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Презентатор
Нотатки до презентації
This topic is of particular interest to those of you who interested in modeling of power converters.
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Introduction
 High-frequency quasi-resonant converters –

high energy efficiency based on low power losses in power 
switch due to:
 zero-current switching (ZCS) or 
 zero-voltage switching (ZVS)

 Zero-current switching quasi-resonant boost 
converters (ZCS-QRBC): 
the main advantage is primarily associated to a significantly 
higher switching frequency compared with conventional 
boost converters

 Results into:
 improvement in the weight and size parameters of the entire 

system
 the dynamics of the converter can be increased
 improves the accuracy of output voltage stabilization
 can be used in high-performance industrial controllers

Презентатор
Нотатки до презентації
The use of zero-current switching quasi-resonant boost converters (QRBC) in the power factor correction (PFC) devices appears as rather promising. They represent an alternative to conventional boost converters which are usually used in PFC applications. The main advantage of ZCS-QRBC is primarily associated to a significantly higher switching frequency compared with conventional boost converters. 
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Problems
 Provide the precise switching at a zero current

 limits the operating range of the converter both in frequency 
and output voltage

 leads to the need of keep track the switch current
 etc.

 Parasitic parameters of the circuit and the experimental 
board on high frequencies:
 could significantly degrade the quality of the energy 

conversion
 also endanger the overall operation of the physical model.

 There is a need for a computer simulation of ZCS-QRBC
 significantly reducing the time and costs for experimental 

prototyping and industrial design
 The parameters of modern computers, despite significant 

progress, have some limitations
 performance, memory and cost

Презентатор
Нотатки до презентації
To achieve successful research results, the accuracy of the model from the viewpoint of the correctness of the reflection of the controlled object’s critical properties is crucial.This report discusses several models of ZCS-QRBC built in Matlab Simulink, which are deemed the most suitable for the various stages of studying the systems with ZCS-QRBC in order to effectively achieve the experimental prototyping.
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ZCS-QRBC Model Based on Power 
Electronics Library Components

Презентатор
Нотатки до презентації
SimPowerSystems software similar to other simulation tools interacts with Matlab Simulink, which allows simulating different mechanical and electrical systems and their control. The first model of ZCS-QRBC (Slide 4) is built on the elements contained in the SimPowerSystems Toolbox (Power Electronics library) from the simulation software Matlab-Simulink. The oscilloscope Choke is used to display the dynamic processes in the storage inductor. The oscilloscope MosFET visualizes the switch current and voltage, and the oscilloscope Diagram shows other timing diagrams of the ZCS-QRBC operation.Lr is a value of the resonant inductance; and Cr is a value of the resonant capacitance. Since the frequency modulation is used in the ZCS-QRBC, the duty cycle of the control signal must satisfy the condition of the switching at zero current. The corresponding parameters for this condition to be satisfied are Lr=0.61 uH, Cr=60 nF. Other parameters include L1=100 uH, Cf=100 uF. 
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A current transient process in the storage 
inductor
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Презентатор
Нотатки до презентації
Slide 5 shows a timing diagram of the current transient process in the storage inductor L1 after the supply voltage for ZCS-QRBC had been switched on and under fixed reference level at the input of the frequency modulator. 
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Steady-state in a zero-current switching 
quasi-resonant boost converter
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Презентатор
Нотатки до презентації
Slide 6 shows the ZCS-QRBC operation within the switching period in the steady state. The switch current is Ikey, the voltage on the resonant circuit is Ucr and the load voltage is Ucf.These diagrams allow estimating the operation ranges of the output voltage and switching the frequency of ZCS-QRBC depending on the load. A prerequisite for an adequate work is zero-current switching. 
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MOSFET model from PowerGUI library

 The power switch is ideal with the logical level control, which 
does not require any special driver – does not true!

 Most important parameter of MOSFET used in ZCS-QRBC is the 
resistance of the channel in the open state – is absent!

 Are absent another important elements of the real scheme (the 
series resistor in the gate circuit, the current sensor…)

The main problem – non-zero-
current switching when the power 

dissipated in the switch increases 
rapidly and the most important 
advantage of ZCS-QRBC is lost.

Презентатор
Нотатки до презентації
In the used MOSFET model there are no elements that determine the quality of the switch gate control. It is assumed that the power switch is ideal with the logical level control, which does not require any special driver. However, the problem of an effective MOSFET opening and closing is presented even in a PWM boost converter, which works at high frequencies. The main problem that may arise encompasses non-zero-current switching when the power dissipated in the switch increases rapidly and the most important advantage of ZCS-QRBC is lost.
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Simscape (SPICE) Model of a ZCS-QRBC

Презентатор
Нотатки до презентації
The most important differences of this model compared to the one shown in Slide 4 include the active components' models, e.g. a model N-Channel MOSFET (T1). Since for the basis of the model the physical processes in the transistor are used, the abovementioned "fine points" may be studied. 
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State variables in a zero-current switching 
quasi-resonant boost converter

Презентатор
Нотатки до презентації
Slide 9 shows the simulation results for ZCS-QRBC (timing diagrams of the state variables), which uses the characteristics of the MOSFET model RFP27N60K. Other parameters of the components are similar to the model in Slide 4.The variables depicted in Fig. 6 are the following: x1 is the current of the storage inductor L1; x2 is the voltage of the resonant capacitor Cr; x3 is the current of the resonant inductance Lr; x4 is the voltage of the filter capacitor Cf.
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Transient response in a ZCS-QRBC
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Презентатор
Нотатки до презентації
Slide 10 shows the simulation results of transient process of ZCS-QRBC load voltage after a sudden appearance of the switching frequency Ffm = 333 kHz. As it can be seen from Fig. 7, the reaction of ZCS-QRBC on the step of frequency corresponds to the oscillating unit with the following transfer function: 
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Simplified Model of a ZCS-QRBC
 Transfer function of the approximating oscillating unit:

( ) 2
2 1 1

o
QRBC

K
K s

D s D s
=

+ +
(1)

max L min

max min

L
QRBC

U U
K

F F
−

=
−

(2)

max max L min minQRBC L QRBC QRBCU U K F U K F= − = − (3)

KQRBC = 0.015 V/kHz; UQRBC = 10.4375 V.

Презентатор
Нотатки до презентації
As it can be seen from Slide 10, the reaction of ZCS-QRBC on the step of frequency corresponds to the oscillating unit with the transfer function (1).Where K0 is a static transfer coefficient of ZCS-QRBC switching frequency; D1, D2 are the coefficients of the denominator of the transfer function of ZCS-QRBC.After the identification of ZCS-QRBC as an object of control [16] the following coefficients were obtained: K0 = 1.74 V/kHz; D1 = 15.7∙10-6 s; D2 = 40.5∙10-11 s2. In Slide 10 the ‘Simple’ curve represents the response of the oscillating unit with the transient function (1).Assuming a linear dependence between the ZCS-QRBC output voltage and the control signals frequency, the model of ZCS-QRBC can be significantly simplified



12

Conclusions
1. Three simulation approaches for high-frequency ZCS-QRBC 

were proposed, and appropriate models were analyzed in 
Matlab Simulink, which are deemed the most suitable for the 
various stages of studying the systems in order to effectively 
achieve the experimental prototyping.

2. The use of Power Electronics library components from the 
SimPowerSystems Toolbox – the most effective for a quick 
introduction to the basics of QRBC operation and for 
educational purposes.

3. The SPICE-model of ZCS-QRBC, which is based on the 
physical principles of elements’ operation, is preferable to use 
for a quick obtaining of practical results, elaboration of ZCS-
QRBC topology, selection of components and building the 
background for experimental investigations. 

4. In the following stages of the system design, the limited use 
of the simplified model is possible in order to comply with the 
requirements of existing computational resources. It allows 
estimating the influence of a control method on the system 
dynamics, control accuracy or stabilization of specific 
parameters.
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