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O pulso da tensão “T ” e “T ” é controlado por um 

representadas como “ΔV”
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Vout = 0,45 ∙ VP



ω √ ∙ ∙ ω



Vout = 0,9 ∙ VP
ω √ ∙ ∙ ω

Vout = 1,35 ∙ VP

ω √ ∙ ∙ ω



C1 =  PO6Fr (V²P − VCmin²)
–
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VO



D =  TONT



VO  =  Vi ∙ D
0 < D ≤ 1



L = Vi ∙  (1 − D) ∙  DFS  ∙ ∆iL
C = ∆iL2π ∙  FS  ∙ ∆VC 
∆iL  = ∆iL% ∙  IR

IR ∆iL



∆VC = ∆VC% ∙  VO 
∆VC
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ID(med)  = D × IL(med) 



ID(ef)  = √D × IL(med) 

P = V(TO) × IDmed +  rT × IDef²





• –

• –

• –

IF(med)  = (1 − D) × IL(med) 
IF(ef)  = √(1 − D) × IL(med) 

Ae × Aw =  L ∙ Ief. ∙ IpicoBmax ∙ Jmax ∙ Kw ∙ 104
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N = L ∙ IpicoBmax ∙ Ae
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lentreferro = N² ∙ μ0 ∙ AeL ∙ 10−2

–

– 1,2566 × 10−6



Sfio = IeficazJmax

Pcobre = ρfio ∙ lespira  ∙ Nncondutores ∙ Ieficaz



Pnucleo = ∆B ∙ (Kh ∙ F s +  Kf ∙ Fs²) ∙ Vnucleo
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–

–
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Rtnucleo = 23 ∙ (Ae ∙ Aw)−0,37

∆T = (Pcobre ∙ Pnúcleo) ∙ Rtnucleo



RDA =  TJ − TAPperda − RJC − RCD





VO(s)D(s) = Vi(L ∙ C)s² + (LR + C ∙ RL)s + 1 



∆IO(s)∆D(s) = VOL ∙ D(s + (D∙RS∙RLL ) 
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Gs(s) = Kp(1 + 1Tis)

KpTi



(s = − 1Ti) (s = 0)

diagramas de Bode, método do lugar das raízes e a utilização da função “ ” 
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ω

ω

1Ti = ωCtan [MF − 90° − ∠ VO(ωC)D(ωC)

KP = ωC√ωC2 + ωZ² × 1| VO(ωC)D(ωC) |
∠ VO(ωC)D(ωC) ω

| VO(ωC)D(ωC) | ω







s = 2(z − 1)T(z + 1)
T

em “s” (Laplace) e substituir “s” p







VOUT = R2R1 + R2 ∙ VIN

Vout =  1(1 + ω2 ∙ R2 ∙ C2)12 ∙ Vin



fc =  12π ∙ C ∙ R









VO ≅ 1,35 Vin VO ≅ 1,35 ∙ 220VO = 297 V





Ω

1Zeq = ∑ 1Zi
n

i=1  
Zeq = 66,67 Ω

P =  225²66,67 = 759,33 W P =  50²66,67 = 37,5 W



∆C1
∆C ∆iL



C1 =  P06Fr (V²LP − VCmin²) C1 =  8506 ∙ 60 ∙ (311,1² − 289.3²)C1 =  180 μF

Vi =  VLP + VCmin2 Vi =  311,1 + 289,32Vi = 301 V

IR = PVo IR = 850225IR ≈ 4 A
∆iL =  ∆iL% ∙ IR ∆iL = 0,20 ∙ 4∆iL = 0,8



D = VoVi D = 225301D = 0,747
L = Vi ∙ (1 − D) ∙ DFs ∙ ∆iL L = 301 ∙ (1 − 0,747) ∙ 0,74750 ∙ 10³ ∙ 0,8L = 1,42 mH

∆

∆iL  = VI (1 − D) DFs L0 ∆iL  = 301 (1 − 0,747) ∙ 0,74750 ∙ 103 ∙ 1,5 ∙ 10−3∆iL  = 0,758

∆iL% = ∆iLIR ∙ (100) ∆iL% = 0,7584 ∙ (100)∆iL% = 18,96%



Ae × Aw =  L ∙ Ief. ∙ IpicoBmax ∙ Jmax ∙ Kw × 104 Ae × Aw =  1,5 ∙ 10−3 ∙ 4 ∙ 4,7580,39 ∙ 450 ∙ 0,7 × 104

Ae × Aw = 2,32 cm4

Ae = 1,81 cm²Aw = 2,56m²Ae × Aw = 4,63 cm4

N = L ∙ IpicoBmax ∙ Ae
N = 1,5 ∙ 10−3  ∙ 4,7580,39 ∙ 1,81 ∙ 104

N = 102 espiras 



lentreferro = N2 ∙ μ0 ∙ AeL ∙ 10−2 lentreferro = 1022 ∙ 4π ∙ 10−7 ∙ 1,811,5 ∙ 10−3 ∙ 10−2

lentreferro = 0,158 cm

Sfio = IeficazJmax
Sfio = 4450

Sfio = 0,0089 cm²



∆VC = ∆VC ∙ Vo
∆VC = 0,05 ∙ 50

∆VC = 2,5 V

C = ∆iL2π ∙ FS ∙ ∆VC
C = 0,7582π ∙ 50 ∙ 103 ∙ 2,5

C = 0,96 μF



∆VC = ∆iL2π ∙ FS ∙ C ∆VC = 0,7582π ∙ 50 ∙ 103 ∙ 2,2 ∙ 10−6
∆VC = 1,097

∆VC% = ∆VCVo ∙ (100) ∆VC% = 1,09750 ∙ (100)
∆VC% = 2,19%

VDS = VRMS ∙ √2 VDS = 220 ∙ √2
VDS = 311 V



IL(med) =  PVo IL(med) =  850225IL(med) =  4 A
D =  VoVi D =  225301D =  0,747

ID(med)  = D ∙ IL(med) ID(med)  = 0,747 ∙ 4ID(med)  = 3 A
ID(ef)  = √D ∙ IL(med) ID(ef)  = √0,83 ∙ 4ID(ef) = 3,39 A



IF(med)  = (1 − D) ∙ IL(med) IF(med)  = (1 − 0,747) ∙ 4IF(med)  = 1,012 A
IF(ef)  = √(1 − D) ∙ IL(med) IF(ef)  = √(1 − 0,83) ∙ 4IF(ef)  = 2,13 A

Ω

Ω

Pperda = ID(ef)2 ∙ RON Pperda = (3,644)2 ∙ 0,034Pperda = 0,45 W



Pperda = ID(ef)2 ∙ RON Pperda = (1,65)2 ∙ 0,5Pperda = 1,36 W

RDA =  TJ − TAPperda − RJC − RCD RDA =  150 − 250,45 − 0,034 − 0,5
RDA ≤  277,24 °C/W

RDA =  TJ − TAPperda − RJC − RCD RDA =  175 − 251,36 − 0,79 − 0,5
RDA ≤ 109,0°C/W
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Ω

G(s) = VO(s)D(s) = Vi(L ∙ C)s² + (LR + C ∙ RL)s + 1
G(s) = 301(3,3 ∙ 10−9)s² + (2,25 ∙ 10−5)s + 1

ω



1Ti = ωCtan [MF − 90° − ∠G(ωC)]
Ti = 0,0000402

KP = ωC√ωC2 + ωZ² × 1|G(ωC)|
KP = 0,0007083



GC(s) = Kp(1 + 1Tis) GC(s) = 0,0007083(1 + 10,0000402 ∙ s)
GC(s) = 0,0007083 ∙ s + 17,62s

G(s) ∙ GC(s) = 0,2132s + 5303(3,3 × 10−9)s3 + (2,25 × 10−5)s2 + s











s = 2(z − 1)T(z + 1) Gc(s) = 0,0007083(1 + 10,0000402 ∙ s)



Gc(z) = 0,0007083(1 + 10,0000402 ∙ 2(z−1)T(z+1))
resolver a equação foi utilizado a função “c2d” no

Gc(z) = (0,0008845 ∙ z − 0,0005321)(z − 1)
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Ω

∆



∆



Ω

∆I% =  ∆I(L)I(L)med (100) ∆I% =  0,683,5 (100)
∆I% =  19,4%
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R1R2 =  (Vi − Vo)Vo
R1R2 =  (301 − 2,2)2,2

R1R2 = 135,82



VR1 = Vi − VR2 VR1 = 301 − 2,2
VR1 = 298,8 V

R1 =  VR12P R1 ≥  298,820,25
R1 ≥ 357kΩ

Ω

R1R2 = 135,82 R2 = 394 ∙ 103135,82R2 = 2,9kΩ
Ω

H = R1 + R2R2 H = 394 ∙ 103 + 3 ∙ 1033 ∙ 103H = 132,2



C =  12π ∙ fc ∙ R C =  12π ∙ 5 ∙ 10³ ∙ 394 ∙ 10³C = 80,1pF

fc =  12π ∙ C ∙ R fc =  12π ∙ 33 ∙ 10−12 ∙ 394 ∙ 10³fc = 12,24kHz
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controle “a”, mais o erro antigo que multiplica o parâmetro de controle “b”. Após 



HPWM =  Fclock4 ∙ Fs

HPWM =  100 ∙ 1064 ∙ 50 ∙ 103 HPWM = 500
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https://www.alldatasheet.com/datasheet-pdf/view/87924/HP/HCPL-316J.html
https://www.alldatasheet.com/datasheet-pdf/view/87924/HP/HCPL-316J.html


–

ERICKSON, R. W.; MAKSIMOVIĆ, D. 
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https://eletronicadepotencia.com/controle-de-tensao/?utm_source=chatgpt.com
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https://www.thornton.com.br/materiais.htm?utm_source=chatgpt.com
https://www.uol.com.br/vivabem/noticias/redacao/2023/03/20/a-carne-de-frango-e-mesmo-saudavel.htm
https://www.uol.com.br/vivabem/noticias/redacao/2023/03/20/a-carne-de-frango-e-mesmo-saudavel.htm
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