaVdpwPa2V1bX1js7BV3N7Z3dsvHRx2lEgkJm0smJC9ACnCKCdtTTUjvVgSFAWMdIPJVeZ374hUVPBbPY2JF6ERpyHFSBupG/rpvV+Z+aWyYzs1t+Y0oGNXa9WLnLiVSr1+Dl3byVEGC7T80udgKHASEa4xQ0r1XSfWXoqkppiRWXGQKBIjPEEj0jeUo4goL83XncFTowxhKKR5XMNc/dmRokipaRSYygjpsfrtZeJfXj/RYcNLKY8TTTieDwoTBrWA2e1wSCXBmk0NQVhSsyvEYyQR1iahpSnZ31oIprJovu+H/5NOxXZNXjfVcvNyEVIBHIMTcAZcUAdNcA1aoA0wmIBH8ASerQfrxXq13ualK9ai5wgswXr/AruCmZo=</latexit><latexit sha1_base64="4u9rzexPDmwxGSu1A+jQ6wId1/k=">AAACBHicdVDLSgMxFM34rPVVdekmWARXw0ytbZdFNy4r2Ae0w5BJM21oJhmSjFCHbt271V9wJ279D//AzzAzrWBFDwQO59ybe+8JYkaVdpwPa2V1bX1js7BV3N7Z3dsvHRx2lEgkJm0smJC9ACnCKCdtTTUjvVgSFAWMdIPJVeZ374hUVPBbPY2JF6ERpyHFSBupG/rpvV+Z+aWyYzs1t+Y0oGNXa9WLnLiVSr1+Dl3byVEGC7T80udgKHASEa4xQ0r1XSfWXoqkppiRWXGQKBIjPEEj0jeUo4goL83XncFTowxhKKR5XMNc/dmRokipaRSYygjpsfrtZeJfXj/RYcNLKY8TTTieDwoTBrWA2e1wSCXBmk0NQVhSsyvEYyQR1iahpSnZ31oIprJovu+H/5NOxXZNXjfVcvNyEVIBHIMTcAZcUAdNcA1aoA0wmIBH8ASerQfrxXq13ualK9ai5wgswXr/AruCmZo=</latexit><latexit sha1_base64="4u9rzexPDmwxGSu1A+jQ6wId1/k=">AAACBHicdVDLSgMxFM34rPVVdekmWARXw0ytbZdFNy4r2Ae0w5BJM21oJhmSjFCHbt271V9wJ279D//AzzAzrWBFDwQO59ybe+8JYkaVdpwPa2V1bX1js7BV3N7Z3dsvHRx2lEgkJm0smJC9ACnCKCdtTTUjvVgSFAWMdIPJVeZ374hUVPBbPY2JF6ERpyHFSBupG/rpvV+Z+aWyYzs1t+Y0oGNXa9WLnLiVSr1+Dl3byVEGC7T80udgKHASEa4xQ0r1XSfWXoqkppiRWXGQKBIjPEEj0jeUo4goL83XncFTowxhKKR5XMNc/dmRokipaRSYygjpsfrtZeJfXj/RYcNLKY8TTTieDwoTBrWA2e1wSCXBmk0NQVhSsyvEYyQR1iahpSnZ31oIprJovu+H/5NOxXZNXjfVcvNyEVIBHIMTcAZcUAdNcA1aoA0wmIBH8ASerQfrxXq13ualK9ai5wgswXr/AruCmZo=</latexit><latexit sha1_base64="4u9rzexPDmwxGSu1A+jQ6wId1/k=">AAACBHicdVDLSgMxFM34rPVVdekmWARXw0ytbZdFNy4r2Ae0w5BJM21oJhmSjFCHbt271V9wJ279D//AzzAzrWBFDwQO59ybe+8JYkaVdpwPa2V1bX1js7BV3N7Z3dsvHRx2lEgkJm0smJC9ACnCKCdtTTUjvVgSFAWMdIPJVeZ374hUVPBbPY2JF6ERpyHFSBupG/rpvV+Z+aWyYzs1t+Y0oGNXa9WLnLiVSr1+Dl3byVEGC7T80udgKHASEa4xQ0r1XSfWXoqkppiRWXGQKBIjPEEj0jeUo4goL83XncFTowxhKKR5XMNc/dmRokipaRSYygjpsfrtZeJfXj/RYcNLKY8TTTieDwoTBrWA2e1wSCXBmk0NQVhSsyvEYyQR1iahpSnZ31oIprJovu+H/5NOxXZNXjfVcvNyEVIBHIMTcAZcUAdNcA1aoA0wmIBH8ASerQfrxXq13ualK9ai5wgswXr/AruCmZo=</latexit>

fz3
<latexit sha1_base64="Mk05QNJs+CJvnc94HBjBbmunTkI=">AAACBHicdVDLTgIxFO3gC/GFunTTSExckQ4gsCRx4xISAROYTDqlAw2d6aTtmOCExJV7t/oL7oxb/8M/8DPsDJiI0ZM0OTnn9j6OF3GmNEIfVm5tfWNzK79d2Nnd2z8oHh71lIgloV0iuJA3HlaUs5B2NdOc3kSS4sDjtO9NL1O/f0ulYiK81rOIOgEeh8xnBGsj9X03uXOrc7dYQmVUt+uoCVG5Vq9dZMSuVBqNKrTLKEMJLNF2i5/DkSBxQENNOFZqYKNIOwmWmhFO54VhrGiEyRSP6cDQEAdUOUm27hyeGWUEfSHNCzXM1J8/EhwoNQs8UxlgPVG/vVT8yxvE2m86CQujWNOQLAb5MYdawPR2OGKSEs1nhmAimdkVkgmWmGiT0MqUtLcWgqs0mu/74f+kVynbJq9OrdTq3C9CyoMTcArOgQ0aoAWuQBt0AQFT8AiewLP1YL1Yr9bbojRnLYM9Biuw3r8A56CaKg==</latexit><latexit sha1_base64="Mk05QNJs+CJvnc94HBjBbmunTkI=">AAACBHicdVDLTgIxFO3gC/GFunTTSExckQ4gsCRx4xISAROYTDqlAw2d6aTtmOCExJV7t/oL7oxb/8M/8DPsDJiI0ZM0OTnn9j6OF3GmNEIfVm5tfWNzK79d2Nnd2z8oHh71lIgloV0iuJA3HlaUs5B2NdOc3kSS4sDjtO9NL1O/f0ulYiK81rOIOgEeh8xnBGsj9X03uXOrc7dYQmVUt+uoCVG5Vq9dZMSuVBqNKrTLKEMJLNF2i5/DkSBxQENNOFZqYKNIOwmWmhFO54VhrGiEyRSP6cDQEAdUOUm27hyeGWUEfSHNCzXM1J8/EhwoNQs8UxlgPVG/vVT8yxvE2m86CQujWNOQLAb5MYdawPR2OGKSEs1nhmAimdkVkgmWmGiT0MqUtLcWgqs0mu/74f+kVynbJq9OrdTq3C9CyoMTcArOgQ0aoAWuQBt0AQFT8AiewLP1YL1Yr9bbojRnLYM9Biuw3r8A56CaKg==</latexit><latexit sha1_base64="Mk05QNJs+CJvnc94HBjBbmunTkI=">AAACBHicdVDLTgIxFO3gC/GFunTTSExckQ4gsCRx4xISAROYTDqlAw2d6aTtmOCExJV7t/oL7oxb/8M/8DPsDJiI0ZM0OTnn9j6OF3GmNEIfVm5tfWNzK79d2Nnd2z8oHh71lIgloV0iuJA3HlaUs5B2NdOc3kSS4sDjtO9NL1O/f0ulYiK81rOIOgEeh8xnBGsj9X03uXOrc7dYQmVUt+uoCVG5Vq9dZMSuVBqNKrTLKEMJLNF2i5/DkSBxQENNOFZqYKNIOwmWmhFO54VhrGiEyRSP6cDQEAdUOUm27hyeGWUEfSHNCzXM1J8/EhwoNQs8UxlgPVG/vVT8yxvE2m86CQujWNOQLAb5MYdawPR2OGKSEs1nhmAimdkVkgmWmGiT0MqUtLcWgqs0mu/74f+kVynbJq9OrdTq3C9CyoMTcArOgQ0aoAWuQBt0AQFT8AiewLP1YL1Yr9bbojRnLYM9Biuw3r8A56CaKg==</latexit><latexit sha1_base64="Mk05QNJs+CJvnc94HBjBbmunTkI=">AAACBHicdVDLTgIxFO3gC/GFunTTSExckQ4gsCRx4xISAROYTDqlAw2d6aTtmOCExJV7t/oL7oxb/8M/8DPsDJiI0ZM0OTnn9j6OF3GmNEIfVm5tfWNzK79d2Nnd2z8oHh71lIgloV0iuJA3HlaUs5B2NdOc3kSS4sDjtO9NL1O/f0ulYiK81rOIOgEeh8xnBGsj9X03uXOrc7dYQmVUt+uoCVG5Vq9dZMSuVBqNKrTLKEMJLNF2i5/DkSBxQENNOFZqYKNIOwmWmhFO54VhrGiEyRSP6cDQEAdUOUm27hyeGWUEfSHNCzXM1J8/EhwoNQs8UxlgPVG/vVT8yxvE2m86CQujWNOQLAb5MYdawPR2OGKSEs1nhmAimdkVkgmWmGiT0MqUtLcWgqs0mu/74f+kVynbJq9OrdTq3C9CyoMTcArOgQ0aoAWuQBt0AQFT8AiewLP1YL1Yr9bbojRnLYM9Biuw3r8A56CaKg==</latexit>

fz4
<latexit sha1_base64="GuvzA1iLTq/jX32osFFW9Zepm30=">AAACBHicdVDLSsNAFJ3UV62vqks3g0VwFZIa2y4Lbly2YB/QhjCZTtqhk0yYmQg1FFy5d6u/4E7c+h/+gZ/hJK1gRQ8MHM65cx/HjxmVyrI+jMLa+sbmVnG7tLO7t39QPjzqSp4ITDqYMy76PpKE0Yh0FFWM9GNBUOgz0vOnV5nfuyVCUh7dqFlM3BCNIxpQjJSWeoGX3nnO3CtXLNOq2TWrAS3TqTmXObGr1Xr9AtqmlaMClmh55c/hiOMkJJHCDEk5sK1YuSkSimJG5qVhIkmM8BSNyUDTCIVEumm+7hyeaWUEAy70ixTM1Z8/UhRKOQt9XRkiNZG/vUz8yxskKmi4KY3iRJEILwYFCYOKw+x2OKKCYMVmmiAsqN4V4gkSCCud0MqUrLfinMksmu/74f+kWzVtnVfbqTTb94uQiuAEnIJzYIM6aIJr0AIdgMEUPIIn8Gw8GC/Gq/G2KC0Yy2CPwQqM9y/pO5or</latexit><latexit sha1_base64="GuvzA1iLTq/jX32osFFW9Zepm30=">AAACBHicdVDLSsNAFJ3UV62vqks3g0VwFZIa2y4Lbly2YB/QhjCZTtqhk0yYmQg1FFy5d6u/4E7c+h/+gZ/hJK1gRQ8MHM65cx/HjxmVyrI+jMLa+sbmVnG7tLO7t39QPjzqSp4ITDqYMy76PpKE0Yh0FFWM9GNBUOgz0vOnV5nfuyVCUh7dqFlM3BCNIxpQjJSWeoGX3nnO3CtXLNOq2TWrAS3TqTmXObGr1Xr9AtqmlaMClmh55c/hiOMkJJHCDEk5sK1YuSkSimJG5qVhIkmM8BSNyUDTCIVEumm+7hyeaWUEAy70ixTM1Z8/UhRKOQt9XRkiNZG/vUz8yxskKmi4KY3iRJEILwYFCYOKw+x2OKKCYMVmmiAsqN4V4gkSCCud0MqUrLfinMksmu/74f+kWzVtnVfbqTTb94uQiuAEnIJzYIM6aIJr0AIdgMEUPIIn8Gw8GC/Gq/G2KC0Yy2CPwQqM9y/pO5or</latexit><latexit sha1_base64="GuvzA1iLTq/jX32osFFW9Zepm30=">AAACBHicdVDLSsNAFJ3UV62vqks3g0VwFZIa2y4Lbly2YB/QhjCZTtqhk0yYmQg1FFy5d6u/4E7c+h/+gZ/hJK1gRQ8MHM65cx/HjxmVyrI+jMLa+sbmVnG7tLO7t39QPjzqSp4ITDqYMy76PpKE0Yh0FFWM9GNBUOgz0vOnV5nfuyVCUh7dqFlM3BCNIxpQjJSWeoGX3nnO3CtXLNOq2TWrAS3TqTmXObGr1Xr9AtqmlaMClmh55c/hiOMkJJHCDEk5sK1YuSkSimJG5qVhIkmM8BSNyUDTCIVEumm+7hyeaWUEAy70ixTM1Z8/UhRKOQt9XRkiNZG/vUz8yxskKmi4KY3iRJEILwYFCYOKw+x2OKKCYMVmmiAsqN4V4gkSCCud0MqUrLfinMksmu/74f+kWzVtnVfbqTTb94uQiuAEnIJzYIM6aIJr0AIdgMEUPIIn8Gw8GC/Gq/G2KC0Yy2CPwQqM9y/pO5or</latexit><latexit sha1_base64="GuvzA1iLTq/jX32osFFW9Zepm30=">AAACBHicdVDLSsNAFJ3UV62vqks3g0VwFZIa2y4Lbly2YB/QhjCZTtqhk0yYmQg1FFy5d6u/4E7c+h/+gZ/hJK1gRQ8MHM65cx/HjxmVyrI+jMLa+sbmVnG7tLO7t39QPjzqSp4ITDqYMy76PpKE0Yh0FFWM9GNBUOgz0vOnV5nfuyVCUh7dqFlM3BCNIxpQjJSWeoGX3nnO3CtXLNOq2TWrAS3TqTmXObGr1Xr9AtqmlaMClmh55c/hiOMkJJHCDEk5sK1YuSkSimJG5qVhIkmM8BSNyUDTCIVEumm+7hyeaWUEAy70ixTM1Z8/UhRKOQt9XRkiNZG/vUz8yxskKmi4KY3iRJEILwYFCYOKw+x2OKKCYMVmmiAsqN4V4gkSCCud0MqUrLfinMksmu/74f+kWzVtnVfbqTTb94uQiuAEnIJzYIM6aIJr0AIdgMEUPIIn8Gw8GC/Gq/G2KC0Yy2CPwQqM9y/pO5or</latexit>

Superfície horizontal:

http://creativecommons.org/licenses/by-nc-nd/4.0/
http://creativecommons.org/licenses/by-nc-nd/4.0/
http://creativecommons.org/licenses/by-nc-nd/4.0/
http://creativecommons.org/licenses/by-nc-nd/4.0/
http://creativecommons.org/licenses/by-nc-nd/4.0/
http://creativecommons.org/licenses/by-nc-nd/4.0/
http://creativecommons.org/licenses/by-nc-nd/4.0/
http://creativecommons.org/licenses/by-nc-nd/4.0/
http://creativecommons.org/licenses/by-nc-nd/4.0/
http://creativecommons.org/licenses/by-nc-nd/4.0/
http://creativecommons.org/licenses/by-nc-nd/4.0/
http://creativecommons.org/licenses/by-nc-nd/4.0/
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z
<latexit sha1_base64="LWNzxTIfClLnY5plT7sIa7lzAgg=">AAAB/nicdVDLSgMxFL1TX7W+qi7dBIvgqsyIoMuiG5ct2Ae0pWTSO21oJhmSjFCHgnu3+gvuxK2/4h/4Gc60FVofBwKHc+4rx48EN9Z1P5zcyura+kZ+s7C1vbO7V9w/aBgVa4Z1poTSLZ8aFFxi3XIrsBVppKEvsOmPrjO/eYfacCVv7TjCbkgHkgecUZtKtfteseSV3SmI+4t8WyWYo9orfnb6isUhSssENabtuZHtJlRbzgROCp3YYETZiA6wnVJJQzTdZHrohJykSp8ESqdPWjJVFzsSGhozDv20MqR2aH56mfiX145tcNlNuIxii5LNFgWxIFaR7NekzzUyK8YpoUzz9FbChlRTZtNslrZks61SwkwWo/mfNM7Knlv2auelytU8pDwcwTGcggcXUIEbqEIdGCA8whM8Ow/Oi/PqvM1Kc8685xCW4Lx/Aboylss=</latexit><latexit sha1_base64="LWNzxTIfClLnY5plT7sIa7lzAgg=">AAAB/nicdVDLSgMxFL1TX7W+qi7dBIvgqsyIoMuiG5ct2Ae0pWTSO21oJhmSjFCHgnu3+gvuxK2/4h/4Gc60FVofBwKHc+4rx48EN9Z1P5zcyura+kZ+s7C1vbO7V9w/aBgVa4Z1poTSLZ8aFFxi3XIrsBVppKEvsOmPrjO/eYfacCVv7TjCbkgHkgecUZtKtfteseSV3SmI+4t8WyWYo9orfnb6isUhSssENabtuZHtJlRbzgROCp3YYETZiA6wnVJJQzTdZHrohJykSp8ESqdPWjJVFzsSGhozDv20MqR2aH56mfiX145tcNlNuIxii5LNFgWxIFaR7NekzzUyK8YpoUzz9FbChlRTZtNslrZks61SwkwWo/mfNM7Knlv2auelytU8pDwcwTGcggcXUIEbqEIdGCA8whM8Ow/Oi/PqvM1Kc8685xCW4Lx/Aboylss=</latexit><latexit sha1_base64="LWNzxTIfClLnY5plT7sIa7lzAgg=">AAAB/nicdVDLSgMxFL1TX7W+qi7dBIvgqsyIoMuiG5ct2Ae0pWTSO21oJhmSjFCHgnu3+gvuxK2/4h/4Gc60FVofBwKHc+4rx48EN9Z1P5zcyura+kZ+s7C1vbO7V9w/aBgVa4Z1poTSLZ8aFFxi3XIrsBVppKEvsOmPrjO/eYfacCVv7TjCbkgHkgecUZtKtfteseSV3SmI+4t8WyWYo9orfnb6isUhSssENabtuZHtJlRbzgROCp3YYETZiA6wnVJJQzTdZHrohJykSp8ESqdPWjJVFzsSGhozDv20MqR2aH56mfiX145tcNlNuIxii5LNFgWxIFaR7NekzzUyK8YpoUzz9FbChlRTZtNslrZks61SwkwWo/mfNM7Knlv2auelytU8pDwcwTGcggcXUIEbqEIdGCA8whM8Ow/Oi/PqvM1Kc8685xCW4Lx/Aboylss=</latexit><latexit sha1_base64="LWNzxTIfClLnY5plT7sIa7lzAgg=">AAAB/nicdVDLSgMxFL1TX7W+qi7dBIvgqsyIoMuiG5ct2Ae0pWTSO21oJhmSjFCHgnu3+gvuxK2/4h/4Gc60FVofBwKHc+4rx48EN9Z1P5zcyura+kZ+s7C1vbO7V9w/aBgVa4Z1poTSLZ8aFFxi3XIrsBVppKEvsOmPrjO/eYfacCVv7TjCbkgHkgecUZtKtfteseSV3SmI+4t8WyWYo9orfnb6isUhSssENabtuZHtJlRbzgROCp3YYETZiA6wnVJJQzTdZHrohJykSp8ESqdPWjJVFzsSGhozDv20MqR2aH56mfiX145tcNlNuIxii5LNFgWxIFaR7NekzzUyK8YpoUzz9FbChlRTZtNslrZks61SwkwWo/mfNM7Knlv2auelytU8pDwcwTGcggcXUIEbqEIdGCA8whM8Ow/Oi/PqvM1Kc8685xCW4Lx/Aboylss=</latexit>

x
<latexit sha1_base64="uw5LcxbVW7Mu3nes2FVp9BYeLMc=">AAAB/nicdVDLSgMxFL1TX7W+qi7dBIvgqsyIoMuiG5ct2Ae0pWTSO21oJhmSjFiGgnu3+gvuxK2/4h/4Gc60FVofBwKHc+4rx48EN9Z1P5zcyura+kZ+s7C1vbO7V9w/aBgVa4Z1poTSLZ8aFFxi3XIrsBVppKEvsOmPrjO/eYfacCVv7TjCbkgHkgecUZtKtfteseSV3SmI+4t8WyWYo9orfnb6isUhSssENabtuZHtJlRbzgROCp3YYETZiA6wnVJJQzTdZHrohJykSp8ESqdPWjJVFzsSGhozDv20MqR2aH56mfiX145tcNlNuIxii5LNFgWxIFaR7NekzzUyK8YpoUzz9FbChlRTZtNslrZks61SwkwWo/mfNM7Knlv2auelytU8pDwcwTGcggcXUIEbqEIdGCA8whM8Ow/Oi/PqvM1Kc8685xCW4Lx/Abb+lsk=</latexit><latexit sha1_base64="uw5LcxbVW7Mu3nes2FVp9BYeLMc=">AAAB/nicdVDLSgMxFL1TX7W+qi7dBIvgqsyIoMuiG5ct2Ae0pWTSO21oJhmSjFiGgnu3+gvuxK2/4h/4Gc60FVofBwKHc+4rx48EN9Z1P5zcyura+kZ+s7C1vbO7V9w/aBgVa4Z1poTSLZ8aFFxi3XIrsBVppKEvsOmPrjO/eYfacCVv7TjCbkgHkgecUZtKtfteseSV3SmI+4t8WyWYo9orfnb6isUhSssENabtuZHtJlRbzgROCp3YYETZiA6wnVJJQzTdZHrohJykSp8ESqdPWjJVFzsSGhozDv20MqR2aH56mfiX145tcNlNuIxii5LNFgWxIFaR7NekzzUyK8YpoUzz9FbChlRTZtNslrZks61SwkwWo/mfNM7Knlv2auelytU8pDwcwTGcggcXUIEbqEIdGCA8whM8Ow/Oi/PqvM1Kc8685xCW4Lx/Abb+lsk=</latexit><latexit sha1_base64="uw5LcxbVW7Mu3nes2FVp9BYeLMc=">AAAB/nicdVDLSgMxFL1TX7W+qi7dBIvgqsyIoMuiG5ct2Ae0pWTSO21oJhmSjFiGgnu3+gvuxK2/4h/4Gc60FVofBwKHc+4rx48EN9Z1P5zcyura+kZ+s7C1vbO7V9w/aBgVa4Z1poTSLZ8aFFxi3XIrsBVppKEvsOmPrjO/eYfacCVv7TjCbkgHkgecUZtKtfteseSV3SmI+4t8WyWYo9orfnb6isUhSssENabtuZHtJlRbzgROCp3YYETZiA6wnVJJQzTdZHrohJykSp8ESqdPWjJVFzsSGhozDv20MqR2aH56mfiX145tcNlNuIxii5LNFgWxIFaR7NekzzUyK8YpoUzz9FbChlRTZtNslrZks61SwkwWo/mfNM7Knlv2auelytU8pDwcwTGcggcXUIEbqEIdGCA8whM8Ow/Oi/PqvM1Kc8685xCW4Lx/Abb+lsk=</latexit><latexit sha1_base64="uw5LcxbVW7Mu3nes2FVp9BYeLMc=">AAAB/nicdVDLSgMxFL1TX7W+qi7dBIvgqsyIoMuiG5ct2Ae0pWTSO21oJhmSjFiGgnu3+gvuxK2/4h/4Gc60FVofBwKHc+4rx48EN9Z1P5zcyura+kZ+s7C1vbO7V9w/aBgVa4Z1poTSLZ8aFFxi3XIrsBVppKEvsOmPrjO/eYfacCVv7TjCbkgHkgecUZtKtfteseSV3SmI+4t8WyWYo9orfnb6isUhSssENabtuZHtJlRbzgROCp3YYETZiA6wnVJJQzTdZHrohJykSp8ESqdPWjJVFzsSGhozDv20MqR2aH56mfiX145tcNlNuIxii5LNFgWxIFaR7NekzzUyK8YpoUzz9FbChlRTZtNslrZks61SwkwWo/mfNM7Knlv2auelytU8pDwcwTGcggcXUIEbqEIdGCA8whM8Ow/Oi/PqvM1Kc8685xCW4Lx/Abb+lsk=</latexit>

y
<latexit sha1_base64="TFK4k8IUKCPyMoOYSzNr+DkUqU8=">AAAB/nicdVDLSgMxFM3UV62vqks3g0VwVWZE0GXRjcsW7ANqKZn0ThuaSYbkjjAMBfdu9RfciVt/xT/wM8y0FVofBwKHc+4rJ4gFN+h5H05hZXVtfaO4Wdra3tndK+8ftIxKNIMmU0LpTkANCC6hiRwFdGINNAoEtIPxde6370EbruQtpjH0IjqUPOSMopUaab9c8aveFK73i3xbFTJHvV/+vBsolkQgkQlqTNf3YuxlVCNnAialu8RATNmYDqFrqaQRmF42PXTinlhl4IZK2yfRnaqLHRmNjEmjwFZGFEfmp5eLf3ndBMPLXsZlnCBINlsUJsJF5ea/dgdcA0ORWkKZ5vZWl42opgxtNktb8tmolDCTxWj+J62zqu9V/cZ5pXY1D6lIjsgxOSU+uSA1ckPqpEkYAfJInsiz8+C8OK/O26y04Mx7DskSnPcvuJiWyg==</latexit><latexit sha1_base64="TFK4k8IUKCPyMoOYSzNr+DkUqU8=">AAAB/nicdVDLSgMxFM3UV62vqks3g0VwVWZE0GXRjcsW7ANqKZn0ThuaSYbkjjAMBfdu9RfciVt/xT/wM8y0FVofBwKHc+4rJ4gFN+h5H05hZXVtfaO4Wdra3tndK+8ftIxKNIMmU0LpTkANCC6hiRwFdGINNAoEtIPxde6370EbruQtpjH0IjqUPOSMopUaab9c8aveFK73i3xbFTJHvV/+vBsolkQgkQlqTNf3YuxlVCNnAialu8RATNmYDqFrqaQRmF42PXTinlhl4IZK2yfRnaqLHRmNjEmjwFZGFEfmp5eLf3ndBMPLXsZlnCBINlsUJsJF5ea/dgdcA0ORWkKZ5vZWl42opgxtNktb8tmolDCTxWj+J62zqu9V/cZ5pXY1D6lIjsgxOSU+uSA1ckPqpEkYAfJInsiz8+C8OK/O26y04Mx7DskSnPcvuJiWyg==</latexit><latexit sha1_base64="TFK4k8IUKCPyMoOYSzNr+DkUqU8=">AAAB/nicdVDLSgMxFM3UV62vqks3g0VwVWZE0GXRjcsW7ANqKZn0ThuaSYbkjjAMBfdu9RfciVt/xT/wM8y0FVofBwKHc+4rJ4gFN+h5H05hZXVtfaO4Wdra3tndK+8ftIxKNIMmU0LpTkANCC6hiRwFdGINNAoEtIPxde6370EbruQtpjH0IjqUPOSMopUaab9c8aveFK73i3xbFTJHvV/+vBsolkQgkQlqTNf3YuxlVCNnAialu8RATNmYDqFrqaQRmF42PXTinlhl4IZK2yfRnaqLHRmNjEmjwFZGFEfmp5eLf3ndBMPLXsZlnCBINlsUJsJF5ea/dgdcA0ORWkKZ5vZWl42opgxtNktb8tmolDCTxWj+J62zqu9V/cZ5pXY1D6lIjsgxOSU+uSA1ckPqpEkYAfJInsiz8+C8OK/O26y04Mx7DskSnPcvuJiWyg==</latexit><latexit sha1_base64="TFK4k8IUKCPyMoOYSzNr+DkUqU8=">AAAB/nicdVDLSgMxFM3UV62vqks3g0VwVWZE0GXRjcsW7ANqKZn0ThuaSYbkjjAMBfdu9RfciVt/xT/wM8y0FVofBwKHc+4rJ4gFN+h5H05hZXVtfaO4Wdra3tndK+8ftIxKNIMmU0LpTkANCC6hiRwFdGINNAoEtIPxde6370EbruQtpjH0IjqUPOSMopUaab9c8aveFK73i3xbFTJHvV/+vBsolkQgkQlqTNf3YuxlVCNnAialu8RATNmYDqFrqaQRmF42PXTinlhl4IZK2yfRnaqLHRmNjEmjwFZGFEfmp5eLf3ndBMPLXsZlnCBINlsUJsJF5ea/dgdcA0ORWkKZ5vZWl42opgxtNktb8tmolDCTxWj+J62zqu9V/cZ5pXY1D6lIjsgxOSU+uSA1ckPqpEkYAfJInsiz8+C8OK/O26y04Mx7DskSnPcvuJiWyg==</latexit>

fz1
<latexit sha1_base64="AOvQBKEhX2bqvb15zSm9ABgH9Cg=">AAACBHicdVDLSgMxFM34rPVVdekmWARXQ6bWtsuiG5cV7APaYcikmTY0MxmSjFCHbt271V9wJ279D//AzzAzrWBFDwQO59ybe+/xY86URujDWlldW9/YLGwVt3d29/ZLB4cdJRJJaJsILmTPx4pyFtG2ZprTXiwpDn1Ou/7kKvO7d1QqJqJbPY2pG+JRxAJGsDZSN/DSe8+ZeaUyslHNqaEGRHa1Vr3IiVOp1Ovn0LFRjjJYoOWVPgdDQZKQRppwrFTfQbF2Uyw1I5zOioNE0RiTCR7RvqERDqly03zdGTw1yhAGQpoXaZirPztSHCo1DX1TGWI9Vr+9TPzL6yc6aLgpi+JE04jMBwUJh1rA7HY4ZJISzaeGYCKZ2RWSMZaYaJPQ0pTsby0EV1k03/fD/0mnYjsmr5tquXm5CKkAjsEJOAMOqIMmuAYt0AYETMAjeALP1oP1Yr1ab/PSFWvRcwSWYL1/AbnnmZk=</latexit><latexit sha1_base64="AOvQBKEhX2bqvb15zSm9ABgH9Cg=">AAACBHicdVDLSgMxFM34rPVVdekmWARXQ6bWtsuiG5cV7APaYcikmTY0MxmSjFCHbt271V9wJ279D//AzzAzrWBFDwQO59ybe+/xY86URujDWlldW9/YLGwVt3d29/ZLB4cdJRJJaJsILmTPx4pyFtG2ZprTXiwpDn1Ou/7kKvO7d1QqJqJbPY2pG+JRxAJGsDZSN/DSe8+ZeaUyslHNqaEGRHa1Vr3IiVOp1Ovn0LFRjjJYoOWVPgdDQZKQRppwrFTfQbF2Uyw1I5zOioNE0RiTCR7RvqERDqly03zdGTw1yhAGQpoXaZirPztSHCo1DX1TGWI9Vr+9TPzL6yc6aLgpi+JE04jMBwUJh1rA7HY4ZJISzaeGYCKZ2RWSMZaYaJPQ0pTsby0EV1k03/fD/0mnYjsmr5tquXm5CKkAjsEJOAMOqIMmuAYt0AYETMAjeALP1oP1Yr1ab/PSFWvRcwSWYL1/AbnnmZk=</latexit><latexit sha1_base64="AOvQBKEhX2bqvb15zSm9ABgH9Cg=">AAACBHicdVDLSgMxFM34rPVVdekmWARXQ6bWtsuiG5cV7APaYcikmTY0MxmSjFCHbt271V9wJ279D//AzzAzrWBFDwQO59ybe+/xY86URujDWlldW9/YLGwVt3d29/ZLB4cdJRJJaJsILmTPx4pyFtG2ZprTXiwpDn1Ou/7kKvO7d1QqJqJbPY2pG+JRxAJGsDZSN/DSe8+ZeaUyslHNqaEGRHa1Vr3IiVOp1Ovn0LFRjjJYoOWVPgdDQZKQRppwrFTfQbF2Uyw1I5zOioNE0RiTCR7RvqERDqly03zdGTw1yhAGQpoXaZirPztSHCo1DX1TGWI9Vr+9TPzL6yc6aLgpi+JE04jMBwUJh1rA7HY4ZJISzaeGYCKZ2RWSMZaYaJPQ0pTsby0EV1k03/fD/0mnYjsmr5tquXm5CKkAjsEJOAMOqIMmuAYt0AYETMAjeALP1oP1Yr1ab/PSFWvRcwSWYL1/AbnnmZk=</latexit><latexit sha1_base64="AOvQBKEhX2bqvb15zSm9ABgH9Cg=">AAACBHicdVDLSgMxFM34rPVVdekmWARXQ6bWtsuiG5cV7APaYcikmTY0MxmSjFCHbt271V9wJ279D//AzzAzrWBFDwQO59ybe+/xY86URujDWlldW9/YLGwVt3d29/ZLB4cdJRJJaJsILmTPx4pyFtG2ZprTXiwpDn1Ou/7kKvO7d1QqJqJbPY2pG+JRxAJGsDZSN/DSe8+ZeaUyslHNqaEGRHa1Vr3IiVOp1Ovn0LFRjjJYoOWVPgdDQZKQRppwrFTfQbF2Uyw1I5zOioNE0RiTCR7RvqERDqly03zdGTw1yhAGQpoXaZirPztSHCo1DX1TGWI9Vr+9TPzL6yc6aLgpi+JE04jMBwUJh1rA7HY4ZJISzaeGYCKZ2RWSMZaYaJPQ0pTsby0EV1k03/fD/0mnYjsmr5tquXm5CKkAjsEJOAMOqIMmuAYt0AYETMAjeALP1oP1Yr1ab/PSFWvRcwSWYL1/AbnnmZk=</latexit>

fz2
<latexit sha1_base64="4u9rzexPDmwxGSu1A+jQ6wId1/k=">AAACBHicdVDLSgMxFM34rPVVdekmWARXw0ytbZdFNy4r2Ae0w5BJM21oJhmSjFCHbt271V9wJ279D//AzzAzrWBFDwQO59ybe+8JYkaVdpwPa2V1bX1js7BV3N7Z3dsvHRx2lEgkJm0smJC9ACnCKCdtTTUjvVgSFAWMdIPJVeZ374hUVPBbPY2JF6ERpyHFSBupG/rpvV+Z+aWyYzs1t+Y0oGNXa9WLnLiVSr1+Dl3byVEGC7T80udgKHASEa4xQ0r1XSfWXoqkppiRWXGQKBIjPEEj0jeUo4goL83XncFTowxhKKR5XMNc/dmRokipaRSYygjpsfrtZeJfXj/RYcNLKY8TTTieDwoTBrWA2e1wSCXBmk0NQVhSsyvEYyQR1iahpSnZ31oIprJovu+H/5NOxXZNXjfVcvNyEVIBHIMTcAZcUAdNcA1aoA0wmIBH8ASerQfrxXq13ualK9ai5wgswXr/AruCmZo=</latexit><latexit sha1_base64="4u9rzexPDmwxGSu1A+jQ6wId1/k=">AAACBHicdVDLSgMxFM34rPVVdekmWARXw0ytbZdFNy4r2Ae0w5BJM21oJhmSjFCHbt271V9wJ279D//AzzAzrWBFDwQO59ybe+8JYkaVdpwPa2V1bX1js7BV3N7Z3dsvHRx2lEgkJm0smJC9ACnCKCdtTTUjvVgSFAWMdIPJVeZ374hUVPBbPY2JF6ERpyHFSBupG/rpvV+Z+aWyYzs1t+Y0oGNXa9WLnLiVSr1+Dl3byVEGC7T80udgKHASEa4xQ0r1XSfWXoqkppiRWXGQKBIjPEEj0jeUo4goL83XncFTowxhKKR5XMNc/dmRokipaRSYygjpsfrtZeJfXj/RYcNLKY8TTTieDwoTBrWA2e1wSCXBmk0NQVhSsyvEYyQR1iahpSnZ31oIprJovu+H/5NOxXZNXjfVcvNyEVIBHIMTcAZcUAdNcA1aoA0wmIBH8ASerQfrxXq13ualK9ai5wgswXr/AruCmZo=</latexit><latexit sha1_base64="4u9rzexPDmwxGSu1A+jQ6wId1/k=">AAACBHicdVDLSgMxFM34rPVVdekmWARXw0ytbZdFNy4r2Ae0w5BJM21oJhmSjFCHbt271V9wJ279D//AzzAzrWBFDwQO59ybe+8JYkaVdpwPa2V1bX1js7BV3N7Z3dsvHRx2lEgkJm0smJC9ACnCKCdtTTUjvVgSFAWMdIPJVeZ374hUVPBbPY2JF6ERpyHFSBupG/rpvV+Z+aWyYzs1t+Y0oGNXa9WLnLiVSr1+Dl3byVEGC7T80udgKHASEa4xQ0r1XSfWXoqkppiRWXGQKBIjPEEj0jeUo4goL83XncFTowxhKKR5XMNc/dmRokipaRSYygjpsfrtZeJfXj/RYcNLKY8TTTieDwoTBrWA2e1wSCXBmk0NQVhSsyvEYyQR1iahpSnZ31oIprJovu+H/5NOxXZNXjfVcvNyEVIBHIMTcAZcUAdNcA1aoA0wmIBH8ASerQfrxXq13ualK9ai5wgswXr/AruCmZo=</latexit><latexit sha1_base64="4u9rzexPDmwxGSu1A+jQ6wId1/k=">AAACBHicdVDLSgMxFM34rPVVdekmWARXw0ytbZdFNy4r2Ae0w5BJM21oJhmSjFCHbt271V9wJ279D//AzzAzrWBFDwQO59ybe+8JYkaVdpwPa2V1bX1js7BV3N7Z3dsvHRx2lEgkJm0smJC9ACnCKCdtTTUjvVgSFAWMdIPJVeZ374hUVPBbPY2JF6ERpyHFSBupG/rpvV+Z+aWyYzs1t+Y0oGNXa9WLnLiVSr1+Dl3byVEGC7T80udgKHASEa4xQ0r1XSfWXoqkppiRWXGQKBIjPEEj0jeUo4goL83XncFTowxhKKR5XMNc/dmRokipaRSYygjpsfrtZeJfXj/RYcNLKY8TTTieDwoTBrWA2e1wSCXBmk0NQVhSsyvEYyQR1iahpSnZ31oIprJovu+H/5NOxXZNXjfVcvNyEVIBHIMTcAZcUAdNcA1aoA0wmIBH8ASerQfrxXq13ualK9ai5wgswXr/AruCmZo=</latexit>

fz3
<latexit sha1_base64="Mk05QNJs+CJvnc94HBjBbmunTkI=">AAACBHicdVDLTgIxFO3gC/GFunTTSExckQ4gsCRx4xISAROYTDqlAw2d6aTtmOCExJV7t/oL7oxb/8M/8DPsDJiI0ZM0OTnn9j6OF3GmNEIfVm5tfWNzK79d2Nnd2z8oHh71lIgloV0iuJA3HlaUs5B2NdOc3kSS4sDjtO9NL1O/f0ulYiK81rOIOgEeh8xnBGsj9X03uXOrc7dYQmVUt+uoCVG5Vq9dZMSuVBqNKrTLKEMJLNF2i5/DkSBxQENNOFZqYKNIOwmWmhFO54VhrGiEyRSP6cDQEAdUOUm27hyeGWUEfSHNCzXM1J8/EhwoNQs8UxlgPVG/vVT8yxvE2m86CQujWNOQLAb5MYdawPR2OGKSEs1nhmAimdkVkgmWmGiT0MqUtLcWgqs0mu/74f+kVynbJq9OrdTq3C9CyoMTcArOgQ0aoAWuQBt0AQFT8AiewLP1YL1Yr9bbojRnLYM9Biuw3r8A56CaKg==</latexit><latexit sha1_base64="Mk05QNJs+CJvnc94HBjBbmunTkI=">AAACBHicdVDLTgIxFO3gC/GFunTTSExckQ4gsCRx4xISAROYTDqlAw2d6aTtmOCExJV7t/oL7oxb/8M/8DPsDJiI0ZM0OTnn9j6OF3GmNEIfVm5tfWNzK79d2Nnd2z8oHh71lIgloV0iuJA3HlaUs5B2NdOc3kSS4sDjtO9NL1O/f0ulYiK81rOIOgEeh8xnBGsj9X03uXOrc7dYQmVUt+uoCVG5Vq9dZMSuVBqNKrTLKEMJLNF2i5/DkSBxQENNOFZqYKNIOwmWmhFO54VhrGiEyRSP6cDQEAdUOUm27hyeGWUEfSHNCzXM1J8/EhwoNQs8UxlgPVG/vVT8yxvE2m86CQujWNOQLAb5MYdawPR2OGKSEs1nhmAimdkVkgmWmGiT0MqUtLcWgqs0mu/74f+kVynbJq9OrdTq3C9CyoMTcArOgQ0aoAWuQBt0AQFT8AiewLP1YL1Yr9bbojRnLYM9Biuw3r8A56CaKg==</latexit><latexit sha1_base64="Mk05QNJs+CJvnc94HBjBbmunTkI=">AAACBHicdVDLTgIxFO3gC/GFunTTSExckQ4gsCRx4xISAROYTDqlAw2d6aTtmOCExJV7t/oL7oxb/8M/8DPsDJiI0ZM0OTnn9j6OF3GmNEIfVm5tfWNzK79d2Nnd2z8oHh71lIgloV0iuJA3HlaUs5B2NdOc3kSS4sDjtO9NL1O/f0ulYiK81rOIOgEeh8xnBGsj9X03uXOrc7dYQmVUt+uoCVG5Vq9dZMSuVBqNKrTLKEMJLNF2i5/DkSBxQENNOFZqYKNIOwmWmhFO54VhrGiEyRSP6cDQEAdUOUm27hyeGWUEfSHNCzXM1J8/EhwoNQs8UxlgPVG/vVT8yxvE2m86CQujWNOQLAb5MYdawPR2OGKSEs1nhmAimdkVkgmWmGiT0MqUtLcWgqs0mu/74f+kVynbJq9OrdTq3C9CyoMTcArOgQ0aoAWuQBt0AQFT8AiewLP1YL1Yr9bbojRnLYM9Biuw3r8A56CaKg==</latexit><latexit sha1_base64="Mk05QNJs+CJvnc94HBjBbmunTkI=">AAACBHicdVDLTgIxFO3gC/GFunTTSExckQ4gsCRx4xISAROYTDqlAw2d6aTtmOCExJV7t/oL7oxb/8M/8DPsDJiI0ZM0OTnn9j6OF3GmNEIfVm5tfWNzK79d2Nnd2z8oHh71lIgloV0iuJA3HlaUs5B2NdOc3kSS4sDjtO9NL1O/f0ulYiK81rOIOgEeh8xnBGsj9X03uXOrc7dYQmVUt+uoCVG5Vq9dZMSuVBqNKrTLKEMJLNF2i5/DkSBxQENNOFZqYKNIOwmWmhFO54VhrGiEyRSP6cDQEAdUOUm27hyeGWUEfSHNCzXM1J8/EhwoNQs8UxlgPVG/vVT8yxvE2m86CQujWNOQLAb5MYdawPR2OGKSEs1nhmAimdkVkgmWmGiT0MqUtLcWgqs0mu/74f+kVynbJq9OrdTq3C9CyoMTcArOgQ0aoAWuQBt0AQFT8AiewLP1YL1Yr9bbojRnLYM9Biuw3r8A56CaKg==</latexit>

fz4
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ZMP: Zero moment point
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(praticamente) Equivalente ao CoP
Nomenclatura não é 
muito precisa:
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(praticamente) Equivalente ao CoP
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Leva em 
consideração 
o movimento 

do robô 
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Para acelerações 
nulas, o ZMP 

coincide com a 
projeção do CoM
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Não é limitado pela 
base de suporte

Caso o ZMP saia da área de suporte, ele 
é chamado ‘Fictitious ZMP’ (FZMP) ou 

 ‘Foot Rotation Indicator' (FRI)
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são corpos rígidos* 
conectados por juntas
*A menos que se diga o contrário
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Órgão terminal
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Rotacional
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Prismática 
ou linear
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Quantidade de 
movimentos 
relativos possíveis 
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x =

0

@
x
y
z

1

A

<latexit sha1_base64="knH40V0IQV47dZoMGXBXsuBbe4E="></latexit>

� =

0

@
↵
�
�

1

A

<latexit sha1_base64="WxhFW7RiIQBWONV1+4WrxALjvnQ="></latexit>

6 DOF
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Coordenadas mínimas
Sistema de coordenadas com n DOFs:

Cada junta prismática ou rotacional adiciona:
cj = 5

<latexit sha1_base64="bnNyWRFpxW+DwsPupm88TeeOtOA=">AAACBHicbVDLSgMxFM34rPVVdekmWARXZcYHuhGKblxWsA9oh5JJM21sJhmSO0IZunXvVn/Bnbj1P/wDP8NMOwvbeiBwOOe+coJYcAOu++0sLa+srq0XNoqbW9s7u6W9/YZRiaasTpVQuhUQwwSXrA4cBGvFmpEoEKwZDG8zv/nEtOFKPsAoZn5E+pKHnBKwUpN2H/E1vuiWym7FnQAvEi8nZZSj1i39dHqKJhGTQAUxpu25Mfgp0cCpYONiJzEsJnRI+qxtqSQRM346OXeMj63Sw6HS9knAE/VvR0oiY0ZRYCsjAgMz72Xif147gfDKT7mME2CSTheFicCgcPZ33OOaURAjSwjV3N6K6YBoQsEmNLMlmw1KCTO20XjzQSySxmnFO6u49+fl6k0eUgEdoiN0gjx0iaroDtVQHVE0RC/oFb05z8678+F8TkuXnLznAM3A+foF2GSYbA==</latexit>
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Um sistema de corpos rígidos articulados 
pode ser totalmente descrito com

variáveis

Descrever um sistema de 
coordenadas mínimas pro 
“robô” de 2 elos ao lado 

http://creativecommons.org/licenses/by-nc-nd/4.0/
http://creativecommons.org/licenses/by-nc-nd/4.0/
http://creativecommons.org/licenses/by-nc-nd/4.0/
http://creativecommons.org/licenses/by-nc-nd/4.0/
http://creativecommons.org/licenses/by-nc-nd/4.0/
http://creativecommons.org/licenses/by-nc-nd/4.0/
http://creativecommons.org/licenses/by-nc-nd/4.0/
http://creativecommons.org/licenses/by-nc-nd/4.0/
http://creativecommons.org/licenses/by-nc-nd/4.0/
http://creativecommons.org/licenses/by-nc-nd/4.0/
http://creativecommons.org/licenses/by-nc-nd/4.0/
http://creativecommons.org/licenses/by-nc-nd/4.0/


Co
nc

lu
sã

o
Ci

ne
m

át
ica

ARCLab SEM5950/0586 — Prof. Dr. Thiago Boaventura

Di
nâ

m
ica

Sistemas de coordenada

29

Inercial: representa o 
ambiente, não se move.

Base: geralmente fixo no 
maior ou mais pesado link

Juntas: fixo no link anterior 
da cadeia cinemática
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Posição do robô utilizando somente 
sistema de coordenada inercial:

Usando o sistema de coordenadas 
das juntas para os elos:

Coordenadas mínimas!
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Onde:
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Descreve como as coisas se movem, mas não o porquê!
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Espaço das juntas

Espaço de 
tarefas/operacional

http://creativecommons.org/licenses/by-nc-nd/4.0/
http://creativecommons.org/licenses/by-nc-nd/4.0/
http://creativecommons.org/licenses/by-nc-nd/4.0/
http://creativecommons.org/licenses/by-nc-nd/4.0/
http://creativecommons.org/licenses/by-nc-nd/4.0/
http://creativecommons.org/licenses/by-nc-nd/4.0/
http://creativecommons.org/licenses/by-nc-nd/4.0/
http://creativecommons.org/licenses/by-nc-nd/4.0/
http://creativecommons.org/licenses/by-nc-nd/4.0/
http://creativecommons.org/licenses/by-nc-nd/4.0/
http://creativecommons.org/licenses/by-nc-nd/4.0/
http://creativecommons.org/licenses/by-nc-nd/4.0/


Co
nc

lu
sã

o
Ci

ne
m

át
ica

ARCLab SEM5950/0586 — Prof. Dr. Thiago Boaventura

Di
nâ

m
ica

Cinemática direta

36

Dada a posição das juntas:

Determinar a posição 
do efetuador:

x = [x, y, z]T
<latexit sha1_base64="BiTd2ovb5jE8Z6LAfxUO6GeJ9dY=">AAACFXicbVDLSsNAFJ3UV62vqODGzWARXJSSqKAboejGZYW+oI1lMp20QyeZMDORxpjvcO9Wf8GduHXtH/gZTtoubOuBgcM59849HDdkVCrL+jZyS8srq2v59cLG5tb2jrm715A8EpjUMWdctFwkCaMBqSuqGGmFgiDfZaTpDm8yv/lAhKQ8qKk4JI6P+gH1KEZKS13zoOMjNXC9ZJTCK9geleLSo3Nf65pFq2yNAReJPSVFMEW1a/50ehxHPgkUZkjKtm2FykmQUBQzkhY6kSQhwkPUJ21NA+QT6STj/Ck81koPelzoFyg4Vv9uJMiXMvZdPZmllfNeJv7ntSPlXToJDcJIkQBPDnkRg4rDrAzYo4JgxWJNEBZUZ4V4gATCSlc2cyX7W3HOZKqrseeLWCSN07J9VrbuzouV62lJeXAIjsAJsMEFqIBbUAV1gMETeAGv4M14Nt6ND+NzMpozpjv7YAbG1y98eJ89</latexit>
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Dada a posição do efetuador:

Determinar a posição 
das juntas:

x = [x, y, z]T
<latexit sha1_base64="BiTd2ovb5jE8Z6LAfxUO6GeJ9dY=">AAACFXicbVDLSsNAFJ3UV62vqODGzWARXJSSqKAboejGZYW+oI1lMp20QyeZMDORxpjvcO9Wf8GduHXtH/gZTtoubOuBgcM59849HDdkVCrL+jZyS8srq2v59cLG5tb2jrm715A8EpjUMWdctFwkCaMBqSuqGGmFgiDfZaTpDm8yv/lAhKQ8qKk4JI6P+gH1KEZKS13zoOMjNXC9ZJTCK9geleLSo3Nf65pFq2yNAReJPSVFMEW1a/50ehxHPgkUZkjKtm2FykmQUBQzkhY6kSQhwkPUJ21NA+QT6STj/Ck81koPelzoFyg4Vv9uJMiXMvZdPZmllfNeJv7ntSPlXToJDcJIkQBPDnkRg4rDrAzYo4JgxWJNEBZUZ4V4gATCSlc2cyX7W3HOZKqrseeLWCSN07J9VrbuzouV62lJeXAIjsAJsMEFqIBbUAV1gMETeAGv4M14Nt6ND+NzMpozpjv7YAbG1y98eJ89</latexit>
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Relaciona velocidades e forças dos 
espaços de juntas e tarefas

Relação geométrica:
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Princípio do trabalho virtual:
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rB = rA + rB/A

http://creativecommons.org/licenses/by-nc-nd/4.0/
http://creativecommons.org/licenses/by-nc-nd/4.0/
http://creativecommons.org/licenses/by-nc-nd/4.0/
http://creativecommons.org/licenses/by-nc-nd/4.0/
http://creativecommons.org/licenses/by-nc-nd/4.0/
http://creativecommons.org/licenses/by-nc-nd/4.0/
http://creativecommons.org/licenses/by-nc-nd/4.0/
http://creativecommons.org/licenses/by-nc-nd/4.0/
http://creativecommons.org/licenses/by-nc-nd/4.0/
http://creativecommons.org/licenses/by-nc-nd/4.0/
http://creativecommons.org/licenses/by-nc-nd/4.0/
http://creativecommons.org/licenses/by-nc-nd/4.0/


Co
nc

lu
sã

o
Ci

ne
m

át
ica

ARCLab SEM5950/0586 — Prof. Dr. Thiago Boaventura

Di
nâ

m
ica

Velocidade relativa

43

rB = rA + rB/A

d

dt

vB = vA + vB/A

http://creativecommons.org/licenses/by-nc-nd/4.0/
http://creativecommons.org/licenses/by-nc-nd/4.0/
http://creativecommons.org/licenses/by-nc-nd/4.0/
http://creativecommons.org/licenses/by-nc-nd/4.0/
http://creativecommons.org/licenses/by-nc-nd/4.0/
http://creativecommons.org/licenses/by-nc-nd/4.0/
http://creativecommons.org/licenses/by-nc-nd/4.0/
http://creativecommons.org/licenses/by-nc-nd/4.0/
http://creativecommons.org/licenses/by-nc-nd/4.0/
http://creativecommons.org/licenses/by-nc-nd/4.0/
http://creativecommons.org/licenses/by-nc-nd/4.0/
http://creativecommons.org/licenses/by-nc-nd/4.0/


Co
nc

lu
sã

o
Ci

ne
m

át
ica

ARCLab SEM5950/0586 — Prof. Dr. Thiago Boaventura

Di
nâ

m
ica

Velocidade relativa

44

vB = vA + vB/A
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vB = vA + vB/A

v = ! ⇥ rP

vB = vA + (! ⇥ rB/A)
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vB = vA + vB/A

d

dt

aB = aA + aB/A
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aB = aA + aB/A

=
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a = ↵⇥ r� !2r

aB = aA +↵⇥ rB/A � !2rB/A

aB = aA + aB/A
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e se o 

eixo de 
referência 

também girar?
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rB = rA + rB/A

vB = vA +
drB/A

dt

rB/A = xBi+ yBj

d

dt

http://creativecommons.org/licenses/by-nc-nd/4.0/
http://creativecommons.org/licenses/by-nc-nd/4.0/
http://creativecommons.org/licenses/by-nc-nd/4.0/
http://creativecommons.org/licenses/by-nc-nd/4.0/
http://creativecommons.org/licenses/by-nc-nd/4.0/
http://creativecommons.org/licenses/by-nc-nd/4.0/
http://creativecommons.org/licenses/by-nc-nd/4.0/
http://creativecommons.org/licenses/by-nc-nd/4.0/
http://creativecommons.org/licenses/by-nc-nd/4.0/
http://creativecommons.org/licenses/by-nc-nd/4.0/
http://creativecommons.org/licenses/by-nc-nd/4.0/
http://creativecommons.org/licenses/by-nc-nd/4.0/


Co
nc

lu
sã

o
Ci

ne
m

át
ica

ARCLab SEM5950/0586 — Prof. Dr. Thiago Boaventura

Di
nâ

m
ica

Velocidade

57

vB = vA +
drB/A

dt

drB/A

dt
=

d

dt
(xBi+ yBj)

rB/A = xBi+ yBj
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drB/A

dt
=

✓
dxB

dt
i+

dyB
dt

j

◆
+

✓
xB

di

dt
+ yB

dj

dt

◆

(vB/A)xyz

{
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di

dt
= ⌦j

dj

dt
= �⌦i

⌦ = ⌦k

di

dt
= ⌦⇥ i

dj

dt
= ⌦⇥ j
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di

dt
= ⌦⇥ i

dj

dt
= ⌦⇥ j

drB/A

dt
= (vB/A)xyz +

✓
xB

di

dt
+ yB

dj

dt

◆

drB/A

dt
= (vB/A)xyz +⌦⇥ (xBi+ yBj)

rB/A = xBi+ yBj

drB/A

dt
= (vB/A)xyz +⌦⇥ rB/A
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drB/A

dt
= (vB/A)xyz +⌦⇥ rB/A

vB = vA +
drB/A

dt

vB = vA + (vB/A)xyz +⌦⇥ rB/A
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vB = vA + (vB/A)xyz +⌦⇥ rB/A

comparação com 
eixos de translação
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vB = vA + (vB/A)xyz +⌦⇥ rB/A
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vB = vA + (vB/A)xyz +⌦⇥ rB/A

d

dt
dvB

dt
=

dvA

dt
+

d(vB/A)xyz
dt

+
d⌦

dt
⇥ rB/A +⌦⇥

drB/A

dt

aB = aA +
d(vB/A)xyz

dt
+ ⌦̇⇥ rB/A +⌦⇥

drB/A

dt
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aB = aA +
d(vB/A)xyz

dt
+ ⌦̇⇥ rB/A +⌦⇥

drB/A

dt

d(vB/A)xyz
dt

= (aB/A)xyz +⌦⇥ (vB/A)xyz

aB = aA + (aB/A)xyz + 2⌦⇥ (vB/A)xyz + ⌦̇⇥ rB/A +⌦⇥ (⌦⇥ rB/A)
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aB = aA + (aB/A)xyz + 2⌦⇥ (vB/A)xyz + ⌦̇⇥ rB/A +⌦⇥ (⌦⇥ rB/A)

aB = aA +↵⇥ rB/A � !2rB/A

comparação com 
eixos de translação
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aB = aA + (aB/A)xyz + 2⌦⇥ (vB/A)xyz + ⌦̇⇥ rB/A +⌦⇥ (⌦⇥ rB/A)
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aB = aA + (aB/A)xyz + 2⌦⇥ (vB/A)xyz + ⌦̇⇥ rB/A +⌦⇥ (⌦⇥ rB/A)
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aB = aA + (aB/A)xyz + 2⌦⇥ (vB/A)xyz + ⌦̇⇥ rB/A +⌦⇥ (⌦⇥ rB/A)

aceleração de 

Coriolis
Gaspard-Gustave de Coriolis 

(1792 — 1843)

http://creativecommons.org/licenses/by-nc-nd/4.0/
http://creativecommons.org/licenses/by-nc-nd/4.0/
http://creativecommons.org/licenses/by-nc-nd/4.0/
http://creativecommons.org/licenses/by-nc-nd/4.0/
http://creativecommons.org/licenses/by-nc-nd/4.0/
http://creativecommons.org/licenses/by-nc-nd/4.0/
http://creativecommons.org/licenses/by-nc-nd/4.0/
http://creativecommons.org/licenses/by-nc-nd/4.0/
http://creativecommons.org/licenses/by-nc-nd/4.0/
http://creativecommons.org/licenses/by-nc-nd/4.0/
http://creativecommons.org/licenses/by-nc-nd/4.0/
http://creativecommons.org/licenses/by-nc-nd/4.0/


Conteúdo 
Co

nc
lu

sã
o

Ci
ne

m
át

ica

ARCLab SEM5950/0586 — Prof. Dr. Thiago Boaventura

Di
nâ

m
ica- Segunda lei de Newton 

- Newton-Euler 
- Corpos articulados

72

http://creativecommons.org/licenses/by-nc-nd/4.0/
http://creativecommons.org/licenses/by-nc-nd/4.0/
http://creativecommons.org/licenses/by-nc-nd/4.0/
http://creativecommons.org/licenses/by-nc-nd/4.0/
http://creativecommons.org/licenses/by-nc-nd/4.0/
http://creativecommons.org/licenses/by-nc-nd/4.0/
http://creativecommons.org/licenses/by-nc-nd/4.0/
http://creativecommons.org/licenses/by-nc-nd/4.0/
http://creativecommons.org/licenses/by-nc-nd/4.0/
http://creativecommons.org/licenses/by-nc-nd/4.0/
http://creativecommons.org/licenses/by-nc-nd/4.0/
http://creativecommons.org/licenses/by-nc-nd/4.0/


Co
nc

lu
sã

o
Di

nâ
m

ica

ARCLab SEM5950/0586 — Prof. Dr. Thiago Boaventura

Ci
ne

m
át

ica
Newton

73

1643 - 1727 
(84 anos)

Alquimista Filósofo natural
Teólogo Astrônomo

Físico Matemático
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1687
1643 - 1727 
(84 anos)
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1. Lei da inércia 

2. Lei da dinâmica 

3. Lei da ação e 
reação
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“Mutationem motis proportionalem esse vi 
motrici impressae, et fieri secundum lineam 
rectam qua vis illa imprimitur”

A mudança de movimento é proporcional à força 
motora imprimida, e é produzida na direção da linha 

reta na qual aquela força é imprimida
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FR = ma

X
F = FR =

d(L)

dt
=

d(mv)

dt

segunda 

lei X
F = FR =

d(L)

dt
=

d(mv)

dt
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e essa equação 
também vale para um 

corpo rígido? FR = ma

http://creativecommons.org/licenses/by-nc-nd/4.0/
http://creativecommons.org/licenses/by-nc-nd/4.0/
http://creativecommons.org/licenses/by-nc-nd/4.0/
http://creativecommons.org/licenses/by-nc-nd/4.0/
http://creativecommons.org/licenses/by-nc-nd/4.0/
http://creativecommons.org/licenses/by-nc-nd/4.0/
http://creativecommons.org/licenses/by-nc-nd/4.0/
http://creativecommons.org/licenses/by-nc-nd/4.0/
http://creativecommons.org/licenses/by-nc-nd/4.0/
http://creativecommons.org/licenses/by-nc-nd/4.0/
http://creativecommons.org/licenses/by-nc-nd/4.0/
http://creativecommons.org/licenses/by-nc-nd/4.0/


Co
nc

lu
sã

o
Di

nâ
m

ica

ARCLab SEM5950/0586 — Prof. Dr. Thiago Boaventura

Ci
ne

m
át

ica
Corpo rígido

79

conjunto de partículas

corpo rígido 

IDEAL
não se deforma !

forças internas 
se cancelam!
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conjunto de partículas

O

X
Fi =

X
miai/O
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rG/O =
1

M

NX

i=1

miri/O

média ponderada da distância 

com a massa como peso( (O

aG/O =
1

M

NX

i=1

miai/O

d2

dt2
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conjunto de partículas

O

aG/O =
1

M

NX

i=1

miai/O

X
Fi =

X
miai/O

X
Fi = MaG/O
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e essa equação 
também vale para um 

corpo rígido? FR = ma
Para seu centro de 

massa, sim!
FR = maG
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Também chamado de 

Quantidade de 
movimento

“Inércia"

m

v

M

v
L L

L = mv
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Momento linear:

Momento angular:

v

L = mv
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Momento linear:

Momento angular:

v

L = mv

{

momento de 
inércia
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Momento linear:

Momento angular:

v

L = mv

medida da resistência 
de um corpo a uma 

aceleração angular
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v
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Rotação 
(em torno de um eixo fixo) Momento angular:
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Momentos de inércia:

Produtos de inércia:
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Tensor de inércia:

Ixx Ixy Ixz

Iyx Iyy Iyz

Izx Izy Izz
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Momento angular:

H =
Hx

Hy

Hz

=

Ixx Ixy Ixz

Iyx Iyy Iyz

Izx Izy Izz

ωx
ωy
ωz

H = Iω
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Equação de movimento rotacional
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Matrix de inércia do robô

Vetor de forças de Coriolis

Vetor de forças generalizadas

Vetor de forças gravitacionais
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Matrix Jacobiano dos pontos de contato

Vetor de forças de contato

Vetor de forças dos motores (atuadores)

Vetor de forças externas generalizadas
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⌧1, ✓̈1

⌧2, ✓̈2

⌧3, ✓̈3

q = [✓1, ... , ✓n]

M(q)q̈+ h(q, q̇)� ⌧ = 0
<latexit sha1_base64="as4wNEi/t3NxmGqCLJ9HKgVAqxE="></latexit><latexit sha1_base64="ejYmh5/OOuyHtj2nZQk4RDtTItA="></latexit><latexit sha1_base64="ejYmh5/OOuyHtj2nZQk4RDtTItA="></latexit><latexit sha1_base64="imVqleFzzB4ZXCJP5yhIigMGEWk="></latexit>

Dinâmica direta (p/ simulação)

q̈ = M(q)�1(⌧ � h(q, q̇))
<latexit sha1_base64="i5hjf8Ow0LXuBE+SXkKGDrbJ/5E="></latexit><latexit sha1_base64="+cu5gWUNZwFlTnY7tpperIFI5ls="></latexit><latexit sha1_base64="+cu5gWUNZwFlTnY7tpperIFI5ls="></latexit><latexit sha1_base64="Q9X18jaPC9rIsoSub31xbj7n57g="></latexit>

“Dinâmica inversa” (p/ controle)

⌧ = M(q)q̈d + h(q, q̇)
<latexit sha1_base64="Iyxei3zGjrxuIxP9Cmq9igqS694="></latexit><latexit sha1_base64="iDxJjJ45YcEB41/nAuv1z2UjaFo="></latexit><latexit sha1_base64="iDxJjJ45YcEB41/nAuv1z2UjaFo="></latexit><latexit sha1_base64="lISLGWvpE8hzpMavyg7cOa6hV6w="></latexit>
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