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ABSTRACT

Small signal model of current-controlled mode DC-DC buck converter is studied
using small signal block diagrams. Input filter reduces the electromagnetic
interference (EMI) of power input of converter and improves the performance of
load. However, input filter added to reduce the electromagnetic interference will
changes the system transfer function, which may create instability in the converter.
Therefore, input filter should be such that it will reduce the electromagnetic
interference as well as it should not induce any negative effect on current-
controlled mode DC-DC converter.
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1.1 OVERVIEW

Electromagnetic interference (EMI) is disturbance due to either electromagnetic induction or
electromagnetic radiation emitted from external source that affect the electrical circuit. The EMI
may interrupt or reduce the effective performance of the electrical circuit. The EMI source may
be any object or artificial or natural, that carries rapidly changing electrical current, such as an
electrical device.

Hence an input filter is generally used to reduce the electromagnetic interference in power source
side of a converter. An input filter is a combination of resistor, capacitor and inductor that used
to reject signals, vibrations, or radiations of certain frequencies while allowing others to pass
through it. Capacitor blocks low-frequency signals and conduct high-frequency signals, while
inductor does the reverse.

However, the input filter added to the peak current-mode (PCM)-controlled converter as it offers
desired characteristics such as, automatic overload protection, dynamic response, automated
feedback compensation, input disturbance rejection and current sharing loop [4]. But PCM
controlled converter changes the dynamic properties, stability, current loop gain, transfer
function of the converter[1].so not only should the input filter meet the design criteria to reduce
the EMI, but the induced dynamic effect of the converter should be consider.

1.2 BASICS OF DC-DC CONVERTERS

DC-DC converter is an electronic circuit which converts a dc signal from one voltage level to
another level by storing the input energy and realizing that energy to the output at different
voltage. The energy storage be in either magnetic field storage component (inductors)or electric
field storage components (capacitors).Most of the DC-DC converter are designed only in
unidirectional power flow, from the input to output. However, all switching regulators can be
made bidirectional by replacing all diodes with independently controlled active rectification.

1.2.1 BUCK CONVERTER

Buck converter is a step-down dc-dc converter that uses two switches (generally a transistor and
a diode), an inductor and a capacitor. Here the switches are controlling the inductor [2].

o i "‘v’l:“f’_‘f’i

{\x i _“/J Supply ID E@

Fig 1.1
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When the switch is closed (i.e. On-state), the voltage across the inductor is
V.= Vi— V,. The current flowing through inductor linearly rises. As the diode is reversed biased
by input voltage source (V;) it doesn’t allow current to flow through it.

sﬂl'l

Fig 1.2

For Off Case (when switch is opened), diode is forward biased and voltage is V;, = -V,

(Neglecting drop across diode) across inductor. The inductor current which was rising in ON
case now decreases.

Fig 1.3

OPERATION

There are two modes of operation

(A) Continuous current mode (CCM)

Here the current through the inductor (I;,) never falls to zero during the whole switching period.
(B) Discontinuous current mode (DCM)

In some cases the energy required by the load is small enough to be transferred in a time lower
than the whole commutation period. So the inductor current falls to zero during a part of the
commutation period.
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1.2.2 BOOST CONVERTER

A boost converter is a DC-DC step-up converter, as its name suggests steps up the input DC
voltage value and provides at output. This converter contains generally a diode, a transistor as
switches and at least one energy storage element. Capacitors are generally added to output so as
to removing the output voltage ripple and sometimes inductors are also combined with [2].

O > I

: L
g Supply fﬁs [E%%ﬂ

Fig 1.4
OPERATION
o !Z)uring the ON period, Switch is closed its contacts and current through inductor
increases.
L
Vi Son

On-Mode

Fig 1.5
e During the OFF period, Switch is opened and thus the only path for inductor current to
flow is through the fly-back diode ‘D’ and the parallel combination of capacitor and load.
This makes inductor to transfer energy gained by it during ON period.

Fig 1.6
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1.3 MODELING OF DC-DC CONVERTER

For modeling of converter two techniques can be use:

e Circuit averaging technique.

e State space averaging technique.

The circuit averaging technique approach has a number of advantages over state space averaging
technique, these include:

% It’s applicable for both small and large signal modeling of converters.

% Rather than averaging and linearizing the converter state Equations, the averaging and
linearization operations are performed directly on the converter circuit [5].

Both DC and AC transfer function models of converters are obtained.

% We will use it to model DCM, CCM, and resonant converters [5].

®,

X/

S

e

Page 13



CHAPTER 2

CIRCUIT AVERAGE MODEL
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2.3.1 Linearization of buck converter

2.3.2 Linearization of boost converter

Page 14



2.1 INTRODUCTION

Circuit averaging is a method to derive the AC/DC converter models. We will average DC-DC
converters waveforms and topologies rather than the circuit differential equations. It works not
only for dc-dc converters but also for, three phase inverters, Phase Controlled Rectifiers,
resonant Converters, and Current Controlled Converters. The main aim to replace the time
varying switches by time invariant current and voltage sources or PWM(pulse width modulated)

switch.

It is also called time invariant model for DC-DC converters.

2.2 CIRCUIT AVERAGING METHOD

First choose the dependent and independent variables and then averaging them over
switching time period Ts(< >Ts) [3].

Perturbation, linearize and then neglecting the second order effects.

Placed the dependent current and voltage sources as per circuit topologies requirement.
Combine input and output to achieve one AC/DC transformer [4].

Before starting circuit averaging we assumed some circuit requirement.

>

>

>

Converter switch network is less than or equal to the number of SPST (single pole single
throw) switches.

For simple DC-DC converters it contains two SPST switches and switch network
contains two ports.

The switch network terminal waveforms are representing the port voltage and current:
vy (1), 15(1), vz (1) and i (V).

Two of these above parameters can be taken as independent inputs to the switch network
and the remaining two are taken as dependents outputs of the switch network.
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2.2.1 CIRCUIT AVERAGE MODEL FOR BUCK CONVERTER

Buck converter is a step-down DC-DC converter. It’s containing two switch network and two
switching ports.

I(t)

YO0 vwoi v CoR RSN

: Switch network

Fig 2.1

SWITCHING PORTS

Fig 2.2
Buck converter having two switching ports with four variables (v, i;,v, and i,). Here i, and

v, are the best choice of independent variables.
Dependent variables are v, and i, .

Now we can plot both i, (t) and v, (t) versus time easily.
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<i1>Ts=<i>dT+<0>(1-d) T
Here d'=1-d and T;=switching period of buck converter

So iy =fy (iz,vy)

Vo(t) & vy
{ivz(t)}TS
0
>
0 dT, T, t
Fig 2.4

<v,>=<v, >dT+<0>(1-d) T,

So v, = f(iz, vq)
By averaging the above dependent variables over switching time period T then we get a time
invariant switch model [4].

DEPENDENT INDEPENDENT
<i;>T, = d<i,>T, =di,

<v,>T, = d<v,>T; =dv,

Where: d=D+d

d=duty ratio
The above large signal models are then linearized to obtain small signal models.
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2.2.2 CIRCUIT AVERAGE MODEL FOR BOOST CONVERTER.

w0 (") % & C R RSV

Fig 2.8

The controlling inductor with the right terminal going from ground to v, will be replaced by a
time invariant two port which containing a DC transformer, a dependent voltage (input) and
current (output) source [5].

___________________

Fig 2.9

Here i, (t) and v, (t) are the two independent variables and we can easily plot i;(t) and v, (t)
versus switching time.
Moreover, both i, (t) and v, (t) are not varying during ON period.

We can write dependent variables (i, (t), v, (t)) in terms of independent variables (i, (t), v, (t)).

vi(t) 4 v, (t)
<v,(t)>T,
0 >
0 dT, T, Ot
Fig 2.10
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vy = f1(iy, v2)

Then averaging the dependent variable v, (t) over switching period Ts.
<vy (1) > Tg =< 0 > dTg +d'<v, (1)>Ts=d'v,

Where d’=1-d

ig(t) A i,](t)

i = f5(iy, vy)

Then averaging the dependent variable i, (t) over switching period Ts in terms of independent
variable.

<iy(t) > Tg=<0>dTs + d’ < iy (t) > Ts=d'i;

L .
——/ T80\ . "
i) 1)
+ ) * - . e~
Vl(t)c__) ‘|‘” _ r ‘:”)i |3”) C e R Svo(t)
Switch network
Fig 2.12
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2.3 LINEARIZATION OF DC-DC CONVERTERS.

The large signal model have non-linear terms comes from product of two time varying
quantities. We can liberalize the large signal model by expanding about the operating point and
remove the second order terms [5].

d(t)=D+d(t) => d'(t) =D’ —d(t)

<vi(t) >r,= Vi + (%)
<i(t) >r.=<iy(t) >p,=1+1(t)
<v(t) >1,= < vy(t) >r = VHI(D)

<vy(t) >r,=Vy +9,(0)

<i () >r, =1, +1,(D)

2.3.1 LINEARIZATION OF BUCK CONVERTER

(A) Dependent current source in primary

Here di, is the dependent current source and large signal model is the starting point.
di, = (D +d)(I, +1,) =D(, +1,) + I,d + i,d
To simplify, multiply out and neglect second order terms,i,d

To get small signal model input circuit.

=>D (I, +1,) + I,d

Page 20



RESULT

I CD BLICEYS

Fig 2.5

(B) Dependent voltage source in secondary

Here dv; is the dependent voltage source
dv,= (D+d) (V; + 9,)
=D (V; + ¥;) +V;d+9,d

To simplify, multiply out and neglect second order terms to
Get small signal output model.

=D(V; + ¥,) + V,d

RESULT

D(V—| + '\?1) -

Fig 2.6
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(C)_Combine small signal 1/0 circuits via ac/DC transformer.

The dependent DC sources are replaced by an equivalent ideal DC transformer with turns ratio
1:D. This gives final DC and small signal AC circuit averaged model [5], [3].

rernne I _: |t:|
1'-""]Eili'll 272
Iy + iyt D~ —»
> (-
$ .‘1,' I_f' '\-.-flll - L +
7 /+) . M, - 4 [ . C_ "
vi + 07 vrm.rﬂn:@.bmt-.e& Vs inlt) 7 R§ v + 0
J\ i
S.'..'r'i'[;h I'_IET-'-'{JI"k
Fig 2.7

For a DC model only, assume d— 0 and we get the old DC Buck converter model.

2.3.2 LINEARIZATION OF BOOST CONVERTER

(A) Dependent voltage source in primary side.

Here d'=D'-d(t)
<vy(t) > Ts=d'<v, (t)>TS:d'V2:(D"a(t))(V2 + 9, (t))
=D'(Vy + 9,(8) — V,d(t) — 9,(0)d(t)

Multiply out the product terms and neglect second order
Terms ¥, (t)d(t) in the input circuit. The result is the new input circuit model:

=D'(Vy + 9,(t)) — V,d(v)
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RESUL T

1 D"(Vy + 1)

Fig 2.13

(B) Dependent current source in secondary
<i,(t) > Tg=<0>dTs + d’ < i;(t) > Ts=d'i;
=> d'i; = (D"-d)(I,+i;)
To simplify, multiply out and neglect second order terms in the output circuit.
(D'-d(©)(11+i1 ()=D'(I; + 1, (1) — 1;d(®) — 1, (Dd(t)

=>D'(I; +1,(©) — Ld(®)

D'(I; +iy)| Ilé(r)(l)

Fig 2.14

(©) _Combine the small signal 1/0O circuits via DC/ac transformer

The dependent sources are replaced by an equivalent ideal DC transformer with turns ratio D': 1.
This gives the final DC and small-signal ac circuit-averaged model for boost converter.
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L I lf. +

v+ fé(r)@ ( @113 Cm R§%+f>o(r)

Fig 2.15

For DC model only, let d— 0 and we get the old DC boost converter model.
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CHAPTER 3

SMALL SIGNAL MODELING OF PCM-CONTROLLED DC-DC
BUCK CONVERTER

3.1 peak current mode control for buck converter.

3.2 Derivation of current loop transfer function.
3.2.1 Derivation without input filter (without k¢ andk,.)
3.2.2 Derivation with input filter (without k¢ andk,.)
3.2.3 Derivation without input filter (with k¢ andk,.)

3.2.4 Derivation with input filter (with k¢ andk,.)
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3.1 PEAK CURRENT MODEL CONTROL FOR BUCK CONVERTER

Current mode-control is the standard industrial method for controlling switching power supplies
for different electrical drives. The peak current of the converter is regulated by a control
reference signal. Current-mode control employs an inductor current feedback loop and a voltage
feedback loop [12].

I L Vg
>
197 /
V:® T %D Mc_%
Driver Ry
M < “A\
D Qs X &
_\ PWM Compensation

'UUU' comparator //V

Clock Slope compensation

Fig 3.1

The output voltage(V,) of DC-DC converter is fed back to an error amplifier where its compare
with some reference voltage. When there is a difference between output voltage and amplifier
reference voltage it gives an amplified error voltage signal. This amplified error voltage signal is
known as control voltage signal then it fed back to PWM comparator forming outer voltage
control loop [13].

The ripple current of inductor is sensed and converted into equivalent ramp signal. This ramp of
inductor current is combined with a slope compensation signal and fed back to PWM
comparator, forming inner current control loop. Here slope compensation signal increases the
stability of converter beyond 50% duty ratio (D).

We have been motivated from paper [1], where they have derived the current loop gain for PCM
controlled buck converter considering k; and k. . Generally the effect of k¢ and k, is very
negligible. So we neglected these two parameters and derived the current loop gain for PCM-
controlled buck converter as well as the design criteria for input filter.

Page 26



3.2 DERIVATION OF CURRENT LOOP TRANSFER FUNCTION.

PCM-controlled buck converter with an input filter

input filter circuit

%fﬂ PWM
R, L : | R L
._W i ~ | .
- T
s | ' R
i l P
5 CtP C {—‘L i C §R

T T

z. External Ramp R,

current ramp
— s,/ VW\

Conirtol I"

Fig 3.2
SMALL SIGNAL MODEL OF PCM-CONTROLLED BUCK CONVERTER
WITH AN INPUT FILTER Zg
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3.2.1 DERIVATION WITHOUT INPUT FILTER (without k¢ and k,.)

Without input filter impedance Zg, the dependent current source is shorted and the inductor
current 1y, is representing as:

vid .
i, = - T~ =Vivd (1)
SL+R1+R" (RC+E)
1
Where; Y= SL+R;+RII(Re+—=) ()
1

Z.=RII(R.+— 3
=R (Re+ ) ©

~

d= l:‘m(vc - iLRa)

" " i I
V————n{ +—F, | d V; Y= Z; v,

>

H, 1 Ra
Fig 3.3
Here He(s)=1
Now current loop gain given by;
Ty(s) = FpViYHe(S)R, (4)

3.2.2 DERIVATION WITH INPUT FILTER (without k; and k,)

When input filter is considered, the terminal voltage of Z in figure can be expressed as below,

95 = (Dl + I.d)Zg (5)
Applying KVL

o Vid

Vin = F — Vs (6)
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Substituting equation (5) in (6) and rearranging we get,
- Vi A .
Vin = (B - ZSIC) d-— DZSIL

Again we know,

iL == D‘/;inY
N iL
> Vin = DY

Putting equation (8) in (7) we get,

i Vi ~

% = (Bl - ZSIC) d — DZi,,

V; ~
R (ﬁl - ZsIc)d

>, =———
(oy + DZs)
~ DY(% —Z1.)d
~ (1+D2YZy)

w@-%)a

(1 + D2YZ,)

D2].Z,
WY -

(1 + D?YZ,)

)

2
vy - 223

(1 + D2YZ)

> iL=

d Can be written as,

d = Fm(¥. — i R,)

()

(8)

)

(10)

Now from eq.(9) and (10) we can draw the block diagram with modified current loop gain
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" - s =D*=Z, — i .
e m rm d < R = I/l oy L z(_ LB

i \/ 1+ DYZ,

RoH,(s

0

Fig 3.4

Thus modified current loop gain is given by;

LD’z
Trey — R
Tg (S) = FmViYRaHe(S) HTZYZS (11)

3.2.3 DERIVATION WITHOUT INPUT FILTER (with k¢ and k,.)

Without input filter impedance Zg, the dependent current source 1.d should be shorted derectly.

Now;
. Vd
Yin =y
Its corresponding secondary voltage is
Vid
Thus current 1, is given by;
vid -
i, = : T =Vivd (12)
sL+R;+R Il (Re +5p)
Where;
1
Y= 1 (13)
sL+R +R I (R +5p)
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Now the duty ratio d is given by
d= Fin(¥c — iLRaHe + Vok;) (14)

From equation (14) and (16) we can draw the block diagram;

F e[V v i Z]

H, —{ R,

Fig 3.5
From the block diagram, the current loop gain is given by;

Ty(s) = FiViR,YH, (15)

3.2.4 DERIVATION WITH INPUT FILTER (with k; and k,)

When input filter is considered the terminal voltage of Z; will appear and is given by;

s = (Diy + 1.d)Zg (16)
Applying KVL, we get;

_ Vi

Vin = F — Vg 17)

Substituting equation (16) in (17) we get;

Vid -
9y = % — (Diy, + 1.d)Z
v, .
_ (5‘ - ZSIC> d - Dz, (18)

Page 31



Now the corresponding secondary voltage of ¥;,, is DV;,

Now the current 1, is given by;
iL = D"}inY

A

Iy, Vi A .
== (— - ZSIC) d— D74,

D
(% - ZSIC) d
(% + DZS)

DY(% —Z1)d
~ (1+D2YZy)

vv(1 - 2iefeyg
— i

(1 + D?YZ,)

D2 Zg.
pv, )4
(1 + D2YZ)

ViY(1 —

2
vyt - 293
» iL =

(1 + D?YZ,)

Now —Kk¢ multiplied by equation (16), we get;
—k¥s = —k¢(DiL + 1.d)Z
From the figure duty ratio d will be given by;
d = Fru (V. — RyHeiL + k99 — ke¥y)
Putting equation (21) in (22), the duty ratio will be

d = Fp (9 — RyHelL + k99 — ke(Diy, + 1.d)Zs)

Fm [vc - (RaHe + kusD)iL + kr\70 - kaflczsa]

(19)

(20)

(2D

(22)
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» d + FkeZI.d = Fi,[. — (RyHe + keZ D)1y, + k9]

~  FplV: — (RyHe + k¢Z D)1y + k.9,
> d= m[c (ae fs)L rO] (23)
1+ kel Z Fp,

From equation (20) and (23) we can draw the block diagram;

I+DYZ,
R H, (s} ks DZ,
A
I_r]

Fig 3.6

Now the modified current loop gain will be given by;
D?7Z

FpViY 1-—=

1+ kel .ZF, | 1+ D2YZ,

T'g(s) = (RyH, + k¢ZsD) (24)
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CHAPTER 4

BASIC DESIGN CRITERIA FOR INPUT FILTER

4.1 Basic design criteria for input filter

4.2 Input filter parameters for buck converter
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4.1 BASIC DESIGN CRITERIA FOR INPUT FILTER

(Considering krand k)

Current loop gain from equation (15) without input filter is given by;
Tg($)=FmViYR,He(s)

Current loop gain from eq (24) with inputfilter is given by;

F 1-p2ss
T, (s) =( m ) R V.Y(R,Ho(s) + keDZg)
g 1+ Kl ZF,/\ T+ D2yzg | 1\ Tatte s

If sampling effect is not taken into consideration (i. e He(s)=1)

Now using eq(15) in eq(24), modified current loop gain(Tg’(s)) will be
2 Zs
ny _(Ra+kaZS ) 1-D"g \Tq(s)
e &) = \Toozr /| 77007z, R,
14ke27, \ [ 1-p2ls
= o R 1y
1+ kel ZgFy, |\ 1+ D2YZs | 8
Now putting Zs = Yi (where Y is equivalent admittance of input filter)
S

148D -2
T. (s) = RaY¥s RYs |1 (g
g (5) 1+kf1Cst1—S 1422 g(s)

Ys

1—5—L 1—§—°
Y — s S
> Ty (s) = <1+%> <1_$_£> Ty(s)

Where Y, = D?Y

DZ
Y, = Y
D2(1-2)
Y = =kl .F, = (1-D)Rm,
D
YC — Dkf — DZTS(l_;)

(25)
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S
m.=1+=
Sn

Where S.=slope of external ramp ,S,=slope of control ramp during on time

DTgR D
ke = — 2sRa g _D
p=—2fag Dy

TsR,
kr=Sa

2L

If the modified current loop gain is approximately equal to unmodified current loop gain
ie Ty (s)= Ty(s)

following fours conditions are obtained,;

i—: «1 (26)
;(—Z «1 27)
% <1 (28)
%‘ «1 (29)

As the effect of krand k,. on converter is very less as they are very small, they can be neglected
Current loop gain from equation (4) without input filter is given by;
Tg(s):FmViYRaHe (S)

Current loop gain from equation(11)with inputfilter is given by;

1-p2ke
Tg'(s) = Fpy 1+ D2vz, ViYR;He(s)

Now using eq(4) in eq(11), modified current loop gain(Tg’(s)) will be

1-p2%e
Ty (s) = | —2- | T
e ()= | T3 p2vz, | e
4
' Ys
T,/ = T,(5) (30)
Yh
1+
S
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Where Y, = D%Y (31)

2
Zo = (33)

If the modified current loop gain is approximately equal to unmodified current loop gain.
ie Ty (s)= Ty(s)

following two conditions will be satisfied

YL
—| <1 34
Y, < (34)
Yh
— 1 35
Y, K (35)

If inequality (34) not satisfied it will lead to oscillate and if inequality (35) is not satisfied
converter dynamic performance will be degraded.

4.2 INPUT FILTER PARAMETERS FOR BUCK CONVERTER

RI L

T

P

Fig 4.1

The equivalent circuit between point A and B excluding R, is shown below;
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$ R.ci
I
A4
"'I" L]
I

Fig 4.2

Now equivalent impedence(Z) between point A and B given by;

1 1 1

Zs Ry +jwly; Rej — ]%
WL

. 1
Rii + Rei +jwhi —j e

(Ryi +jwL)(R¢i —

.1
e

Multiplying (Ry; — jwL;) (R + jwici) both in neumerator and denominator ,we get;

. .1 . 1
(Rli +Rei +jwli —j w_Cl) (Rii = jwL)Rei +3e)

Ry + (WL)?][Rei? + Grp)?]

14? . 1
Rai[Ri® + (WL;)?] + Ry [Rci2 + (wCi) ] + WLCI [Ryi* + (WL;)?] — jwLi[Rg* + G

[Ri? + WL)I[Ret® + Gre)?]

Rei Ryj . 1 : WL
= + + - 36
Rciz+(chi)z Rji2+(WLj)2 ] wci[RC12+(wiCi)2] ] Rii?+(WL)? (36)

Above equation can be written as;

— = —f——4jwC
Zs Req jWleq ed

Where ! i Rei (37)

R +
Req  Ryi*+(WLj)? Rciz+(v\+ci)2
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When frequency(w) is close to resonant frequency of inputfilter, it will have minimum
admittance.

i.e
1 1
Ys(min) ~ Req(max) + R_p (38)
Where ;
1 Rj; R
R _R-2+(WL-)2+ 2, 1,
eq(max) li i Ry + (W_Ci)
Putting W = —
9W=Tre
1 Ry; R Ry + Ry
- — - li » + 2c1 » ~ li - ci (39)
—1 . _1 —1
eq(max) Rli + Ci Rc1 + Ci Ci

The input filter of PCM controlled buck converter remains stable as long as Yy, satisfy the
inequalities (34), (35). From equation (39) Requmax) IS directly proportional to%. If % IS

large,Req(maxy WIll increase and not satisfy inequalities (34), (35) causing the converter to

oscillate. So % should not be very large [1].

1
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CHAPTER 5

MATLAB SIMULATION

5.1 Buck converter circuit parameters(R, L, and C)

5.2 Calculation of admittance Y;, Yy, Ys

5.3 Simulink model for PCM-controlled buck converter without input filter
5.4 Simulink model for PCM-controlled buck converter with input filter

5.5 Simulink model for PCM-controlled buck converter with input filter (instability)
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5.1 BUCK CONVERTER CIRCUIT PARAMETERS(R, L, C)

Fig4.3

Let’s assume;

Input voltage (V;,) =12 volt

Output voltage (V,) =4.8 volt

Load current (I,) =3 ampere

As we know;

V, =DV, ...l (1) Where D is duty ratio,
Given by D:ﬁ)

Putting the values Vi, and V, in eq(1)

\% 12
D=—"=—==04
Vin 4.8

Let us assume switching frequency (f;) =100KH,

R:Z;Szlﬁﬂ

Taking inductor current ripple (Al}) equal to 30% of I,
Thus Al;= 0.9 amp

Taking capacitor voltage ripple (AV) equal to 0.4% of V,
Thus AV=0.0192 volt
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CALCULATION OF VALUE OF INDUCTOR

Current ripple factor is given by;

Al _(1-D)RTs

. 9 (where T is switching period)

(1-0.4)x1.6x1075

> 03 = 3

> L=32x10"°H=32uH

CALCULATION OF VALUE OF CAPACITOR

Voltage ripple factor is given by;

AV 1-D
V ~ 8LCf2

(1-0.4) x 10710

004 =
> 0.00 8 x32x1076C

>» C =0.5859 X 10~* F = 58.59 uF
Assuming the Values of R; = 100m{

R, = 50mQ

5.2 CALCULATION OFADMITTANCE Y, Yy, Ys:-
Here given data are D=0.4,R=1.6Q ,L=32 uH,C=58.59uF ,R; = 100 mQ, R. = 50 mL,
Ry; = 0.3Q, R, = 0.01Q, L; = 500 pH, C; = 700 pF

From equation (32)

L
TR T 16
As we know from equation (31)
Y, = D?Y
_ 1
Where Y = R(sCRc+1)
C
SL+R1+R+SZRC+1
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Putting the value of L, C, R, R, R; in above equation

1

ThusY = . ,
20.1j4+0.1+0.08836—0.24552j

1
 19.85448j+0.18836

= 0.000477785 — 0.050361933j
Putting the value of “Y’ in equation (31)

Y, = 0.42(0.000477785 — 0.050361933j)

= 0.0000764456 — 0.0080579093]
Magnitude of Yy, is given by |Yn| = 0.008

From equation (38) we know |Y;| ~ RL + L
eq

0.3+ 0.01 1
TS0 25
700

~ 0.834

The values of|Y |, |Y4l, |Ys| satisfies the inequalities(34), (35) and converter is stable and wave
forms are shown in fig.5.6

When the value of L; is larger than C;
Let L; =500 uH and C; = 35 puF
IYs| =~ 0.0717

Which does not satisfy the inequalities (34), (35) and converter oscillate. Wave forms are shown
in fig.5.9
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5.3 SIMULINK MODEL FOR PCM-CONTROLLED BUCK
CONVERTER WITHOUT INPUT FILTER

File Edit View Simulation Format Tools Help
DeES Y@ Dy = pe omal BEBe . REES®
Continuous @ 2 t
Clod: 1
powergui
» > [ t
» Lt Gsint
Scoped
(\0434
(|
»
3 Scoped
=| 'fl e o RL=100 mohm L=32uH .
g s AT =)
B .
[Faw-tooth
waveform L
—
/VM R =16 chm
3
Rc=50 m-chn Scope
: : T
. ' Vo
:@_ Vg=12volt
Gain
"
Saturation L 48
][ it +4 References voltage

Ready

100% oded5
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COMPARATOR OUTPUT (GATE PULSE)

SBE LRL AEE PaE R

Fig 5.2

Fig 5.3
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5.3 SIMULINK MODEL FOR PCM-CONTROLLED BUCK CONVERTER
WITH INPUT FILTER

8 ac_withfillter current

File Edit View Simulation Format Tools Help

o

DEEES @ = y =02 [Nomal V| BB REE®
Continuous (D - t
- Clodc t
powergui
Scoped
0.7}
<27
=
waveform Lg
. i =i—‘ Seaeed RL =100 mohm L= 32uH
- >= »
o B Rp = 2.5chm i I 5= T e+ [ -
L
[
| SN Py 1.7 R :|§|

Ready

Transport

Delay

]

Vg =12valt

Rli1=0.3 Li =500 uH
Bovs

Re= 50 m-chn
v R =1.6 chm —-
—al|-
Rai2z=0.01

C=58.680 uF “|"

’T C=700 uF

l—‘
Gr

™

< A

Saturation |4
][ A : <

100%

Fig 5.4

4.2

Reference voltage

odeds
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COMPARATOR OUTPUT (GATE PULSE)

SEL AHEERE B AR

Fig5.5

WAVEFORM OF INDUCTOR CURRENT AND OUTPUT VOLTAGE

B — T .~

EEEE EEIEEE

Fig 5.6
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SIMULINK MODEL FOR PCM-CONTROLLED BUCK CONVERTER
WITH INPUT FILTER(instability, ref to inequality (34),(35))

File Edit View Simulation Format Tools Help
bzE& & D062 b w0 |Nomal - BEBel pEB®
Continuous
- Clock n
powergui
Seoped
@4
Sawooth L ]
waveform v
n Scoped 5
™ RL =100 m-chm L =32uH
- L ; = oL ;
Rp = 20 ohm 1 S WV‘W‘“B -
L
L
H—s— A e T ] ﬂ
RIi1=0.3 Li =500 uH
@CVS Soops

Re= 50 m-ahn
v R=1.8chm —=
—a| Vo
Reciz=0.01
c=5259u o

I e Reference voltage
Sl [
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COMPARATOR OUTPUT

Fig 5.8

WAVEFORM OF INDUCTOR CURRENT AND OUTPUT VOLTAGE

! _ﬂ /\ //\wf\p’[\ [\iﬁ/\\

| SERN
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|
I
SRS P

l \ |\
..‘..' A

Fig 5.9
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CHAPTER 6

6.1 CONCLUSION
6.2 REFERENCES
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6.1 CONCLUSION

DC-DC converters are used in many applications, such as battery charger,
computer and electrical drives in industry for controlling the DC voltage. However
electromagnetic interference present in power signal affects the performance of
DC-DC converter. So generally an input filter is added to converter to reduce the
electromagnetic interference. Here effect of input filter in current controlled DC-
DC buck converter is studied. The design criteria for input filter without
considering k¢ and k. are derived. Output of buck converter with and without input
filter is examined in stable and unstable condition of PCM controlled buck
converter using MATLAB. It reduces the EMI significantly.
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