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An Study on the Improved Modeling and Double Loop Controller Design

for Three-Level

Boost Converter

Kyu-Min Lee!' and II-Song KimT

Abstract

A small-signal modeling approach for a three-level boost (TLB) converter and a design methodology for a
double-loop controller are proposed in this study. Conventional modeling of TLB converters involves three state
variables. Moreover, TLB converters have two operation modes depending on the duty ratio. Consequently,
complex mathematical calculations are required for controller design. This study proposes a simple system
modeling method that uses two state variables, unlike previous methods that require three state variables.
Analysis shows that the transfer functions of the two operation modes can be expressed as identical equations.
This condition means that the linear feedback controller can be applied to all operational ranges, that is, for full
duty ratios. The design method for a double-loop controller using a PI controller is presented in step—by-step

Simulation and experimental verifications
small-signal analysis and control system design.

sequences.

are conducted to verify the effectiveness of the

Key words: DC/DC converter, Three-level boost converter, Modeling, Controller

LM B

A A f7h weom Qe Hdd Aol
U dsdAeh 2E A oluyA el Farh st
A 7kt Sl FAloln ol AR A e
9 Age AH R 20~50[VIel AdGer A%
I Ak FHestr] 9l 350~4000VIel xSk
o= sl FoloF Ak A AvAe ¥ DC A
& stk oY WY T P ]l wew
T E RAE AMETE F2 ARET A 7)E
o ©ed @l FAE AWEe] A dd 297 °
exd ) ¢ 29x7F DC E85HE Aer @
ol AY o] TIHEFE A9AVE FHEde A

Paper number: TKPE-2020-25-6-3
Print ISSN: 1229-2214  Online ISSN: 2288-6281

T Corresponding author: iskim@ut.ac.kr, Dept. of Electrical
Eng., Korea Nat'l Univ of Transportation
Tel: +82-43-841-5141 Fax: +82-43-841-5140

' Dept. of Electrical Eng., Korea Nat'l Univ of Transportation
Manuscript received Mar. 31, 2020; revised May 6, 2020;
accepted Jul. 3, 2020

L n i D1
— PN
+ V-

TaT
0
N
71
S+
.+.

Sz

e 1 +;
CaorTN Vpo
d
«

D2

Fig. 1. Three-level boost converter circuit.
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Fig. 3. Thee-level boost converter operation circuit.
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Plant TABLE I
o o " THE SPECIFICATION OF CONTROLLER
Voltage controller Current controller
w, 10 [rad/s] W, 3 [krad/s]
PM 90 [deg] PM 60 [deg]
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TABLE I
THE SPECIFICATION OF SYSTEM COMPONENT
Parameter Symbol Value
Input voltage Ve 100 [V]
Output voltage v, 217 [V], 150 [V]
Inductance L 1 [mH]
Inductance ESR T 0.3 [2]
Capacitance 1 C 1200 [uF]
Capacitance 2 C, 1200 [uF]
Resistance R 100 [2]
Switching frequency S 20 [kHz]

Magnitude(dB)

Phase(deg)

t 60.2 [deg]
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Fig. 6. Bode diagram of 3-level boost (frequency [Hz]). (a)
Control-to—current transfer function, (b) Inductor current-
to—output transfer function.
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