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interna da UFU.
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“Ninguém ignora tudo. Ninguém sabe tudo. 
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0511/2019, intitulado “Programação 

demanda”. Esse projeto teve como foco principal o desenvolvimento de aplicações 

gerenciamento operacional, a microrrede é capaz de operar de forma “ilhada” em situações de 







–



–



𝑊/𝑚2 𝑘𝑊/𝑚2

𝑊ℎ/𝑚2 𝑘𝑊ℎ/𝑚2

–





𝐷𝐻𝑇𝑖 = √ 𝐼22 + 𝐼32 + 𝐼42 + ⋯+ 𝐼𝑛2𝐼1 𝑥100%



–





–







–

–

–

–

–

–



–

–



𝑉𝑜𝑉𝑠 = 𝑑𝑉𝑜𝑉𝑠 = 1(1 − 𝑑)
–

–



–



–



–

– –

–





–

– – —

—



𝑑 = 𝑡𝑜𝑛𝑇
𝑑 𝑡𝑜𝑛𝑇



cíclicas complementares (d e 1 − d). No estágio Buck do conversor bidirecional a energia flui 









– –





–



–

–





𝐷𝐵𝑜𝑜𝑠𝑡 = 1 − 𝑉𝑠𝑡𝑟𝑖𝑛𝑔𝑉𝑙𝑖𝑛𝑘 𝑑𝑐

𝐷𝐵𝑜𝑜𝑠𝑡 = 1 − 294,4400 = 0,264
𝐿𝐵𝑜𝑜𝑠𝑡 > 𝑉𝑀𝑃 ∙ 𝐷𝐵𝑜𝑜𝑠𝑡∆𝑖𝐿_𝑏𝑜𝑜𝑠𝑡 ∙ 𝑓𝑠𝑤_𝑏𝑜𝑜𝑠𝑡

𝐿𝐵𝑜𝑜𝑠𝑡 > 294,4 ∙ 0,2640,14 ∙ 8,69 ∙ 20000 = 3,194213𝑚𝐻 
𝐶𝐵𝑜𝑜𝑠𝑡 > 𝑃𝑀𝑃2 ∙ 𝜔𝑐𝑎𝑟𝑔𝑎 ∙ 𝑉𝑀𝑃 ∙ ∆𝑉𝑏𝑜𝑜𝑠𝑡 

𝐶𝐵𝑜𝑜𝑠𝑡 > 51202 ∙ 2 ∙ 𝜋 ∙ 60 ∙ 294,4 ∙ 0,05 ∙ 294,4= 1,5669792𝑚𝐹 
𝐺𝑣𝑐𝑑(𝑠)



(𝐴1  𝑒  𝐴2) (𝐵1  𝑒  𝐵2)
(𝑉𝑃𝑉)(𝑉𝐿𝐼𝑁𝐾_𝐷𝐶)

𝐶𝑆𝑇𝑅𝐼𝑁𝐺

𝑢(𝑡)





𝑣(𝑠)𝑑(𝑠)

𝐺𝑃𝑊𝑀(𝑠)𝐻𝑉(𝑠)

(𝑉𝑃𝑉)294,4 V

(𝐷)



– –



𝐺𝑣𝑐𝑑(𝑠)

𝑃𝐼𝐷 = 1,267𝑒−5𝑠2 + 0,001273𝑠 + 2,5628,45𝑒−5𝑠2 + 1,062𝑠





1000 W/m2 25∘C

200 mΩ

–



– –

potência (ΔP) e tensão (ΔV) e pela atualização da tensão de referência aplicada ao controlador 

entre tensão e corrente. Em seguida, são obtidas as variações ΔP e ΔV em relaç



–





–







𝐶𝑏𝑎𝑟 > 𝑃𝑛𝑜𝑚𝑖𝑛𝑎𝑙2 ∙ 𝜔𝑟𝑒𝑑𝑒 ∙ 𝑉𝑏𝑎𝑟 ∙ ∆𝑉𝑏𝑎𝑟

𝐶𝑏𝑎𝑟 > 51202 ∙ 2𝜋60 ∙ 400 ∙ 0,03 ∙ 400 = 1,415𝑚𝐹
𝐼𝐿𝑓,𝑅𝑀𝑆 = 5120220 = 23,27 𝐴

𝐼𝐿𝑓,𝑝𝑖𝑐𝑜 = √2 ∙ 23,27 = 32,91 𝐴
𝐿𝑓 = 𝑉𝑏𝑎𝑟8 ∙ 𝑓𝑠 ∙ ∆𝐼𝐿𝑓 𝑉𝑝𝑖𝑐𝑜_𝑟𝑒𝑑𝑒 ≥ 𝑉𝐿𝑖𝑛𝑘2

𝐿𝑓 = 𝑉𝑝𝑖𝑐𝑜_𝑟𝑒𝑑𝑒2 ∙ 𝑓𝑠 ∙ ∆𝐼𝐿𝑓 (1 − 𝑉𝑝𝑖𝑐𝑜_𝑟𝑒𝑑𝑒𝑉𝐿𝑖𝑛𝑘 ) 𝑉𝑝𝑖𝑐𝑜_𝑟𝑒𝑑𝑒 < 𝑉𝐿𝑖𝑛𝑘2



𝐿𝑓 = 4008 ∙ 20000 ∙ 0,03 ∙ 32,91 = 2,5𝑚𝐻

𝐺𝑖𝑑(𝑠) 𝐺𝑣𝑖(𝑠)𝐺𝑖𝑑(𝑠)

𝐺𝑣𝑖(𝑠)





–

𝑥(𝑡) = [𝑖𝐿𝑓𝑖𝑙𝑡𝑟𝑜]
𝑢(𝑡) = [𝑉𝐿𝑖𝑛𝑘𝑉𝑅𝑒𝑑𝑒]



𝐴1 = [−𝑅𝑖𝑛𝑑𝑢𝑡𝑜𝑟𝐿𝑓𝑖𝑙𝑡𝑟𝑜 ]
𝐵1 = [ 1𝐿𝑓𝑖𝑙𝑡𝑟𝑜 −1𝐿𝑓𝑖𝑙𝑡𝑟𝑜]

𝐴2 = [−𝑅𝑖𝑛𝑑𝑢𝑡𝑜𝑟𝐿𝑓𝑖𝑙𝑡𝑟𝑜 ]
𝐵2 = [ −1𝐿𝑓𝑖𝑙𝑡𝑟𝑜 −1𝐿𝑓𝑖𝑙𝑡𝑟𝑜]

𝐺𝑖𝐿𝑓(𝑠) = 2 ∙ 𝑉𝐿𝑖𝑛𝑘𝐿𝑓𝑖𝑙𝑡𝑟𝑜 ∙ 𝑠 + 𝑅𝑖𝑛𝑑𝑢𝑡𝑜𝑟

aproximadamente uma década abaixo da frequência de chaveamento (≈ fsw



𝑃𝐼𝑐𝑜𝑟𝑟𝑒𝑛𝑡𝑒 = 𝑠 + 10𝑠

–



1/𝑉𝑝𝑖𝑐𝑜_𝑟𝑒𝑑𝑒



𝐼𝑝𝑖𝑐𝑜_𝑟𝑒𝑓𝑖𝑟𝑒𝑓

𝑥(𝑡) = [𝑖𝐿𝑓𝑖𝑙𝑡𝑟𝑜𝑉𝑐_𝑙𝑖𝑛𝑘 ]
𝑢(𝑡) = [𝑉𝑅𝑒𝑑𝑒]

𝐴1 = [   
 −𝑅𝑖𝑛𝑑𝑢𝑡𝑜𝑟𝐿𝑓𝑖𝑙𝑡𝑟𝑜 1𝐿𝑓𝑖𝑙𝑡𝑟𝑜−1𝐶𝑙𝑖𝑛𝑘 0 ]   

 



𝐵1 = [ −1𝐿𝑓𝑖𝑙𝑡𝑟𝑜0 ]

𝐴2 = [   
 −𝑅𝑖𝑛𝑑𝑢𝑡𝑜𝑟𝐿𝑓𝑖𝑙𝑡𝑟𝑜 −1𝐿𝑓𝑖𝑙𝑡𝑟𝑜1𝐶𝑙𝑖𝑛𝑘 0 ]   

 

𝐵2 = [ −1𝐿𝑓𝑖𝑙𝑡𝑟𝑜0 ]
𝐺𝑉𝐶_𝑖𝐿(𝑠)

𝐺𝑉𝐶_𝑖𝐿(𝑠) = −2 ∙ 𝐷𝑖𝑛𝑣 − 1𝐶𝐵𝑎𝑟 ∙ 𝑠

𝐺𝑉𝐶_𝑖𝐿(𝑠)





–

𝑃𝐼𝑡𝑒𝑛𝑠ã𝑜 = 0,9𝑠 + 3𝑠







𝑅 = 𝑉𝑟𝑚𝑠2𝑃
𝑅 = 22025120 = 9,453Ω



𝑉𝑟𝑚𝑠 𝑃
10 ∙ 𝑓𝑟𝑒𝑑𝑒 ≤ 𝑓𝑐𝑜𝑟𝑡𝑒 ≤ 0,1 ∙ 𝑓𝑐ℎ𝑎𝑣𝑒𝑎𝑚𝑒𝑛𝑡𝑜

10 ∙ 60 ≤ 𝑓𝑐𝑜𝑟𝑡𝑒 ≤ 0,1 ∙ 20000 ⟹ 𝑓𝑐𝑜𝑟𝑡𝑒 = 1𝐾ℎ𝑧

𝐶𝑓𝑖𝑙𝑡𝑟𝑜 = 14 ∙ 𝜋 ∙ 𝑓𝑐𝑜𝑟𝑡𝑒 ∙ 𝑅 ∙ 𝜁
𝐶𝑓𝑖𝑙𝑡𝑟𝑜 = 14 ∙ 𝜋 ∙ 1000 ∙ 9,453 ∙ 0,8= 10,523 ∙ 10−6𝐹

𝐿𝑓𝑖𝑙𝑡𝑟𝑜 = 4 ∙ 𝑅2 ∙ 𝜁2 ∙ 𝐶𝑓𝑖𝑙𝑡𝑟𝑜
𝐿𝑓𝑖𝑙𝑡𝑟𝑜 = 4 ∙ 9,4532 ∙ 0,82 ∙ 10,523 ∙ 10−6= 2,407 ∙ 10−3𝐻



–

𝑍𝐵 = 𝑉𝑟𝑚𝑠2𝑃
𝑍𝐵 = 22025120 = 9,453Ω
𝐶𝐵 = 12 ∙ 𝜋 ∙ 𝑓𝑟𝑒𝑑𝑒 ∙ 𝑍𝐵

𝐶𝐵 = 12 ∙ 𝜋 ∙ 60 ∙ 9,453= 2,806 ∙ 10−4𝐹



𝐶𝑓𝑖𝑙𝑡𝑟𝑜 = 3% ∙ 𝐶𝐵 = 8,418 ∙ 10−6𝐹
𝐼𝐿𝑓,𝑅𝑀𝑆 = 5120220 = 23,27 𝐴

𝐼𝐿𝑓,𝑝𝑖𝑐𝑜 = √2 ∙ 23,27 = 32,91 𝐴
∆𝐼 = 5% ∙ 𝐼𝐿𝑓,𝑝𝑖𝑐𝑜= 1,646 𝐴
𝐿2 = 𝑉𝑑𝑐6 ∙ 𝑓𝑐ℎ𝑎𝑣𝑒𝑎𝑚𝑒𝑛𝑡𝑜 ∙ ∆𝐼

𝐿2 = 4006 ∙ 20000 ∙ 1,646= 2,025 ∙ 10−3𝐻
𝐿1 = 10% ∙ 𝐿2 = 2,025 ∙ 10−4𝐻

10 ∙ 𝑓𝑓𝑢𝑛𝑑𝑎𝑚𝑒𝑛𝑡𝑎𝑙 < 𝑓𝑟𝑒𝑠𝑠𝑜𝑛â𝑛𝑐𝑖𝑎 < 0,5 ∙ 𝑓𝑐ℎ𝑎𝑣𝑒𝑎𝑚𝑒𝑛𝑡𝑜

𝑓𝑟𝑒𝑠𝑠𝑜𝑛â𝑛𝑐𝑖𝑎 = 12𝜋 √ 𝐿1 + 𝐿2𝐿1𝐿2𝐶𝑓𝑖𝑙𝑡𝑟𝑜



𝑓𝑟𝑒𝑠𝑠𝑜𝑛â𝑛𝑐𝑖𝑎 = 12𝜋 √ 2,025 ∙ 10−4 + 2,025 ∙ 10−32,025 ∙ 10−4 ∙ 2,025 ∙ 10−3 ∙ 8,418 ∙ 10−6= 4043 𝐻𝑧

600 𝐻𝑧 < 4043 𝐻𝑧 < 10000 𝐻𝑧



200 mΩ 200 mΩ 20 mΩ

200 mΩ

𝑅1𝐿1



– 𝐸𝑟𝑎𝑡𝑒𝑑
– 𝐸𝑐𝑢𝑡

– 𝑄𝑟𝑎𝑡𝑒𝑑



–

– 𝐸𝑓𝑢𝑙𝑙
– 𝐸𝑡𝑜𝑝 – 𝐸𝑛𝑜𝑚

– 𝑄𝑚𝑎𝑥
– 𝑄𝑡𝑜𝑝

– 𝑄𝑛𝑜𝑚
–

𝐸𝑡𝑜𝑝 𝑄𝑡𝑜𝑝 𝐸𝑛𝑜𝑚 𝑄𝑛𝑜𝑚
𝐾𝑐 𝑄0𝑄𝑚𝑎𝑥 𝐸𝑐𝑢𝑡



– 𝐾𝑠
– 𝐾𝑝



Ω



𝐼 =  𝑃𝑉 = 2000200 = 10𝐴

𝑁𝑠 = 200𝐸𝑟𝑎𝑡𝑒𝑑 = 2003,7 = 54,0541
𝑁𝑝 = 𝐼𝐼𝑑𝑖𝑠𝑐ℎ𝑔 = 100,52 = 19,2308

𝐹𝑢𝑙𝑙 𝑣𝑜𝑙𝑡𝑎𝑔𝑒 =  𝑁𝑠 × 𝐸𝑓𝑢𝑙𝑙 = 227,027𝑉
𝐷𝑖𝑠𝑐ℎ𝑎𝑟𝑔𝑒 𝑐𝑢𝑡 𝑜𝑓𝑓 =  𝑁𝑠 × 𝐸𝑐𝑢𝑡= 162,1622𝑉



–

–

–



–



–

–

– –

𝐶 = 𝑉𝑂 ∙ (𝑉𝑆 − 𝑉𝑂)8𝐿 ∙ ∆𝑉𝑂 ∙ 𝑉𝑆 ∙ 𝑓𝑠2



𝐶 = 227 ∙ (400 − 227)8 ∙ 2,45 ∙ 10−3 ∙ 0,01 ∙ 227 ∙ 400 ∙ 200002= 5,52𝜇𝐹
𝐿 = 𝑉𝑂 ∙ (𝑉𝑆 − 𝑉𝑂)∆𝐼𝐿 ∙ 𝑓𝑠 ∙ 𝑉𝑠

𝐿 = 227 ∙ (400 − 227)0,2 ∙ 10 ∙ 20000 ∙ 400 = 2,45𝑚𝐻

– –



𝑑𝑥(𝑡)𝑑𝑡 = 𝐴 ∙ 𝑥(𝑡) + 𝐵 ∙ 𝑢(𝑡)
𝑥 𝑡 𝑥(𝑡) = [𝑖𝐿𝑉𝑐]
𝑑𝑥 𝑡 𝑑𝑡 𝑑𝑥(𝑡)𝑑𝑡 = [𝑑𝑖𝐿 𝑑𝑡⁄𝑑𝑉𝑐 𝑑𝑡⁄ ]
𝑢 𝑡 𝑢(𝑡) = [𝑉𝑖𝑛]
𝐴𝐵

𝑦 = 𝐶 ∙ 𝑥(𝑡) + 𝐷 ∙ 𝑢(𝑡)
𝐶𝐷
𝑥(𝑡)



𝑢(𝑡) 𝑦(𝑡)

–

𝑉𝑠 − 𝐿 𝑑𝑖𝐿𝑑𝑡 = 0
𝑑𝑖𝐿𝑑𝑡 = 𝑉𝑠𝐿

𝐶 𝑑𝑉𝐶𝑑𝑡 = −𝑖𝐶 = −𝑉𝑂𝑅 = −𝑉𝐶𝑅











𝑋𝑚𝑒𝑑 = −𝐴𝑚𝑒𝑑−1 ∙ 𝐵𝑚𝑒𝑑 ∙ 𝑈𝑚𝑒𝑑

–

–

𝐺𝑥𝑑(𝑠) = (𝑠 ∙ 𝐼 − 𝐴𝑚𝑒𝑑)−1 ∙ 𝐵𝑑

𝐵𝑑 = (𝐴1 − 𝐴2) ∙ 𝑋𝑚𝑒𝑑 + (𝐵1 − 𝐵2) ∙ 𝑈𝑚𝑒𝑑
𝑈𝑚𝑒𝑑 = 𝑉𝑠

𝑠



∆𝑉𝑐∆𝐼𝑐
Ω



𝐺𝑣𝑐_𝑑 = 320001,082𝑒−6𝑠2 + 0,00245𝑠 + 80
𝐺𝑖𝐿_𝑑 = 0,1766𝑠 + 4001,082𝑒−6𝑠2 + 0,00245𝑠 + 80





𝑃𝐼𝐷𝐺𝑣𝑐_𝑑_𝐵𝑢𝑐𝑘 = 1,298𝑒−10𝑠2 + 2,94𝑒−7𝑠 + 0,0096 1,082𝑒−6𝑠2 + 0,0136𝑠





𝑃𝐼𝐺𝑣𝑐_𝑑_𝐵𝑢𝑐𝑘 = 1𝑠
–



𝐺𝑣𝑐_𝑑 = −0,5562𝑠 + 58493,484𝑒−7𝑠2 + 0,000789𝑠 + 8,298





𝑃𝐼𝐷𝐺𝑣𝑐_𝑑_𝐵𝑜𝑜𝑠𝑡 = 3,484𝑒−12𝑠2 + 7,89𝑒−9𝑠 + 8,298𝑒−53,484𝑒−7𝑠2 + 0,004378𝑠



– –



–



–

–

–



–

– – –



–





–







𝑉𝑃𝑉𝑉𝑝𝑣_𝑟𝑒𝑓









–







–



–



–

–



–

–



–

–



–

–



–





≤ 2,3 kV 69KV ≤ V





𝑉𝐿𝐼𝑁𝐾 𝐼𝐿𝑃𝑒𝑥𝑡𝑟𝑎𝑖𝑑𝑎𝑃𝑙𝑜𝑎𝑑_𝑏𝑢𝑠 𝑃𝑖𝑛𝑣𝑒𝑟𝑠𝑜𝑟𝐶𝑜𝑟𝑟𝑒𝑛𝑡𝑒_𝑐𝑜𝑛𝑠𝑡𝑎𝑛𝑡𝑒𝑀𝑂𝐷𝑂



𝑐𝑜𝑟𝑟𝑒𝑛𝑡𝑒_𝑐𝑜𝑛𝑠𝑡𝑎𝑛𝑡𝑒 = 1 𝑀𝑂𝐷𝑂 = 1



𝑀𝑂𝐷𝑂 = −1





𝑀𝑂𝐷𝑂 = 1𝑀𝑂𝐷𝑂 = −1











™

https://doi.org/10.59627/rbens.2021v12i1.336
https://doi.org/10.1007/978-981-19-7059-7_3
https://doi.org/10.18618/REP.2018.3.2779
https://doi.org/10.3390/eng4010018


https://doi.org/10.1016/j.solener.2005.08.012
https://doi.org/10.34115/basrv4n6-045
https://doi.org/10.59627/cbens.2018.221


https://doi.org/10.5433/1679-0375.2021v42n2p227
https://doi.org/10.18618/REP.e202615
https://doi.org/10.29327/1298891.4-15
https://doi.org/10.1109/CBQEE59548.2023.10503986




–









–











–









–





–





–





–





–







–

—



—

—



—



—

—



—

—





—

—





–






	Ata de Defesa - Pós-Graduação 21 (7429858)

