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Abstract

Within the scope of our investigation, we have resolved the stability issue of the
boost converter. The doctoral dissertation of Ouyang Changlian enabled me to
recognize the importance of duty ratio in control systems. Finally, this paper
was written for patent CN117254710A.
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A Control Method for Boost Converter
Jianglun He

Abstract—This work addresses the stability problem of boost converters within
the scope of our investigation. Ouyang Changlian’s doctoral dissertation high-
lighted the critical importance of duty cycle in control system design.

Index Terms—duty cycle, control system, boost converter

I. Introduction

We introduce several special symbols to represent current instructions more
clearly. The expression i,.; = i,.; T +i,.p = 4 indicates that the current
instruction gain differs between the inductor current down-stage and up-stage,
with 7, emerging as an intrinsic property of the system.

[Figure 0: see original paper| Universal control topology.

Initially, we sought to develop a control method that naturally reflects the duty
cycle characteristics, focusing our efforts on the current loop. This approach
yields the following formulations:

iref = Kio(Ktp + ki, + Kizi,)
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iref = ki4<2ki5iL - kiGiMOS)

Since k;o > k;3, load power feedforward is not required. Additionally, the control
method demonstrates effective performance for buck converters as well. From
formulas (1) to (3), we derive the following buck converter current references:

7’7‘ef_buck =1L + 3ZDiode
Zrefibuck = ZDCfS’ource + 42Diode
Z7”~‘3f7buck: = _3ZD07$ource + 4ZL

ZrefiFullBridge = 47’@2 + ZQ4

where i, represents the down-leg current during the inductor current down-
stage, and i, represents the down-leg current during the inductor current up-
stage.

[Figure 1: see original paper] Control topology.
[Figure 2: see original paper] Circuit topology.

I1. Discussion 1

Simulink simulations demonstrate that the control method performs effectively.
[Figure 3: see original paper| shows the full waveform view, while [Figure 4: see
original paper] provides a detailed examination.

The soft-start procedure involves first charging the capacitor to the supply volt-
age, then linearly increasing V., to gradually activate the converter. In the
test scenario, the system boosts voltage from 200V to 400V at 2 kW inverter
power with a switching frequency of 2.7 kHz. Both G (s) and G,(s) employ PI
controllers, while G,(s) uses a notch filter controller. At ¢ = 50 ms, the load
decreases from 100% to 10%, then returns to 100% at ¢ = 250 ms. During par-
tial load shedding, the bus voltage recovery time is only approximately 104 ms,
with a maximum bus voltage fluctuation of 10.87 V, demonstrating excellent
dynamic response characteristics.

This work builds upon our previously published control method from 2022 [1],
with a preprint available in 2024 [2].
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ITI. Discussion 2

For ZVS-Boost converter applications, the current reference formulas require
modification:

lref1 =L R N AT

lref2 = 2i;, —ipos — Uy

These equations indicate that the freewheeling/flyback diode branch current
izvg from the resonant circuit must be subtracted from 4,,;, while the reso-
nant inductance current 4, must be subtracted from 4,,s, when compared to
conventional ZVS-Boost converters. The amplitude of the PWM input signal
should match the carrier amplitude for proper operation.

IV. Integrated Square Wave Signal

This version incorporates additions made to version 5 on January 30, 2024. The
control law now includes square wave injection:

Zref =1L + quuarewave

Zrefibeta =1ip* 'quuarewave

The square wave is injected based on the predicted or calculated power factor
cosy, which determines the timing delays:

cosp = Tonidelay’ Toffidelay = fs A fr

T

on__delay

= inductive; T,

of f_delay = capacitive

The delayed square wave influences switching behavior and subsequently affects
interaction with the resonant network. A possible gain curve follows the rela-
tionship:

Y= MTdc(R>Ampsquare> = MTdc(R7x)

where the square wave amplitude can be determined through table lookup ac-
cording to the boost ratio. This raises an interesting research question: can
control systems be designed following principles similar to residual networks?
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[Figure 7: see original paper]

[Figure 5: see original paper| Input side signal of PWM generator without i, ¢
in transient process.

[Figure 6: see original paper] Input side signal of PWM generator with i,y ¢ in
transient process.
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