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Abstract

This paper presents dynamic hysteresis band height control to reduce the overshoot and undershoot
issue on output voltage caused by load change. The converters in this study are Boost and Positive
Buck-Boost (PBB) converters. PBB has been controlled to work in a step up conversion and avoid
overshoot when load is changed. Simulation and experimental results have been presented to verify
the proposed method.

Introduction

One of main approaches to control a Boost converter is to have a fast current control loop and a slower
voltage reference loop [9, 10]. The output voltage loop changes the current reference according to
output voltage error. The function, which transfers the voltage error to current reference, determines
the control method. Hybrid control strategy based on state trajectory approximation and input to
output transfer functions of a boost converter controlled by peak current mode control are addressed in
[9] and [10].
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Fig. 1: a) Boost converter b) Positive Buck-Boost converter

This approach has been utilised for both Boost (Fig. 1a) and PBB converters [1] (Fig. 1b). The
hysteresis method is applied for the current control section and the hysteresis band height block is
manipulated to improve the dynamic response of the Boost and PBB converters with respect to load
disturbances. While the PBB converter can perform in step down and step up conversions, in this
paper step up conversion is considered for making a comparison between the Boost and PBB
converters.

A difference between the Boost converter and the PBB converter is the “Buck Switch” Sg,¢ and “Buck
Diode” Dgyek as shown in Fig.1b. There is an extra freedom degree for the PBB converter because of
this extra switch. The utilization of this freedom degree has been investigated in [1] by the storage of
extra current in the inductor to disturbance rejection [5] for the PBB converter. Simulation results are



presented in Fig.2, to show the advantages of the inductor over-charging. In Fig.2a the inductor is 20%
overcharged and as a result, the output voltage is undisturbed when the load is changed.
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Fig 2: Performance of PBB converter with inductor over-charging (a) without SLC (b) with SLC
Load has changed from 100Q to 60 Q (0.2sec) and reverse (0.6sec)

The main disadvantage of that approach is the extra losses due to overcharging the inductor. In [1], a
Smart Load Controller (SLC) is suggested to solve the low efficiency problem for some applications
when a load is pre-known or may be predicted. In this case, the inductor current is increased before
turning on a new device (increasing load). Fig.2b shows a simulation result regarding the performance
of the PBB converter with an SLC. However, there are limited applications in which load can be
predicted or controlled.

This paper presents a new method to increase the inductor current during transient which means there
is no extra current stored in the inductor in a steady state. The freedom degree of the PBB converter is
utilized to decrease output transient and improve quality of output voltage, after disturbances occur.
Therefore, unlike the case in [1] there is no extra loss in steady state operation of the PBB converter in
comparison with the Boost converter, and the load change is not assumed to be predicted.

Transient reduction has been investigated in [2] when a disturbance is on the input voltage. In the
absence of disturbance, the PBB converter works almost the same as a Boost converter. Sg 1s turned
on when the output voltage fluctuates. The topology of PBB converter has been usually used as a Buck
or a Boost converter [3, 4, and 6], therefore, one of the switches does not operate.

In this paper, a controller is designed to control the PBB converter to work as a Boost converter in
steady state operation, but when a disturbance occurs, both switches in the PBB converter operate to
attenuate output voltage fluctuations. Boost converter dynamic has been investigated and compared
with PBB converter for the same disturbances and conditions.

Load Disturbances
Sudden drop of output load causes overshoot and the sudden rise of output load leads to undershoot.
The overshoot and undershoot problems in the output voltage of a Boost or a PBB converter depends
on a few parameters such as:
e the level of load change
e circuit elements (L,C)
The higher value of the inductor the more energy is stored in the inductor for a given
load. When the load suddenly reduces, the energy stored in the inductor should be
consumed by the load because the Boost converter cannot decrease the inductor
energy by any other element. Therefore, the Sgyost Will be open and the inductor
current is directed to the capacitor and load.
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The load current is determined by capacitor voltage.

iR(t):Vc(t)/ R 2)

The capacitor voltage is determined by the difference between inductor current and
load current.

C(j\’ép:iL(t)—iR(t) )

The smaller value of the capacitor means the higher voltage change.

e Control loop
When load is changed, the inductor current reference is modified by the control
loop. Having a faster control loop, overshoot/undershoot, and especially the
recovery time after a load disturbance are reduced.

e Immediate response of the control system
In addition to gradually modifying the current reference, the control system may have
an immediate response to load disturbances.

In this paper, a dynamic hysteresis band height control for a Boost and a PBB converter is presented.
In addition, the PBB converter has an extra freedom degree, which is utilised to remove overshoots
caused by load changes.

Control System

The fast current control loop is developed by a hysteresis control scheme. In addition, the current
reference loop is developed in a V850E/IG3 microcontroller by an algorithm to change the reference
current according to output voltage error on a regular basis. The block diagrams of the circuit and
control system of the converters are illustrated in Fig.3.

Since the control strategy has a logical approach, the control system is illustrated as a flowchart in
Fig.4a and switching states are shown in Fig.4b. The control strategy is the same for the Boost and
PBB converters when there is no disturbance, but it differs when the disturbance affects the output
voltage.
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Fig 3: Block Diagram of the control system of Boost converter (a) and PBB converter (b) with
dynamic hysteresis band control



The flowchart in the red dashed box shown in Fig.4a controls the Boost converter while the green
solid-line box is bypassed and is not considered. The green solid-line box is used to control the PBB
converter while the red dashed box is bypassed and is not considered for the PBB converter control.
The other flowchart blocks in the Fig.4a are used to control both converters. In addition, the switching
states of each converter are illustrated in Fig.4b which are related to decisions made in the flowchart.
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Fig. 4: a) the flowchart of control system. b) Switching states linked to control flowchart decisions

As described in Fig.4 and the above section, the difference between the Boost and PBB converter
control methods is over-voltage handling strategies in these converters. The boost converter controller
tries to reduce overvoltage by increasing the lower band height of the hysteresis current control
(Fig.5). However, in the PBB converter, the “Buck switch” operates to avoid the overvoltage (Fig. 7,
11 & 12). In the case of an overshoot in the Boost converter, the lower band of hysteresis will be
decreased to lt/2 so the average inductor current would be decreased to 75%. Eq.4 and Eq.5 show the
changes of average inductor current for overshoot and undershoot, respectively.

In both the Boost and PBB converters, the strategy to reduce transient of the output voltage when an
undershoot occurs is to increase the upper band height of the hysteresis current control. In the control
flowchart and experimental results presented in this paper, the upper band height has been increased to
2 times of |y, thus, the average inductor current will be increased quickly by 150% and does not wait
for a slow current reference loop to handle the undershoot.

n+1 :
_ oshl_ 4 The average current when the upper band has increased
Bu _n'lref = an{lL }_ B Iref @ g PP
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Where n is 2 in the control system presented in this paper.
The timer shown in Fig. 4 is developed in the microcontroller to modify the inductor current reference
value according to the voltage error.

Simulation results

Several simulations have been carried out to validate the proposed control method. The control
strategy and electrical parameters of the circuits are chosen to be close to the values applied in the
experimental results.
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Fig 5: a) The dynamic of the Boost converter b) the dynamic of the Boost converter with a dynamic
hysteresis band height. from 100Q to 60 Q (0.2sec) and reverse (0.6sec)
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Fig 6: a) The dynamic of the case study PBB converter b) the dynamic of the case study PBB
converter with a dynamic hysteresis band height. In addition, the performance of input switch is
shown. from 100€2 to 60 Q (0.2sec) and reverse (0.6sec)

Fig. 6a illustrates the dynamic of a Boost converter after a step change in load. The load current is
changed from 0.2A to 0.33A at 0.2s and turned back to 0.2A at 0.6s. The input voltage is 10V and the
output voltage is controlled to be 20V, and the steady state value of the inductor current is twice as the
load current. Voltage drop and voltage rise are dynamic consequences of this load disturbance. Fig.5b
shows the enhancement achieved by the dynamic hysteresis band height control scheme on the Boost
converter. The output voltage drop is reduced to half of the voltage drop shown in Fig.6a. Overshoot is
reduced to one third of the overshoot shown in Fig.6a.

Fig.6a shows the results of load disturbance on a PBB converter without a dynamic hysteresis band
height control system, which has been compared with a dynamic hysteresis band height control



system. In both graphs shown in Fig.6, the overshoot has been completely removed by the switching
of the “Buck Switch”. The voltage drop has reduced to half of the voltage drop shown in Fig.6a.

It is clear that a good controller may improve dynamic of the Boost converter, but the focus of this
paper is to introduce the utilization of the dynamic hysteresis band height to improve the transient and
dynamic of Boost and PBB converters for a given controller. For the same control system, different
hysteresis band heights have been simulated to illustrate the relationship between the level of the
dynamic hysteresis band height and overshoot and undershoot. It is important to address that the level
of overshoots and undershoots depend on the load change. Thus, the simulations have been performed
for two load changes: 1002 to 60 © and 100 Q to 30 Q and vice versa. The level of overshoots and
undershoots and recovery time for each case are described and presented in Fig.7.
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The general trend in Fig. 7 is to decrease overshoot/undershoot and the recovery time when the
dynamic hysteresis strategy is applied with higher band changes. The origin of horizontal axis is the
Upper (lres+0.2A) or Lower (0.2A) hysteresis band in steady state operation.

In practice, the results for high hysteresis bands may differ from the simulation because of the
nonlinearity and saturation of the inductor. However, from these results, the limit of upper band
increase is the maximum current of the inductor. The temporary increase of inductor current when
there is an under-voltage does not increase the switching loss of the Boost switch, because by
increasing the upper band the switching frequency decreases. When an over-voltage occurs, the lower
band can decrease to zero and significantly reduce the over-voltage.



A laboratory prototype of Boost and PBB converters has been developed to validate the proposed
control system and its performance in the presence of load change. The control system has been
developed using NEC V850E/IG3 microcontroller. The experimental result of the proposed control
strategy has been presented.

Experimental results

All of the disturbances are output load change from 100€2 to 60  and reverse. The output voltage is
controlled to be 20V and the input voltage is 10V. The output capacitor is 470uF and the inductor is
ImH. In Figures 9-13, output voltage is marked with V,, and inductor current is marked with i,.. In
Figures 11, 12, and 13, the “Buck switch” and its performance are highlighted.
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Fig 9 shows the dynamic of a Boost converter when the hysteresis band height is constant. Fig.10
shows the performance of a Boost converter with the proposed control strategy. The upper band has
been increased to (2.ly) in case of undershoot and decreased to (v /2) in case of overshoot. In Fig.9,
the load has risen from 0.2A to 0.33A at 0.35s after the time origin. Load has dropped back to 0.2A at
the time 1.4s. The voltage drop after load change is 5V and overshoot when the load is decreased
again is 3V. Fig. 10 illustrates the performance of the presented scheme to quicken the recovery after
load disturbance. The load change is the same as in Fig. 9. The voltage drop is 3V and overshoot is
reduced to 1.5V. In addition, the recovery time has reduced by application of dynamic hysteresis band
(200ms to 100ms). Fig. 11 illustrates the performance of PBB converter in the presence of output
voltage fluctuation caused by load change. Hysteresis bands are constant in Fig. 11. The PBB
converter has avoided overshoot by the switching of Sg, connected to input voltage. The same
operating condition (load drop and rise) has been considered for test and measurement, and the
experimental result shows that the voltage drop in the Boost converter is 5V, as shown in Fig. 11.

Fig. 12 is illustrates the performance of a PBB converter with dynamic hysteresis band height. The
voltage drop has reduced to 3V while the load rise is same as Fig. 11. Fig. 13 shows the switching of
Sguck to avoid overvoltage when the output load has been decreased.

Conclusion

A control strategy with dynamic hysteresis band height has been presented in this paper for a Boost
and PBB converter to reduce transient time and improve the dynamic of output voltage. An extra
switch in a PBB converter has been utilised to avoid overshoot. Simulations have been carried out for
different cases and the results have been compared with experimental results to validate the proposed
method.
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