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Modeling and Analysis of PCCM Boost Converter Based on
Definition of R-L Fractional-order
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Abstract: In this paper, a Boost converter model in the pseudo-continuous conduction mode (PCCM) of inductive cur-
rent based on the definition of R-L fractional-order is studied. On this basis, the state-space averaging model of the con-
verter is derived. Then, the expressions for the step-up ratio, DC static operating point, inductive current ripple, and out-
put voltage ripple are derived. Results show that compared with the corresponding expressions derived on the basis of
the definition of Caputo fractional-order, the derived expressions for DC static operating point and step-up ratio under the
definition of R-L fractional-order are related to both the duty cycle and the orders of the capacitor and inductor. The ex-
pression for output voltage ripple is not only related to the order a of fractional-order inductor, but also related to the or-
der B of fractional-order capacitor. Therefore, the orders of inductor and capacitor obviously affect the DC component of
state variables and the stable-state characteristics of factional-order PCCM Boost converter. Finally, a mathematical mod-
el and a circuit model of the R-L fractional-order PCCM Boost converter are built in MATLAB/SIMULINK, and simula-
tion results show that the analysis result of the R-L fractional-order PCCM Boost converter model is more stable than that
of the other PCCM Boost model, and the corresponding error is smaller.

Keywords: Boost converter; fractional-order model; pseudo-continuous conduction mode of inductive current; state-

space averaging method
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Fig. 1 Circuit schematic of PCCM Boost converter,

and waveforms of timing pulse and inductive current
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Tab. 1 Data when the orders of inductor and capacitor

are both 0.8(i.e., =0.8 and B=0.8)

Al ] Aipe ! <>l Avg/
A A A A% A% A%

Vo <0>/

Matlab/
0.842 7.672 7.353 3.200 71.810 69.543 0.667
Simulink

R-L  0.720 7.325 7.361 2242 72.749 70.156 0.667
Caputo 0.720 7.560 7.345 2.288 73.144 70.561 0.667

F2 BEMECH 0.9 BEMECH 0.8 BEHIEIE
(a=0.9,B8=0.8)
Tab. 2 Data when the orders of inductor and capacitor

are 0.9 and 0.8, respectively(i.e., =0.9 and 8=0.8)

Aiy Aip ! <> Avyl  ven!  <ve>!
A A A v v A%

Matlab/
0.496 6.394 7.356 0.673 71.810 69.543 0.667
Simulink

R-L 0414 6389 7.359 0.676 71.810 69.541 0.667
Caputo 0.414 6.392 7.350 0.669 71.858 69.672 0.667

F3 BEMECH 0.8 BEAMEH 0.9 BHEIHE
(«=0.8,8=0.9)
Tab. 3 Data when the orders of inductor and capacitor

are 0.8 and 0.9, respectively(i.e., @=0.8 and $=0.9)

Aiy/ A ! <> Avgl  vone!  <ve>!
A A A A% A% \4

Matlab/
0.285 6.053 7.254 0.674 71.810 69.852 0.667
Simulink

R-L 0279 6.074 7.259 0.673 71.810 69.776 0.667
Caputo 0.279 6.069 7.275 0.675 71.774 69.792 0.667
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