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1. Introduction 
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2 Proposed close loop Ĉuk 

regulator-based AC-DC 

converter  
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3 Close loop response analysis of 

AC–DC Ĉuk converter using 

state space averaging 

technique                         

 

𝑑𝑇

𝑑𝑥(𝑡)

𝑑𝑡
= 𝐴1𝑥(𝑡) + 𝐵1𝑢(𝑡)

𝑦(𝑡) = 𝐶1𝑥(𝑡) + 𝐸1𝑢(𝑡)

𝐴1 𝐵1 𝐶1  𝐸1

𝑥(𝑡) 𝑢(𝑡)  𝑦(𝑡)

(1 −
𝑑)𝑇

𝑑𝑥(𝑡)

𝑑𝑡
= 𝐴2𝑥(𝑡) + 𝐵2𝑢(𝑡)

𝑦(𝑡) = 𝐶2𝑥(𝑡) + 𝐸2𝑢(𝑡)

𝐴1 𝐵1 𝐶1  𝐸1

(1 − 𝑑)𝑇



𝑑𝑥(𝑡)

𝑑𝑡
= 𝐴12𝑥(𝑡) + 𝐵12𝑢(𝑡)

𝑦(𝑡) = 𝐶12𝑥(𝑡) + 𝐸12𝑢(𝑡),

𝐴12 = 𝐴1𝑑 + 𝐴2(1 − 𝑑), 𝐵12 = 𝐵1𝑑 + 𝐵2(1 − d)

𝐶12 = 𝐶1𝑑 + 𝐶2(1 − 𝑑), 𝐸12 = 𝐸1𝑑 + 𝐸2(1 − d)

 

𝑥(𝑡) = 𝑋 + 𝑥̃(𝑡), 𝑦(𝑡) = 𝑌 + 𝑦̃(𝑡)

𝑢(𝑡) = 𝑈 + 𝑢̃(𝑡), 𝑑(𝑡) = 𝐷 + 𝑑̃(𝑡) 

: Ĉ  

 
𝑋 > 𝑥̃(𝑡), 𝑌 > 𝑦̃(𝑡), 𝑈 > 𝑢̃(𝑡) 𝐷 > 𝑑̃(𝑡). 

𝑑𝑥̃(𝑡)

𝑑𝑡
= 𝐴𝑥̃(𝑡) + 𝐵𝑢̃(𝑡) + 𝐵𝑑𝑑̃(𝑡)

𝑦̃(𝑡) = 𝐶𝑥̃(𝑡) + 𝐸𝑢̃(𝑡) + 𝐸𝑑𝑑̃(𝑡),

𝐴 = 𝐴1𝐷 + 𝐴2(1 − 𝐷), 𝐵 = 𝐵1𝐷 + 𝐵2(1 − 𝐷)

𝐶 = 𝐶1𝐷 + 𝐶2(1 − 𝐷), 𝐸 = 𝐸1𝐷 + 𝐸2(1 − 𝐷)

𝐵𝑑 = [(𝐴1 − 𝐴2)𝑋 + (𝐵1 − 𝐵2)𝑈]

𝐸𝑑 = [(𝐶1 − 𝐶2)𝑋 + (𝐸1 − 𝐸2)𝑈].

  

𝑋̃(𝑠) = (𝑠𝐼 − 𝐴)−1[𝐵𝑢̃(𝑠) + 𝐵𝑑𝑑̃(𝑠)]

𝑌̃(𝑠) = 𝐶(𝑠𝐼 − 𝐴)−1[𝐵𝑢̃(𝑠) + 𝐵𝑑𝑑̃(𝑠)]

+ 𝐸𝑢̃(𝑠) + 𝐸𝑑𝑑̃(𝑠)

𝑉𝑂̃(𝑠)

𝑑̃(𝑠)
= 𝐶(𝑠𝐼 − 𝐴)−1𝐵𝑑 + 𝐸𝑑

𝑉𝑂̃(𝑠)

𝑉𝐼𝑁̃(𝑠)
= 𝐶(𝑠𝐼 − 𝐴)−1𝐵 + 𝐸
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𝐴1 𝐵1 𝐶1  𝐸1

𝑑𝑖𝐿1

𝑑𝑡
=

𝑉

𝐿1
,
𝑑𝑖𝐿2

𝑑𝑡
=

𝑉𝐶1 − 𝑉𝐶2

𝐿2

𝑑𝑉𝐶1

𝑑𝑡
=

−𝑖𝐿2

𝐶1
,
𝑑𝑉𝐶2

𝑑𝑡
=

𝑖𝐿2 −
𝑉𝐶2

𝑅
𝐶2

𝑉 = −𝑉𝐶2

(1 − 𝑑)𝑇

𝑑𝑖𝐿1

𝑑𝑡
=

−𝑉𝐶1 + 𝑉

𝐿1
𝑑𝑖𝐿2

𝑑𝑡
=

−𝑉𝐶2

𝐿2
,
𝑑𝑉𝐶1

𝑑𝑡
=

𝑖𝐿1

𝐶1

𝑑𝑉𝐶2

𝑑𝑡
=

𝑖𝐿2 −
𝑉𝐶2

𝑅
𝐶2

, 𝑉 = −𝑉𝐶2

Ĉ
  

𝐴1 =

|

|

0 0 0 0

0 0
1

𝐿2

−1

𝐿2

0
−1

𝐶1
0 0

0
1

𝐶2
0

−1

𝑅𝐶2

|

|

,  𝐵1 = |
|

1

𝐿1
0
0
0

|
| ,

𝐶1 = |0 0 0 −1| 𝐸1 = [0].

𝐴2 =

|

|

|
0 0

−1

𝐿1
0

0 0 0
−1

𝐿2
1

𝐶1
0 0 0

0
1

𝐶2
0

−1

𝑅𝐶2

|

|

|

, 𝐵2 = |
|

1

𝐿1
0
0
0

|
| ,

𝐶2 = |0 0 0 −1| 𝐸2 = [0].

𝐴 =

|

|

|
0 0

−𝐷

𝐿1
0

0 0
𝐷

𝐿2

−1

𝐿2
𝐷′

𝐶1

−𝐷

𝐶1
0 0

0
1

𝐶2
0

−1

𝑅𝐶2

|

|

|

, 𝐵 = |
|

1

𝐿1
0
0
0

|
|, 

𝐶 = |0 0 0 −1|, 𝐸 = [0].

𝐵𝑑 =

|

|

𝑉_𝑟𝑒𝑐𝑡_𝑎𝑣𝑒𝑟𝑎𝑔𝑒

𝐷/𝐿1
𝑉_𝑟𝑒𝑐𝑡_𝑎𝑣𝑒𝑟𝑎𝑔𝑒

𝐷/𝐿2
−𝑉_𝑟𝑒𝑐𝑡_𝑎𝑣𝑒𝑟𝑎𝑔𝑒𝐷

𝑅𝐶1𝐷/2

|

|

𝑎𝑛𝑑 𝐸𝑑 = 0

4 Stability analysis of the 

controller using Bode plot 

𝑖𝐿
∗(𝑡)
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𝑖𝐿
∗(𝑡)

𝑖𝐿
∗ 𝑖𝐿

∗(𝑡)

 

𝑉𝑑
∗

𝑖𝐿
∗(𝑡)  

𝑖𝐿
. (𝑡)

 𝑣𝑐(𝑡)

𝑇𝐼(𝑠) = 𝐻1(𝑠)𝐻2(𝑠)𝐻3(𝑠)

where 𝐻1(𝑠) = 𝐾𝑝𝐼 +
𝐾𝑖𝐼

𝑆
 𝑎𝑛𝑑  𝐻2(𝑠) =

1

𝑣𝑟
; 

𝐻3(𝑠) =

2.121 × 10−12𝑆2 − 8.094 × 107𝑆2 +
2.576 × 1012𝑆 − 2.76 × 1016

𝑆4 + 1.887𝑆3 + 9,849 × 108𝑆2 +
1.641 × 109𝑆 + 1.55 × 1013

𝑇𝑉(𝑠) = 𝐻4(𝑠)𝐻5(𝑠)𝐻6(𝑠),

where 𝐻4(𝑠) = 𝐾𝑝𝑉 +
𝐾𝑖𝑉

𝑆
 𝑎𝑛𝑑  𝐻5(𝑠) = 1; 

𝐻6(𝑠)

=

2.196 × 10−12𝑆7 − 2.961 × 107𝑆6 − 2.965 × 1012𝑆57

−2.192 × 1017𝑆4 − 2.471 × 1022𝑆3

2.3 × 1026𝑆2 + 3.997 × 1025𝑆 + 3.198 × 1030

2.221 × 104𝑆7 + 1.073 × 109𝑆6 + 2.71 × 1014𝑆5

+8.943 × 1018𝑆4 + 7.154 × 1023𝑆3

+3.7 × 1024𝑆2 + 9.947 × 1027𝑆 + 3.314 × 1028

5 Simulation in MATLAB Simulink 
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Ω



6 Conclusion 
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