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Objetivos

O objetivo desta video-aula é discutir diferentes formas para o equacionamento
de sistemas mecânicos 



3
Prof. Paulo S. Varoto

SEM 0232 
Prof. Luiz A. M. Gonçalveshttps://creativecommons.org/licenses/by-nc-nd/4.0/

Exemplo 1

oo

xi xoB K

Vamos trabalhar o seguinte exemplo para a F.T.  Xo(s)/Xi(s)

o

xi B

o

xo
-f

o

xo K
f

f

B(ẋi � ẋo)

<latexit sha1_base64="9iqKa6YObRn2p8oEC+YqnYYQIzQ=">AAACAXicbVDLSgMxFL1TX7W+Rt0IboJFqAvLjFR0WXTjsoJ9QDsMmTRtQzOTIcmIZagbf8WNC0Xc+hfu/BvTdgStHggczrmHm3uCmDOlHefTyi0sLi2v5FcLa+sbm1v29k5DiUQSWieCC9kKsKKcRbSumea0FUuKw4DTZjC8nPjNWyoVE9GNHsXUC3E/Yj1GsDaSb+9dlDpdodO7sc/QMfrm4si3i07ZmQL9JW5GipCh5tsfJkySkEaacKxU23Vi7aVYakY4HRc6iaIxJkPcp21DIxxS5aXTC8bo0Chd1BPSvEijqfozkeJQqVEYmMkQ64Ga9ybif1470b1zL2VRnGgakdmiXsKRFmhSB+oySYnmI0Mwkcz8FZEBlphoU1rBlODOn/yXNE7KbqV8el0pVitZHXnYhwMogQtnUIUrqEEdCNzDIzzDi/VgPVmv1ttsNGdlmV34Bev9C5pHllE=</latexit>

�Kxo

<latexit sha1_base64="Yx6Q/hQEeUzalbn+JJX/KMtxCSQ=">AAAB7HicbVBNSwMxEJ2tX7V+VT16CRbBi2VXWvRY8CJ4qeC2hXYp2TTbhmaTJcmKZelv8OJBEa/+IG/+G9N2D9r6YODx3gwz88KEM21c99sprK1vbG4Vt0s7u3v7B+XDo5aWqSLUJ5JL1QmxppwJ6htmOO0kiuI45LQdjm9mfvuRKs2keDCThAYxHgoWMYKNlfyLu6e+7JcrbtWdA60SLycVyNHsl796A0nSmApDONa667mJCTKsDCOcTku9VNMEkzEe0q6lAsdUB9n82Ck6s8oARVLZEgbN1d8TGY61nsSh7YyxGellbyb+53VTE10HGRNJaqggi0VRypGRaPY5GjBFieETSzBRzN6KyAgrTIzNp2RD8JZfXiWty6pXq9bva5VGLY+jCCdwCufgwRU04Baa4AMBBs/wCm+OcF6cd+dj0Vpw8plj+APn8wdpYI5k</latexit>

Discutiremos o equacionamento do modelo através de quatro maneiras diferentes

1-) Equilíbrio de forças no ponto e contato entre o amortecedor e a mola (conforme
discutido em aula !)

Equilíbrio de forças no ponto de contato: 

B(ẋi � ẋo)�Kxo = 0

<latexit sha1_base64="KZeXQTXGjgKjgenWWupqOSt/rhQ=">AAACDHicbVDLSgMxFL3js9ZX1aWbYBHqwjIjFd0IRTeCmwr2Ae0wZNK0Dc1MhiQjLUM/wI2/4saFIm79AHf+jWk7grYeCJycc+9N7vEjzpS27S9rYXFpeWU1s5Zd39jc2s7t7NaUiCWhVSK4kA0fK8pZSKuaaU4bkaQ48Dmt+/2rsV+/p1IxEd7pYUTdAHdD1mEEayN5ufxlodUWOhmMPIaO0Q8XR+ZyM/AEukC2qbKL9gRonjgpyUOKipf7NHNIHNBQE46Vajp2pN0ES80Ip6NsK1Y0wqSPu7RpaIgDqtxksswIHRqljTpCmhNqNFF/dyQ4UGoY+KYywLqnZr2x+J/XjHXn3E1YGMWahmT6UCfmSAs0Tga1maRE86EhmEhm/opID0tMtMkva0JwZleeJ7WTolMqnt6W8uVSGkcG9uEACuDAGZThGipQBQIP8AQv8Go9Ws/Wm/U+LV2w0p49+APr4xusrZlq</latexit>

B(ẋi � ẋo) = Kxo

<latexit sha1_base64="iO6J6W6kCt+rMuwc7UCDEzPzFKM=">AAACCXicbZDLSgMxFIYzXmu9jbp0EyxCXVhmpKIboehGcFPBXqAdhkyaaUMzyZBkpGXo1o2v4saFIm59A3e+jWk7grb+EPj4zzlJzh/EjCrtOF/WwuLS8spqbi2/vrG5tW3v7NaVSCQmNSyYkM0AKcIoJzVNNSPNWBIUBYw0gv7VuN64J1JRwe/0MCZehLqchhQjbSzfhpfFdkfodDDyKTyGPyyO4AW8GfgC+nbBKTkTwXlwMyiATFXf/jSX4CQiXGOGlGq5Tqy9FElNMSOjfDtRJEa4j7qkZZCjiCgvnWwygofG6cBQSHO4hhP390SKIqWGUWA6I6R7arY2Nv+rtRIdnnsp5XGiCcfTh8KEQS3gOBbYoZJgzYYGEJbU/BXiHpIIaxNe3oTgzq48D/WTklsund6WC5VyFkcO7IMDUAQuOAMVcA2qoAYweABP4AW8Wo/Ws/VmvU9bF6xsZg/8kfXxDV6ZmM8=</latexit>

o

xi B

o

xo
-ff

K

o o

xi xo
-f

f = B(ẋi � ẋo)

<latexit sha1_base64="v5EwQOsnf6tdxz1/oCi7nabdu0o=">AAACBXicbVDLSgMxFM3UV62vUZe6CBahLiwzUtGNUHTjsoJ9QDsMmTTThmaSIcmIZejGjb/ixoUibv0Hd/6NaTuCth4IHM65h5t7gphRpR3ny8otLC4tr+RXC2vrG5tb9vZOQ4lEYlLHggnZCpAijHJS11Qz0oolQVHASDMYXI395h2Rigp+q4cx8SLU4zSkGGkj+fZ+CC/gZanTFTq9H/kUHsMfLo58u+iUnQngPHEzUgQZar79acI4iQjXmCGl2q4Tay9FUlPMyKjQSRSJER6gHmkbylFElJdOrhjBQ6N0YSikeVzDifo7kaJIqWEUmMkI6b6a9cbif1470eG5l1IeJ5pwPF0UJgxqAceVwC6VBGs2NARhSc1fIe4jibA2xRVMCe7syfOkcVJ2K+XTm0qxWsnqyIM9cABKwAVnoAquQQ3UAQYP4Am8gFfr0Xq23qz36WjOyjK74A+sj2+eOJdc</latexit>

f = K(xi � xo)

<latexit sha1_base64="7G9+t4dSVP2OI/5fGwvTb+IiUUo=">AAAB/XicbVDLSgMxFM3UV62v8bFzEyxCXVhmpKIboeBGcFPBPqAdhkyaaUMzyZBkxDoUf8WNC0Xc+h/u/Bsz7Sy0euByD+fcS25OEDOqtON8WYWFxaXlleJqaW19Y3PL3t5pKZFITJpYMCE7AVKEUU6ammpGOrEkKAoYaQejy8xv3xGpqOC3ehwTL0IDTkOKkTaSb++F8AJeV9L7iU/hMcy6OPLtslN1poB/iZuTMsjR8O3PXl/gJCJcY4aU6rpOrL0USU0xI5NSL1EkRniEBqRrKEcRUV46vX4CD43Sh6GQpriGU/XnRooipcZRYCYjpIdq3svE/7xuosNzL6U8TjThePZQmDCoBcyigH0qCdZsbAjCkppbIR4iibA2gZVMCO78l/+S1knVrVVPb2rlei2Powj2wQGoABecgTq4Ag3QBBg8gCfwAl6tR+vZerPeZ6MFK9/ZBb9gfXwDS5eTzw==</latexit>
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Mfo

xi B xo K
fa

xo

Mf

fm

B(ẋi � ẋo)

<latexit sha1_base64="9iqKa6YObRn2p8oEC+YqnYYQIzQ=">AAACAXicbVDLSgMxFL1TX7W+Rt0IboJFqAvLjFR0WXTjsoJ9QDsMmTRtQzOTIcmIZagbf8WNC0Xc+hfu/BvTdgStHggczrmHm3uCmDOlHefTyi0sLi2v5FcLa+sbm1v29k5DiUQSWieCC9kKsKKcRbSumea0FUuKw4DTZjC8nPjNWyoVE9GNHsXUC3E/Yj1GsDaSb+9dlDpdodO7sc/QMfrm4si3i07ZmQL9JW5GipCh5tsfJkySkEaacKxU23Vi7aVYakY4HRc6iaIxJkPcp21DIxxS5aXTC8bo0Chd1BPSvEijqfozkeJQqVEYmMkQ64Ga9ybif1470b1zL2VRnGgakdmiXsKRFmhSB+oySYnmI0Mwkcz8FZEBlphoU1rBlODOn/yXNE7KbqV8el0pVitZHXnYhwMogQtnUIUrqEEdCNzDIzzDi/VgPVmv1ttsNGdlmV34Bev9C5pHllE=</latexit>

�Kxo

<latexit sha1_base64="Yx6Q/hQEeUzalbn+JJX/KMtxCSQ=">AAAB7HicbVBNSwMxEJ2tX7V+VT16CRbBi2VXWvRY8CJ4qeC2hXYp2TTbhmaTJcmKZelv8OJBEa/+IG/+G9N2D9r6YODx3gwz88KEM21c99sprK1vbG4Vt0s7u3v7B+XDo5aWqSLUJ5JL1QmxppwJ6htmOO0kiuI45LQdjm9mfvuRKs2keDCThAYxHgoWMYKNlfyLu6e+7JcrbtWdA60SLycVyNHsl796A0nSmApDONa667mJCTKsDCOcTku9VNMEkzEe0q6lAsdUB9n82Ck6s8oARVLZEgbN1d8TGY61nsSh7YyxGellbyb+53VTE10HGRNJaqggi0VRypGRaPY5GjBFieETSzBRzN6KyAgrTIzNp2RD8JZfXiWty6pXq9bva5VGLY+jCCdwCufgwRU04Baa4AMBBs/wCm+OcF6cd+dj0Vpw8plj+APn8wdpYI5k</latexit>

B(ẋi � ẋo)�Kxo = Mf ẍo

<latexit sha1_base64="TuKEWKFi5chO5QV7J1MhJuFxiNM=">AAACF3icbZDLSgMxFIYz9VbrbdSlm2AR6qJlRiq6EYpuBBEq2Au0w5BJM21oZjIkGWkZ+hZufBU3LhRxqzvfxrSdgrb+EPj4zzlJzu9FjEplWd9GZml5ZXUtu57b2Nza3jF39+qSxwKTGuaMi6aHJGE0JDVFFSPNSBAUeIw0vP7VuN54IEJSHt6rYUScAHVD6lOMlLZcs3RZaHe4SgYjl8IinDE/Lt4MXA4v4K3ra3dmu2beKlkTwUWwU8iDVFXX/NJX4jggocIMSdmyrUg5CRKKYkZGuXYsSYRwH3VJS2OIAiKdZLLXCB5ppwN9LvQJFZy4vycSFEg5DDzdGSDVk/O1sflfrRUr/9xJaBjFioR4+pAfM6g4HIcEO1QQrNhQA8KC6r9C3EMCYaWjzOkQ7PmVF6F+UrLLpdO7cr5STuPIggNwCArABmegAq5BFdQABo/gGbyCN+PJeDHejY9pa8ZIZ/bBHxmfP4Gint8=</latexit>

B(ẋi � ẋo)�Kxo = 0

<latexit sha1_base64="wmPa+lPkhQsNbVspy1w36rw0+YY=">AAACCnicbZDLSgMxFIYzXmu9jbp0Ey1CXbTMSEU3QtGN4KaCvUA7DJk0bUMzyZBkpGXo2o2v4saFIm59Ane+jWk7grb+EPj4zzlJzh9EjCrtOF/WwuLS8spqZi27vrG5tW3v7NaUiCUmVSyYkI0AKcIoJ1VNNSONSBIUBozUg/7VuF6/J1JRwe/0MCJeiLqcdihG2li+fXCZb7WFTgYjn8IC/GFxXLgZ+AJeQMe3c07RmQjOg5tCDqSq+PanuQXHIeEaM6RU03Ui7SVIaooZGWVbsSIRwn3UJU2DHIVEeclklRE8Mk4bdoQ0h2s4cX9PJChUahgGpjNEuqdma2Pzv1oz1p1zL6E8ijXhePpQJ2ZQCzjOBbapJFizoQGEJTV/hbiHJMLapJc1IbizK89D7aToloqnt6VcuZTGkQH74BDkgQvOQBlcgwqoAgwewBN4Aa/Wo/VsvVnv09YFK53ZA39kfXwD7TGZFg==</latexit>

2-) Utilização da massa fictícia no ponto de união entre o amortecedor e a mola

Cont. ...

X
~f = Mf

~̈xo

<latexit sha1_base64="10aPFkQh0nqRBfJAn4glzvwtSYM=">AAACDHicbVDNSgMxGMzWv1r/qh69BIvgqexKRS9CwYsXoYL9ge6yZLPZNjTZLEm2WJZ9AC++ihcPinj1Abz5NqbtHrR1IDCZmY/kmyBhVGnb/rZKK6tr6xvlzcrW9s7uXnX/oKNEKjFpY8GE7AVIEUZj0tZUM9JLJEE8YKQbjK6nfndMpKIivteThHgcDWIaUYy0kfxqzVUph+6Y4CzK4RW89aP5zQ1DobOHPPeFSdl1ewa4TJyC1ECBll/9ckOBU05ijRlSqu/YifYyJDXFjOQVN1UkQXiEBqRvaIw4UV42WyaHJ0YJYSSkObGGM/X3RIa4UhMemCRHeqgWvan4n9dPdXTpZTROUk1iPH8oShnUAk6bgSGVBGs2MQRhSc1fIR4iibA2/VVMCc7iysukc1Z3GvXzu0at2SjqKIMjcAxOgQMuQBPcgBZoAwwewTN4BW/Wk/VivVsf82jJKmYOwR9Ynz+Zo5tS</latexit>

0

3-) “Método das Perturbações Virtuais” (Desenvolvido pelo Prof. Luiz Augusto !)

oo

xi xoB K

Esse método considera UM PONTO do modelo por vez ! (muito importante)
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oo

xi xoB K

Cont. ...

3.1-) Vamos dizer que queremos escrever as equações pasra o ponto o. Então, novamente
devemos focar nossa atenção neste ponto ! Portanto cumprimos o primeiro passo ! 
(escolher um ponto para análise !)

Tô de olho 
em você !

3.2-) Agora, proponha uma perturbação virtual
(de pequena magnitude e com o tempo 
congelado) no deslocamento deste ponto
na direção e sentido indicados no modelo!

oo

xi xoB K

oo

xi x'oB K

desl. virtual
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Cont. ...
3.3-) Agora verifique se há qualquer reação contrária a este movimento virtual 
adicional. 

oo

xi xoB K

oo

xi x'oB K

fA fM
3.4-) Havendo resistência ao movimento virtual, as correspondentes forças dos 
elementos que se opõe ao movimento virtual serão negativas e serão escritas como 

�B(ẋo � ẋi)�Kxo = 0

<latexit sha1_base64="l+I67Vx03zfcTHl7PJubRSzdK5w=">AAACDnicbVDLSgMxFM34rPU16tJNsBTqomVGKroRim4ENxXsA9phyKSZNjSTDElGWoZ+gRt/xY0LRdy6duffmD4EbT0QODnn3pvcE8SMKu04X9bS8srq2npmI7u5tb2za+/t15VIJCY1LJiQzQApwignNU01I81YEhQFjDSC/tXYb9wTqajgd3oYEy9CXU5DipE2km/nYfGy0O4InQ5GvoBF+MPpsbncDIx2AR3fzjklZwK4SNwZyYEZqr79aebgJCJcY4aUarlOrL0USU0xI6NsO1EkRriPuqRlKEcRUV46WWcE80bpwFBIc7iGE/V3R4oipYZRYCojpHtq3huL/3mtRIfnXkp5nGjC8fShMGFQCzjOBnaoJFizoSEIS2r+CnEPSYS1STBrQnDnV14k9ZOSWy6d3pZzlfIsjgw4BEegAFxwBirgGlRBDWDwAJ7AC3i1Hq1n6816n5YuWbOeA/AH1sc3du+Zyw==</latexit>

fA = �B(ẋo � ẋi)

<latexit sha1_base64="VY+Yojmfj7yatroac3FZOejo+v4=">AAACCnicbVDLSgMxFM3UV62vUZduokWoi5YZqehGqLpxWcE+oC1DJs20oZlkSDJiGbp246+4caGIW7/AnX9j2o6grQcCh3Pu4eYeP2JUacf5sjILi0vLK9nV3Nr6xuaWvb1TVyKWmNSwYEI2faQIo5zUNNWMNCNJUOgz0vAHV2O/cUekooLf6mFEOiHqcRpQjLSRPHsfBt4FPIfFy0K7K3RyP/IELMIfTo+gZ+edkjMBnCduSvIgRdWzP00axyHhGjOkVMt1It1JkNQUMzLKtWNFIoQHqEdahnIUEtVJJqeM4KFRujAQ0jyu4UT9nUhQqNQw9M1kiHRfzXpj8T+vFevgrJNQHsWacDxdFMQMagHHvcAulQRrNjQEYUnNXyHuI4mwNu3lTAnu7MnzpH5ccsulk5tyvlJO68iCPXAACsAFp6ACrkEV1AAGD+AJvIBX69F6tt6s9+loxkozu+APrI9vFsSYmw==</latexit>

3.5-) Agora somamos forças no ponto (ou se for uma massa aplica-se a Lei de Newton)

B(ẋi � ẋo)�Kxo = 0

<latexit sha1_base64="KZeXQTXGjgKjgenWWupqOSt/rhQ=">AAACDHicbVDLSgMxFL3js9ZX1aWbYBHqwjIjFd0IRTeCmwr2Ae0wZNK0Dc1MhiQjLUM/wI2/4saFIm79AHf+jWk7grYeCJycc+9N7vEjzpS27S9rYXFpeWU1s5Zd39jc2s7t7NaUiCWhVSK4kA0fK8pZSKuaaU4bkaQ48Dmt+/2rsV+/p1IxEd7pYUTdAHdD1mEEayN5ufxlodUWOhmMPIaO0Q8XR+ZyM/AEukC2qbKL9gRonjgpyUOKipf7NHNIHNBQE46Vajp2pN0ES80Ip6NsK1Y0wqSPu7RpaIgDqtxksswIHRqljTpCmhNqNFF/dyQ4UGoY+KYywLqnZr2x+J/XjHXn3E1YGMWahmT6UCfmSAs0Tga1maRE86EhmEhm/opID0tMtMkva0JwZleeJ7WTolMqnt6W8uVSGkcG9uEACuDAGZThGipQBQIP8AQv8Go9Ws/Wm/U+LV2w0p49+APr4xusrZlq</latexit>

1o método

fM = �K(xo � 0)

<latexit sha1_base64="gmL/iQQnfJ43XYdU2Hbr8eY6YN4=">AAAB/HicbVDLSgMxFM34rPU12qWbYBHqwjIjFd0IBTeCCBXsA9phyKSZNjSTDElGHIb6K25cKOLWD3Hn35i2s9DWA5d7OOdecnOCmFGlHefbWlpeWV1bL2wUN7e2d3btvf2WEonEpIkFE7ITIEUY5aSpqWakE0uCooCRdjC6mvjtByIVFfxepzHxIjTgNKQYaSP5dgmG/i28hCfwpvLoC9OdY98uO1VnCrhI3JyUQY6Gb3/1+gInEeEaM6RU13Vi7WVIaooZGRd7iSIxwiM0IF1DOYqI8rLp8WN4ZJQ+DIU0xTWcqr83MhQplUaBmYyQHqp5byL+53UTHV54GeVxognHs4fChEEt4CQJ2KeSYM1SQxCW1NwK8RBJhLXJq2hCcOe/vEhap1W3Vj27q5XrtTyOAjgAh6ACXHAO6uAaNEATYJCCZ/AK3qwn68V6tz5mo0tWvlMCf2B9/gA1MJHe</latexit>
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Cont. ...

4-) Método Matricial 

Este método consiste em “montarmos” matrizes para o sistema tal que as 
equações de movimento sejam reduzidas à seguinte forma matricial

[M ]{ü}+ [B]{u̇}+ [K]{u} = {f}

<latexit sha1_base64="1mY/05U3f0tXdHupVsYcDh2XrCY=">AAACHHicbZBNS8MwGMdTX+d8q3r0EhyCIIxWJ3oRhl4EESa4F2jLSNN0C0vTkqTCKP0gXvwqXjwo4sWD4Lcx63aYm38I/Pk9z5Pk+fsJo1JZ1o+xsLi0vLJaWiuvb2xubZs7uy0ZpwKTJo5ZLDo+koRRTpqKKkY6iSAo8hlp+4PrUb39SISkMX9Qw4R4EepxGlKMlEZd89S589zMDYJYZWnu5vAYOlcFmQK3GqTaXkI3C928a1asqlUIzht7YipgokbX/NLX4TQiXGGGpHRsK1FehoSimJG87KaSJAgPUI842nIUEellxXI5PNQkgGEs9OEKFnR6IkORlMPI150RUn05WxvB/2pOqsILL6M8SRXhePxQmDKoYjhKCgZUEKzYUBuEBdV/hbiPBMJK51nWIdizK8+b1knVrlXP7muVem0SRwnsgwNwBGxwDurgBjRAE2DwBF7AG3g3no1X48P4HLcuGJOZPfBHxvcvuIahFw==</latexit>

onde: 

• [M] é a matriz de massa. Para modelos de parâmetros concentrados, esta 
matriz é geralmente diagonal. 

• [B] é a matriz de amortecimento, formada pela combinação das constantes 
de amortecimento que compõe o modelo

• [K] é a matriz de rigidez, formada pela combinação das constantes elásticas 
que compõe o modelo.
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Cont. ...

• {f} é o vetor das entradas aplicadas ao modelo, podendo ser forças ou 
movimentos. 

• {u} e suas derivadas é o vetor contendo as saídas do modelo. 

Segue abaixo uma regra para a composição das matrizes [M], [B] e [K]

Mij =
X

i

Mij i = j

<latexit sha1_base64="J1xu/bKJgo9u/VrbUAG2tL8w4GQ=">AAACF3icbVDLSsNAFJ3UV62vqEs3g0VwISHRim6Eghs3QgX7gCaEyXTSTjuThJmJUEL+wo2/4saFIm515984bbPQ1gMD555zL3fuCRJGpbLtb6O0tLyyulZer2xsbm3vmLt7LRmnApMmjlksOgGShNGINBVVjHQSQRAPGGkHo+uJ334gQtI4ulfjhHgc9SMaUoyUlnzTuvUzOszhFYSuTLkuclhI7kAmCJPMPjnDPIdU9wx9s2pb9hRwkTgFqYICDd/8cnsxTjmJFGZIyq5jJ8rLkFAUM5JX3FQSvWWE+qSraYQ4kV42vSuHR1rpwTAW+kUKTtXfExniUo55oDs5UgM5703E/7xuqsJLL6NRkioS4dmiMGVQxXASEuxRQbBiY00QFlT/FeIBEggrHWVFh+DMn7xIWqeWU7PO72rVeq2IowwOwCE4Bg64AHVwAxqgCTB4BM/gFbwZT8aL8W58zFpLRjGzD/7A+PwBmuyeRA==</latexit>

Mij = 0 i 6= j

<latexit sha1_base64="LSCggPNZTQW/QYgugUDZZ9rRh6s=">AAACDHicbVDLSgMxFM34rPVVdekmWAQXUma0ohuh4MaNUME+oDOUTHqnTZvJjElGKMN8gBt/xY0LRdz6Ae78G9PHQlsPBA7nnMvNPX7MmdK2/W0tLC4tr6zm1vLrG5tb24Wd3bqKEkmhRiMeyaZPFHAmoKaZ5tCMJZDQ59DwB1cjv/EAUrFI3OlhDF5IuoIFjBJtpHaheNNOWT/Dlxjb2O2pmFBI7eNTGmaYYVfAPe6blF2yx8DzxJmSIpqi2i58uZ2IJiEITTlRquXYsfZSIjWjHLK8mygwiwakCy1DBQlBeen4mAwfGqWDg0iaJzQeq78nUhIqNQx9kwyJ7qlZbyT+57USHVx4KRNxokHQyaIg4VhHeNQM7jAJVPOhIYRKZv6KaY9IQrXpL29KcGZPnif1k5JTLp3dlouV8rSOHNpHB+gIOegcVdA1qqIaougRPaNX9GY9WS/Wu/UxiS5Y05k99AfW5w+PTZlh</latexit>

kij =
X

i

Kij i = j

<latexit sha1_base64="6Xjb+Iz1L5K0uctS+aOGE7TFhg4=">AAACFnicbVDLSgMxFM34rPU16tJNsAgutMxoRTdCwY3gpoJ9QGcYMmmmTZtkhiQjlGG+wo2/4saFIm7FnX9j+lho64HA4ZxzubknTBhV2nG+rYXFpeWV1cJacX1jc2vb3tltqDiVmNRxzGLZCpEijApS11Qz0kokQTxkpBkOrkd+84FIRWNxr4cJ8TnqChpRjLSRAvtkEGS0n8Mr6KmUG57D24ni9VSCMMmc4zPMc0hNpB/YJafsjAHniTslJTBFLbC/vE6MU06Exgwp1XadRPsZkppiRvKilypitgxQl7QNFYgT5Wfjs3J4aJQOjGJpntBwrP6eyBBXashDk+RI99SsNxL/89qpji79jIok1UTgyaIoZVDHcNQR7FBJsGZDQxCW1PwV4h6SCGvTZNGU4M6ePE8ap2W3Uj6/q5SqlWkdBbAPDsARcMEFqIIbUAN1gMEjeAav4M16sl6sd+tjEl2wpjN74A+szx9tAZ42</latexit>

kij = �
X

i,j

Kij i 6= j

<latexit sha1_base64="ml7p/X0Kg03lXBPkjWPZstjs7ig=">AAACHnicbVDLSgMxFM3Ud32NunQTLIILLTPaohtBcCO4qWCr0BlKJr21aZPMmGSEMsyXuPFX3LhQRHClf2P6WPg6EDj3nHu5uSdKONPG8z6dwtT0zOzc/EJxcWl5ZdVdW2/oOFUU6jTmsbqOiAbOJNQNMxyuEwVERByuov7p0L+6A6VZLC/NIIFQkBvJOowSY6WWW+23MtbL8THGezjQqbDlrq3Px3LQ1QmhkHm7B1TkmOFAwi3utdySV/ZGwH+JPyElNEGt5b4H7ZimAqShnGjd9L3EhBlRhlEOeTFINdhFfXIDTUslEaDDbHRejret0sadWNknDR6p3ycyIrQeiMh2CmK6+rc3FP/zmqnpHIUZk0lqQNLxok7KsYnxMCvcZgqo4QNLCFXM/hXTLlGEGpto0Ybg/z75L2nsl/1KuXpRKZ1UJnHMo020hXaQjw7RCTpDNVRHFN2jR/SMXpwH58l5dd7GrQVnMrOBfsD5+AKnN6Ds</latexit>

Bij = �
X

i,j

Bij i 6= j

<latexit sha1_base64="xAYKx8x6fRBfbQgfQUvnH5fW9Dc=">AAACHnicbVBNSwMxEM3Wr1q/qh69BIvgQcuuVvQiiF48VrAqdJclm05t2iS7JlmhLP0lXvwrXjwoInjSf2Na96CtDwJv3pthMi9KONPGdb+cwtT0zOxccb60sLi0vFJeXbvScaooNGjMY3UTEQ2cSWgYZjjcJAqIiDhcR72zoX99D0qzWF6afgKBILeStRklxkph+eA0zFh3gI8x3sW+ToUtd2ydy35HJ4RC5u7sUzHADPsS7nA3LFfcqjsCniReTiooRz0sf/itmKYCpKGcaN303MQEGVGGUQ6Dkp9qsIt65BaalkoiQAfZ6LwB3rJKC7djZZ80eKT+nsiI0LovItspiOnocW8o/uc1U9M+CjImk9SApD+L2inHJsbDrHCLKaCG9y0hVDH7V0w7RBFqbKIlG4I3fvIkudqrerXqwUWtclLL4yiiDbSJtpGHDtEJOkd11EAUPaAn9IJenUfn2Xlz3n9aC04+s47+wPn8BlIWoLo=</latexit>

Bij =
X

i

Bij i = j

<latexit sha1_base64="RF1t0JJBMD37qcHbtzdlOBNkuMc=">AAACF3icbVDLSsNAFJ3UV62vqEs3g0VwISHRim6EohuXFewDmhAm00k77UwSZiZCCfkLN/6KGxeKuNWdf+O0zUJbDwyce8693LknSBiVyra/jdLS8srqWnm9srG5tb1j7u61ZJwKTJo4ZrHoBEgSRiPSVFQx0kkEQTxgpB2MbiZ++4EISePoXo0T4nHUj2hIMVJa8k3r2s/oMIdXELoy5brIYSG5A5kgTDL75AzzHFLdM/TNqm3ZU8BF4hSkCgo0fPPL7cU45SRSmCEpu46dKC9DQlHMSF5xU0n0lhHqk66mEeJEetn0rhweaaUHw1joFyk4VX9PZIhLOeaB7uRIDeS8NxH/87qpCi+9jEZJqkiEZ4vClEEVw0lIsEcFwYqNNUFYUP1XiAdIIKx0lBUdgjN/8iJpnVpOzTq/q1XrtSKOMjgAh+AYOOAC1MEtaIAmwOARPINX8GY8GS/Gu/Exay0Zxcw++APj8wd2h54u</latexit>

No presente caso, como temos apenas uma váriável
de saída (xo), as matrizes resultam de ordem 1x1 e 
a equação do modelo é a mesma ou seja

Bẋo +Kxo = Bẋi

<latexit sha1_base64="ZvMpXWoCIlvfPxdknC9qePXDke4=">AAACB3icbVBLSwMxGMzWV62vVY+CBIsgCGVXKnoRil4ELxXsA9plyabZNjSbLElWWpbevPhXvHhQxKt/wZv/xrRdRFsHQoaZb0i+CWJGlXacLyu3sLi0vJJfLaytb2xu2ds7dSUSiUkNCyZkM0CKMMpJTVPNSDOWBEUBI42gfzX2G/dEKir4nR7GxItQl9OQYqSN5Nv7l+2O0Olg5At4DG8G5rqAPxr17aJTciaA88TNSBFkqPr2p8niJCJcY4aUarlOrL0USU0xI6NCO1EkRriPuqRlKEcRUV462WMED43SgaGQ5nANJ+rvRIoipYZRYCYjpHtq1huL/3mtRIfnXkp5nGjC8fShMGFQCzguBXaoJFizoSEIS2r+CnEPSYS1qa5gSnBnV54n9ZOSWy6d3paLlXJWRx7sgQNwBFxwBirgGlRBDWDwAJ7AC3i1Hq1n6816n47mrCyzC/7A+vgGtACYig==</latexit>

Vejamos um exemplo adicional
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K1

u2(t)

B2

K2
B1 M2 M3

u3(t)u1(t)

M1
fi(t)

Exemplo 2

Vamos escrever as equações diferenciais para este modelo

1-) Vamos iniciar a solução usando a formulação matricial. Neste caso expressamos 
as equações do sistema na forma matricial como: 

[M ]{ü}+ [B]{u̇}+ [K]{u} = {f}

<latexit sha1_base64="1mY/05U3f0tXdHupVsYcDh2XrCY=">AAACHHicbZBNS8MwGMdTX+d8q3r0EhyCIIxWJ3oRhl4EESa4F2jLSNN0C0vTkqTCKP0gXvwqXjwo4sWD4Lcx63aYm38I/Pk9z5Pk+fsJo1JZ1o+xsLi0vLJaWiuvb2xubZs7uy0ZpwKTJo5ZLDo+koRRTpqKKkY6iSAo8hlp+4PrUb39SISkMX9Qw4R4EepxGlKMlEZd89S589zMDYJYZWnu5vAYOlcFmQK3GqTaXkI3C928a1asqlUIzht7YipgokbX/NLX4TQiXGGGpHRsK1FehoSimJG87KaSJAgPUI842nIUEellxXI5PNQkgGEs9OEKFnR6IkORlMPI150RUn05WxvB/2pOqsILL6M8SRXhePxQmDKoYjhKCgZUEKzYUBuEBdV/hbiPBMJK51nWIdizK8+b1knVrlXP7muVem0SRwnsgwNwBGxwDurgBjRAE2DwBF7AG3g3no1X48P4HLcuGJOZPfBHxvcvuIahFw==</latexit>

Onde: 
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Cont. ...

{u} =

8
<

:

u1

u2

u3

9
=

;

<latexit sha1_base64="DVDeA8QXPCif3egmEUTn7ebyB9c=">AAACIHicbVDLSgMxFM34rOOr6tJNsAiuykyt1I1QdOOygn1AZxgy6W0bmskMSUYsQz/Fjb/ixoUiutOvMX0g2nog3MM595J7T5hwprTjfFpLyyura+u5DXtza3tnN7+331BxKinUacxj2QqJAs4E1DXTHFqJBBKFHJrh4GrsN+9AKhaLWz1MwI9IT7Auo0QbKchXvCz1RvaF7YXQYyK7jIiW7H5kp4GLPc+U0rSc2h6Izo8f5AtO0ZkALxJ3RgpohlqQ//A6MU0jEJpyolTbdRLtZ0RqRjmMbC9VkBA6ID1oGypIBMrPJgeO8LFROrgbS/OExhP190RGIqWGUWg6zX59Ne+Nxf+8dqq7537GRJJqEHT6UTflWMd4nBbuMAlU86EhhEpmdsW0TySh2mRqmxDc+ZMXSaNUdMvFs5tyoVqexZFDh+gInSAXVVAVXaMaqiOKHtATekGv1qP1bL1Z79PWJWs2c4D+wPr6BjH1ob0=</latexit>

{u̇} =

8
<

:

u̇1

u̇2

u̇3

9
=

;

<latexit sha1_base64="2BVFu3UH3WGFUjn+EjDJ2fCmBN8="></latexit>

{ü} =

8
<

:

ü1

ü2

ü3

9
=

;

<latexit sha1_base64="a7FJJFY4mP06KvhoDkgkDB+FrmE="></latexit>

{f} =

8
<

:

0
fi
0

9
=

;

<latexit sha1_base64="aVtHY9UACIfkTg64640CRYC0s8I=">AAACHHicbVDLSsNAFJ34rPEVdelmsAiuSqIV3QhFNy4r2Ac0pUymN+3QySTMTMQS+iFu/BU3LhRx40Lwb5y2QbT1wDCHc+7l3nuChDOlXffLWlhcWl5ZLazZ6xubW9vOzm5dxamkUKMxj2UzIAo4E1DTTHNoJhJIFHBoBIOrsd+4A6lYLG71MIF2RHqChYwSbaSOc+JnoT+yL2w/gB4T2WVEtGT3I9vFvm+HHTb+XNsH0f3xOk7RLbkT4Hni5aSIclQ7zoffjWkagdCUE6VanpvodkakZpTDyPZTBQmhA9KDlqGCRKDa2eS4ET40SheHsTRPaDxRf3dkJFJqGAWm0uzXV7PeWPzPa6U6PG9nTCSpBkGng8KUYx3jcVK4yyRQzYeGECqZ2RXTPpGEapOnbULwZk+eJ/Xjklcund6Ui5VyHkcB7aMDdIQ8dIYq6BpVUQ1R9ICe0At6tR6tZ+vNep+WLlh5zx76A+vzG+r7oAI=</latexit>

Para a matriz de massa usamos: 
Mij =

X

i

Mij i = j

<latexit sha1_base64="J1xu/bKJgo9u/VrbUAG2tL8w4GQ=">AAACF3icbVDLSsNAFJ3UV62vqEs3g0VwISHRim6Eghs3QgX7gCaEyXTSTjuThJmJUEL+wo2/4saFIm515984bbPQ1gMD555zL3fuCRJGpbLtb6O0tLyyulZer2xsbm3vmLt7LRmnApMmjlksOgGShNGINBVVjHQSQRAPGGkHo+uJ334gQtI4ulfjhHgc9SMaUoyUlnzTuvUzOszhFYSuTLkuclhI7kAmCJPMPjnDPIdU9wx9s2pb9hRwkTgFqYICDd/8cnsxTjmJFGZIyq5jJ8rLkFAUM5JX3FQSvWWE+qSraYQ4kV42vSuHR1rpwTAW+kUKTtXfExniUo55oDs5UgM5703E/7xuqsJLL6NRkioS4dmiMGVQxXASEuxRQbBiY00QFlT/FeIBEggrHWVFh+DMn7xIWqeWU7PO72rVeq2IowwOwCE4Bg64AHVwAxqgCTB4BM/gFbwZT8aL8W58zFpLRjGzD/7A+PwBmuyeRA==</latexit>

Mij = 0 i 6= j

<latexit sha1_base64="LSCggPNZTQW/QYgugUDZZ9rRh6s=">AAACDHicbVDLSgMxFM34rPVVdekmWAQXUma0ohuh4MaNUME+oDOUTHqnTZvJjElGKMN8gBt/xY0LRdz6Ae78G9PHQlsPBA7nnMvNPX7MmdK2/W0tLC4tr6zm1vLrG5tb24Wd3bqKEkmhRiMeyaZPFHAmoKaZ5tCMJZDQ59DwB1cjv/EAUrFI3OlhDF5IuoIFjBJtpHaheNNOWT/Dlxjb2O2pmFBI7eNTGmaYYVfAPe6blF2yx8DzxJmSIpqi2i58uZ2IJiEITTlRquXYsfZSIjWjHLK8mygwiwakCy1DBQlBeen4mAwfGqWDg0iaJzQeq78nUhIqNQx9kwyJ7qlZbyT+57USHVx4KRNxokHQyaIg4VhHeNQM7jAJVPOhIYRKZv6KaY9IQrXpL29KcGZPnif1k5JTLp3dlouV8rSOHNpHB+gIOegcVdA1qqIaougRPaNX9GY9WS/Wu/UxiS5Y05k99AfW5w+PTZlh</latexit>

Resultando: [M ] =

2

4
M1 0 0
0 M2 0
0 0 M3

3

5

<latexit sha1_base64="bcYMiLc64Cp1eTv1yB2kKgqLYc8="></latexit>

Para a matriz de amortecimento usamos: 
Bij = �

X

i,j

Bij i 6= j

<latexit sha1_base64="xAYKx8x6fRBfbQgfQUvnH5fW9Dc=">AAACHnicbVBNSwMxEM3Wr1q/qh69BIvgQcuuVvQiiF48VrAqdJclm05t2iS7JlmhLP0lXvwrXjwoInjSf2Na96CtDwJv3pthMi9KONPGdb+cwtT0zOxccb60sLi0vFJeXbvScaooNGjMY3UTEQ2cSWgYZjjcJAqIiDhcR72zoX99D0qzWF6afgKBILeStRklxkph+eA0zFh3gI8x3sW+ToUtd2ydy35HJ4RC5u7sUzHADPsS7nA3LFfcqjsCniReTiooRz0sf/itmKYCpKGcaN303MQEGVGGUQ6Dkp9qsIt65BaalkoiQAfZ6LwB3rJKC7djZZ80eKT+nsiI0LovItspiOnocW8o/uc1U9M+CjImk9SApD+L2inHJsbDrHCLKaCG9y0hVDH7V0w7RBFqbKIlG4I3fvIkudqrerXqwUWtclLL4yiiDbSJtpGHDtEJOkd11EAUPaAn9IJenUfn2Xlz3n9aC04+s47+wPn8BlIWoLo=</latexit>

Bij =
X

i

Bij i = j

<latexit sha1_base64="RF1t0JJBMD37qcHbtzdlOBNkuMc=">AAACF3icbVDLSsNAFJ3UV62vqEs3g0VwISHRim6EohuXFewDmhAm00k77UwSZiZCCfkLN/6KGxeKuNWdf+O0zUJbDwyce8693LknSBiVyra/jdLS8srqWnm9srG5tb1j7u61ZJwKTJo4ZrHoBEgSRiPSVFQx0kkEQTxgpB2MbiZ++4EISePoXo0T4nHUj2hIMVJa8k3r2s/oMIdXELoy5brIYSG5A5kgTDL75AzzHFLdM/TNqm3ZU8BF4hSkCgo0fPPL7cU45SRSmCEpu46dKC9DQlHMSF5xU0n0lhHqk66mEeJEetn0rhweaaUHw1joFyk4VX9PZIhLOeaB7uRIDeS8NxH/87qpCi+9jEZJqkiEZ4vClEEVw0lIsEcFwYqNNUFYUP1XiAdIIKx0lBUdgjN/8iJpnVpOzTq/q1XrtSKOMjgAh+AYOOAC1MEtaIAmwOARPINX8GY8GS/Gu/Exay0Zxcw++APj8wd2h54u</latexit>
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Resultando: 

[B] =

2

4
B1 +B2 �B1 �B2

�B1 B1 0
�B2 0 B2

3

5

<latexit sha1_base64="A1w1OJsT6clR/or9uZPDY+LT1Jo="></latexit>

K1

u2(t)

B2

K2
B1 M2 M3

u3(t)u1(t)

M1
fi(t)

Para a matriz de rigidez usamos: 
kij =

X

i

Kij i = j

<latexit sha1_base64="6Xjb+Iz1L5K0uctS+aOGE7TFhg4=">AAACFnicbVDLSgMxFM34rPU16tJNsAgutMxoRTdCwY3gpoJ9QGcYMmmmTZtkhiQjlGG+wo2/4saFIm7FnX9j+lho64HA4ZxzubknTBhV2nG+rYXFpeWV1cJacX1jc2vb3tltqDiVmNRxzGLZCpEijApS11Qz0kokQTxkpBkOrkd+84FIRWNxr4cJ8TnqChpRjLSRAvtkEGS0n8Mr6KmUG57D24ni9VSCMMmc4zPMc0hNpB/YJafsjAHniTslJTBFLbC/vE6MU06Exgwp1XadRPsZkppiRvKilypitgxQl7QNFYgT5Wfjs3J4aJQOjGJpntBwrP6eyBBXashDk+RI99SsNxL/89qpji79jIok1UTgyaIoZVDHcNQR7FBJsGZDQxCW1PwV4h6SCGvTZNGU4M6ePE8ap2W3Uj6/q5SqlWkdBbAPDsARcMEFqIIbUAN1gMEjeAav4M16sl6sd+tjEl2wpjN74A+szx9tAZ42</latexit>

kij = �
X

i,j

Kij i 6= j

<latexit sha1_base64="ml7p/X0Kg03lXBPkjWPZstjs7ig=">AAACHnicbVDLSgMxFM3Ud32NunQTLIILLTPaohtBcCO4qWCr0BlKJr21aZPMmGSEMsyXuPFX3LhQRHClf2P6WPg6EDj3nHu5uSdKONPG8z6dwtT0zOzc/EJxcWl5ZdVdW2/oOFUU6jTmsbqOiAbOJNQNMxyuEwVERByuov7p0L+6A6VZLC/NIIFQkBvJOowSY6WWW+23MtbL8THGezjQqbDlrq3Px3LQ1QmhkHm7B1TkmOFAwi3utdySV/ZGwH+JPyElNEGt5b4H7ZimAqShnGjd9L3EhBlRhlEOeTFINdhFfXIDTUslEaDDbHRejret0sadWNknDR6p3ycyIrQeiMh2CmK6+rc3FP/zmqnpHIUZk0lqQNLxok7KsYnxMCvcZgqo4QNLCFXM/hXTLlGEGpto0Ybg/z75L2nsl/1KuXpRKZ1UJnHMo020hXaQjw7RCTpDNVRHFN2jR/SMXpwH58l5dd7GrQVnMrOBfsD5+AKnN6Ds</latexit>

Resultando: [K] =

2

4
K1 �K1 0
�K1 K1 +K2 �K2

0 �K2 K2

3

5

<latexit sha1_base64="uD1YjlWVFKJ7K89GEUvfNxT+388="></latexit>

Cont. ...
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2

4
M1 0 0
0 M2 0
0 0 M3

3

5

8
<

:

ü1

ü2

ü3

9
=

;+

2

4
B1 +B2 �B1 �B2

�B1 B1 0
�B2 0 B2

3

5

8
<

:

u̇1

u̇2

u̇3

9
=

;+

2

4
K1 �K1 0
�K1 K1 +K2 �K2

0 �K2 K2

3

5

8
<

:

u1

u2

u3

9
=

; =

8
<

:

0
fi
0

9
=

;

<latexit sha1_base64="9ZDxTpTh9QMkQ4ILvhPDrqtg3YE="></latexit>

Cont. ...

E, então, escrevemos as equações do modelo na forma matricial:
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2-) Método das perturbações virtuais

2.1 – Iniciamos analisando o movimento
do ponto de coordenada u1 (massa M1)

2.2 – Proponha um deslocamento adicional virtual a u1 e zero nos demais. Há resistência 
a este deslocamento ? Resposta: SIM, da mola K1 e dos amortecedores B1 e B2. Logo estas 
forças na massa M1 serão negativas.

2.3 – Escrevemos a equação do equilíbrio de forças em M1 respeitando 2.2:

�K1(u1 � u2)�B1(u̇1 � u̇2)�B2(u̇1 � u̇3) = M1ü1

<latexit sha1_base64="gzlLn+A3sZlNqK4QMw7L26qiVAU="></latexit>

Pois houve resistência ao deslocamento virtual aplicado a M1

K1

u2(t)

B2

K2
B1

M2 M3

u3(t)u1(t)

M1

u1(t)

Cont. ...

fi
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K1

u'2(t)

B2

K2
B1 M2 M3

u3(t)

M1

u1(t) u2(t)
2.4 – Agora repetimos o procedimento para o deslocamento u2

2.5- E notamos que as moas K1 e K2 bem como o 
amoertecedor B1 oferecem resistência, originando 
portanto forças negativas na massa M2

2.6- Agora escrevemos o balanço de forças para M2 (não se esquecendo que fi está aplicada a 
ela !)

fi

�K1(u2 � u1)�B1(u̇2 � u̇1)�K2(u2 � u3) + fi = M2ü2

<latexit sha1_base64="xEjoXo94bj7RM3Zlt7bHu1ospxw="></latexit>

Pois houve resistência ao deslocamento virtual aplicado a M2

Cont. ...
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K1

u2(t)

B2

K2
B1

M2 M3

u'3(t)u1(t)

M1

u3(t)

Cont. ...

2.7 – Finalmente aplicamos o procedimento para o deslocamento u3

2.8 – Observamos que a mola K2 e o amortecedor
B2 oferecem resistência, e suas respectivas forças 
na massa M3 serão negativas, portanto. 

2.9 – Escrevemos a equação de equilíbrio para M3

�K2(u3 � u2)�B2(u̇3 � u̇1) = M3ü3

<latexit sha1_base64="cLwhtCShntqhwv5MjtiUyVaXqGo=">AAACJXicbVDLSgMxFM3UV62vUZdugkVoFy0zbUUXCkU3gggVrC20ZchkMm1o5kEeQhn6M278FTcuLCK48ldMX6CtB0IO59x7k3vcmFEhLevLSK2srq1vpDczW9s7u3vm/sGjiBTHpI4jFvGmiwRhNCR1SSUjzZgTFLiMNNz+9dhvPBEuaBQ+yEFMOgHqhtSnGEktOeZF4dYp5ZRThgWonFJeX1daaHuRTNTQKRfgnNp5eAnvdGHbm5uOmbWK1gRwmdgzkgUz1BxzpKdhFZBQYoaEaNlWLDsJ4pJiRoaZthIkRriPuqSlaYgCIjrJZMshPNGKB/2I6xNKOFF/dyQoEGIQuLoyQLInFr2x+J/XUtI/7yQ0jJUkIZ4+5CsGZQTHkUGPcoIlG2iCMKf6rxD3EEdY6mAzOgR7ceVl8lgq2pXi6X0lW63M4kiDI3AMcsAGZ6AKbkAN1AEGz+AVvIOR8WK8GR/G57Q0Zcx6DsEfGN8/MWihcw==</latexit>

Reescrevemos as equações de forma mais organizada como:

M1ü1 + (B1 +B2)u̇1 +K1u1 �B1u̇2 �K1u2 �B2u̇3 = 0

<latexit sha1_base64="GJ5S4A2ccJ02uD2JLIFRBq7nRfY="></latexit>

M2ü2 +B1u̇2 + (K1 +K2)u2 �B1u̇1 �K1u1 �K2u̇3 = fi

<latexit sha1_base64="g1vbDcX+gPiqu5Z8Xb3pp/R2ofQ="></latexit>

M3ü2 +B2u̇3 +K2u3 �B2u̇1 �K2u2 = 0

<latexit sha1_base64="TKeFwnEt72nyYbG3Kn4zw2tPHZc=">AAACKnicbVBbS8MwFE69znmr+uhLcAiCONpuoi/C1BdBhAnuAlspaZpuYemFJBVG2e/xxb/iyx6U4as/xKzrw9w8EPgu5yQ5nxszKqRhTLSV1bX1jc3CVnF7Z3dvXz84bIoo4Zg0cMQi3naRIIyGpCGpZKQdc4ICl5GWO7if+q1XwgWNwhc5jIkdoF5IfYqRVJKj3z45la7nRTJNRo4Fz+GdY3VzWlH00bESBS7mdVPRTLfgDTQcvWSUjazgMjBzUAJ51R19rC7CSUBCiRkSomMasbRTxCXFjIyK3USQGOEB6pGOgiEKiLDTbNURPFWKB/2IqxNKmKnzEykKhBgGruoMkOyLRW8q/ud1Eulf2ykN40SSEM8e8hMGZQSnuUGPcoIlGyqAMKfqrxD3EUdYqnSLKgRzceVl0LTKZrV8+Vwt1ap5HAVwDE7AGTDBFaiBB1AHDYDBG/gAn+BLe9fG2kT7nrWuaPnMEfhT2s8vzt+jHQ==</latexit>

2

4
M1 0 0
0 M2 0
0 0 M3

3

5

8
<

:

ü1

ü2

ü3

9
=

;+

2

4
B1 +B2 �B1 �B2

�B1 B1 0
�B2 0 B2

3

5

8
<

:

u̇1

u̇2

u̇3

9
=

;+

2

4
K1 �K1 0
�K1 K1 +K2 �K2

0 �K2 K2

3

5

8
<

:

u1

u2

u3

9
=

; =

8
<

:

0
fi
0

9
=

;

<latexit sha1_base64="9ZDxTpTh9QMkQ4ILvhPDrqtg3YE="></latexit>

ou:

fi
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