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a b s t r a c t 

DC–DC converters are commonly used in industrial drives. A positive-output elementary 

super lift Luo converter (POESLLC) provides efficient output compared to the conventional 

DC–DC converter. The control strategy is developed by considering the effects of source 

resistance and variation in the non-linearity of the inductor and capacitor during charging 

and discharging periods by performing state–space average modelling for POESLLC. The de- 

veloped transfer function for POESLLC is analysed by various duty cycles, inductor values, 

and capacitor values. The pole–zero map indicates that the system is unstable. A com- 

pensator and a proportional integral derivative (PID) controller are designed for the stable 

operation of the system. It is found that the use of a compensator provides better settling 

time as compared to the PID controller. 

© 2017 Elsevier Ltd. All rights reserved. 

1. Introduction 

DC–DC converters are used in applications such as mobile chargers, laptop chargers, electric vehicles, regulated power 

supplies, and spacecraft supply systems. They can be used to either step up or step down the input voltage, or both. There 

are many varieties of step-up converters, such as fly back, push–pull, and Luo converters. A Luo converter [1] can be clas- 

sified into two types: the one using the voltage lift technique and the other using the voltage super lift technique. Voltage 

super lift converters are called positive output elementary super lift Luo converters (POESLLCs). They increase the voltage in 

geometric progression, so the voltage transfer gain is higher in super lift converters. 

The earliest modelling of switching converters involved two basic techniques: averaging and state–space modelling. The 

averaging technique involves equation manipulations, numerical calculations, and computerized implementation. State–space 

modelling, in contrast, involves writing the equation in state–space for each mode of the converter. Al-naseem et al. [2] dis- 

cussed the averaging technique by considering the switching loss of an Insulated Gate Bipolar Transistor and the reverse 

recovery problem of a diode. Middlebrook and Slobodan [3,4] proposed a canonical model for a boost converter by deriving 

its small-signal model, which contains the essential input-to-output control properties and is stored in a computer data bank 

for obtaining a useful tool for computer-aided design and optimization. Furthermore, the switching action introduces both 

poles and zeros to the duty ratio of an output transfer function. Bass [5] developed a large signal model by considering the 
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Fig. 1. Circuit diagram of POESLLC. 

ripple magnitudes of a power converter. He discussed multi-frequency averaging and the Krylov–Bogoliubov–Mitropolsky 

method. Voripan [6] discussed the non-linear switching mechanism in a resonant converter for an averaged circuit model 

and derived a small signal model for the resonant converter. Ved Prakash [7–10] discussed AC signal modelling in the con- 

tinuous conduction mode using the circuit averaging technique by considering the equivalent series resistances of inductors 

and capacitors. Middlebrook [11–15] proposed a state–space averaging method in which the state equations are averaged 

over a switching period T of the DC–DC converter. This method contains the advantages of both state–space modelling and 

averaging techniques. Maksimovic [16] discussed the state–space averaging of basic DC–DC converters in the discontinuous 

mode of their conduction. This method takes the inductor current, capacitor voltage, and quasi-resonant mode as the input. 

However, Vorperian [17] did not acknowledge the state–space averaging method, according to which when a Pulse Width 

Modulation converter enters the discontinuous conduction mode, the inductor current state is lost from its averaged model. 

It substitutes the PWM model of the switch in the discontinuous conduction mode in a basic DC–DC converter while keep- 

ing the inductor intact. It also claims that the averaged model has two poles: the first pole agrees with the single pole of 

state–space averaging, whereas the second pole occurs in the right half-plane zeros present in the control-to-output trans- 

fer function of the boost converter. Cantillo et al. [18] discussed the stability issues in peak current-controlled single ended 

primary inductor converters. They analysed the dominant poles on the input and output inductors of a SEPIC converter, a 

coupling capacitor, and current modulator gain and losses. They also discussed the capacitive damping approaches to achieve 

stability of the current loop. Luo [19,20] discussed a new type of modelling method by considering the converter according 

to the energy level of the system. This model is based on parameters such as energy factor, pumping energy, stored energy, 

and variation energy factor. Kumar [21] discussed the sliding mode control of POESLLCs, but did not discuss the stability of 

the system. 

To overcome the drawbacks of the above-mentioned switching schemes, in this study, a state–space averaging model is 

developed for POESLLCs. In the state–space averaging method, the system model is represented in a matrix form and has the 

advantages of both the switch model and the circuit averaging method. Hence, state–space is considered for the modelling 

process. The modelling incorporates source resistance as the non-linearity of the inductor and capacitor. The stability of the 

converter is discussed by deriving its transfer function for the output-to-input and control-to-output transfer functions. 

The remainder of the paper is organised as follows. The design, operation, and analysis of POESLLC are presented in 

Section II and Section III . Section IV explains the improvement of state-space analysis of POESLLC. The development of 

transfer function for POESLLC is described in Section V . Section VI presents the results of test data analysis and discussion 

on improvement in stability of POESLLC. The design of the compensator is described in Section VII and Section VIII presents 

the conclusion of our study. 

2. POESLLC 

The circuit diagram of a POESLLC, which is a third-order system, is shown in Fig. 1 . A POESLLC exhibits non-linearity 

because of the switching behaviour, which makes designing, analysing the stability, and evaluating the controller perfor- 

mance difficult. The stability of the linearized model indicates that the system is stable when operating under particular 

conditions for a small perturbation. The derivation of the transfer function and study of poles and zeros enable us to un- 

derstand whether the system is stable and has a minimal or non-minimal phase system. The knowledge of the minimal or 

non-minimal state enables us to decide the controller that can be employed for the system. 

3. Operation and analysis of POESLLC 

This section explains the operation of a POESLLC in two modes: Mode 1 and Mode 2. In Mode 1, the switch S 1 is turned 

on, the inductor L 1 stores the energy, and the capacitor C 1 charges up to V dc . The output capacitor C 2 discharges through the 

load resistance R O . The directions of current and the equivalent circuit of this mode are shown in Fig. 2 . 

In Mode 2, the switch S 1 is turned off and the inductor L 1 and capacitor C 1 are connected in series with the voltage 

source V dc and deliver energy to capacitor C 2 and load resistance R O , as shown in Fig. 3 . 
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