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Monitoring à distance de la tension 
dans des haubans ou des suspentes 
au moyen de mesures vibratoires.

Mise en contexte

2



Identification àpd mesures vibratoires

3

Modèle

Paramètres
inconnus

Paramètres
connus

Observations

Entrées connues Réponses prédites

Di!érence
à minimiser

Réponses mesurées

<latexit sha1_base64="9OdOjGCtpxIP7QgiNDVNAVTjibc="></latexit>

<latexit sha1_base64="9OdOjGCtpxIP7QgiNDVNAVTjibc="></latexit><latexit sha1_base64="9OdOjGCtpxIP7QgiNDVNAVTjibc="></latexit>



(i) Câble extensible, tension > poids  
(ii) Raideur flexionnelle négligeable

<latexit sha1_base64="YZ8Gogcs7tGgJzHUwfmDHNaSzw0="></latexit>

<latexit sha1_base64="ozkqgBAx+foc0q2cJaYY9TARtb8="></latexit>
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Dynamique de la corde tendue
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<latexit sha1_base64="LS15Mqg1xq9GLURz7vwDQwDIiyM="></latexit>

<latexit sha1_base64="Y7TFa1s4aIOfRMR3Zv50ySWeXDw="></latexit>

Paramètre d’Irvine

<latexit sha1_base64="Y7TFa1s4aIOfRMR3Zv50ySWeXDw="></latexit>

(i) Effets de sagging

<latexit sha1_base64="m8gKPSBMAF2I2U63k8wjjCg1gno="></latexit>

En plan      (hors plan            ) 
<latexit sha1_base64="z2+W/d44vIse0SaeqRcpo62HCQo="></latexit>
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<latexit sha1_base64="6QPrwFymHBehtgbpHrKV0K3ZiWY="></latexit>

1st sym.

1st antim.

2nd sym.
2nd antim.

3rd sym.

3rd antim.

4th sym.
4th antim.

1 2 3 4 5 6 7 8 9 10 11 12

SAG



(ii) Effets de flexion

<latexit sha1_base64="JgYnKmkdNvMWgJw9wgSH6OhJoj4="></latexit>

<latexit sha1_base64="RbNduL63lihzO2LL60ac99lyB1I="></latexit>

Paramètre de flexion

<latexit sha1_base64="nnnQvoscOmYPcHCJrrDGc8lxB/s="></latexit><latexit sha1_base64="nnnQvoscOmYPcHCJrrDGc8lxB/s="></latexit>
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— bi-encastré 
- - bi-rotulé

La rigidité des appuis 
modifie l’expression de     !

<latexit sha1_base64="TSUQDu8pATM/AHtHuqsqHXHQw4A="></latexit>

<latexit sha1_base64="kZrUmPjF7piDfVe4PKUF2gclpA0="></latexit>



Paramètres à prendre en compte
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Modèle

Paramètres
inconnus

Paramètres
connus

Observations

Entrées connues Réponses prédites

Di!érence
à minimiser

Réponses mesurées

Sagging

Flexion

<latexit sha1_base64="YFo3zPxq+C9sJOmO2UxYe1Fyrg0="></latexit>

<latexit sha1_base64="t1+OveRK1DcUrM/M6th7JA0wrRk="></latexit>

<latexit sha1_base64="L/2eEOorjtEgrSE60MFYnGzeMXU="></latexit> <latexit sha1_base64="60svIpml6S/CMKDh/e9gA3swv7o="></latexit>

x  x  x  x  x



Analyse directe



Équation du mouvement
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<latexit sha1_base64="YFo3zPxq+C9sJOmO2UxYe1Fyrg0="></latexit>

<latexit sha1_base64="t1+OveRK1DcUrM/M6th7JA0wrRk="></latexit>

<latexit sha1_base64="L/2eEOorjtEgrSE60MFYnGzeMXU="></latexit> <latexit sha1_base64="60svIpml6S/CMKDh/e9gA3swv7o="></latexit>

x  x  x  x  x

<latexit sha1_base64="lqX04IJDj2CoZ75jx2bTcgtm0co="></latexit>

<latexit sha1_base64="xIrvNqdvoKCF0kX/flIVjwfdpq8="></latexit>

Adim.

<latexit sha1_base64="AKy0x7LWvJpqCiZCTOlg+CrpIQw="></latexit>

Sep. var.

<latexit sha1_base64="JShBTZ16B8Sh9TlQbydE28tLHHg="></latexit>

<latexit sha1_base64="/BG97n/LfW3VTyXRZg0VTmgVn0I="></latexit>



<latexit sha1_base64="MxcR09WH1H5WBiaZx5OIBhrTris="></latexit>

Existence de couches limites spatiales
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<latexit sha1_base64="YFo3zPxq+C9sJOmO2UxYe1Fyrg0="></latexit>

<latexit sha1_base64="t1+OveRK1DcUrM/M6th7JA0wrRk="></latexit>

<latexit sha1_base64="L/2eEOorjtEgrSE60MFYnGzeMXU="></latexit> <latexit sha1_base64="60svIpml6S/CMKDh/e9gA3swv7o="></latexit>

x  x  x  x  x

<latexit sha1_base64="y4bnoEtcsjvKgrmgrtdiAusSQg8="></latexit>

<latexit sha1_base64="awIIA4BPgvQhB9vNoPiBvxuU43g="></latexit>

<latexit sha1_base64="HeeK9q8i6HSPMRwy5h/ICnUUMcM="></latexit>

Si  couches limites à gauche et à droite<latexit sha1_base64="0J/39Be8HumKQA9pXyjABbcZILQ="></latexit>

etplutôt que 
<latexit sha1_base64="VLLpmVoebQHrKvsMDPLc/11v4ug="></latexit>

<latexit sha1_base64="5xCKvgP1dXNlN+37KR+cYqeuH7g="></latexit>

<latexit sha1_base64="DnDDAEFMn4lcJzufjZFroeAGLs8="></latexit>

<latexit sha1_base64="WgbIpDtfitbl2u2gWdzqfn4eFIU="></latexit>



<latexit sha1_base64="MxcR09WH1H5WBiaZx5OIBhrTris="></latexit>

Taille des couches limites
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<latexit sha1_base64="YFo3zPxq+C9sJOmO2UxYe1Fyrg0="></latexit>

<latexit sha1_base64="t1+OveRK1DcUrM/M6th7JA0wrRk="></latexit>

<latexit sha1_base64="L/2eEOorjtEgrSE60MFYnGzeMXU="></latexit> <latexit sha1_base64="60svIpml6S/CMKDh/e9gA3swv7o="></latexit>

x  x  x  x  x

<latexit sha1_base64="y4bnoEtcsjvKgrmgrtdiAusSQg8="></latexit>

<latexit sha1_base64="awIIA4BPgvQhB9vNoPiBvxuU43g="></latexit>

<latexit sha1_base64="HeeK9q8i6HSPMRwy5h/ICnUUMcM="></latexit>

Si  en plus,<latexit sha1_base64="qT9B5eocd2PLJETvsHWuVR7KoRU="></latexit>

<latexit sha1_base64="Ecdz2TFKILyNwAuBw78nKnaLzvo="></latexit>

<latexit sha1_base64="X4dfaySWzEjX9rCPn8lRU+9H5oc="></latexit>

, couches limites de taille <latexit sha1_base64="SOUb1rQXJi+7H3ILlgn5G1qKoHA="></latexit>



<latexit sha1_base64="MZxDm2CwxQcj4GZ+2S0Txkzeszc="></latexit>

<latexit sha1_base64="MxcR09WH1H5WBiaZx5OIBhrTris="></latexit>

Taille des couches limites
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<latexit sha1_base64="YFo3zPxq+C9sJOmO2UxYe1Fyrg0="></latexit>

<latexit sha1_base64="t1+OveRK1DcUrM/M6th7JA0wrRk="></latexit>

<latexit sha1_base64="L/2eEOorjtEgrSE60MFYnGzeMXU="></latexit> <latexit sha1_base64="60svIpml6S/CMKDh/e9gA3swv7o="></latexit>

x  x  x  x  x

<latexit sha1_base64="y4bnoEtcsjvKgrmgrtdiAusSQg8="></latexit>

Si ,<latexit sha1_base64="QYkmfWf25pjJkPsKfYC5CZ4CgXM="></latexit>

<latexit sha1_base64="awIIA4BPgvQhB9vNoPiBvxuU43g="></latexit>

<latexit sha1_base64="HeeK9q8i6HSPMRwy5h/ICnUUMcM="></latexit>

<latexit sha1_base64="aSD4Z3D3knxREWm9xmHqJPAPz6E="></latexit>

Les couches limites rétrécissent !



<latexit sha1_base64="MxcR09WH1H5WBiaZx5OIBhrTris=">AAADTXicjVFJS8QwFH6t+7iNy02U4CCMyAytCHoR3A4eFRwVrAxtzMwEO21JUlEH7/47j+I/0Is3byK+xAiuaErbl29LXhJlMZfK8+4ct6u7p7evf6AwODQ8MlocG9+XaS4oq9E0TsVhFEoW84TVFFcxO8wEC9tRzA6i003NH5wxIXma7KmLjB23w2bCG5yGCqF68TrIWrwcnPP51XUSSJ6QIGYNVb6sd/wrgnggeLOl5hc2SE BT+Ru7SQJ2nlm2gvTiJ3rrB7rsV/SyVlKoF0te1TODfC98W5TAjp20eAsBnEAKFHJoA4MEFNYxhCDxOQIfPMgQO4YOYgIrbngGV1BAb44qhooQ0VP8NnF2ZNEE5zpTGjfFVWJ8BToJzKEnRZ3AWq9GDJ+bZI3+lt0xmXpvF/iPbFYbUQUtRP/yvSv/69O9KGjAiumBY0+ZQXR31Kbk5lT0zsmHrhQmZIjp+gR5gTU1zvdzJsYjTe/6bEPD3xulRvWcWm0OD3qXeMH+1+v8XuwvVn2v6u8uldaW7FX3wxTMQhnvcxnWYBt2oIbZj86kM+3MuDfuk/vsvrxJXcd6JuDT6Op7BTjYvtc=</latexit>

Conditions d’équilibre aux limites
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<latexit sha1_base64="YFo3zPxq+C9sJOmO2UxYe1Fyrg0="></latexit>

<latexit sha1_base64="t1+OveRK1DcUrM/M6th7JA0wrRk="></latexit>

<latexit sha1_base64="L/2eEOorjtEgrSE60MFYnGzeMXU="></latexit> <latexit sha1_base64="60svIpml6S/CMKDh/e9gA3swv7o="></latexit>

x  x  x  x  x

avec

Problème aux valeurs propres ! <latexit sha1_base64="eHSf1W1bYknngECVzvy2wSVfs58="></latexit>
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<latexit sha1_base64="oKcy1f9AL7oSoMqzul++uwQmTWA="></latexit>



Approche par perturbations
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<latexit sha1_base64="YFo3zPxq+C9sJOmO2UxYe1Fyrg0="></latexit>

<latexit sha1_base64="t1+OveRK1DcUrM/M6th7JA0wrRk="></latexit>

<latexit sha1_base64="L/2eEOorjtEgrSE60MFYnGzeMXU="></latexit> <latexit sha1_base64="60svIpml6S/CMKDh/e9gA3swv7o="></latexit>

x  x  x  x  x

<latexit sha1_base64="4oj6SeRHWf+U4CKS5+kSTVYcmE8="></latexit>

<latexit sha1_base64="9NOeaXNP4lLHXrnnqF5BTDVR5uI="></latexit>

<latexit sha1_base64="vgabQYUwqzdKXDN+/s46tkrVDns="></latexit>

<latexit sha1_base64="5eECraj846hWo8h3aU6lXG3fWr4="></latexit>

<latexit sha1_base64="q+FNA3DCzOl2QsRa9PFnYxX0k8Q="></latexit>

* *

Effet global : R + T & 0 + 1

T0

T0 R0



Analyse inverse



Approche de Urbano/Li/Rebecchi
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5 points de mesure  4 amplitudes modales normalisées  4 conditions aux limites<latexit sha1_base64="e1lX6iSj2WgkK7xJta1xotRWPws="></latexit> <latexit sha1_base64="e1lX6iSj2WgkK7xJta1xotRWPws="></latexit>

<latexit sha1_base64="WCdRM8c5qS9mbjs+M1PNojd0rYw="></latexit>

Arrange les équations pour obtenir un problème aux valeurs propres
<latexit sha1_base64="P342l+O94275t3w4dKI9jl2R9P8="></latexit>

Mesure des fréquences propres et des amplitudes modales

Considèrent qu’ils connaissent EI alors 
<latexit sha1_base64="SJPF5BLGmPzkG/oheczxTuU5ZAI="></latexit>

Ils ont des problèmes de convergence lorsque <latexit sha1_base64="ac2F8DViKATuEC3xptJhYSX1C8w="></latexit>

<latexit sha1_base64="RFefyS5lsPY3kljgiqCg6gwii5o="></latexit>



Organigramme
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<latexit sha1_base64="F9h7J9NscmqJdEZs1ZJobCcISoA="></latexit>

Fixe <latexit sha1_base64="ss41WVEdGjvsFENksqGevAkfzlU="></latexit>

Fixe <latexit sha1_base64="rn3Xfy+EC4NK53AzkQeJ8xOiiDU="></latexit>

<latexit sha1_base64="VZHU8SguJTg3mlMjOnZVvD13cR0="></latexit>

<latexit sha1_base64="FJguycUCMDIfh84/J+IahbCcP2s="></latexit>

<latexit sha1_base64="0kRDwoYdpX9MsXpwhtUBxYtJfbQ="></latexit>

<latexit sha1_base64="3ONgnNiWSRcxY12v4fdHkrF1FO4="></latexit>

<latexit sha1_base64="OQ/lyYo+o6gDDy7vJEmYcGkuSp4="></latexit>

Si les capteurs sont assez proches des appuis !



Applied Sciences

Thank you ! 
Questions ? Comments ?
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