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Design of Buck Converter Controller
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Abstract : Generally, buck converter controller is designed to control the output voltage of the converter. However,
design of the controller in a photovoltaic power conditioning system is different from theoretical design guideline. The
controller in a photovoltaic power conditioning system controls the input voltage of the converter (the output voltage
of the solar cell) to meet a maximum power point tracking (MPPT) performance. In this study, a new model for buck
converter used in a photovoltaic power conditioning system is proposed, which is linearized after state—space
averaging in each period. Also, mathematical expression of the modeled buck converter is interpreted separately as
small and large signals; therefore its appropriateness is measured to design linear voltage and current controllers.

Key Words : ¥ Z1¥ E] (Buck Converter), 4 Bl -7+ 3} % (State-space averaging method), B %333 Al 2~ Hl
(Photovoltaic power conditioning system)
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Fig. 2 Buck converter circuit with solar cell
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Fig.1 Buck converter circuit

2.
A

MATLABS. 2 A& 9]



g B A2EM ] AR Alo)7] A/ HEE] 9

{x':Ax—i—Bu _ |Ye 1)
y =Mz+Nu’ i
de
, U= 7’0:| » Y=,
aelm 2914 A7te)

1 1
v, ] 0 S C v 0 C | [va @)
iy 1 gt || + 1|4,
L L L L
- —T]MHO v [”fk«] 3)
i i,
- Off state of switch
’U, O O ) 0 LC’ )
|:‘(',’:|: TL ‘(', 4 ‘da] ( 4)
i 0 AL 1 o L%
L
v, =1 o]MHo r] [”ﬂ (5)
L 2
FElE g st S ARESE ARkA QL A

2(s)=(sI— 21)* Bu(s)
+(s1-A) (4, - 4)X
y(s)=Mz(s)+ Nu(s) o

+ (M, = 2,) X+ (N, = N,) U d(s)

—(B,—B,) Uldl(s)

e=X+7,u=Utu,d=D+d,i,=I+i, (7)

,X: DC component of x
, x: AC component of x

A= A, d+ A,(1—d)
M= Myd+ M,(1—d)

, B= B,d+ B,(1—d)
, N= N,d+N,(1—d)

X, : Coefficient of On state
X, : Coefficient of Off state

2R el et ek ¢
21 (7ol A -83to] FestH
®)°] FE == gy E —4 DC7L°] E{‘u
Hol A=, o] DCHES AHostr] 98k
AW E &= B g A2l MPP (Maximum Power
Point)ell &2stal & 74 gkt

L
o
4
i

=
T

>4
>
£
i
m
o O

o -2 0 =

A=| — — |, B= _
D ry+r.D 1 rD )
L L L L

M=[1 -rD],N=[0 7]
(8] A& (6") tigate] 73 A5
A& (), 103} 2.

llz,(S)}_l D Ls+r, +r‘D T, D2 [Udl(S)} 9)
7;(5) Al-cs D(1+r Cs) 7;(9)

- —(I,Ls+T,r,+ DV,+ DILr) i)

Al dV+rg-r1)s-D1, |7

S~ v (s) v (5)
v (s)= [1 ADrc] zAL(s) + [O 7}] L:,(S)] (10)

—Tchd(s)

_ 1
LCs2+C(li?rc+rL>s +D?
4. E8ctolofay

F2O), a0l dH/EY PEHe A
dere] BErelelulor EAF ol

Journal of the Korean Solar Energy Society Vol. 34, No. 2, 2014 3



(=] ety =21

Fig. 3¢Ith. G1 ~ G6 552 24 (99 G7 ~ B
B2 O =1 7! 38 7)1 | =24o%
GI0 =52 4 (103 2t zH2he] dead 5 (5) o 3O e )i ()
e gz wdeA e B N Sl
| o2 + *
d(:) > &3 ||

G9

|

G10

[

Fig. 5 Block diagram about buck converter model
including solar cell
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Fig. 6 Simple block diagram of buck converter model
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Table 1. Parameter about buck converter
Parameter Value Parameter Value
C 4700u (F) R, 0.0001 (£2)
L 25u (H) R, 0.001 (£2)
v, 454 (V) I 6.43 (A)
v, 454 (V) I 17 (A)
D 0.2643 Voo 12 (V)

Table 2. Parameter about solar cell

I, 185 (A) V., 56 (V)
I, 17 (A) v, 454 (V)
P, ,MPP | 711 (W)

3 A #] 2] MPP(Maximum Power Point)el| A
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Fig. 8 Block diagram of current controller
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Fig. 10 Block diagram of voltage controller
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Fig. 12 PSIM Simulation result of the buck converter
with solar cell and controller
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