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ABSTRACT

This project is done to form a model of switch mode dc-dc converter
incorporated with the PID controller. The dc-dc converter (buck) will step
down the input dc voltage of 12V to 5V. The PID controller will control the
outputs which are voltage and current and those will be display in graph. The
PID controller is tuned to get the highest quality of output. The switching
frequency of the dc-dc converter (buck) is set to 100khz for faster switching
operation. This system is implemented in MATLAB simulink software. This

project is aso providing some analysis and comparative assessment.
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ABSTRAK

Projek ini direka untuk membina satu model pengubah mod suis dc
kepada dc. Fungsi pengubah ini adalah untuk menurunkan tahap voltan dari 12
volt kepada 5 volt.Fungsi PID controller pula adalah untuk mengawal voltan
keluaran dan arus keluaran dan akan dipapar di dalam bentuk graf. Frequensi
suis telah di set 100kHz Untuk menambah kelguan operasi. project ini di
lengkapi beberapa analysis dan perbandingan
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CHAPTER 1

INTRODUCTION

11 OVERVIEW

Main target in power electronicsis to convert electrical energy from one form
to another. To make electrical energy to reach the load with highest efficiency is the
target to be achieved. Power electronics also targets to reduce the size of the device to
convert these energy which aims to reduce cost, smaller in size and high availability.
In this project the power electronic device that use is dc to dc converter. There are

four types of dc to dc converter:
i. Buck
ii. Boost
iii.  Buck-boost
iv. Cuk

The dc-dc converter for this project is buck converter. Buck is use to convert
unregulated dc input to a controlled dc output with a desired voltage level. The buck
will step down the input voltage 12 Vdc to 5 Vdc with the switching frequency 100
kHz and 400 kHz.Together with buck is PID controller that uses to control the
behaviors of the system in linear .This system is a close loop system with feedback.
The software is use to do smulation is MATLAB SIMULINK. This project consists
of modeling, simulation and stability analysis



1.2

1.3

OBJECTIVE

To design and form the mathematical model of the dc-dc converter (buck).

To implement the dc-dc converter (buck) incorporated with PID controller in
MATLAB SIMULINK environment.

To analyze the result and form the system stability analysis

SCOPE

Design and modelling dc-dc converter (buck) using PWM to generate the

pulse

Design of the PID controller and the system will operates in close loop or in
other word has feedback to stabilize the system and the system is linear.
Implement this systemin MATLAB SIMULINK environment.

Form stability analysis of the system.



14 PROBLEM STATEMENT

The output voltage (Vo) of buck alone usually is unstable. So criteria must
concern isrise time, overshoot , settling time and steady state error , to get the desired
output and to reduce the undesired output.

Problem statement:

* steady state error
- The output of buck alone is not reaching the desire value meaning it
has error.
e risetime
- Therisetimeistoo long
e settling time
- The output oscillating too long, it takes time to reach the stable state.
* Overshoot
-The over shoot is high.

1.5 THESISORGANIZATION

This thesis consists of five chapters. This chapter discuss about overview of

project, objective research, project scope, problem statement and thesis organization.

Chapter 2 contains a detailed description of continuous conduction mode
theory to design the buck converter and PID controller. It will explain about the

concept of buck converter and PID controller including tuning method.

Chapter 3 includes the design of the system of buck controller incorporated
with PID controller. It will explain how the project is organized and the flow of

process in completing this project.

Chapter 4 will discuss on result and analysis. The first analysis is comparison
between the simulation result of buck without PID controller and buck with PID



controller, and the second analysis is comparison between 100 kHz model and 400
kHz model.

Finally, the conclusions for this project are presented in chapter 5. This
chapter also discusses about the recommendation for the project and for the future
development.



CHAPTER 2

LITERATURE REVIEW

21 BACKGROUND

This chapter will explain aboutdc-dc converter (buck), pulse width
modulation, driver, and proportional derivative eigtal (PID) that will use as
controller.

22 BASIC OF DC TO DC CONVERTER (BUCK)

Instead of using transformer we also can use simjctonverter to step down
the input voltage, the reason why should use coavéecause typically the output
produced is at a different voltage level than theut. In addition, DC-to-DC
converters are used to provide noise isolation, ggolus regulation, etc. In this
project basically we must know how the convertegrapes and the operation of the
system. A DC-to-DC converter is a device that atxep DC input voltage and
produces a DC output voltage. [1]



23  PWM AND TRANSISTORS|[2]

PWM is the main part in designing a buck converByr.using pulse-width
modulation (PWM) control, regulation of output \age is achieved by varying the
duty cycle of the switch. Duty cycle refers to catf the period where power
semiconductor is kept ON to the cycle period. Pulsgth modulation (PWM) is a
powerful technique for controlling analog circudéth a processor's digital outputs.
PWM is employed in a wide variety of applicationanging from measurement and
communications to power control and conversion t@bof PWM is usually effected
by an IC is necessary for regulating the outpute Ttansistor switch is the most
important thing of the switched supply and conttbks power supplied to the load. It
is also stated that Power MOSFET’s are more swtéidn BJT at power output of
the order of 50 W. Choosing of transistor also nuastsider its fast switching times

and able to withstand the voltage spikes produgettid inductor [2]

2.3.1 Digital control

By controlling analog circuits digitally, systemstse and power consumption
can be drastically reduced. What's more, many ro@mroollers and DSPs already
include on-chip PWM controllers, making implemeigateasy.In a nutshell, PWM is
a way of digitally encoding analog signal levelfirugh the use of high-resolution
counters, the duty cycle of a square wave is moedlto encode a specific analog
signal level. The PWM signal is still digital besa at any given instant of time, the
full DC supply is either fully on or fully off. Theoltage or current source is supplied
to the analog load by means of a repeating sefies and off pulses. The on-time is
the time during which the DC supply is applied e 1oad, and the off-time is the
periods during which that supply is switched offvé&h a sufficient bandwidth, any

analog value can be encoded with PWM. [2]


http://www.netrino.com/Embedded-Systems/How-To/Counters.php

24  PROPORTIONAL INTEGRAL DERIVATIVES[3]

A proportional-integral-derivative controller (Plontroller) is a generic
control loop feedback mechanism widely used in gtdal control systems. A PID
controller attempts to correct the error betweememsured process variable and a
desired set point by calculating and then outpgtéircorrective action that can adjust

the process accordingly.

The PID controller calculation (algorithm) involvdgee separate parameters;
the Proportional, the Integral and Derivative valuélhe Proportional value
determines the reaction to the current error, tibegral determines the reaction based
on the sum of recent errors and the Derivativerdetes the reaction to the rate at
which the error has been changing. The weightedauimese three actions is used to
adjust the process via a control element sucheaagakition of a control valve or the
power supply of a heating element.By "tuning" tleeé constants in the PID
controller algorithm the PID can provide controtiae designed for specific process
requirements. The response of the controller candéscribed in terms of the
responsiveness of the controller to an error, tegree to which the controller
overshoots the setpoint and the degree of systeiitatisn. Note that the use of the

PID algorithm for control does not guarantee optiouatrol of the system. [4]

24.1 Proportional term

The proportional term makes a change to the oukmitis proportional to the
current error value. The proportional response lsaradjusted by multiplying the

error by a constantg<called the proportional gain.

The proportional term is given by:

I:)OUT = K Pe(t)

Where


http://en.wikipedia.org/wiki/Control_loop
http://en.wikipedia.org/wiki/Control_loop
http://en.wikipedia.org/wiki/Feedback_mechanism
http://en.wikipedia.org/wiki/Control_system
http://en.wikipedia.org/wiki/Process_variable
http://en.wikipedia.org/wiki/Setpoint
http://en.wikipedia.org/wiki/Algorithm
http://en.wikipedia.org/wiki/Optimal_control

+ Pout Proportional output
« Kp: Proportional Gain, a tuning parameter
- e: Error=SP - PV

« t: Time or instantaneous time (the present)

A high proportional gain results in a large chamgehe output for a given
change in the error. If the proportional gain i® toigh, the system can become
unstable (See the section on Loop Tuning). In esttra small gain results in a small
output response to a large input error, and aresgmonsive (or sensitive) controller. If
the proportional gain is too low, the control antimay be too small when responding

to system disturbances.

In the absence of disturbances pure proportionairebwill not settle at its
target value, but will retain a steady state ethait is a function of the proportional
gain and the process gain. Despite the steady-stéget, both tuning theory and
industrial practice indicate that it is the propmmal term that should contribute the

bulk of the output change.

242 Integral term

The contribution from the integral term is proponial to both the magnitude
of the error and the duration of the error. Sumnihmginstantaneous error over time
(integrating the error) gives the accumulated ofteat should have been corrected
previously. The accumulated error is then multgblxy the integral gain and added to
the controller output. The magnitude of the conttitn of the integral term to the

overall control action is determined by the intégain, K.

The integral term is given by:

e(r)dr

IOUT = Ki

O —y

Where



+ lout Integral output
+ Kj: Integral Gain, a tuning parameter
- e: Error=SP - PV

« 1. Time in the past contributing to the integralp@sse

The integral term (when added to the proportiorm) accelerates the
movement of the process towards set point and mdites the residual steady-state
error that occurs with a proportional only conteollHowever, since the integral term
is responding to accumulated errors from the pasgn cause the present value to
overshoot the setpoint value (cross over the set pad then create a deviation in the
other direction). For further notes regarding im&&ggain tuning and controller

stability, see the section on Loop Tuning.

2.4.3 Derivativeterm

The rate of change of the process error is caledlay determining the slope
of the error over time (i.e. its first derivativetiwrespect to time) and multiplying this
rate of change by the derivative gain. Khe magnitude of the contribution of the

derivative term to the overall control action igetenined the derivative gaingK

The derivative term is given by:

de
DOUT = Kd a

Where

+ Doyt Derivative output

+ Kg: Derivative Gain, a tuning parameter
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« e: Error=SP -PV

« t: Time or instantaneous time (the present)

The derivative term slows the rate of change ofditroller output and this
effect is most noticeable close to the controletpsint. Hence, derivative control is
used to reduce the magnitude of the overshoot pemtiby the integral component
and improve the combined controller-process stgbiliowever, differentiation of a
signal amplifies noise in the signal and thus tieisn in the controller is highly
sensitive to noise in the error term, and can causecess to become unstable if the
noise and the derivative gain are sufficiently éarg

The output from the three terms, the proportiorthe integral and the

derivative terms are summed to calculate the outptite PID controller.

w P K el1)

+ I
Setpoint Error -+ | K.J‘f{r}dr ¥ > Process |- Output—»

deir)

— D K“'d;

Figure 2.1: Block diagram of a PID controller

First estimation is the equivalent of the propmrél action of a PID
controller. The integral action of a PID controllean be thought of as gradually
adjusting the output when it is almost right. Dative action can be thought of as
making smaller and smaller changes as one gets tiothe right level and stopping

when it is just right, rather than going too faralthg a change that is too large when


http://en.wikipedia.org/wiki/Image:Pid-feedback-nct-int-correct.png

1

the error is small is equivalent to a high gaintogter and will lead to overshoot. If

the controller were to repeatedly make changes

That were too large and repeatedly overshoot thgetathis control loop
would be termed unstable and the output would laseilaround the setpoint in a
either a constant, a growing or a decaying sinus@ichuman would not do this
because we are adaptive controllers, learning ftben process history, but PID
controllers do not have the ability to learn andstrae set up correctly. Selecting the

correct gains for effective control is known asitgrnthe controller.

If a controller starts from a stable state at zzmor (PV = SP), then further
changes by the controller will be in response tanges in other measured or
unmeasured inputs to the process that impact oprbeess, and hence on the PV.
Variables that impact on the process other thaiifieare known as disturbances and
generally controllers are used to reject disturkanand/or implement set point

changes.

In theory, a controller can be used to control gmgcess which has a
measurable output (PV), a known ideal value fot thaput (SP) and an input to the
process (MV) that will affect the relevant PV. Cuaiiers are used in industry to
regulate temperature, pressure, flow rate, chengcahposition, level in a tank
containing fluid, speed and practically every otheriable for which a measurement
exists. Automobile cruise control is an exampla @rocess outside of industry which
utilizes automated control. KProportional Gain - Larger gdypically means faster
response since the larger the error, the largerféeelback to compensate. An
excessively large proportional gain will lead togess instability. K Integral Gain -
Larger K implies steady state errors are eliminated quickle trade-off is larger
overshoot: any negative error integrated duringsient response must be integrated
away by positive error before we reach steady skateDerivative Gain - Larger K

decreases overshoot, but slows down transientmespend may lead to instability.


http://en.wikipedia.org/wiki/Oscillate
http://en.wikipedia.org/wiki/Sinusoid
http://en.wikipedia.org/wiki/Temperature
http://en.wikipedia.org/wiki/Pressure
http://en.wikipedia.org/wiki/Flow_rate
http://en.wikipedia.org/wiki/Chemical
http://en.wikipedia.org/wiki/Speed
http://en.wikipedia.org/wiki/Cruise_control
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244 Loop tuning

If the PID controller parameters (the gains of gweportional, integral and
derivative terms) are chosen incorrectly, the ailetd process input can be unstable,
i.e. its output diverges, with or without osciltati and is limited only by saturation or
mechanical breakage. Tuning a control loop is tlgusiment of its control
parameters (gain/proportional band, integral ges®t, derivative gain/rate) to the

optimum values for the desired control response.

Some processes must not allow an overshoot opriheess variable beyond
the setpoint if, for example, this would be uns&@¢her processes must minimize the
energy expended in reaching a new setpoint. Ganesdhbility of response (the
reverse of instability) is required and the procesast not oscillate for any
combination of process conditions and setpointsné&Sprocesses have a degree of
non-linearity and so parameters that work well @t-lbad conditions don't work
when the process is starting up from no-load. Bkigtion describes some traditional

manual methods for loop tuning.

There are several methods for tuning a PID loo Most effective methods
generally involve the development of some form micess model, and then choosing
P, I, and D based on the dynamic model paramd#asual "tune by feel" methods

have proven time and again to be inefficient, inaate, and often dangerous.]

The choice of method will depend largely on whettienot the loop can be
taken "offline" for tuning, and the response tinfeéle system. If the system can be
taken offline, the best tuning method often invehsibjecting the system to a step
change in input, measuring the output as a funadfdime, and using this response to

determine the control parameters.


http://en.wikipedia.org/wiki/Oscillation
http://en.wikipedia.org/wiki/Instability
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Choosing a Tuning Method

Method | Advantages Disadvantages
. Process upset, some trjal-
Ziegler- ) _
_ Proven Method. Online method. anderror, very aggressi
Nichols )
tuning
Tune By ) _ _
Feel No math required. Online method. Erratic, not réplele
ee
Consistent tuning. Online or offline meth o
Software _ Some cost and traini
May include valve and sensor analy|
Tools ) _ _ involved.
Allow simulation before downloading.
Some math. Offlinenethod,
Cohen- ,
Good process models. Only good for firsterde
Coon
processes.

Table2.1

If the system must remain online, one tuning metisad first set the | and D

values to zero. Increase the P until the outpubhefloop oscillates, then the P should

be left set to be approximately half of that valaea "quarter amplitude decay" type

response. Then increase | until any offset is cbiiresufficient time for the process.

However too much | will cause instability. Finalijcrease D, if required, until the

loop is acceptably quick to reach its referenceradtload disturbance. However too

much D will cause excessive response and oversAoiaist PID loop tuning usually

overshoots slightly to reach the setpoint more lqgihiowever, some systems cannot

accept overshoot, in which case a "critically dadipeine is required, which will

require a P setting significantly less than hadft thf the P setting causing oscillation.
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Effects of increasing parameters
Parameter | Rise Time Overshoot  Settling Time S.RrEr
Kp Decrease Increase Small Change Decreage
Ki Decrease Increase Increase Eliminate
Kqg Small Change Decrease Decrease None

245 Ziegler-Nichols method

Table2.2

Another tuning method is formally known as the ZéedNichols method,

introduced by John G. Ziegler and Nathaniel B. NIshAs in the method above, the

| and D gains are first set to zero. The "P" ganicreased until it reaches the

“critical gain" K. at which the output of the loop starts to osallak. and the

oscillation period Pare used to set the gains as shown:

Ziegler-Nichols method
Control Type K Ki Ky
P 0.5-k - -
PI 0.45-K 1.2K, / P -
PID 0.6-K 2K, / P, KoP:/ 8

Table2.3


http://en.wikipedia.org/w/index.php?title=Ziegler-Nichols_method&action=edit
http://en.wikipedia.org/w/index.php?title=John_G._Ziegler&action=edit
http://en.wikipedia.org/w/index.php?title=Nathaniel_B._Nichols&action=edit
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2.4.6 Limitations of PID control

While PID controllers are applicable to many cohfpooblems, they can
perform poorly in some applications. PID contrdlewhen used alone, can give poor
performance when the PID loop gains must be redsodtat the control system does
not overshoot, oscillate or "hunt" about the cdngedpoint value. The control system
performance can be improved by combining the PiBtradier functionality with that
of a Feed-Forward control output as described int@b Theory. Any information or
intelligence derived from the system state canfed forward" or combined with the
PID output to improve the overall system perfornean€he Feed-Forward value
alone can often provide a major portion of the aldr output. The PID controller
can then be used to respond to whatever differencerror” that remains between
the controller setpoint and the feedback valuec&ihe Feed-Forward output is not a
function of the process feedback, it can never &dhe control system to oscillate,

thus improving the system response and stability.

Another problem faced with PID controllers is tliaey are linear. Thus,
performance of PID controllers in non-linear syste(auch as HVAC systems) is
variable. Often PID controllers are enhanced thinomgthods such as gain scheduling
or fuzzy logic. Further practical application issuean arise from instrumentation
connected to the controller. A high enough sampilatg and measurement precision

and measurement accuracy (more relevant to FF &@d)M

A problem with the differential term is that smathounts of measurement or
process noise can cause large amounts of chanige gutput. Sometimes it is helpful
to filter the measurements, with a running averad®y known as a low-pass filter.
However, low-pass filtering and derivative contcahcel each other out, so reducing
noise by instrumentation means is a much betteicehdlternatively, the differential
band can be turned off in most systems with litiks of control. This is equivalent to

using the PID controller as a PI controller.


http://en.wikipedia.org/wiki/Feed-Forward
http://en.wikipedia.org/wiki/Control_Theory
http://en.wikipedia.org/wiki/Feedback
http://en.wikipedia.org/wiki/HVAC_control_system
http://en.wikipedia.org/wiki/Fuzzy_logic
http://en.wikipedia.org/wiki/Noise
http://en.wikipedia.org/wiki/Running_average
http://en.wikipedia.org/wiki/Low-pass_filter
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CHAPTER 3

METHODOLOGY

3.1 INTRODUCTION

This chapter explains detail about the design efwinole system developed
which are buck converter models with switching freacy 100 kHz and 400 kHz.
The analysis will be shows are the comparison batwkE0 kHz with and without
PID controller and the comparison between 100 kidla ®ID controller and 400 kHz
with PID controller. That analysis will be describi@ the next chapter. The overall of

the system is shown in figure 3.0 below.

3.2 TheDesign of Buck Converter.

For the model consist of RL and Resr. These topetogre nonisolated, that
is, the input and output voltages share a commouargt. There are, however, isolated
derivations of these nonisolated topologies. Thegssupply topology refers to how
the switches, output inductor, and output capaciterconnected. Each topology has
unique properties. These properties include thedgtstate voltage conversion ratios,

the nature of the input and output currents, amdctharacter of the output voltage
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ripple. Another important property is the frequenmegponse of the duty-cycle-to-
output-voltage transfer function. The most commnod probably the simplest power
stage topology is the buck power stage, sometinadedc a step-down power

stage.The input current for a buck power stagésisoditinuous or pulsating due to the
power switch (Q1) current that pulses from zerdQ@oevery switching cycle. The

output current for a buck power stage is continuousionpulsating because the
output current is supplied by the output inductparcitor combination; the output
capacitor never supplies the entire load curremtdbntinuous inductor current mode
operation, one of the two operating modes to beudsed in the next section). [6]

Figure 3.0 shows a simplified schematic of the bpower stage with a drive
circuit block included. The power switch, Q1, is mthannel MOSFET. The diode,
CR1, is usually called the catch diode, or freewhgadiode. The inductor, L, and
capacitor, C, make up the output filter. The capadeSR, R., (equivalent series

resistance) and the inductor DC resistanRg,, are included in the analysis. The

resistor, R, represents the load seen by the pstage output.

. |
w() L

Dirive
Circuit

Figure 3.0: Buck Power Stage Schematic

During normal operation of the buck power stage j$Xepeatedly switched on
and off with the on and off times governed by tlmatool circuit. This switching
action causes a train of pulses at the junctio@bf CR1, and L which is filtered by

the L/C output filter to produce a dc output voliay,. A more detailed quantitative

analysis is given in the following sections.
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3.3  Buck Steady-State Continuous Conduction Mode Analysis

The following is a description of steady-state @pien in continuous
conduction mode. Steady-state implies that thetinpltage, output voltage, output
load current, and duty-cycle are fixed and not wayyIn continuous conduction
mode, the Buck power stage assumes two statesviiehisg cycle. The ON state is
when Q1 is ON and CR1 is OFF. The OFF state is vipieins OFF and CR1 is ON.
A simple linear circuit can represent each of the states where the switches in the
circuit are replaced by their equivalent circuitgidg each state. The circuit diagram

for each of the two states is shown in Figure 3.1.

L

a c
— O P Vo
i RpS{on) Ry

i

OM '
LT
State ! p.

M
L]
AP
e

ofF |

A d
State Re
op

Figure 3.1: Buck Power Stage States

I
A

The duration of the ON state is DTx = T,, where D is the duty cycle, set
by the control circuit, expressed as a ratio ofgivtich ON time to the time of one
complete switching cycle, Ts . The duration of MEF state is called ... Since
there are only two states per switching cycle fomttmiuous modeT,.. is equal to

(1-D) x TS . The quantity (1-D) is sometimes callédThe amount that the inductor

current increases can be calculated by using @oweos$ the familiar relationship

v =L3e o =Vear
dt L
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The inductor current increase during the ON s&tgven by:

(VI —VDS = | LRL) _Vo

HOE -

TON

This quantity, DIL(+), is referred to as the indurctipple current.

Referring to Figure 3.1, when Q1 is OFF, it presemthigh impedance from
its drain to source. Therefore, since the currémwihg in the inductor L cannot
change instantaneously, the current shifts fromt@QCR1. Due to the decreasing
inductor current, the voltage across the inducteerses polarity until rectifier CR1
becomes forward biased and turns ON. The voltagehenleft-hand side of L
becomes A(, + I, x R ) where the quantityy, , is the forward voltage drop of
CRL1. The voltage applied to the right hand sidé ad still the output voltagey,,.
The inductor current, IL , now flows from grounddbhgh CR1 and to the output
capacitor and load resistor combination. During @feF state, the magnitude of the
voltage applied across the inductor is constanteapdil to ¥/, + Vp + || X R ).
Maintaining our same polarity convention, this aggl voltage is negative (or
opposite in polarity from the applied voltage darthe ON time). Hence, the inductor
current decreases during the OFF time. Also, siheeapplied voltage is essentially
constant, the inductor current decreases lineditys decrease in inductor current

during Toe is illustrated in Figure 3.1. The inductor currelecrease during the OFF

state is given by:

V,+(Vd+1 R
Al (-)=- (VL - L)TOFF

This quantity, DIL(-), is also referred to as thductor ripple current.
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In steady state conditions, the current incre@se, (+), during the ON time

and the current decrease during the OFF tixig, (—), must be equal. Otherwise, the
inductor current would have a net increase or dserdrom cycle to cycle which
would not be a steady state condition. Therefdrese two equations can be equated

and solved folV,to obtain the continuous conduction mode buck galteonversion

relationship. In the above equations #k, (+) andAl, (-), the dc output voltage

was implicitly assumed to be constant with no Agple voltage during the ON time

and the OFF time. This is a common simplificationl &nvolves two separate effects.
First, the output capacitor is assumed to be lameugh that its voltage change is
negligible. Second, the voltage across the capa@i®R is also assumed to be
negligible. These assumptions are valid becausadhigple voltage is designed to be
much less than the dc part of the output voltagee &bove voltage conversion

relationship forV, illustrates the fact tha¥, can be adjusted by adjusting the duty

cycle, D, and is always less than the input becBusea number between 0 and 1. A

common simplification is to assumé,, V, , and RL are small enough to ignore.

SettingV,s, V,, , andR, to zero, the above equation simplifies considerédal

V., =V,D
To relate the inductor current to the output curresferring to Figures 3.1, note that
the inductor delivers current to the output camacénd load resistor combination
during the whole switching cycle. The inductor emtr averaged over the switching
cycle is equal to the output current. This is thezause the average current in the

output capacitor must be zero. In equation formhasee:

I (avg) =1,
In switching converter the function of output cajpaace is to store energy.
The energy is stored in the capacitor’s electetdfidue to the voltage applied. Thus,
qualitatively, the function of a capacitor is teeamtpt to maintain a constant voltage.
The value of output capacitance of a Buck powegesia generally selected to limit

output voltage ripple to the level required by fipecification. Since the ripple current
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in the output inductor is usually already deterrdinthe series impedance of the
capacitor primarily determines the output voltaggple. The three elements of the
capacitor that contribute to its impedance (anguwautoltage ripple) are equivalent
series resistance (ESR), equivalent series indoetéeSL), and capacitance (C). The
following gives guidelines for output capacitor esglon. For continuous inductor
current mode operation, to determine the amouaptcitance needed as a function

of inductor current rippleAl , switching frequency,f,, and desired output voltage

ripple, AV,, the following equation is used assuming all thgpat voltage ripple is

due to the capacitor’s capacitance

Al
> — L
8f AV,

In many practical designs, to get the required E&Rapacitor with much
more capacitance than is needed must be selected.b&th continuous or
discontinuous inductor current mode operation asduiming there is enough
capacitance such that the ripple due to the capa®t can be ignored, the ESR
needed to limit the ripple tAV,V peak-to-peak is:

ESR< AVo

L

Ripple current flowing through a capacitor's ESRis&Es power dissipation in
the capacitor. This power dissipation causes a éeatpre increase internal to the
capacitor. Excessive temperature can seriously tesmothe expected life of a
capacitor. Capacitors have ripple current ratingat tare dependent on ambient
temperature and should not be exceeded. Refewifigguire 3.1, the output capacitor

ripple current is the inductor currenrt,, minus the output current, .
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UNREGULATED PWM DC -DC CONVERTER
DC INPUT (BUCK)

A 4

PID CONTROLLEF

A

LOAD

CONTROLLED DC OUTPUT
VOLTAGE

Figure 3.2: The block diagram of the buck converter incorporated with PID

controller

34 DCTODC CONVERTER (BUCK) INCORPORATED WITH PID
CONTROLLER DESIGN

The DC to DC converter buck is design base on noas conduction mode
(CCM) as briefly explained before. By using CCMdahg all buck circuit parameter

is determined. The parameter obtained is statemhbel
V,, =12V C=376uF R =80mQ
V..=5V f,=100 kHz Ry =5mQ

[o]

L =4.1uH D=0.42 Rog=1Q
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System equation

di 1 . .
d_;:I(VsD—h_RL _Vo) Vo :Vc+Resr(|L_Iout )
dav, 1, .

c=—(i, i

o ol o)

The simulink model of open loop buck converter egsis shown in figure 3.2

and the close loop model is shown in figure 3.Belew:

Constant input voltage

N

Constant duty cycle vin

Vin »
- O
042 +—Pd c—P[d
Constant pout >
pwm buck Scope
converter
Pulse with modulator
model + x [VoR

1

load resistor

Load model as resistor
. V
R’ Iout :EO

Figure 3.3



Step

Vin
i "]
PID —P»{d ct———Pp|d
iL >
PID Controller P 1out
pwm buck Scope
converter

Vo/R

SN Y
_’x

1

load resistor

Figure3.4



3.5 Thesubsystems

3.5.1 DCtoDC converter (buck)
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d E—

Product

di 1 :
ﬁ :I(\/SD_ILRL _Vo)
/

o

OS>

1
B
I

Inductor

Scope

SN SN | B Nes
Vo

1c capacitor

K

s
'I/

[

dt

C

_(iL _io)

resistor R

Vo :Vc + R&G(IL _iout)

Figure 3.5: Thelnner Model of Buck Converter
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3.5.2 Pulsewith modulator

One of the advantages of PWM is that the signalaresndigital all the way
from the processor to the controlled system; nataligp-analog conversion is
necessary. By keeping the signal digital, noiseat$f are minimized. Noise can only
affect a digital signal if it is strong enough thange a logic-1 to a logic-0, or vice

versa. [2]

Increased noise immunity is yet another benefdrafosing PWM over
analog control, and is the principal reason PWM semetimes used for
communication. Switching from an analog signal WN® can increase the length of a
communications channel dramatically. At the recejvend, a suitable RC (resistor-
capacitor) or LC (inductor-capacitor) network caemove the modulating high

frequency square wave and return the signal tcogrfairm. [2]

T

: »I - »(1)

zero crossing comparatp

=

sawtooth waveform

—>I—>—> ]
>

Scope
Figure 3.6: PWM Simulink M odel

The setting of PWM model are, Time values [0 0.0Bl&e-5] and the
corresponding Output values [1 0 1] define the eatit waveform in the PWM
(switching frequency is: 1/1e-5 = 100 KHz or 1/4e-800 kHz)
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3.6  Tuning PID Controller

Some applications may require using only one orrtvedles to provide the
appropriate system control. This is achieved birgethe gain of undesired control outputs
to zero. A PID controller will be called a PI, PP or | controller in the absence of the
respective control actions. Pl controllers areipaldrly common, since derivative action is
very sensitive to measurement noise, and the absdran integral value prevents the system
from reaching its target value due to the contctiba. [3][4] .Below is the step how to tune

the controller

3.61 Tuning

First set Integral gain and then vary the Propaogtiogain. The first thing
happen after put some value to the Integral gam,output start to oscillate. A high
proportional gain results in a large change in dlgut for a given change in the
error. If the proportional gain is too high, thessgm can become .In contrast, a small
gain results in a small output response to a larget error, and a less responsive (or
sensitive) controller. If the proportional gaint@é® low, the control action may be too

small when responding to system disturbances.[3]

The integral term (when added to the proportioaah) accelerates the movement of
the process towards setpoint and eliminates thduassteady-state error that occurs with a
proportional only controller. However, since theegral term is responding to accumulated

errors from the past, it can cause the presenevalovershoot the setpoint value.[3]

=] Block Parameters: PID Controller @@
PID Controller jmask) fink}

Enter expressions for proportional, integral, and derivative terms.
P+l/s+Ds

Parameters
Proportional:
o
Integral
[700

Denvative
o

oK Cancel | Help | Apply |

Figure 3.7: Block parameter of PID Controller
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Figure 3.8 below show the output waveform if udimigegral gain only which
Ki= 700, then the Figure 3.81 shows the wavefortarahcrease P and | gain which
are Ki=900 and Kp=0.010. The change clearly shathé steady state error

becomes less and the output stabile at the deslwe of 5 V.

Figure 3.81: Output of P 1 Controller
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CHAPTER 4

RESULT, DISCUSSION AND ANALYSIS

41 INTRODUCTION

This chapter provide some analysis;, the analysis will be shows are the
comparison between 100 kHz with and without PID controller and the comparison
between 100 kHz with PID controller and 400 kHz with PID controller .the main role
of PID controller is to stabilize the output buck. By using Ziegler-Nichols as base
tuning method, the PID controller istuned until the output of buck converter is stabile

by varying the proportional gain, integral gain and derivative gain.
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42 RESULT AND ANALYSIS

Some applications may require using only one or two modes to provide the
appropriate system control. This is achieved by setting the gain of undesired control
outputs to zero. A PID controller will be called a Pl, PD, P or | controller in the
absence of the respective control actions. Pl controllers are particularly common,
since derivative action is very sensitive to measurement noise, and the absence of an
integral value prevents the system from reaching its target value due to the control
action. [6]

4.21 Thecomparison between buck (100 kHz) without PID controller and with
PID controller

The analysis below was taken from the result as shown in figure 4.1 and 4.2,
where the time rise, settling time, overshoot and steady state error explain the
dynamic of the buck converter. In this case, the time rise of the buck with PID
controller is slightly more than the time rise of the buck without PID controller. Then
the most important aspect is settling time, the smaller settling time the quicker the
output become stabile or other words the time of the oscillation end thus the output
become stabile and consistent. In this case the settling time of the buck with PID
controller is less than buck without PID controller. So the table 4.1 shows us that the
buck with PID controller output stabile quicker. The last aspect we must consider is
steady state error. The table 4.1 shows that the buck with PID controller has less
steady state error than buck without PID controller. So by refer to this analysis the

performance of buck with PID controller is better than buck without PID controller.
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f'\ \ \V) divy V\ \" \*' ( “/\‘J'\.f\f\\ Iy ‘f\\’\\"n\* )

Figure 4.1: Output Waveform of Buck (fs=100 kHz) without PID controller
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Figure 4.2: Output Waveform Buck (fs=100 kHz) with PID controller
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Analysis

CL response [Timerise(s) [Settling timgOvershoot % |[Steady — statq
() error %
Buck 1.5e-4 1le-4 45.4 2.2
(100kHz)
Buck with PID|1.75e-4 3.9e-4 0.4 2
controller
(100kHz)
Table4.1

4.2.2 The comparison between buck PID controller with switching frequency
100 kHz and 400 kHz.

The analysisin table 4.2 is the comparison between system that have different
switching frequency , 100 kHz and 400 kHz buck with PID controller as shown in
figure 4.3 and 4.4, where the time rise, settling time, overshoot and steady state error
explain the dynamic of the buck converter. In this case, the time rise of the 400 kHz
buck with PID controller is slightly more than the time rise of the 100 kHz buck with
PID controller. Then the settling time of the 100 kHz buck with PID controller is less
than 400 kHz buck with PID controller. As in the figure 4.4 the output oscillate too
long so the output steady state is very late. So the table 4.2 shows us that the 100 kHz
buck with PID controller output stabile quicker. Thirdly, the aspect we must consider

is overshoot. The overshoot of the 100 kHz system is very near to the desire value or
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almost no overshoot. Lastly, the steady state error of 100 kHz system is less than 400
kHz system. So by refer to this analysis the performance of 100 kHz buck with PID
controller is better than 400 kHz buck with PID controller.

EEEFEIE

e
“M W‘\f” i T

Hum

Figure 4.2: Buck (fs=100 kHz) with PID controller

Figure 4.3: Buck (fs= 400 kHz) with PID controller



Analysis

CL response [Timerise(s) [Settling timgOvershoot % |[Steady — statq
(9 error %

Buck with PID|1.75e-4 3.9e-4 0.4 2

controller

(100 kHz)

Buck with PID4.25e-5 2.3e-3 42.6 4

controller

(400 kHz)

Table4.2
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CHAPTER S5

CONCLUSION AND RECOMMENDATIONS

51 CONCLUSION

The design and implementation of Buck incorporatétt PID controller has
been presented in this project. This project acdeall the objectives and scopes and
the results of the output same as stated in referestudied. The model of buck
incorporated with PID controller is tuned for maxim performance and the

generated output is same as the desire output.

52 RECOMMENDATIONS

It is recommended that the future development lshio@ consisting two things
which are, use different DC to DC Converter andude Graphical User Interface
(GUI). There are other DC to DC converters thatdsetrobust and efficient such as
boost, buck-boost or cuk. Then to make this prdjeendly user, this project should
have GUI.
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For future analysis development, this project aan use different controller
such as fuzzy logic and comparison between PIDRaazy Logic can be done to see

which controller is better.
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Appendix A
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Buck Power Stage Schematic

Appendix B

UNREGULATED PWM DC -DC CONVERTER

A 4

DC INPUT (BUCK)

PID CONTROLLEF

A

LOAD

CONTROLLED DC OUTPUT
VOLTAGE

The block diagram of the buck converter incorporated with PID controller
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Appendix C
Constant input voltage
12
Constant duty cycle  vin
Vin Vo > I:I
042 —Wld —Pd
Constant »lout >
pwm buck Scope
converter
Pulse with modulator
model + x [VoR

1

load resistor i
Load model as resistor

R’ iOUt :\%

The smulink model of open loop buck converter
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Appendix D
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Appendix E
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The Inner Model of Buck Converter
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