
458.308 Process Control & Design

Jong Min Lee 
School of Chemical and Biological Engineering 

Seoul National University

Lecture 5: Feedback Control System (Part 1)
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Feedback Control Scheme: Surge Tank
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<latexit sha1_base64="TRYiX3copqGSiI1VvzNcniYZt74=">AAAB6HicbZC7SgNBFIbPxluMt6ilzWAQrMKujWJjwMYyAXOBZAmzk7PJmNnZZWZWCEuewMZCEVt9EZ/BRnwbJ5dCE38Y+Pj/c5hzTpAIro3rfju5ldW19Y38ZmFre2d3r7h/0NBxqhjWWSxi1QqoRsEl1g03AluJQhoFApvB8HqSN+9RaR7LWzNK0I9oX/KQM2qsVRt0iyW37E5FlsGbQ+nq4/0LrKrd4menF7M0QmmYoFq3PTcxfkaV4UzguNBJNSaUDWkf2xYljVD72XTQMTmxTo+EsbJPGjJ1f3dkNNJ6FAW2MqJmoBeziflf1k5NeOFnXCapQclmH4WpICYmk61JjytkRowsUKa4nZWwAVWUGXubgj2Ct7jyMjTOyp5b9mpuqXIJM+XhCI7hFDw4hwrcQBXqwADhAZ7g2blzHp0X53VWmnPmPYfwR87bDyJ+j1k=</latexit><latexit sha1_base64="S6eNhpNpepDYx5zzUnAIuP8zsXE=">AAAB6HicbZDLSsNAFIZP6q3GW9Wlm2ARXJXEjSKIBTcuW7AXaEOZTE/asZNJmJkIJfQJ3LhQxK36ID6DG/FtnF4W2vrDwMf/n8Occ4KEM6Vd99vKLS2vrK7l1+2Nza3tncLuXl3FqaRYozGPZTMgCjkTWNNMc2wmEkkUcGwEg6tx3rhDqVgsbvQwQT8iPcFCRok2VrXfKRTdkjuRswjeDIqXH29f9kXyXukUPtvdmKYRCk05UarluYn2MyI1oxxHdjtVmBA6ID1sGRQkQuVnk0FHzpFxuk4YS/OEdibu746MREoNo8BURkT31Xw2Nv/LWqkOz/yMiSTVKOj0ozDljo6d8dZOl0mkmg8NECqZmdWhfSIJ1eY2tjmCN7/yItRPSp5b8qpusXwOU+XhAA7hGDw4hTJcQwVqQAHhHh7hybq1Hqxn62VamrNmPfvwR9brD/HMkLQ=</latexit><latexit sha1_base64="S6eNhpNpepDYx5zzUnAIuP8zsXE=">AAAB6HicbZDLSsNAFIZP6q3GW9Wlm2ARXJXEjSKIBTcuW7AXaEOZTE/asZNJmJkIJfQJ3LhQxK36ID6DG/FtnF4W2vrDwMf/n8Occ4KEM6Vd99vKLS2vrK7l1+2Nza3tncLuXl3FqaRYozGPZTMgCjkTWNNMc2wmEkkUcGwEg6tx3rhDqVgsbvQwQT8iPcFCRok2VrXfKRTdkjuRswjeDIqXH29f9kXyXukUPtvdmKYRCk05UarluYn2MyI1oxxHdjtVmBA6ID1sGRQkQuVnk0FHzpFxuk4YS/OEdibu746MREoNo8BURkT31Xw2Nv/LWqkOz/yMiSTVKOj0ozDljo6d8dZOl0mkmg8NECqZmdWhfSIJ1eY2tjmCN7/yItRPSp5b8qpusXwOU+XhAA7hGDw4hTJcQwVqQAHhHh7hybq1Hqxn62VamrNmPfvwR9brD/HMkLQ=</latexit><latexit sha1_base64="1QODSiJLyyOM7JJZrOBtX02ucLk=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0m8KJ4KXjy2YNpCG8pmO2nXbjZhdyOU0F/gxYMiXv1J3vw3btsctPXBwOO9GWbmhang2rjut1Pa2Nza3invVvb2Dw6PqscnbZ1kiqHPEpGobkg1Ci7RN9wI7KYKaRwK7ISTu7nfeUKleSIfzDTFIKYjySPOqLFSazyo1ty6uwBZJ15BalCgOah+9YcJy2KUhgmqdc9zUxPkVBnOBM4q/UxjStmEjrBnqaQx6iBfHDojF1YZkihRtqQhC/X3RE5jradxaDtjasZ61ZuL/3m9zEQ3Qc5lmhmUbLkoygQxCZl/TYZcITNiagllittbCRtTRZmx2VRsCN7qy+ukfVX33LrXcmuN2yKOMpzBOVyCB9fQgHtogg8MEJ7hFd6cR+fFeXc+lq0lp5g5hT9wPn8AylGM4A==</latexit>
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<latexit sha1_base64="yTcgCYmw2Zrg9IzIGH/zPAncPb8=">AAAB7XicbVDLSgNBEOyNrxhfUY+CDAbBU9j1ongKCOIxgnlAEuLspDcZMzuzzMwKYck/ePGgiFf/x5t/4+Rx0MSChqKqm+6uMBHcWN//9nIrq2vrG/nNwtb2zu5ecf+gblSqGdaYEko3Q2pQcIk1y63AZqKRxqHARji8nviNJ9SGK3lvRwl2YtqXPOKMWifVB93MJONuseSX/SnIMgnmpFQ5vskeAKDaLX61e4qlMUrLBDWmFfiJ7WRUW84Ejgvt1GBC2ZD2seWopDGaTja9dkxOndIjkdKupCVT9fdERmNjRnHoOmNqB2bRm4j/ea3URpedjMsktSjZbFGUCmIVmbxOelwjs2LkCGWau1sJG1BNmXUBFVwIweLLy6R+Xg78cnDn0riCGfJwBCdwBgFcQAVuoQo1YPAIz/AKb57yXrx372PWmvPmM4fwB97nD+5vkMs=</latexit><latexit sha1_base64="yDFp3GuauxfgO4q8OyaEyPZhLL4=">AAAB7XicbVDLSgNBEOyNrxhfUY8BGQyCp7DrRfEUEEQ8RTAPSJZldjKbjJmdWWZmhbDkH7x4UMSr/+PNr/AXnGxy0MSChqKqm+6uMOFMG9f9cgorq2vrG8XN0tb2zu5eef+gpWWqCG0SyaXqhFhTzgRtGmY47SSK4jjktB2OrqZ++5EqzaS4N+OE+jEeCBYxgo2VWsMg08kkKFfdmpsDLRNvTqr1o+ssqHzfNoLyZ68vSRpTYQjHWnc9NzF+hpVhhNNJqZdqmmAywgPatVTgmGo/y6+doBOr9FEklS1hUK7+nshwrPU4Dm1njM1QL3pT8T+vm5rows+YSFJDBZktilKOjETT11GfKUoMH1uCiWL2VkSGWGFibEAlG4K3+PIyaZ3VPLfm3dk0LmGGIlTgGE7Bg3Ooww00oAkEHuAJXuDVkc6z8+a8z1oLznzmEP7A+fgBsz6SHg==</latexit><latexit sha1_base64="yDFp3GuauxfgO4q8OyaEyPZhLL4=">AAAB7XicbVDLSgNBEOyNrxhfUY8BGQyCp7DrRfEUEEQ8RTAPSJZldjKbjJmdWWZmhbDkH7x4UMSr/+PNr/AXnGxy0MSChqKqm+6uMOFMG9f9cgorq2vrG8XN0tb2zu5eef+gpWWqCG0SyaXqhFhTzgRtGmY47SSK4jjktB2OrqZ++5EqzaS4N+OE+jEeCBYxgo2VWsMg08kkKFfdmpsDLRNvTqr1o+ssqHzfNoLyZ68vSRpTYQjHWnc9NzF+hpVhhNNJqZdqmmAywgPatVTgmGo/y6+doBOr9FEklS1hUK7+nshwrPU4Dm1njM1QL3pT8T+vm5rows+YSFJDBZktilKOjETT11GfKUoMH1uCiWL2VkSGWGFibEAlG4K3+PIyaZ3VPLfm3dk0LmGGIlTgGE7Bg3Ooww00oAkEHuAJXuDVkc6z8+a8z1oLznzmEP7A+fgBsz6SHg==</latexit><latexit sha1_base64="709lapQsIZ1YtQCEaiGIK6GdPd8=">AAAB7XicbVA9SwNBEJ3zM8avqKXNYhCswp2NYhWwsYxgPiA5wt5mLlmzt3vs7gnhyH+wsVDE1v9j579xk1yhiQ8GHu/NMDMvSgU31ve/vbX1jc2t7dJOeXdv/+CwcnTcMirTDJtMCaU7ETUouMSm5VZgJ9VIk0hgOxrfzvz2E2rDlXywkxTDhA4ljzmj1kmtUT836bRfqfo1fw6ySoKCVKFAo1/56g0UyxKUlglqTDfwUxvmVFvOBE7LvcxgStmYDrHrqKQJmjCfXzsl504ZkFhpV9KSufp7IqeJMZMkcp0JtSOz7M3E/7xuZuPrMOcyzSxKtlgUZ4JYRWavkwHXyKyYOEKZ5u5WwkZUU2ZdQGUXQrD88ippXdYCvxbc+9X6TRFHCU7hDC4ggCuowx00oAkMHuEZXuHNU96L9+59LFrXvGLmBP7A+/wB6UiPTA==</latexit>
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<latexit sha1_base64="6NiT8tfxBKrAkqtUZJz/Paql3Go=">AAAB6nicbVDLSgNBEOyNrxhfqx4FGQyCp7Cbi+IpIIjHiOYByRJmJ51kyOzsMjMrhCWf4MWDIl69+jPevPkpTh4HTSxoKKq66e4KE8G18bwvJ7eyura+kd8sbG3v7O65+wd1HaeKYY3FIlbNkGoUXGLNcCOwmSikUSiwEQ6vJn7jAZXmsbw3owSDiPYl73FGjZXurjvljlv0St4UZJn4c1KsuMcf3wBQ7bif7W7M0gilYYJq3fK9xAQZVYYzgeNCO9WYUDakfWxZKmmEOsimp47JqVW6pBcrW9KQqfp7IqOR1qMotJ0RNQO96E3E/7xWanoXQcZlkhqUbLaolwpiYjL5m3S5QmbEyBLKFLe3EjagijJj0ynYEPzFl5dJvVzyvZJ/a9O4hBnycAQncAY+nEMFbqAKNWDQh0d4hhdHOE/Oq/M2a80585lD+APn/Qdo349e</latexit><latexit sha1_base64="yVEjMrW1xSRxvEN/xMweInCHaPc=">AAAB6nicbVDLSgNBEOyNrxhfqx4FGQyCp7Cbi+IpIIjHiOYBcQmzk9lkyMzsMjMrhCWfIIgHRbx6zT/4DYIH/8bJ46CJBQ1FVTfdXWHCmTae9+3klpZXVtfy64WNza3tHXd3r67jVBFaIzGPVTPEmnImac0ww2kzURSLkNNG2L8Y+417qjSL5a0ZJDQQuCtZxAg2Vrq5bJfbbtEreROgReLPSLHiHo6+Hj9G1bb7edeJSSqoNIRjrVu+l5ggw8owwumwcJdqmmDSx13aslRiQXWQTU4domOrdFAUK1vSoIn6eyLDQuuBCG2nwKan572x+J/XSk10FmRMJqmhkkwXRSlHJkbjv1GHKUoMH1iCiWL2VkR6WGFibDoFG4I///IiqZdLvlfyr20a5zBFHg7gCE7Ah1OowBVUoQYEuvAAz/DicOfJeXXepq05ZzazD3/gvP8AAiWRUA==</latexit><latexit sha1_base64="yVEjMrW1xSRxvEN/xMweInCHaPc=">AAAB6nicbVDLSgNBEOyNrxhfqx4FGQyCp7Cbi+IpIIjHiOYBcQmzk9lkyMzsMjMrhCWfIIgHRbx6zT/4DYIH/8bJ46CJBQ1FVTfdXWHCmTae9+3klpZXVtfy64WNza3tHXd3r67jVBFaIzGPVTPEmnImac0ww2kzURSLkNNG2L8Y+417qjSL5a0ZJDQQuCtZxAg2Vrq5bJfbbtEreROgReLPSLHiHo6+Hj9G1bb7edeJSSqoNIRjrVu+l5ggw8owwumwcJdqmmDSx13aslRiQXWQTU4domOrdFAUK1vSoIn6eyLDQuuBCG2nwKan572x+J/XSk10FmRMJqmhkkwXRSlHJkbjv1GHKUoMH1iCiWL2VkR6WGFibDoFG4I///IiqZdLvlfyr20a5zBFHg7gCE7Ah1OowBVUoQYEuvAAz/DicOfJeXXepq05ZzazD3/gvP8AAiWRUA==</latexit><latexit sha1_base64="Or/krDKx9L5ejxG6SYYu30Gw5Lo=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0l6sXgqCOKxov2ANpTNdtIu3WzC7kYooT/BiwdFvPqLvPlv3LY5aOuDgcd7M8zMCxLBtXHdb6ewsbm1vVPcLe3tHxwelY9P2jpOFcMWi0WsugHVKLjEluFGYDdRSKNAYCeY3Mz9zhMqzWP5aKYJ+hEdSR5yRo2VHm4HtUG54lbdBcg68XJSgRzNQfmrP4xZGqE0TFCte56bGD+jynAmcFbqpxoTyiZ0hD1LJY1Q+9ni1Bm5sMqQhLGyJQ1ZqL8nMhppPY0C2xlRM9ar3lz8z+ulJqz7GZdJalCy5aIwFcTEZP43GXKFzIipJZQpbm8lbEwVZcamU7IheKsvr5N2req5Ve/erTSu8ziKcAbncAkeXEED7qAJLWAwgmd4hTdHOC/Ou/OxbC04+cwp/IHz+QO9UY1j</latexit>
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<latexit sha1_base64="XiihzpfkvxqHaOjSWuPbxLL8Y2A=">AAAB6nicbVA9SwNBEJ3zM8avU0tBFoNgFe5sFKuAjWVE8wHJEfY2c8mSvb1jdy8QjvwEGwtFbG39M3Z2/hQ3H4UmPhh4vDfDzLwwFVwbz/tyVlbX1jc2C1vF7Z3dvX334LCuk0wxrLFEJKoZUo2CS6wZbgQ2U4U0DgU2wsHNxG8MUWmeyAczSjGIaU/yiDNqrHRf7Qw7bskre1OQZeLPSaninnx8A0C14362uwnLYpSGCap1y/dSE+RUGc4EjovtTGNK2YD2sGWppDHqIJ+eOiZnVumSKFG2pCFT9fdETmOtR3FoO2Nq+nrRm4j/ea3MRFdBzmWaGZRstijKBDEJmfxNulwhM2JkCWWK21sJ61NFmbHpFG0I/uLLy6R+Ufa9sn9n07iGGQpwDKdwDj5cQgVuoQo1YNCDR3iGF0c4T86r8zZrXXHmM0fwB877D98rj6w=</latexit><latexit sha1_base64="dqXf+E7n9KblNxeZkDBIDpflw9o=">AAAB6nicbVDLSgNBEOyJrxhfqx4FGQyCp7DrRfEU8OIxonlAsoTZyWwyZHZ2mZkNhCWfIIgHRbx6zT/4DYIH/8bJ46CJBQ1FVTfdXUEiuDau+41yK6tr6xv5zcLW9s7unrN/UNNxqiir0ljEqhEQzQSXrGq4EayRKEaiQLB60L+e+PUBU5rH8t4ME+ZHpCt5yCkxVrqrtAdtp+iW3CnwMvHmpFh2jsdfjx/jStv5bHVimkZMGiqI1k3PTYyfEWU4FWxUaKWaJYT2SZc1LZUkYtrPpqeO8KlVOjiMlS1p8FT9PZGRSOthFNjOiJieXvQm4n9eMzXhpZ9xmaSGSTpbFKYCmxhP/sYdrhg1YmgJoYrbWzHtEUWosekUbAje4svLpHZe8tySd2vTuIIZ8nAEJ3AGHlxAGW6gAlWg0IUHeIYXJNATekVvs9Ycms8cwh+g9x94cZGe</latexit><latexit sha1_base64="dqXf+E7n9KblNxeZkDBIDpflw9o=">AAAB6nicbVDLSgNBEOyJrxhfqx4FGQyCp7DrRfEU8OIxonlAsoTZyWwyZHZ2mZkNhCWfIIgHRbx6zT/4DYIH/8bJ46CJBQ1FVTfdXUEiuDau+41yK6tr6xv5zcLW9s7unrN/UNNxqiir0ljEqhEQzQSXrGq4EayRKEaiQLB60L+e+PUBU5rH8t4ME+ZHpCt5yCkxVrqrtAdtp+iW3CnwMvHmpFh2jsdfjx/jStv5bHVimkZMGiqI1k3PTYyfEWU4FWxUaKWaJYT2SZc1LZUkYtrPpqeO8KlVOjiMlS1p8FT9PZGRSOthFNjOiJieXvQm4n9eMzXhpZ9xmaSGSTpbFKYCmxhP/sYdrhg1YmgJoYrbWzHtEUWosekUbAje4svLpHZe8tySd2vTuIIZ8nAEJ3AGHlxAGW6gAlWg0IUHeIYXJNATekVvs9Ycms8cwh+g9x94cZGe</latexit><latexit sha1_base64="MyVM4IGOoh+xmZ947kaUisWeY3U=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0m8KJ4KXjxWtB/QhrLZTtqlm03Y3RRK6E/w4kERr/4ib/4bN20O2vpg4PHeDDPzgkRwbVz32yltbG5t75R3K3v7B4dH1eOTto5TxbDFYhGrbkA1Ci6xZbgR2E0U0igQ2Akmd7nfmaLSPJZPZpagH9GR5CFn1FjpsTmYDqo1t+4uQNaJV5AaFGgOql/9YczSCKVhgmrd89zE+BlVhjOB80o/1ZhQNqEj7FkqaYTazxanzsmFVYYkjJUtachC/T2R0UjrWRTYzoiasV71cvE/r5ea8MbPuExSg5ItF4WpICYm+d9kyBUyI2aWUKa4vZWwMVWUGZtOxYbgrb68TtpXdc+tew9urXFbxFGGMziHS/DgGhpwD01oAYMRPMMrvDnCeXHenY9la8kpZk7hD5zPHzOsjbE=</latexit>
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<latexit sha1_base64="dJyvaAcoDL4kuaR6fOyXFMnzFfQ=">AAAB6nicbVC7SgNBFL0TXzG+Vi0FGQyCVdi1UawCNpYRzQOSJcxOZpMhM7PLzKwQlnyCjYUitrb+jJ2dn+LkUWjigQuHc+7l3nuiVHBjff8LFVZW19Y3ipulre2d3T1v/6BhkkxTVqeJSHQrIoYJrljdcitYK9WMyEiwZjS8nvjNB6YNT9S9HaUslKSveMwpsU66G3Rl1yv7FX8KvEyCOSlXveOPbwCodb3PTi+hmWTKUkGMaQd+asOcaMupYONSJzMsJXRI+qztqCKSmTCfnjrGp07p4TjRrpTFU/X3RE6kMSMZuU5J7MAsehPxP6+d2fgyzLlKM8sUnS2KM4Ftgid/4x7XjFoxcoRQzd2tmA6IJtS6dEouhGDx5WXSOK8EfiW4dWlcwQxFOIITOIMALqAKN1CDOlDowyM8wwsS6Am9ordZawHNZw7hD9D7D/YXj7s=</latexit><latexit sha1_base64="XxqLd3huw+8IIms3HgGjvNaPfGQ=">AAAB6nicbVDLSgNBEOyNrxhfqx4FGQyCp7DrJeIp4MVjRPOAZAmzk9lkyMzsMjMrhCWfIIgHRbx6zT/4DYIH/8bJ46CJBQ1FVTfdXWHCmTae9+3kVlbX1jfym4Wt7Z3dPXf/oK7jVBFaIzGPVTPEmnImac0ww2kzURSLkNNGOLia+I17qjSL5Z0ZJjQQuCdZxAg2Vrrtd0THLXolbwq0TPw5KVbc4/HX48e42nE/292YpIJKQzjWuuV7iQkyrAwjnI4K7VTTBJMB7tGWpRILqoNseuoInVqli6JY2ZIGTdXfExkWWg9FaDsFNn296E3E/7xWaqKLIGMySQ2VZLYoSjkyMZr8jbpMUWL40BJMFLO3ItLHChNj0ynYEPzFl5dJ/bzkeyX/xqZxCTPk4QhO4Ax8KEMFrqEKNSDQgwd4hheHO0/Oq/M2a80585lD+APn/QePXZGt</latexit><latexit sha1_base64="XxqLd3huw+8IIms3HgGjvNaPfGQ=">AAAB6nicbVDLSgNBEOyNrxhfqx4FGQyCp7DrJeIp4MVjRPOAZAmzk9lkyMzsMjMrhCWfIIgHRbx6zT/4DYIH/8bJ46CJBQ1FVTfdXWHCmTae9+3kVlbX1jfym4Wt7Z3dPXf/oK7jVBFaIzGPVTPEmnImac0ww2kzURSLkNNGOLia+I17qjSL5Z0ZJjQQuCdZxAg2Vrrtd0THLXolbwq0TPw5KVbc4/HX48e42nE/292YpIJKQzjWuuV7iQkyrAwjnI4K7VTTBJMB7tGWpRILqoNseuoInVqli6JY2ZIGTdXfExkWWg9FaDsFNn296E3E/7xWaqKLIGMySQ2VZLYoSjkyMZr8jbpMUWL40BJMFLO3ItLHChNj0ynYEPzFl5dJ/bzkeyX/xqZxCTPk4QhO4Ax8KEMFrqEKNSDQgwd4hheHO0/Oq/M2a80585lD+APn/QePXZGt</latexit><latexit sha1_base64="zDyA+LD7EW9MtnKtMFrDFQ3IzW8=">AAAB6nicbVA9SwNBEJ2LXzF+RS1tFoNgFe5sFKuAjWVEEwPJEfY2e8mS3b1jd04IR36CjYUitv4iO/+Nm+QKTXww8Hhvhpl5USqFRd//9kpr6xubW+Xtys7u3v5B9fCobZPMMN5iiUxMJ6KWS6F5CwVK3kkNpyqS/DEa38z8xydurEj0A05SHio61CIWjKKT7kd91a/W/Lo/B1klQUFqUKDZr371BgnLFNfIJLW2G/gphjk1KJjk00ovszylbEyHvOuoporbMJ+fOiVnThmQODGuNJK5+nsip8raiYpcp6I4ssveTPzP62YYX4W50GmGXLPFojiTBBMy+5sMhOEM5cQRyoxwtxI2ooYydOlUXAjB8surpH1RD/x6cOfXGtdFHGU4gVM4hwAuoQG30IQWMBjCM7zCmye9F+/d+1i0lrxi5hj+wPv8AUqYjcA=</latexit>

LT : a level measurement device (e.g., differential pressure cell)

- senses the level

- sends a signal to the controller

LC : a level controller

- compares the tank height (hm) with the desired set point (hsp)

- sends a controller output (pressure signal) to the valve
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Simplified Control Block Diagram

3

Controller Process+
−

+
−

u(s) y(s)

d(s)

ysp (s)

Negative feedback: self-stabilizing property with positive process gain 
e = ysp � y

<latexit sha1_base64="2OZwUcl4WdgSgZ2dZnKL9mmfDik="></latexit><latexit sha1_base64="2OZwUcl4WdgSgZ2dZnKL9mmfDik="></latexit><latexit sha1_base64="2OZwUcl4WdgSgZ2dZnKL9mmfDik="></latexit><latexit sha1_base64="2OZwUcl4WdgSgZ2dZnKL9mmfDik="></latexit>

Positive feedback: makes a process unstable with positive process 
gain in general 

e = ysp + y
<latexit sha1_base64="qrp3DPTSoAFLmgQxBA5qvbSakns="></latexit><latexit sha1_base64="qrp3DPTSoAFLmgQxBA5qvbSakns="></latexit><latexit sha1_base64="qrp3DPTSoAFLmgQxBA5qvbSakns="></latexit><latexit sha1_base64="qrp3DPTSoAFLmgQxBA5qvbSakns="></latexit>

Used for describing complex systems (i.e., biological system)
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Block Diagram

4

wi = w
<latexit sha1_base64="YaqiB9afwmPPc6WSBw9tyiHMHi8="></latexit><latexit sha1_base64="YaqiB9afwmPPc6WSBw9tyiHMHi8="></latexit><latexit sha1_base64="YaqiB9afwmPPc6WSBw9tyiHMHi8="></latexit><latexit sha1_base64="YaqiB9afwmPPc6WSBw9tyiHMHi8="></latexit>

: no need for MB

dT

dt
=

wi

V ⇢
(Ti � T ) +

Q

⇢V Cp
<latexit sha1_base64="GZq2E78DiRNMvTmimiT0wRSSMdk="></latexit><latexit sha1_base64="GZq2E78DiRNMvTmimiT0wRSSMdk="></latexit><latexit sha1_base64="GZq2E78DiRNMvTmimiT0wRSSMdk="></latexit><latexit sha1_base64="GZq2E78DiRNMvTmimiT0wRSSMdk="></latexit>

⌧
dT

dt
= (Ti � T ) +

Q

wCp
<latexit sha1_base64="Fad6IE0/gGi7cA+7ole7xowHIOg="></latexit><latexit sha1_base64="Fad6IE0/gGi7cA+7ole7xowHIOg="></latexit><latexit sha1_base64="Fad6IE0/gGi7cA+7ole7xowHIOg="></latexit><latexit sha1_base64="Fad6IE0/gGi7cA+7ole7xowHIOg="></latexit>

y0 = T � T̄ , u0 = Q� Q̄, d0 = Ti � T̄i
<latexit sha1_base64="pKCtMZNgmtLxJI3gZ0t4bM0UJn4="></latexit><latexit sha1_base64="pKCtMZNgmtLxJI3gZ0t4bM0UJn4="></latexit><latexit sha1_base64="pKCtMZNgmtLxJI3gZ0t4bM0UJn4="></latexit><latexit sha1_base64="pKCtMZNgmtLxJI3gZ0t4bM0UJn4="></latexit>

Y 0(s) =
1

⌧s+ 1

✓
U 0(s)

wCp
+D0(s)

◆

<latexit sha1_base64="00f8ZbmyMkz/PfpIhGtC950zydg="></latexit><latexit sha1_base64="00f8ZbmyMkz/PfpIhGtC950zydg="></latexit><latexit sha1_base64="00f8ZbmyMkz/PfpIhGtC950zydg="></latexit><latexit sha1_base64="00f8ZbmyMkz/PfpIhGtC950zydg="></latexit>
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Equivalent Representations

5

+
+

+
+

+
+

Process

Process

Process

U ′(s)

U ′(s)

U ′(s)

D′(s)

D′(s)

D′(s)

Y ′(s)

Y ′(s)

Y ′(s)1
wC

wC

1
τs+1

1
τs+1

1/wC
τs+1

1/wC
τs+1
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Pneumatic Control Valve

6

• Air is the energy source to move the valve stem

• Typical pressure range: (     ) -(     ) psig

• If the control signal is lost, then the valve stem will go to 

3 psig

Figure 9.9 A control valve with a pneumatic actuator (air-to-open)

(3-15 psig) 
valve pressure indicator
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Types of Pneumatic Control Valve

7

1. Air-to-Open Valve (A-O)

Requires air to open the valve

Loss of air = ____________

Often referred to as __________ (F-C)

2. Air-to-Close Valve (A-C)

Requires air to close the valve

Loss of air = ____________

Often referred to as __________ (F-O)

Choice of valve types?

__________ consideration
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If you control the reactor temperature by manipulating the steam 
flow rate into the reactor jacket, what type of control valve 
should you choose?

(a) A-O


(b) A-C


(c) F-O


(d) F-C



© J.M. Lee 9

If we consider the control valve as an input-output system, what 
are the input and output variables?

(a) feedback error, pneumatic pressure


(b) pneumatic pressure, steam flow rate


(c) steam flow rate, temperature


(d) temperature, set point 
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Actuators are also categorized as ‘direct acting’ or ‘reverse acting’ In a 
direct acting actuator, an increase in pneumatic pressure applied to the 
diaphragm extends the valve stem. In a reverse acting actuator, an increase 
in pneumatic pressure applied to the diaphragm lifts the valve stem. Which of 
the following statements is (are) correct?

Air-to-Open valve is direct acting.

Air-to-Close valve is direct acting.

The gain of the control valve (Kv) will be positive for a reverse acting 
actuator

The gain of the control valve (Kv) will be negative for a direct acting 
actuator
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Algorithm: On/Off Controller

11

How does the controller change the flow rate?

Example) Home heating unit

1 ym(= hm) > ysp
<latexit sha1_base64="+fE8kIfp1VaYP5xZw3sNGamlSe4="></latexit><latexit sha1_base64="+fE8kIfp1VaYP5xZw3sNGamlSe4="></latexit><latexit sha1_base64="+fE8kIfp1VaYP5xZw3sNGamlSe4="></latexit><latexit sha1_base64="+fE8kIfp1VaYP5xZw3sNGamlSe4="></latexit>

: valve is ______ open

ym < ysp
<latexit sha1_base64="/BUpNfVE6c9FMUkGPgPs753YqlU="></latexit><latexit sha1_base64="/BUpNfVE6c9FMUkGPgPs753YqlU="></latexit><latexit sha1_base64="/BUpNfVE6c9FMUkGPgPs753YqlU="></latexit><latexit sha1_base64="/BUpNfVE6c9FMUkGPgPs753YqlU="></latexit>

: valve is ______ closed

2 In practice, a dead-band (𝛿) is used

ym � ysp + �
<latexit sha1_base64="Q3QOCWSj5KytjfjRV66BM4fgCLg="></latexit><latexit sha1_base64="Q3QOCWSj5KytjfjRV66BM4fgCLg="></latexit><latexit sha1_base64="Q3QOCWSj5KytjfjRV66BM4fgCLg="></latexit><latexit sha1_base64="ZXkkUhABbYcRJ6SAIfX4OZDIelc=">AAACMnicbVHLSsNAFL2prxqrtms3g0UQFyVxo0vBjcsK9gE1lJvJpB06mYSZiRhKf8CtX+Rn+AXuxE9w0mZhWy8MHM65wz333DATXBvP+3RqO7t7+wf1Q/eo4R6fnDYbfZ3mirIeTUWqhiFqJrhkPcONYMNMMUxCwQbh7L7UBy9MaZ7KJ1NkLEhwInnMKRpLdcfNttfxlkW2gV+BNlQ1bjlXz1FK84RJQwVqPfK9zARzVIZTwRbuc65ZhnSGEzayUGLCdDBf+lyQC8tEJE6VfdKQJfv3xxwTrYsktJ0Jmqne1EryXy0UM1QKCysSgWGZxoTYNsVf1x2Z+DaYc5nlhkm6MhTngpiUlOGQiCtGjSgsQKq43YnQKSqkxka47kYVkZ4KWU6MUE/tXuUJCJfVXOK6Nlx/M8pt0L/u+BY/elCHMziHS/DhBu7gAbrQAwoRvMG78+F8Od+rI9Sc6hotWCvn5xf5tKtl</latexit><latexit sha1_base64="O7/1U/ApFm7a/0YHXLJGz71Aaeo="></latexit><latexit sha1_base64="O7/1U/ApFm7a/0YHXLJGz71Aaeo="></latexit><latexit sha1_base64="Y+mMqHbn9Lo3czDDkTFYSoj+kDc="></latexit><latexit sha1_base64="Q3QOCWSj5KytjfjRV66BM4fgCLg="></latexit><latexit sha1_base64="Q3QOCWSj5KytjfjRV66BM4fgCLg="></latexit><latexit sha1_base64="Q3QOCWSj5KytjfjRV66BM4fgCLg="></latexit><latexit sha1_base64="Q3QOCWSj5KytjfjRV66BM4fgCLg="></latexit><latexit sha1_base64="Q3QOCWSj5KytjfjRV66BM4fgCLg="></latexit><latexit sha1_base64="Q3QOCWSj5KytjfjRV66BM4fgCLg="></latexit>

: valve is fully open

ym  ysp � �
<latexit sha1_base64="miUlJcStQJWCQxH3/4JfOhqMfZk="></latexit><latexit sha1_base64="miUlJcStQJWCQxH3/4JfOhqMfZk="></latexit><latexit sha1_base64="miUlJcStQJWCQxH3/4JfOhqMfZk="></latexit><latexit sha1_base64="miUlJcStQJWCQxH3/4JfOhqMfZk="></latexit>

: valve is fully closed

ysp � � < ym < ysp + �
<latexit sha1_base64="xdwVGtj7o/rk+j42+hI0aLAAHNE="></latexit><latexit sha1_base64="xdwVGtj7o/rk+j42+hI0aLAAHNE="></latexit><latexit sha1_base64="xdwVGtj7o/rk+j42+hI0aLAAHNE="></latexit><latexit sha1_base64="xdwVGtj7o/rk+j42+hI0aLAAHNE="></latexit>

: current valve position
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time

time

hm
<latexit sha1_base64="GYKNzeNA6F74nDQLaGiqgXjg9oM=">AAACQ3icbVHLSsNAFJ34rPHV6tLNYBHERUlE0GXBjcuK9gFtKDeTaTJ0MgkzEzGUfoJb/SI/wm9wJ24FJ20WtvXCwOGce7nnnvFTzpR2nA9rbX1jc2u7smPv7u0fHFZrRx2VZJLQNkl4Ins+KMqZoG3NNKe9VFKIfU67/vi20LtPVCqWiEedp9SLIRRsxAhoQz1Ew3hYrTsNZ1Z4FbglqKOyWsOadTEIEpLFVGjCQam+66Tam4DUjHA6tQeZoimQMYS0b6CAmCpvMvM6xWeGCfAokeYJjWfs34kJxErlsW86Y9CRWtYK8l/N52OQEnIjYg5+kUiITZtkz4uO9OjGmzCRZpoKMjc0yjjWCS4CwgGTlGieGwBEMnMTJhFIINrEuOhG5oGKuCg2BqAic1fxDZiJci+2bZOuu5zlKuhcNlyD76/qzWaZcwWdoFN0jlx0jZroDrVQGxEUohf0it6sd+vT+rK+561rVjlzjBbK+vkFRfuvUA==</latexit><latexit sha1_base64="GYKNzeNA6F74nDQLaGiqgXjg9oM=">AAACQ3icbVHLSsNAFJ34rPHV6tLNYBHERUlE0GXBjcuK9gFtKDeTaTJ0MgkzEzGUfoJb/SI/wm9wJ24FJ20WtvXCwOGce7nnnvFTzpR2nA9rbX1jc2u7smPv7u0fHFZrRx2VZJLQNkl4Ins+KMqZoG3NNKe9VFKIfU67/vi20LtPVCqWiEedp9SLIRRsxAhoQz1Ew3hYrTsNZ1Z4FbglqKOyWsOadTEIEpLFVGjCQam+66Tam4DUjHA6tQeZoimQMYS0b6CAmCpvMvM6xWeGCfAokeYJjWfs34kJxErlsW86Y9CRWtYK8l/N52OQEnIjYg5+kUiITZtkz4uO9OjGmzCRZpoKMjc0yjjWCS4CwgGTlGieGwBEMnMTJhFIINrEuOhG5oGKuCg2BqAic1fxDZiJci+2bZOuu5zlKuhcNlyD76/qzWaZcwWdoFN0jlx0jZroDrVQGxEUohf0it6sd+vT+rK+561rVjlzjBbK+vkFRfuvUA==</latexit><latexit sha1_base64="GYKNzeNA6F74nDQLaGiqgXjg9oM=">AAACQ3icbVHLSsNAFJ34rPHV6tLNYBHERUlE0GXBjcuK9gFtKDeTaTJ0MgkzEzGUfoJb/SI/wm9wJ24FJ20WtvXCwOGce7nnnvFTzpR2nA9rbX1jc2u7smPv7u0fHFZrRx2VZJLQNkl4Ins+KMqZoG3NNKe9VFKIfU67/vi20LtPVCqWiEedp9SLIRRsxAhoQz1Ew3hYrTsNZ1Z4FbglqKOyWsOadTEIEpLFVGjCQam+66Tam4DUjHA6tQeZoimQMYS0b6CAmCpvMvM6xWeGCfAokeYJjWfs34kJxErlsW86Y9CRWtYK8l/N52OQEnIjYg5+kUiITZtkz4uO9OjGmzCRZpoKMjc0yjjWCS4CwgGTlGieGwBEMnMTJhFIINrEuOhG5oGKuCg2BqAic1fxDZiJci+2bZOuu5zlKuhcNlyD76/qzWaZcwWdoFN0jlx0jZroDrVQGxEUohf0it6sd+vT+rK+561rVjlzjBbK+vkFRfuvUA==</latexit><latexit sha1_base64="GYKNzeNA6F74nDQLaGiqgXjg9oM=">AAACQ3icbVHLSsNAFJ34rPHV6tLNYBHERUlE0GXBjcuK9gFtKDeTaTJ0MgkzEzGUfoJb/SI/wm9wJ24FJ20WtvXCwOGce7nnnvFTzpR2nA9rbX1jc2u7smPv7u0fHFZrRx2VZJLQNkl4Ins+KMqZoG3NNKe9VFKIfU67/vi20LtPVCqWiEedp9SLIRRsxAhoQz1Ew3hYrTsNZ1Z4FbglqKOyWsOadTEIEpLFVGjCQam+66Tam4DUjHA6tQeZoimQMYS0b6CAmCpvMvM6xWeGCfAokeYJjWfs34kJxErlsW86Y9CRWtYK8l/N52OQEnIjYg5+kUiITZtkz4uO9OjGmzCRZpoKMjc0yjjWCS4CwgGTlGieGwBEMnMTJhFIINrEuOhG5oGKuCg2BqAic1fxDZiJci+2bZOuu5zlKuhcNlyD76/qzWaZcwWdoFN0jlx0jZroDrVQGxEUohf0it6sd+vT+rK+561rVjlzjBbK+vkFRfuvUA==</latexit>

F2
<latexit sha1_base64="ytrBug1WOcfxPU8ntYqC1jNWGQM=">AAACQ3icbVHLSsNAFJ34rPHV6tLNYBHERUmKoMuCIC4r2ge0odxMpu3QySTMTMQQ+glu9Yv8CL/BnbgVnLRZ2NYLA4dz7uWee8aPOVPacT6stfWNza3t0o69u7d/cFiuHLVVlEhCWyTikez6oChngrY005x2Y0kh9Dnt+JObXO88UalYJB51GlMvhJFgQ0ZAG+rhdlAflKtOzZkVXgVuAaqoqOagYl30g4gkIRWacFCq5zqx9jKQmhFOp3Y/UTQGMoER7RkoIKTKy2Zep/jMMAEeRtI8ofGM/TuRQahUGvqmMwQ9VstaTv6r+XwCUkJqRMzBzxMZYdMm2fOiIz289jIm4kRTQeaGhgnHOsJ5QDhgkhLNUwOASGZuwmQMEog2MS66kWmgxlzkGwNQY3NX/g2YiWIvtm2Trruc5Spo12uuwfeX1UajyLmETtApOkcuukINdIeaqIUIGqEX9IrerHfr0/qyvueta1Yxc4wWyvr5BZhfrvM=</latexit><latexit sha1_base64="ytrBug1WOcfxPU8ntYqC1jNWGQM=">AAACQ3icbVHLSsNAFJ34rPHV6tLNYBHERUmKoMuCIC4r2ge0odxMpu3QySTMTMQQ+glu9Yv8CL/BnbgVnLRZ2NYLA4dz7uWee8aPOVPacT6stfWNza3t0o69u7d/cFiuHLVVlEhCWyTikez6oChngrY005x2Y0kh9Dnt+JObXO88UalYJB51GlMvhJFgQ0ZAG+rhdlAflKtOzZkVXgVuAaqoqOagYl30g4gkIRWacFCq5zqx9jKQmhFOp3Y/UTQGMoER7RkoIKTKy2Zep/jMMAEeRtI8ofGM/TuRQahUGvqmMwQ9VstaTv6r+XwCUkJqRMzBzxMZYdMm2fOiIz289jIm4kRTQeaGhgnHOsJ5QDhgkhLNUwOASGZuwmQMEog2MS66kWmgxlzkGwNQY3NX/g2YiWIvtm2Trruc5Spo12uuwfeX1UajyLmETtApOkcuukINdIeaqIUIGqEX9IrerHfr0/qyvueta1Yxc4wWyvr5BZhfrvM=</latexit><latexit sha1_base64="ytrBug1WOcfxPU8ntYqC1jNWGQM=">AAACQ3icbVHLSsNAFJ34rPHV6tLNYBHERUmKoMuCIC4r2ge0odxMpu3QySTMTMQQ+glu9Yv8CL/BnbgVnLRZ2NYLA4dz7uWee8aPOVPacT6stfWNza3t0o69u7d/cFiuHLVVlEhCWyTikez6oChngrY005x2Y0kh9Dnt+JObXO88UalYJB51GlMvhJFgQ0ZAG+rhdlAflKtOzZkVXgVuAaqoqOagYl30g4gkIRWacFCq5zqx9jKQmhFOp3Y/UTQGMoER7RkoIKTKy2Zep/jMMAEeRtI8ofGM/TuRQahUGvqmMwQ9VstaTv6r+XwCUkJqRMzBzxMZYdMm2fOiIz289jIm4kRTQeaGhgnHOsJ5QDhgkhLNUwOASGZuwmQMEog2MS66kWmgxlzkGwNQY3NX/g2YiWIvtm2Trruc5Spo12uuwfeX1UajyLmETtApOkcuukINdIeaqIUIGqEX9IrerHfr0/qyvueta1Yxc4wWyvr5BZhfrvM=</latexit><latexit sha1_base64="ytrBug1WOcfxPU8ntYqC1jNWGQM=">AAACQ3icbVHLSsNAFJ34rPHV6tLNYBHERUmKoMuCIC4r2ge0odxMpu3QySTMTMQQ+glu9Yv8CL/BnbgVnLRZ2NYLA4dz7uWee8aPOVPacT6stfWNza3t0o69u7d/cFiuHLVVlEhCWyTikez6oChngrY005x2Y0kh9Dnt+JObXO88UalYJB51GlMvhJFgQ0ZAG+rhdlAflKtOzZkVXgVuAaqoqOagYl30g4gkIRWacFCq5zqx9jKQmhFOp3Y/UTQGMoER7RkoIKTKy2Zep/jMMAEeRtI8ofGM/TuRQahUGvqmMwQ9VstaTv6r+XwCUkJqRMzBzxMZYdMm2fOiIz289jIm4kRTQeaGhgnHOsJ5QDhgkhLNUwOASGZuwmQMEog2MS66kWmgxlzkGwNQY3NX/g2YiWIvtm2Trruc5Spo12uuwfeX1UajyLmETtApOkcuukINdIeaqIUIGqEX9IrerHfr0/qyvueta1Yxc4wWyvr5BZhfrvM=</latexit>

hsp
<latexit sha1_base64="QvzTdGzZ1pBc9tlmwZWNdMUrqqA="></latexit><latexit sha1_base64="QvzTdGzZ1pBc9tlmwZWNdMUrqqA="></latexit><latexit sha1_base64="QvzTdGzZ1pBc9tlmwZWNdMUrqqA="></latexit><latexit sha1_base64="QvzTdGzZ1pBc9tlmwZWNdMUrqqA="></latexit>

hsp + �
<latexit sha1_base64="nhT/ZeoUi37yAU3N96bEjLlYxvs="></latexit><latexit sha1_base64="nhT/ZeoUi37yAU3N96bEjLlYxvs="></latexit><latexit sha1_base64="nhT/ZeoUi37yAU3N96bEjLlYxvs="></latexit><latexit sha1_base64="nhT/ZeoUi37yAU3N96bEjLlYxvs="></latexit>

hsp � �
<latexit sha1_base64="4ZemIwCbqIlDs+tGF/fQauE+5EU="></latexit><latexit sha1_base64="4ZemIwCbqIlDs+tGF/fQauE+5EU="></latexit><latexit sha1_base64="4ZemIwCbqIlDs+tGF/fQauE+5EU="></latexit><latexit sha1_base64="4ZemIwCbqIlDs+tGF/fQauE+5EU="></latexit>

fully open

(max flowrate)

fully closed

(min flowrate)
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Algorithm: Proportional Controller

13

Control action is proportional to the feedback error

: valve top pressurep
<latexit sha1_base64="VyYgz/qJHjMvZfl9h3GHfntESlk=">AAACQXicbVHLSsNAFJ34rPHV6tLNYBHERUlE0GXBjcsW7APaUG4mk2boZBJmJmIo/QK3+kV+hZ/gTty6cdJmYVsvDBzOuZd77hk/5Uxpx/mwNja3tnd2K3v2/sHh0XG1dtJVSSYJ7ZCEJ7Lvg6KcCdrRTHPaTyWF2Oe050/uC733RKViiXjUeUq9GMaChYyANlQ7HVXrTsOZF14HbgnqqKzWqGZdDYOEZDEVmnBQauA6qfamIDUjnM7sYaZoCmQCYzowUEBMlTedO53hC8MEOEykeULjOft3YgqxUnnsm84YdKRWtYL8V/P5BKSE3IiYg1/kMcamTbLnZUc6vPOmTKSZpoIsDIUZxzrBRTw4YJISzXMDgEhmbsIkAglEmxCX3cg8UBEXxcYAVGTuKj4BM1HuxbZt0nVXs1wH3euGa3D7pt5sljlX0Bk6R5fIRbeoiR5QC3UQQRS9oFf0Zr1bn9aX9b1o3bDKmVO0VNbPL4z+rng=</latexit><latexit sha1_base64="VyYgz/qJHjMvZfl9h3GHfntESlk=">AAACQXicbVHLSsNAFJ34rPHV6tLNYBHERUlE0GXBjcsW7APaUG4mk2boZBJmJmIo/QK3+kV+hZ/gTty6cdJmYVsvDBzOuZd77hk/5Uxpx/mwNja3tnd2K3v2/sHh0XG1dtJVSSYJ7ZCEJ7Lvg6KcCdrRTHPaTyWF2Oe050/uC733RKViiXjUeUq9GMaChYyANlQ7HVXrTsOZF14HbgnqqKzWqGZdDYOEZDEVmnBQauA6qfamIDUjnM7sYaZoCmQCYzowUEBMlTedO53hC8MEOEykeULjOft3YgqxUnnsm84YdKRWtYL8V/P5BKSE3IiYg1/kMcamTbLnZUc6vPOmTKSZpoIsDIUZxzrBRTw4YJISzXMDgEhmbsIkAglEmxCX3cg8UBEXxcYAVGTuKj4BM1HuxbZt0nVXs1wH3euGa3D7pt5sljlX0Bk6R5fIRbeoiR5QC3UQQRS9oFf0Zr1bn9aX9b1o3bDKmVO0VNbPL4z+rng=</latexit><latexit sha1_base64="VyYgz/qJHjMvZfl9h3GHfntESlk=">AAACQXicbVHLSsNAFJ34rPHV6tLNYBHERUlE0GXBjcsW7APaUG4mk2boZBJmJmIo/QK3+kV+hZ/gTty6cdJmYVsvDBzOuZd77hk/5Uxpx/mwNja3tnd2K3v2/sHh0XG1dtJVSSYJ7ZCEJ7Lvg6KcCdrRTHPaTyWF2Oe050/uC733RKViiXjUeUq9GMaChYyANlQ7HVXrTsOZF14HbgnqqKzWqGZdDYOEZDEVmnBQauA6qfamIDUjnM7sYaZoCmQCYzowUEBMlTedO53hC8MEOEykeULjOft3YgqxUnnsm84YdKRWtYL8V/P5BKSE3IiYg1/kMcamTbLnZUc6vPOmTKSZpoIsDIUZxzrBRTw4YJISzXMDgEhmbsIkAglEmxCX3cg8UBEXxcYAVGTuKj4BM1HuxbZt0nVXs1wH3euGa3D7pt5sljlX0Bk6R5fIRbeoiR5QC3UQQRS9oFf0Zr1bn9aX9b1o3bDKmVO0VNbPL4z+rng=</latexit><latexit sha1_base64="VyYgz/qJHjMvZfl9h3GHfntESlk=">AAACQXicbVHLSsNAFJ34rPHV6tLNYBHERUlE0GXBjcsW7APaUG4mk2boZBJmJmIo/QK3+kV+hZ/gTty6cdJmYVsvDBzOuZd77hk/5Uxpx/mwNja3tnd2K3v2/sHh0XG1dtJVSSYJ7ZCEJ7Lvg6KcCdrRTHPaTyWF2Oe050/uC733RKViiXjUeUq9GMaChYyANlQ7HVXrTsOZF14HbgnqqKzWqGZdDYOEZDEVmnBQauA6qfamIDUjnM7sYaZoCmQCYzowUEBMlTedO53hC8MEOEykeULjOft3YgqxUnnsm84YdKRWtYL8V/P5BKSE3IiYg1/kMcamTbLnZUc6vPOmTKSZpoIsDIUZxzrBRTw4YJISzXMDgEhmbsIkAglEmxCX3cg8UBEXxcYAVGTuKj4BM1HuxbZt0nVXs1wH3euGa3D7pt5sljlX0Bk6R5fIRbeoiR5QC3UQQRS9oFf0Zr1bn9aX9b1o3bDKmVO0VNbPL4z+rng=</latexit>

Kc
<latexit sha1_base64="tmKK5y8L75VrMZ7e/Tfbl0ltDZc=">AAACQ3icbVHLSsNAFJ3UV42vVpduBosgLkoigi4LbgQ3Fe0D2lBuJtN26GQSZiZiCP0Et/pFfoTf4E7cCk7aLGzrhYHDOfdyzz3jx5wp7TgfVmltfWNzq7xt7+zu7R9UqodtFSWS0BaJeCS7PijKmaAtzTSn3VhSCH1OO/7kJtc7T1QqFolHncbUC2Ek2JAR0IZ6uBuQQaXm1J1Z4VXgFqCGimoOqtZ5P4hIElKhCQeleq4Tay8DqRnhdGr3E0VjIBMY0Z6BAkKqvGzmdYpPDRPgYSTNExrP2L8TGYRKpaFvOkPQY7Ws5eS/ms8nICWkRsQc/DyRETZtkj0vOtLDay9jIk40FWRuaJhwrCOcB4QDJinRPDUAiGTmJkzGIIFoE+OiG5kGasxFvjEANTZ35d+AmSj2Yts26brLWa6C9kXdNfj+stZoFDmX0TE6QWfIRVeogW5RE7UQQSP0gl7Rm/VufVpf1ve8tWQVM0dooayfX/0Hryk=</latexit><latexit sha1_base64="tmKK5y8L75VrMZ7e/Tfbl0ltDZc=">AAACQ3icbVHLSsNAFJ3UV42vVpduBosgLkoigi4LbgQ3Fe0D2lBuJtN26GQSZiZiCP0Et/pFfoTf4E7cCk7aLGzrhYHDOfdyzz3jx5wp7TgfVmltfWNzq7xt7+zu7R9UqodtFSWS0BaJeCS7PijKmaAtzTSn3VhSCH1OO/7kJtc7T1QqFolHncbUC2Ek2JAR0IZ6uBuQQaXm1J1Z4VXgFqCGimoOqtZ5P4hIElKhCQeleq4Tay8DqRnhdGr3E0VjIBMY0Z6BAkKqvGzmdYpPDRPgYSTNExrP2L8TGYRKpaFvOkPQY7Ws5eS/ms8nICWkRsQc/DyRETZtkj0vOtLDay9jIk40FWRuaJhwrCOcB4QDJinRPDUAiGTmJkzGIIFoE+OiG5kGasxFvjEANTZ35d+AmSj2Yts26brLWa6C9kXdNfj+stZoFDmX0TE6QWfIRVeogW5RE7UQQSP0gl7Rm/VufVpf1ve8tWQVM0dooayfX/0Hryk=</latexit><latexit sha1_base64="tmKK5y8L75VrMZ7e/Tfbl0ltDZc=">AAACQ3icbVHLSsNAFJ3UV42vVpduBosgLkoigi4LbgQ3Fe0D2lBuJtN26GQSZiZiCP0Et/pFfoTf4E7cCk7aLGzrhYHDOfdyzz3jx5wp7TgfVmltfWNzq7xt7+zu7R9UqodtFSWS0BaJeCS7PijKmaAtzTSn3VhSCH1OO/7kJtc7T1QqFolHncbUC2Ek2JAR0IZ6uBuQQaXm1J1Z4VXgFqCGimoOqtZ5P4hIElKhCQeleq4Tay8DqRnhdGr3E0VjIBMY0Z6BAkKqvGzmdYpPDRPgYSTNExrP2L8TGYRKpaFvOkPQY7Ws5eS/ms8nICWkRsQc/DyRETZtkj0vOtLDay9jIk40FWRuaJhwrCOcB4QDJinRPDUAiGTmJkzGIIFoE+OiG5kGasxFvjEANTZ35d+AmSj2Yts26brLWa6C9kXdNfj+stZoFDmX0TE6QWfIRVeogW5RE7UQQSP0gl7Rm/VufVpf1ve8tWQVM0dooayfX/0Hryk=</latexit><latexit sha1_base64="tmKK5y8L75VrMZ7e/Tfbl0ltDZc=">AAACQ3icbVHLSsNAFJ3UV42vVpduBosgLkoigi4LbgQ3Fe0D2lBuJtN26GQSZiZiCP0Et/pFfoTf4E7cCk7aLGzrhYHDOfdyzz3jx5wp7TgfVmltfWNzq7xt7+zu7R9UqodtFSWS0BaJeCS7PijKmaAtzTSn3VhSCH1OO/7kJtc7T1QqFolHncbUC2Ek2JAR0IZ6uBuQQaXm1J1Z4VXgFqCGimoOqtZ5P4hIElKhCQeleq4Tay8DqRnhdGr3E0VjIBMY0Z6BAkKqvGzmdYpPDRPgYSTNExrP2L8TGYRKpaFvOkPQY7Ws5eS/ms8nICWkRsQc/DyRETZtkj0vOtLDay9jIk40FWRuaJhwrCOcB4QDJinRPDUAiGTmJkzGIIFoE+OiG5kGasxFvjEANTZ35d+AmSj2Yts26brLWa6C9kXdNfj+stZoFDmX0TE6QWfIRVeogW5RE7UQQSP0gl7Rm/VufVpf1ve8tWQVM0dooayfX/0Hryk=</latexit>

: proportional gain (tuning parameter)
p̄

<latexit sha1_base64="QG8RKhbUUBAki+qI70Z+A/n/OWI=">AAACR3icbVHLSsNAFJ3UV42vVpduBosgLiQRQZcFNy4r2Ae0odxMJs3QySTMTMQQ+hFu9Yv8BL/Cnbh00mZhWy8MHM65l3vuGT/lTGnH+bRqG5tb2zv1XXtv/+DwqNE87qkkk4R2ScITOfBBUc4E7WqmOR2kkkLsc9r3p/el3n+mUrFEPOk8pV4ME8FCRkAbqj/yQRbpbNxoOVfOvPA6cCvQQlV1xk3rchQkJIup0ISDUkPXSbVXgNSMcDqzR5miKZApTOjQQAExVV4x9zvD54YJcJhI84TGc/bvRAGxUnnsm84YdKRWtZL8V/P5FKSE3IiYg1+mMsGmTbKXZUc6vPMKJtJMU0EWhsKMY53gMiQcMEmJ5rkBQCQzN2ESgQSiTZTLbmQeqIiLcmMAKjJ3lV+Bmaj2Yts26bqrWa6D3vWVa/DjTavdrnKuo1N0hi6Qi25RGz2gDuoigqboFb2hd+vD+rK+rZ9Fa82qZk7QUtWsXy19sD4=</latexit><latexit sha1_base64="QG8RKhbUUBAki+qI70Z+A/n/OWI=">AAACR3icbVHLSsNAFJ3UV42vVpduBosgLiQRQZcFNy4r2Ae0odxMJs3QySTMTMQQ+hFu9Yv8BL/Cnbh00mZhWy8MHM65l3vuGT/lTGnH+bRqG5tb2zv1XXtv/+DwqNE87qkkk4R2ScITOfBBUc4E7WqmOR2kkkLsc9r3p/el3n+mUrFEPOk8pV4ME8FCRkAbqj/yQRbpbNxoOVfOvPA6cCvQQlV1xk3rchQkJIup0ISDUkPXSbVXgNSMcDqzR5miKZApTOjQQAExVV4x9zvD54YJcJhI84TGc/bvRAGxUnnsm84YdKRWtZL8V/P5FKSE3IiYg1+mMsGmTbKXZUc6vPMKJtJMU0EWhsKMY53gMiQcMEmJ5rkBQCQzN2ESgQSiTZTLbmQeqIiLcmMAKjJ3lV+Bmaj2Yts26bqrWa6D3vWVa/DjTavdrnKuo1N0hi6Qi25RGz2gDuoigqboFb2hd+vD+rK+rZ9Fa82qZk7QUtWsXy19sD4=</latexit><latexit sha1_base64="QG8RKhbUUBAki+qI70Z+A/n/OWI=">AAACR3icbVHLSsNAFJ3UV42vVpduBosgLiQRQZcFNy4r2Ae0odxMJs3QySTMTMQQ+hFu9Yv8BL/Cnbh00mZhWy8MHM65l3vuGT/lTGnH+bRqG5tb2zv1XXtv/+DwqNE87qkkk4R2ScITOfBBUc4E7WqmOR2kkkLsc9r3p/el3n+mUrFEPOk8pV4ME8FCRkAbqj/yQRbpbNxoOVfOvPA6cCvQQlV1xk3rchQkJIup0ISDUkPXSbVXgNSMcDqzR5miKZApTOjQQAExVV4x9zvD54YJcJhI84TGc/bvRAGxUnnsm84YdKRWtZL8V/P5FKSE3IiYg1+mMsGmTbKXZUc6vPMKJtJMU0EWhsKMY53gMiQcMEmJ5rkBQCQzN2ESgQSiTZTLbmQeqIiLcmMAKjJ3lV+Bmaj2Yts26bqrWa6D3vWVa/DjTavdrnKuo1N0hi6Qi25RGz2gDuoigqboFb2hd+vD+rK+rZ9Fa82qZk7QUtWsXy19sD4=</latexit><latexit sha1_base64="QG8RKhbUUBAki+qI70Z+A/n/OWI=">AAACR3icbVHLSsNAFJ3UV42vVpduBosgLiQRQZcFNy4r2Ae0odxMJs3QySTMTMQQ+hFu9Yv8BL/Cnbh00mZhWy8MHM65l3vuGT/lTGnH+bRqG5tb2zv1XXtv/+DwqNE87qkkk4R2ScITOfBBUc4E7WqmOR2kkkLsc9r3p/el3n+mUrFEPOk8pV4ME8FCRkAbqj/yQRbpbNxoOVfOvPA6cCvQQlV1xk3rchQkJIup0ISDUkPXSbVXgNSMcDqzR5miKZApTOjQQAExVV4x9zvD54YJcJhI84TGc/bvRAGxUnnsm84YdKRWtZL8V/P5FKSE3IiYg1+mMsGmTbKXZUc6vPMKJtJMU0EWhsKMY53gMiQcMEmJ5rkBQCQzN2ESgQSiTZTLbmQeqIiLcmMAKjJ3lV+Bmaj2Yts26bqrWa6D3vWVa/DjTavdrnKuo1N0hi6Qi25RGz2gDuoigqboFb2hd+vD+rK+rZ9Fa82qZk7QUtWsXy19sD4=</latexit>

: steady-state valve top pressure when e(t) = ysp(t)� ym(t) = 0
<latexit sha1_base64="lmdr61dvb/c3pYCCpwCOBccX93w="></latexit><latexit sha1_base64="lmdr61dvb/c3pYCCpwCOBccX93w="></latexit><latexit sha1_base64="lmdr61dvb/c3pYCCpwCOBccX93w="></latexit><latexit sha1_base64="lmdr61dvb/c3pYCCpwCOBccX93w="></latexit>

p
<latexit sha1_base64="fAThJ0yGFg1gEgyLawixhE+MPzs="></latexit><latexit sha1_base64="fAThJ0yGFg1gEgyLawixhE+MPzs="></latexit><latexit sha1_base64="fAThJ0yGFg1gEgyLawixhE+MPzs="></latexit><latexit sha1_base64="fAThJ0yGFg1gEgyLawixhE+MPzs="></latexit>

e
<latexit sha1_base64="Qoh83ueM4nOQMPYtHN1z4kZ/CCs="></latexit><latexit sha1_base64="Qoh83ueM4nOQMPYtHN1z4kZ/CCs="></latexit><latexit sha1_base64="Qoh83ueM4nOQMPYtHN1z4kZ/CCs="></latexit><latexit sha1_base64="Qoh83ueM4nOQMPYtHN1z4kZ/CCs="></latexit>

t
<latexit sha1_base64="Kf6SGvXv2ggiAsQ3Qt0lsL51BbA="></latexit><latexit sha1_base64="Kf6SGvXv2ggiAsQ3Qt0lsL51BbA="></latexit><latexit sha1_base64="Kf6SGvXv2ggiAsQ3Qt0lsL51BbA="></latexit><latexit sha1_base64="Kf6SGvXv2ggiAsQ3Qt0lsL51BbA="></latexit>

t
<latexit sha1_base64="Kf6SGvXv2ggiAsQ3Qt0lsL51BbA="></latexit><latexit sha1_base64="Kf6SGvXv2ggiAsQ3Qt0lsL51BbA="></latexit><latexit sha1_base64="Kf6SGvXv2ggiAsQ3Qt0lsL51BbA="></latexit><latexit sha1_base64="Kf6SGvXv2ggiAsQ3Qt0lsL51BbA="></latexit>

p̄
<latexit sha1_base64="MNpOVanudUU20okF3adICmfeSUs="></latexit><latexit sha1_base64="MNpOVanudUU20okF3adICmfeSUs="></latexit><latexit sha1_base64="MNpOVanudUU20okF3adICmfeSUs="></latexit><latexit sha1_base64="MNpOVanudUU20okF3adICmfeSUs="></latexit>

p(t) = p̄+Kc(ysp(t)� ym(t))
<latexit sha1_base64="dObX6c92vzdecGTtnKmeZMY8IEU="></latexit><latexit sha1_base64="dObX6c92vzdecGTtnKmeZMY8IEU="></latexit><latexit sha1_base64="dObX6c92vzdecGTtnKmeZMY8IEU="></latexit><latexit sha1_base64="dObX6c92vzdecGTtnKmeZMY8IEU="></latexit>

p0(t) = Kce(t)
<latexit sha1_base64="yi7y6JWwSfvIGrAIR8S3vx2Y6MM="></latexit><latexit sha1_base64="yi7y6JWwSfvIGrAIR8S3vx2Y6MM="></latexit><latexit sha1_base64="yi7y6JWwSfvIGrAIR8S3vx2Y6MM="></latexit><latexit sha1_base64="yi7y6JWwSfvIGrAIR8S3vx2Y6MM="></latexit>

P-controller is static or memory-less

Proportional Band (PB) = 
100

Kc
%

<latexit sha1_base64="2qMkIrc5I1VSUX9kmD9IwEroclI="></latexit><latexit sha1_base64="2qMkIrc5I1VSUX9kmD9IwEroclI="></latexit><latexit sha1_base64="2qMkIrc5I1VSUX9kmD9IwEroclI="></latexit><latexit sha1_base64="ZXkkUhABbYcRJ6SAIfX4OZDIelc=">AAACMnicbVHLSsNAFL2prxqrtms3g0UQFyVxo0vBjcsK9gE1lJvJpB06mYSZiRhKf8CtX+Rn+AXuxE9w0mZhWy8MHM65wz333DATXBvP+3RqO7t7+wf1Q/eo4R6fnDYbfZ3mirIeTUWqhiFqJrhkPcONYMNMMUxCwQbh7L7UBy9MaZ7KJ1NkLEhwInnMKRpLdcfNttfxlkW2gV+BNlQ1bjlXz1FK84RJQwVqPfK9zARzVIZTwRbuc65ZhnSGEzayUGLCdDBf+lyQC8tEJE6VfdKQJfv3xxwTrYsktJ0Jmqne1EryXy0UM1QKCysSgWGZxoTYNsVf1x2Z+DaYc5nlhkm6MhTngpiUlOGQiCtGjSgsQKq43YnQKSqkxka47kYVkZ4KWU6MUE/tXuUJCJfVXOK6Nlx/M8pt0L/u+BY/elCHMziHS/DhBu7gAbrQAwoRvMG78+F8Od+rI9Sc6hotWCvn5xf5tKtl</latexit><latexit sha1_base64="1raWyhzQI27CjuTJ3W7efh+Uw5g="></latexit><latexit sha1_base64="1raWyhzQI27CjuTJ3W7efh+Uw5g="></latexit><latexit sha1_base64="K+ow30Uxc4Wwh12qA4PfC442pto="></latexit><latexit sha1_base64="2qMkIrc5I1VSUX9kmD9IwEroclI="></latexit><latexit sha1_base64="2qMkIrc5I1VSUX9kmD9IwEroclI="></latexit><latexit sha1_base64="2qMkIrc5I1VSUX9kmD9IwEroclI="></latexit><latexit sha1_base64="2qMkIrc5I1VSUX9kmD9IwEroclI="></latexit><latexit sha1_base64="2qMkIrc5I1VSUX9kmD9IwEroclI="></latexit><latexit sha1_base64="2qMkIrc5I1VSUX9kmD9IwEroclI="></latexit>

(Foxboro, etc.)
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Sign of Kc
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This depends on the valve type

If e(t) > 0                    ; F2 should be lower

If e(t) < 0                    ; F2 should be higher

(ysp > ym)
<latexit sha1_base64="OGJUfl4ULVaxUiFQYJoYR79OeX8="></latexit><latexit sha1_base64="OGJUfl4ULVaxUiFQYJoYR79OeX8="></latexit><latexit sha1_base64="OGJUfl4ULVaxUiFQYJoYR79OeX8="></latexit><latexit sha1_base64="OGJUfl4ULVaxUiFQYJoYR79OeX8="></latexit>

(ysp < ym)
<latexit sha1_base64="vJMzc1IDa0t8Zt1gD9i/xl6O7ak="></latexit><latexit sha1_base64="vJMzc1IDa0t8Zt1gD9i/xl6O7ak="></latexit><latexit sha1_base64="vJMzc1IDa0t8Zt1gD9i/xl6O7ak="></latexit><latexit sha1_base64="vJMzc1IDa0t8Zt1gD9i/xl6O7ak="></latexit>

1 Air-to-Open
e(t) > 0 ! F2 # ! valve close ! air pressure #

<latexit sha1_base64="ljTQYxA8NghY0F8F5zwIbKysuiU="></latexit><latexit sha1_base64="ljTQYxA8NghY0F8F5zwIbKysuiU="></latexit><latexit sha1_base64="ljTQYxA8NghY0F8F5zwIbKysuiU="></latexit><latexit sha1_base64="ljTQYxA8NghY0F8F5zwIbKysuiU="></latexit>

e(t) > 0 ! air " to close
<latexit sha1_base64="0HbUr7qsJMafxvNEGoB8zw74ZG4="></latexit><latexit sha1_base64="0HbUr7qsJMafxvNEGoB8zw74ZG4="></latexit><latexit sha1_base64="0HbUr7qsJMafxvNEGoB8zw74ZG4="></latexit><latexit sha1_base64="0HbUr7qsJMafxvNEGoB8zw74ZG4="></latexit>

e(t) < 0 ! same
<latexit sha1_base64="4xjTy2+P5gLlpQRNW2uG76q1iK4="></latexit><latexit sha1_base64="4xjTy2+P5gLlpQRNW2uG76q1iK4="></latexit><latexit sha1_base64="4xjTy2+P5gLlpQRNW2uG76q1iK4="></latexit><latexit sha1_base64="4xjTy2+P5gLlpQRNW2uG76q1iK4="></latexit>

2 Air-to-Close

∴ ____________

∴ ____________
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Reverse-Acting / Direct-Acting

15

Kc > 0 is called __________-acting because

as ym ", p #
<latexit sha1_base64="ysZT5DaoSGgetSNOH+jhfvInv8o="></latexit><latexit sha1_base64="ysZT5DaoSGgetSNOH+jhfvInv8o="></latexit><latexit sha1_base64="ysZT5DaoSGgetSNOH+jhfvInv8o="></latexit><latexit sha1_base64="ZXkkUhABbYcRJ6SAIfX4OZDIelc=">AAACMnicbVHLSsNAFL2prxqrtms3g0UQFyVxo0vBjcsK9gE1lJvJpB06mYSZiRhKf8CtX+Rn+AXuxE9w0mZhWy8MHM65wz333DATXBvP+3RqO7t7+wf1Q/eo4R6fnDYbfZ3mirIeTUWqhiFqJrhkPcONYMNMMUxCwQbh7L7UBy9MaZ7KJ1NkLEhwInnMKRpLdcfNttfxlkW2gV+BNlQ1bjlXz1FK84RJQwVqPfK9zARzVIZTwRbuc65ZhnSGEzayUGLCdDBf+lyQC8tEJE6VfdKQJfv3xxwTrYsktJ0Jmqne1EryXy0UM1QKCysSgWGZxoTYNsVf1x2Z+DaYc5nlhkm6MhTngpiUlOGQiCtGjSgsQKq43YnQKSqkxka47kYVkZ4KWU6MUE/tXuUJCJfVXOK6Nlx/M8pt0L/u+BY/elCHMziHS/DhBu7gAbrQAwoRvMG78+F8Od+rI9Sc6hotWCvn5xf5tKtl</latexit><latexit sha1_base64="3+KLV9Zi94HLz0OZMETIdgpwrMU="></latexit><latexit sha1_base64="3+KLV9Zi94HLz0OZMETIdgpwrMU="></latexit><latexit sha1_base64="vcOozQdbwmbrFF/WnOv6gfb4Xm8="></latexit><latexit sha1_base64="ysZT5DaoSGgetSNOH+jhfvInv8o="></latexit><latexit sha1_base64="ysZT5DaoSGgetSNOH+jhfvInv8o="></latexit><latexit sha1_base64="ysZT5DaoSGgetSNOH+jhfvInv8o="></latexit><latexit sha1_base64="ysZT5DaoSGgetSNOH+jhfvInv8o="></latexit><latexit sha1_base64="ysZT5DaoSGgetSNOH+jhfvInv8o="></latexit><latexit sha1_base64="ysZT5DaoSGgetSNOH+jhfvInv8o="></latexit>

Kc < 0 is called __________-acting because
as ym ", p "

<latexit sha1_base64="FUdf325vBJADbHnE5F3B3gz+Fzg="></latexit><latexit sha1_base64="FUdf325vBJADbHnE5F3B3gz+Fzg="></latexit><latexit sha1_base64="FUdf325vBJADbHnE5F3B3gz+Fzg="></latexit><latexit sha1_base64="FUdf325vBJADbHnE5F3B3gz+Fzg="></latexit>

LT LC

q

h

LT is designed to be direct-acting (most 
transmitters are direct-acting)


- Its output signal increases as the 
level increases
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P-Controller: Pros and Cons
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Advantage: simplicity

Disadvantage

Leaves offset with a set-point change or a sustained disturbance

why?
    is a equilibrium point (input) for the previous set point or 
disturbance
p̄

<latexit sha1_base64="2BuSXDCUbdo5GJFT+W+hzrAVz38="></latexit><latexit sha1_base64="2BuSXDCUbdo5GJFT+W+hzrAVz38="></latexit><latexit sha1_base64="2BuSXDCUbdo5GJFT+W+hzrAVz38="></latexit><latexit sha1_base64="2BuSXDCUbdo5GJFT+W+hzrAVz38="></latexit>
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Algorithm: Proportional Integral (PI) Control
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p(t) = p̄+Kc

✓
e(t) +

1

⌧I

Z t

0
e(t⇤)dt⇤

◆

<latexit sha1_base64="R84Rbdhv2c14hLZ9kQ2v4xqkds8="></latexit><latexit sha1_base64="R84Rbdhv2c14hLZ9kQ2v4xqkds8="></latexit><latexit sha1_base64="R84Rbdhv2c14hLZ9kQ2v4xqkds8="></latexit><latexit sha1_base64="R84Rbdhv2c14hLZ9kQ2v4xqkds8="></latexit>

⌧I
<latexit sha1_base64="WHRSLhXQt+YmB36aYQpFU2U9D50="></latexit><latexit sha1_base64="WHRSLhXQt+YmB36aYQpFU2U9D50="></latexit><latexit sha1_base64="WHRSLhXQt+YmB36aYQpFU2U9D50="></latexit><latexit sha1_base64="WHRSLhXQt+YmB36aYQpFU2U9D50="></latexit>

: integral time or reset time (→∞ = P-control)

Integral control action: reset control, floating control

Some variations

: reset rate

p(t) = p̄+Kc

✓
e(t) + ⌧R

Z t

0
e(t⇤)dt⇤

◆

<latexit sha1_base64="WgQdBGU122KHiGGSjwQGKz8khUA="></latexit><latexit sha1_base64="WgQdBGU122KHiGGSjwQGKz8khUA="></latexit><latexit sha1_base64="WgQdBGU122KHiGGSjwQGKz8khUA="></latexit><latexit sha1_base64="WgQdBGU122KHiGGSjwQGKz8khUA="></latexit>

p(t) = p̄+
100

PB

✓
e(t) + ⌧R

Z t

0
e(t⇤)dt⇤

◆

<latexit sha1_base64="JqWCzKm0TEIvOATeMDXvv5IHlS4="></latexit><latexit sha1_base64="JqWCzKm0TEIvOATeMDXvv5IHlS4="></latexit><latexit sha1_base64="JqWCzKm0TEIvOATeMDXvv5IHlS4="></latexit><latexit sha1_base64="JqWCzKm0TEIvOATeMDXvv5IHlS4="></latexit>

⌧R
<latexit sha1_base64="tErSiAgXCgiGKAsPR9as/9qDYHA="></latexit><latexit sha1_base64="tErSiAgXCgiGKAsPR9as/9qDYHA="></latexit><latexit sha1_base64="tErSiAgXCgiGKAsPR9as/9qDYHA="></latexit><latexit sha1_base64="tErSiAgXCgiGKAsPR9as/9qDYHA="></latexit>
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PI-Controller: Pros and Cons
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Advantage: eliminates __________ (regardless of size of Kc)

Disadvantages
One more parameter to tune

Easier to induce oscillation or instability
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Algorithm: Proportional Integral Derivative (PID) Control

19

Adjustment proportional to the current error + 
accumulated error + current rate of change in the error

p(t) = p̄+Kc

✓
e(t) +

1

⌧I

Z t

0
e(t⇤)dt⇤ + ⌧D

de

dt

◆

<latexit sha1_base64="zTlUXaEowamIKz2BbCFpsEIYGrM="></latexit><latexit sha1_base64="zTlUXaEowamIKz2BbCFpsEIYGrM="></latexit><latexit sha1_base64="zTlUXaEowamIKz2BbCFpsEIYGrM="></latexit><latexit sha1_base64="zTlUXaEowamIKz2BbCFpsEIYGrM="></latexit>

: derivative time constant⌧D
<latexit sha1_base64="pJsVGO0sQVoN+Y10xdm4E0du7a0="></latexit><latexit sha1_base64="pJsVGO0sQVoN+Y10xdm4E0du7a0="></latexit><latexit sha1_base64="pJsVGO0sQVoN+Y10xdm4E0du7a0="></latexit><latexit sha1_base64="pJsVGO0sQVoN+Y10xdm4E0du7a0="></latexit>

Pure differentiation in real-time is not possible since evaluation of de/
dt at time  t requires error information beyond time t. But it can be 
approximated very closely
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PID Controller: Pros and Cons
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Advantages
Quick action to a change in the error - effective prevention of 
runaway (e.g., in an auto-catalytic reactor)

Decrease settling time for processes with slow dynamics and 
fast disturbances

Decrease __________ (stabilizing factor for integral mode, etc.)
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PID Controller: Pros and Cons
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Disadvantages

Yet one more parameter to tune

Amplifies measurement _____ effect (not suitable in flow control)

“noisy” measurements
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Typical PID Controller Display
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PV, SP, CO: Process variable, Set 
point, Control output (normalized 
0-100%) CO is also denoted as OP.

Local/Remote Switch: source of set 
point signal

Auto/Manual Switch (Bumpless Transfer)

Direct/Reverse Switch
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Digital PID Controller

23

Analog: 

p(t) = p̄+Kc

✓
e(t) +

1

⌧I

Z t

0
e(t⇤)dt⇤ + ⌧D

de

dt

◆

<latexit sha1_base64="ga7i6/V1ugIDN5h5QGJ7tW5p6SA="></latexit><latexit sha1_base64="ga7i6/V1ugIDN5h5QGJ7tW5p6SA="></latexit><latexit sha1_base64="ga7i6/V1ugIDN5h5QGJ7tW5p6SA="></latexit><latexit sha1_base64="ga7i6/V1ugIDN5h5QGJ7tW5p6SA="></latexit>

Digital: 

p(tk) = p̄+Kc

 
e(tk) +

�t

⌧I

kX

i=0

e(ti) + ⌧D
e(tk)� e(tk�1)

�t

!

<latexit sha1_base64="4mLotAFH2JIuSZz3m1+Hh2Ct1pE="></latexit><latexit sha1_base64="4mLotAFH2JIuSZz3m1+Hh2Ct1pE="></latexit><latexit sha1_base64="4mLotAFH2JIuSZz3m1+Hh2Ct1pE="></latexit><latexit sha1_base64="4mLotAFH2JIuSZz3m1+Hh2Ct1pE="></latexit>

�t : sampling period (interval)
<latexit sha1_base64="MzZNzicbEoktnl11wFPjWq5hhBA="></latexit><latexit sha1_base64="MzZNzicbEoktnl11wFPjWq5hhBA="></latexit><latexit sha1_base64="MzZNzicbEoktnl11wFPjWq5hhBA="></latexit><latexit sha1_base64="MzZNzicbEoktnl11wFPjWq5hhBA="></latexit>

e(tk) : error at the kth sample time
<latexit sha1_base64="Q7uheb9J7gQhIOR4OFWKgMKHWis="></latexit><latexit sha1_base64="Q7uheb9J7gQhIOR4OFWKgMKHWis="></latexit><latexit sha1_base64="Q7uheb9J7gQhIOR4OFWKgMKHWis="></latexit><latexit sha1_base64="Q7uheb9J7gQhIOR4OFWKgMKHWis="></latexit>

p(tk) : controller output at the kth sample time
<latexit sha1_base64="UpL8TVW8Sq378Fh43y0dOYA+5v4="></latexit><latexit sha1_base64="UpL8TVW8Sq378Fh43y0dOYA+5v4="></latexit><latexit sha1_base64="UpL8TVW8Sq378Fh43y0dOYA+5v4="></latexit><latexit sha1_base64="UpL8TVW8Sq378Fh43y0dOYA+5v4="></latexit>
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Removing “Kicks” 

• Sudden set point change (a step change)


- de/dt will be very large, giving a sudden jump in the valve position 
(undesirable in most cases)


- Apply the derivative action only on the output signal, not set point 
signal 
 

• Similar phenomenon can show up for the P-mode, 
though not as severe as the D-mode

24

de

dt
=

d

dt
(ysp(t)� ym(t)) ) �dym

dt
<latexit sha1_base64="fu2tgFK2Xge6oM64yhYj63DK9AE="></latexit><latexit sha1_base64="fu2tgFK2Xge6oM64yhYj63DK9AE="></latexit><latexit sha1_base64="fu2tgFK2Xge6oM64yhYj63DK9AE="></latexit><latexit sha1_base64="fu2tgFK2Xge6oM64yhYj63DK9AE="></latexit>



© J.M. Lee 25

0 5 10 15 20 25

0

0.2

0.4

0.6

0.8

1

1.2

t

ys(t)

y(t)

0 5 10 15 20 25
0

0.5

1

1.5

2

t

u(
t)

0 5 10 15 20 25
0

1

2

3

4

5

t

u(
t)

0 5 10 15 20 25
-0.2

0

0.2

0.4

0.6

0.8

1

1.2

t

ys(t)

y(t)

With anti-derivative-kickWithout anti-derivative-kick



© J.M. Lee

Windup and Anti-Windup
• Windup


- When a constant error persists for a long time (such as when the 
valve saturates), the integral term can be wound up to a very large 
term


• Consequence


- When the reason for the constant error (e.g., un-realizable set point 
change or too large a disturbance to reject completely) goes away, 
the integral term must unwind before the valve position returns to 
the normal value and control resumes


- Large error in the opposite direction will result 

26
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