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“Freedom! Freedom! I can’t move

Singin’, freedom! Freedom! Where are you?

Wonn’t let my freedom rot in hell

Hey! I’ma keep running

Cause a winner don’t quito n themselves”
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— —

𝜏𝑐 𝜏𝑐 𝜏𝑐
may exceed the motor’s physical limits.
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𝜙 = 25,4 ∙ (   1   #𝑀 − 𝑑𝑊 )

“piscina”), o que facilita

mais a região de “piscina” avança sobre a tela de separação, favorecendo o deslocamento dos 
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𝐺(𝑠) = ∑ 𝛽𝑖 ∙ 𝑠𝑖𝑚𝑖=0∑ 𝛼𝑖 ∙ 𝑠𝑖𝑛𝑖=0 𝑒−𝜃∙𝑠
α β

θ

τ θ

ζ

𝐾 = 𝑦(∞) − 𝑦(0−)𝑀𝑠𝑡𝑒𝑝
𝑦(∞) 𝑦 𝑦(0−)



𝑑𝑑𝑡 ( 𝑦𝐾 ∙ 𝑀𝑠𝑡𝑒𝑝)|𝑡=0 = 1𝜏𝑦(𝜏) = 0,632 ∙ [𝑦(∞) − 𝑦(0−)] + 𝑦(0−)
𝑑𝑦(𝑡)𝑑𝑡 − 𝐾𝑢(𝑡) = 0𝑌(𝑠)𝑈(𝑠) = 𝐾𝑠𝑦(𝑡) = 𝐾 ∙ 𝑀𝑠𝑡𝑒𝑝 ∙ 𝑡

𝜏 ∙ 𝑑𝑦(𝑡)𝑑𝑡 + 𝑦(𝑡) − 𝐾 ∙ 𝑢(𝑡) = 0𝑌(𝑠)𝑈(𝑠) = 𝐾𝜏 ∙ 𝑠 + 1𝑦(𝑡) = 𝐾 ∙ 𝑀𝑠𝑡𝑒𝑝 ∙ (1 − 𝑒−𝑡 𝜏⁄ )



𝑡 < 𝜃𝑑𝑦(𝑡)𝑑𝑡 = 0𝑡 ≥ 𝜃𝜏 ∙ 𝑑𝑦(𝑡)𝑑𝑡 + 𝑦(𝑡) − 𝐾 ∙ 𝑢(𝑡) = 0𝑌(𝑠)𝑈(𝑠) = 𝐾 ∙ 𝑒−𝜃∙𝑠𝜏 ∙ 𝑠 + 1𝑡 < 𝜃𝑦(𝑡) = 𝑦0𝑡 ≥ 𝜃𝑦(𝑡) = 𝑦0 + 𝐾 ∙ 𝑀𝑠𝑡𝑒𝑝∙ (1 − 𝑒−(𝑡−θ) 𝜏⁄ )



𝜏2 ∙ 𝑑2𝑦(𝑡)𝑑𝑡2 + 2 ∙ 𝜁 ∙ 𝜏 𝑑𝑦(𝑡)𝑑𝑡 + 𝑦(𝑡) − 𝐾 ∙ 𝑢(𝑡) = 0𝑌(𝑠)𝑈(𝑠) = 𝐾𝜏2 ∙ 𝑠2 + 2 ∙ 𝜁 ∙ 𝜏 ∙ 𝑠 + 1
ζ 𝑦(𝑡) = 𝐾 ∙ 𝑀𝑠𝑡𝑒𝑝∙ {1

− 𝑒−𝜁𝑡 𝜏⁄ [𝑐𝑜𝑠ℎ (√𝜁2 − 1𝜏 𝑡) + 𝜁√𝜁2 − 1∙ 𝑠𝑒𝑛ℎ (√𝜁2 − 1𝜏 𝑡)]}
ζ 𝑦(𝑡) = 𝐾 ∙ 𝑀𝑠𝑡𝑒𝑝 [1 − (1 + 𝑡𝜏) ∙ 𝑒−𝑡 𝜏⁄ ]
≤ ζ <𝑦(𝑡) = 𝐾 ∙ 𝑀𝑠𝑡𝑒𝑝 {1 − 𝑒−𝜁𝑡 𝜏⁄

∙ [𝑐𝑜𝑠 (√𝜁2 − 1𝜏 ∙ 𝑡) + 𝜁√𝜁2 − 1 ∙ 𝑠𝑒𝑛 (√𝜁2 − 1𝜏 ∙ 𝑡)]}

min𝐾,𝜏,𝜃,𝜁 𝑆𝑄𝑅 = min𝐾,𝜏,𝜃,𝜁 ∑(𝑌𝑖 − 𝑦𝑖)2
𝑌𝑖 𝑦𝑖
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1.940 1.420 𝑛𝑚 2.340 𝑛𝑚
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– – 2,73 𝑚22,5 𝐶𝑉1800 𝑟𝑝𝑚 6,5 𝑔





– –
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20%500 𝑠 23%0% 2%3000 𝑠
20% 23%500 𝑠 21% 3000 𝑠



1 𝑠



– –



20% 



𝐶(𝑠) = 𝐾𝑝 (1 + 1𝜏𝐼𝑠 + 𝜏𝐷𝑠)𝑃𝑟𝑜𝑝𝑜𝑟𝑡𝑖𝑜𝑛𝑎𝑙 = 𝐾𝑝𝐼𝑛𝑡𝑒𝑔𝑟𝑎𝑙 = 𝐾𝑝𝜏𝐼𝐷𝑒𝑟𝑖𝑣𝑎𝑡𝑖𝑣𝑒 = 𝐾𝑝. 𝜏𝐷



1800 𝑟𝑝𝑚
 

da tela na aba “Simulação”. Ao clicar na opção “Configurar” a caixa de diálogo é aberta, e nela 



processo após implementação da lei de controle, uma vez que a técnica “[...] emprega o inverso 

da parte de fase mínima do modelo e adiciona um filtro passa baixa.”, conforme descreve 

𝜏𝑐



𝜏𝑐



𝝉𝒄





+600 𝑟𝑝𝑚
− 600 𝑟𝑝𝑚

𝐺1(𝑠) = 𝑈%𝑟𝑝𝑚  = 𝐾1(𝜏1. 𝑠 + 1) = 0,0014176(14,75. 𝑠 + 1)
𝐺2(𝑠) = 𝑈%𝑟𝑝𝑚  = 𝐾2(𝜏2. 𝑠 + 1) . 𝑒−𝜃.𝑠 =  0,00063626(11,63. 𝑠 + 1) ∙ 𝑒−5,03∙𝑠

(𝐾)
(𝜃)

(𝜏) 63,2%



𝐾 = 𝑈%∞ − 𝑈%0𝑟𝑝𝑚∞ − 𝑟𝑝𝑚0 

𝜏𝑐



𝝉𝒄 𝑮𝟏(𝒔) 𝑮𝟐(𝒔)𝜃 𝐶𝐼𝑀𝐶1𝐺1(𝑠) = 2068,5705 (1 + 114,75. 𝑠) 𝐶𝐼𝑀𝐶1𝐺2(𝑠) = 1816,9673 (1 + 111,63. 𝑠)
2. 𝜃 𝐶𝐼𝑀𝐶2𝐺1(𝑠) = 1034,2853 (1 + 114,75. 𝑠) 𝐶𝐼𝑀𝐶2𝐺2(𝑠) = 1211,3115 (1 + 111,63. 𝑠)
3. 𝜃 𝐶𝐼𝑀𝐶3𝐺1(𝑠) = 689,5235 (1 + 114,75. 𝑠) 𝐶𝐼𝑀𝐶3𝐺2(𝑠) = 908,4837 (1 + 111,63. 𝑠)
3. 𝜏1 𝐶𝐼𝑀𝐶4𝐺1(𝑠) = 235,1392 (1 + 114,75. 𝑠) 𝐶𝐼𝑀𝐶4𝐺2(𝑠) = 370,9150 (1 + 111,63. 𝑠)

𝐶𝐼𝑀𝐶4𝐺1(𝑠)𝐶𝐼𝑀𝐶1𝐺1(𝑠)𝜏𝑐 𝜏𝑐 2
1,25



𝐶𝐼𝑀𝐶1𝐺2(𝑠)𝜏𝑐

𝜏𝑐 = 𝜃



𝝉𝒄𝜃 78264,2981 65,8058 40,34212. 𝜃 111290,8033 96,6249 63,76093. 𝜃 149710,4860 128,5878 88,90603. 𝜏1 377435,3696 317,0907 234,7381
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𝜏𝑐 = 3. 𝜃
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http://www.drillingcontractor.org/solids-control-automation-on-the-horizon-with-
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Will’s Mineral Processing Technology: An 


