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Prof. Santanu Kapat
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Module - 03
Fixed Frequency Control Methods

Lecture - 14
Feed Forward Control in SMPC and MATLAB Simulation

Welcome, this is lecture number 14; in this lecture, we are going to talk about Feed Forward

Control in Switch Mode Power Converter and MATLAB Simulation.

(Refer Slide Time: 00:35)

Concepts Covered

* Sources of disturbances in SMPCs
* Disturbance rejection using feedforward action
* Supply disturbance rejection and MATLAB simulation

* Load disturbance rejection and MATLAB simulation

* Understanding need for feedback control

So, the topic which I am going to cover are sources of disturbance in switch mode power
converter, then disturbance rejection using feed forward action, then supply disturbance
rejection and MATLAB simulation, then load disturbance rejection and MATLAB simulation,

and understanding need for feedback control.
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So, first I want to talk about sources of disturbance in switch mode power converter. So, here

I am showing a synchronous buck converter with parasitic, real parasitic.

And if we take this converter, the major disturbance which can arise is the supply
disturbance. Because you know we have discussed in the previous class that, there can be a
disturbance in the power supply, because if it is a practical voltage source and the disturbance
can occur, because if multiple converters are connected to the same source and that
disturbance can propagate from one converter via the source to the other converter, that is one

possibility.

The other possibility is that you know the supply can be a battery, which the voltage can fall;
because when you are trying to draw current from it. So, there can be variation in the voltage.
So, in spite of this variation, our objective is to how can we reduce the effect of supply

disturbance in the output, that is one of the objective.

The other disturbance can occur is a load disturbance; because this power converter will be
designed to drive certain applications. For example, if you talk about led driving application;

if we talk about you know battery charging or if you talk about processor power supply.

In processor power supply, we need to cater the load transient; because the based on the

competition of the processor, the load current or load demand can drastically vary and there

562



can be frequent load changes, load current changes. So, now, the power supply has to you
know have to reject the disturbance or basically reduce the effect due to the variation in the
load current, because we need to design a regulated power supply, ok. So, the load

disturbance is another source of disturbance.

(Refer Slide Time: 02:57)

Synchronous Buck Converter Parameters for Simulation

{:0.511-(): % output inductance
‘/(;:2009.(,; % output capacitance . 500 ki
T=2e-6; % switching time period — rSH

r_L=5¢-3; % inductor DCR

r_1=5¢-3; % High-side MOSFET on resistance

r_2=5e-3; % Low-side MOSFET on resistance

r_d=r_2; % diode on resistance

v_d=0.55;- % diode voltage drop

r_(=3e-3; % capacitor ESR

Vin=12; % nominal input voltage
Vref=1; % reference output voltage
lo_max =20; % maximum load current

So, in synchronous buck converter parameter, because we are going to talk about MATLAB
simulation and we want to show few motivated simulate simulation case study to show that;
the sources like disturbance in the supply voltage, how it can affect the output voltage. So, in
this particular design, in the previous class we have discussed how to design the power stage

of a buck converter.

And we found that if we want to select the switching frequency to be 500 kilo Hertz; because
this corresponds to the switching frequency of 500 kilo Hertz and then that relate 2
microsecond time period and we also decided that how to design inductance as well as the

capacitor, like in output inductor and the output capacitor.

And here we are considering real parasitic; but since we are talking about synchronous buck
converter, so this diode drop will actually not come into picture. But our model is generic, so
we can use in conventional configuration when this diode drop will come. The other one is

the reference voltage.
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So, we are trying to achieve 1 volt; but I am not going to talk about feedback control here, so
we may find the output voltage for a desired duty ratio, it may not achieve the same output
desired output voltage, ok. Because if you do not connect closed loop control, then naturally

the output voltage will not be exactly the same as what we want.

(Refer Slide Time: 04:34)

Synchronous Buck Converter Parameters for Simulation

L.=0.5¢-6; % output inductance

(=200e-0; % output capacitance B Input voltage Input curent |28
T=2e-6; % switching time period — ———
r_L=5¢-3; % inductor DCR

r_1=5e-3; % High-side MOSFET on resistance [0 heladtlg o
r_2=5e-3; % Low-side MOSFET on resistance

r_d=r_2 % diode on resistance | — ]

v_d=0.55; % diode voltage drop
r_(=3e-3; % capacitor ESR
Vin=12; % nominal input voltage —»] Losd cumnt Output voltage |
Vref=1; % reference output voltage
lo_max =20; % maximum load current Budkionverter
S

So, this is the configuration and this is the you know. So, this is the buck converter model,
MATLAB model which we have developed in the sub previous subsequent lecture. And in
the last class, we discussed about how to also connect or basically tap this input current;
because this is very important, if we want to connect an input filter to this converter, then the
input current of this converter should be connected to the output current of that particular

block.

For example, in filter, what is the output current that should be connected to the input current
and that filter output or the supply output will be the input to this input voltage. So, these are

like a plug and play type model, ok.
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Synchronous Boost Converter Parameters for Simulation

.=2e-0;

C=100e-6;
T=2e-6; “»linpul vettge
r_L=0%10e-3;
r d=0*10e-3;
v_d=0%0.7;
r_1=0*5¢-3;
r 2=0*5e-3;
r_C=0*5e-3;
Vin=3.6;4

Vref=5;

Inducfor current

-P{Gate signal

Capacitor votage—

-»|DCM Enable

Output volage|
P Load currert

Boost Converter

Next we are also talking about a boost converter and we are going to talk about in this class is
the feed forward control. Suppose even without feedback control; can we, first we want to
observe what is the effect due to the disturbance and then we want to see how can we reduce

the effect due to the disturbance by means of feed forward action, ok.

So, here we are talking about first the boost converter is one of the case study and also we
primarily consider on the buck converter. And for the boost converter case study we have
consider that L C value which are given here like 2 micro Henry inductor, 100 micro Farad

capacitor and for the time period of you know 500 micro like 500 kilo Hertz.

And for the boost converter, initially we have consider you know the ideal boost converter;
but we can of course you know go for practical boost converter, that is not a problem. And
then we are initially we are considering 3.6 volt input and 5 volt is a desired output; but again
there is no closed look control, so your actual output may be different. But in case of an ideal
boost converter, we probably can achieve output voltage to its desired value by suitably

setting the duty ratio.
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Now, first want to say as we want to observe, the effect of supply and load disturbance using
MATLAB simulation. So, we are first talking about a buck converter. So, initially we are
considering a buck converter and we want to see the effect. And subsequently we will see the
supply disturbance in a boost converter and also we want to develop feed forward control,

whether can we reduce the effect of supply disturbance in the output or not, ok.

(Refer Slide Time: 07:18)
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1 close all; clear: cle:

3 %% s Define parameters
q l ck_parameter, f_sw=1/T;

5- D:\‘relr‘\‘in‘ R=1; r_eqer_Lir s
6= D_p=Di(I+{r_eq/R); V_p=Vin*D_p;
7= alpha=(R+r_eqVR: V_e=Vin/alpha:

9 %% Modulator and transient parameters
L0 Vom=10; Fm=1/V_m; Veon=D*V_m;

12 %% Define poles
3= zemsqr(l/C); w_o_ideal=Vsqr(L*C);
14- w_o=w_o_ideal*(sqrt((R+1_oq)/(Rér_C)));
5= Q=alpha/(((r_Ctr_eq)iz_c)t(z_c/R));

1 %% Define zero
18 w2z (e C*C) wozl = 1(Rvr €)*Chiw 2271 eq/Ls

0 %% Control-to-output TF Gyd
num_p=V_e*(I/w 2 1);

1
25 don_pU(w_o*2) 1/(Q*w_ o) 1];
3
"

Gvd=tf(num_p.den_p):
yo LT ¢
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So, let us go to the MATLAB simulation. So, in this particular simulation, ok.

(Refer Slide Time: 07:34)

T e T Oty nom g

DOWe h[NNOBWL Q0000

%% Define parameters

. b
close all; clear: cle: g

= D=Vref/Vin; R=1: r_eq]
D_p=Di(1+(r_eq/R)): V. o8,

1
2
3
1 buck_parameter; f sw
5
6
7= alpha=(R+r_eqyR: V_e

£ N G D D S S
2022 M W W 3 2 Mo W o

9 %% Modulator and ransll_______Tmo(m)
10- Vom=10; Fm=1/V_m; Voon D'V m; 1
11
12 %% Define poles .
13- zemsqu(LC); w_o_ideal=Usqrt(L*C);
1= w_omw_o_ideal*(sqrt((R+1_eq)(Rer_C)): )
15=  Q=alpha/(((r_Ctr_eq)iz_c)t(z_c/R)); i
16
17 %% Define teros

10wl O V(R €Yl w227 eq/l
19

20 %% Control-to-ontput TF Gyl
21 num_p=V_e*[lw z1);
22- den_p[U(w_o*) 1(Q*w o) 1:
23 Ged=tf(num_p.den p):

Ahe Cra=Fmdl

So, first I am going to talk about a buck converter model, ok. So, this particular output

voltage.

(Refer Slide Time: 07:42)

QP #e | =0 8RS paem

0 Vom=10;  Fm=1/V_m;

e

2 %% Define poles
3o zemsgr(L0) w_o_ideal=Vsqri(L*C);
4= w.omw o ideal*(sqrt((R+r_eq)(R+r_C)):
5 Qalph/(((r_Chr_eq)z_o){z_c/R));

7 %% Defin
8- w.z=l/(r C*C); w_al=1/((R+r_C)*C): w_z2=r _eq/L:

0 %% &..m.l.m.n...;.m TF Gvd
1= num_p=V_ eIz 1}

2= den_p=[U(w_0"2) (Q*w o) 1]
3= Gud=tf(num_pden_p);
4= Gve-Fm'Gvd;
5
6 %% Output lmpedance
5 |
8- num_o=(r_eq/alpha)*[1/{w_22*w_z) ((I/w_2)b(1/w_22) 1]:
9= den_o"[l(w_0"2) 1/[Q*w o) 1];
I 0~ Z o ti(num_oden_o);
i
2 %% Audio susceptibility
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Actually this we have derived small signal model; but since I have not covered small signal
model, so you do not have to bother about this thing, because we will discuss in detail in the

subsequent lecture.

(Refer Slide Time: 07:54)

ca [PLL ("R e, {4
oI muhe Ul e

B ——

9

0

1

2 % hold on.

3 % bode(Z o.'r):

) % hold on:

5 % bode(Gvg,'k);

6 % hold on;

1

8 % msient parameters and plots
9-  t.s ;1 step=2e-3;
H0 delta_D=0; delta_Veon=delta_D*V_m;

1= delta_lo=0; delta_Vin=14;
62 I
3o [y st s]7step(Gvg,(t_simet step));

54 v_o_ac=delta_Vin'y_s
5 figure(2)

v pé hold on;

] xlabel("Time (m :

st o 59~ ylabel(Output voltage (V). FontSize', 15);
0 hold on;

1= gid:

But today objective is, if we apply initially a supply disturbance of minus 4 volt; that means
my original input voltage is 12 volt which is the nominal value and after and we are running
the total simulation time of 4 millisecond and after 2 millisecond of time, I am applying a

supplied step transient and with a negative voltage of minus 4.

That means, the input voltage will change from 12 volt to 8 volt; because we are applying a

minus 4 volt supply transient, ok.
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%% Loading and setting parameters
%buck_parameter;
DCM_En=0;
L int=10; V_c_int=1;

1
%% Simulation configuration
sim('buck_converter OL.slx'); cle;
t=buck_result time: t_scale=t*1e3;
x=buck_result.data;
LLEx() Vocap=x(:2); V_o=x(:3)

Plot_buck_simulation;

Now, let us go to the buck converter simulation and let us open the file.

(Refer Slide Time: 08:33)

B o vee Oupwy Dugan e Soakun Cooe s vy

%8¢ HO-BwqgoP » K- - o= 2D @l
o
™
@
o
'
e O
®
J ) Input vollage nput cument
—P{ Gate sigral Indactor curent
Vir_sep [—b buck_resill
Cepacitor
N To Workspace
locM_En
= ——P{Logd curent Output volage
DCM_En
load_ Buck conveder Ramp
PWMVMC i
vimp 4
lo_stap gt puise  Veon
vin
-
]

So, this is the buck converter simulation file; in this particular example, I am going to initially

consider, this is my trailing edge modulation block.
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o v gy O o ot Cooe s 1y

203940 » o 30 W
@
o
®
vin f—y
Lpfs o input voliagn nput current
Vin I
[j ] Gate sigral Inductor tuent
Vir_sep ’—I *h‘ buck_reslt
Cepacitor
’ To Workspace
Veon_step
IDCM_En
r 1 Loed curent Output volage t—
DCM_En
load  Buck converter il Viet
PHMTE I '
J B Veon
Veamp [
lo_step e T
Vin e
&
-
[ ]
»

This is my simple trailing edge modulation block and you know the trailing edge modulator

require two thing; one is the ramp and which we are not defining.

(Refer Slide Time: 08:54)

rr—Y

@
4]
"
! B input vollage fput currert
—P{ Gate sigral Indactor cumert
Vir_step
Copacitor voliage
To Workspace
0CM_En ”.
- | Losd curent Output voliage
DCM_En
load  Buck converter
PVIMTE [
veamp 4
lo_step gete puise  Veon
Vin
®
[

And I am taking 10 volt is the maximum value of the ramp. And then because we have

discussed that, if you want to run a DC-DC converter we have to consider a sawtooth wave
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form. And if you want to generate open loop duty ratio; then one way you take a sawtooth

waveform and you compare with a fixed voltage and sawtooth wave form.

If you compare, then it will generate the duty ratio and we also need a latch circuit, those
thing we have discussed. Next, so this sawtooth waveform we are giving a constant voltage
and we can also apply a step transient in the constant voltage, suppose if you want to apply a
duty ratio perturbation. But right now we have presently, we have presently applied a supply

transient, ok.

So, in this PWM you know trailing edge modulator, one input is the sawtooth waveform
ramp, which has a slope or basically voltage of V, m and which in the program that we have
said that V, m to be V, m we have said is a 10 volt, we have said is a 10 volt, ok. So, it is

already set from the parameter value.

(Refer Slide Time: 10:06)

walpl g 3 l
ey R a2

I L int=10; V_c_int=1;

%% Simulation ¢

Stote0r
tecaotes)

~  sim('buck_conver AN 1S 0Bl
Dt

t=buck_result time: 1 _
= x=buck_resultdata; ¢
LLax(l) Vocap=x(:2); V_o=x(:3); it oo

14 Plot_buck_simulation;

And if you go to the you know. So, if you go here, you can see that V, m which is here it is

equal to 10, ok. So, this is in the work space we have all these values, ok.
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Next in this particular block, now if we go inside, first we want to compare the control
voltage with a sawtooth waveform; that mean initially let us go and check, we want to
compare the sawtooth wave form with the control voltage. Because we know that sawtooth
wave form is compare, control voltage i1s compared with sawtooth wave form and the
comparative output goes to the reset input of the RS flip flop and where the set input is

coming from the clock, switching frequency clock.

And since it is the trailing edge modulation, so this logic is already explained, ok. Next task

we want to run the simulation, this is under open loop condition.
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R e | =S8 D e

SO DI b o som s

o b MATLAY o vt Gt e

@
Jio>

ylabel('Tnductor current (A)', "FontSize', 15);

6~ figure(?)
7= plot(t_scale.V_o'h'Linewidth', 2): hold on; grid on:
8= xlabel(Time (ms), FontSize!, 15);
9= ylabel(Output voltage (¥

And you know we want to simulate it and check, that what is our response, ok.

(Refer Slide Time: 11:16)

s

ROEI e ~SE R e

- il ! == ¥
. onverter simulation ([ini-
% cle: clear; close all; M Warning: Block di
buck converter OL
%% Loading and setting parameters 1 algebraic loop(s). To see
Ybuck_parameter, more details about the loops
- DCME e the command =
< LLint=10: V_e_int=1; Simulink BlockDiagram get Algebrai [
i or the command line Simulink
8 %% Simulation configurationl debugger by typing "sldebug
9~ sim('buck converter OLslx'); cle: buck converter OL" in the s
0~ t=huck_result.time; t_scale=1*1e3; MATLAB command window. To s
1-  x=huck result.data; climinate this message, set ir
2= LLAx(L) Voeap=x(:2) V_o=x(:3) the Algebraic loop option in 4
g the Diagnostics page of the g
4= Plot_buck_simulation; Simulation Parameters Dialog ﬁ}‘
to "None" o
> In buck_converter simulation (lind] {foim
Found algebraic loop containing: {11+
! ‘buck_converter OL/Buck converte ||{ 7.
[ — “buck_converter_OL/Buck converte
buck_converter OL/Buck converte
*buck_converter_OL/load"
"buck_converter OL/Sum’ (algebrai |17,

So, if we simulate here, we have applied a supply transient under open loop condition.
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Now, so it shows that, if we go back; here 2 millisecond time, we have applied a supply

transient.
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So, the black trace indicate the response of the buck converter from small signal model. And
again this model matching thing we will discuss in you know week 6 as well as week 7; so
we do not have to consider now. So, here I am just showing. So, the blue traces indicate the
switch converter; that means they are buck converter output voltage when we have applied a

supply transient of minus 4 volt.

(Refer Slide Time: 12:04)
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And you can see, because it is open look converter, so the voltage is actually going

somewhere else.

(Refer Slide Time: 12:08)
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Output voltage (V)

And there is a huge you know; there is a drastic effect in the output voltage, when there is a

supply transient.

(Refer Slide Time: 12:13)

Tiguet
-

Lo

e ——

JUWe t@L 0984 -2/00(e0

Output voltage (V)

577



It has both you know overshoot, undershoot kind of characteristics and the DC point is
getting shifted; because it is open loop, the duty ratio is fixed and if we reduce the input
voltage, naturally the output voltage will reduce. But another thing the transient effect; that
means that you know the dynamic behavior of this is also coming from the model that we are
going to discuss and that will be characterized by is known as audio susceptibility. So, right

now we are not discussing that.

Now, next task that we want to. So, this supply disturbance is a huge impact in the output
voltage. Similarly, if we apply a sinusoidal perturbation, it will also have an impact, that we
will also see. But now our objective can we reject these supply disturbance or can we reduce
the effect, so then let us go back to our presentation. So, what observation we made? That we
made that, supply disturbance; that means supply step transient has a significant impact ok,

on output voltage as well as.

(Refer Slide Time: 13:43)

Inductor current (A)

So, we need to check the inductor current also, right.
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So, if you go to the inductor current waveform, it also has effect like you know there is

overshoot undershoot of the inductor current.

(Refer Slide Time: 13:51)

P . —— r ——— ci6 8
B Yew et Jees Jekiep findes  tos |

JuWeh@i0994-4/08(s0

Inductor current (A)

Timo (ms)

That means what we can write here as well as inductor current, ok. Now, we also want to see
what happen if we apply a sinusoidal excitation; that means for the same simulation let us go

back, let us go back to the simulation and if we go to the MATLAB file and we want to close
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this waveform first you know ok, we want to see what will happen if we excite with a

sinusoidal.

(Refer Slide Time: 14:30)

nput cumert

Inductor curent

[—b ~t| buck_result
Cepacitor
° To Workspace
F Veon_step
ﬁ p— l

Ramp

load  Buck converter

Viet
PYMTE [ *
B Veon
viamp g

gale pulse  Veon -

Vin e

Instead of step, suppose if we apply a sinusoidal excitation; that means let us take sources and

we want to apply let us say a sin wave, ok.

(Refer Slide Time: 14:39)
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0
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:" . 4 To Workspace

— Veon_step
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And let us say the sin wave has amplitude of 1 and maybe amplitude of 2 and it has a

frequency of let us say 2 star pi star maybe 1 kilo Hertz, 1 kilo Hertz.

(Refer Slide Time: 14:58)

e om 1 ] @
J ¥ input vollage nput tumernt
Y Gate sigral Inductor cumert

Capacltor v oltage
1 Load curent Output voltage

load  Buck converter

To Workspace
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PYMTE *
viamp g y

gote puise  Veon -
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So, we are taking a sinusoidal excitation. So, instead of step excitation, we are taking

sinusoidal excitation and we want to run the simulation once again and check what happens.

(Refer Slide Time: 15:08)

%% Loading and setting parameters

%buck_parameter;
DCM_En=0;
L_int=10; V_e_int=1;

%% Simulation configuration
sim('buck _converter 0! le:

t=buck_result time; t_scale=t*1e3;
x=buck_result.data;
LLEx(1) Vocap=x(:2); V_o=x(:3)

Plot_buck_simulation;

the command
Simulink.BlockDiagram.getAlgebrai
or the command line
Simulink debugger by 1yping
"sldebug huck converter 0L
in the MATLAB command
window. To eliminate this
message, set the Algebraic
loop option in the

Diagnostics page of the
Simulation Parameters
Dialog to “None"

> In buck converter simulation (line | [4«

Found algebraic loop containing:

"buck_converter_OL/Buck converte | [

"buck_converter_O1/Buck converte |1’
"buck_converter_OL/Buck converte |||}

"buck_converter_O1/load"
‘buck_converter_OL/Sum' (algebrai
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So, right now earlier we have considered step transient and step change in the supply voltage

and we saw the effect, now we are applying sinusoidal excitation, ok.

(Refer Slide Time: 15:20)
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Now, the sinusoidal excitation clearly shows that, there is we have applied 1 kilo Hertz

switching frequency of excitation.

(Refer Slide Time: 15:28)
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And that 1 kilo Hertz was applied on top of its steady state value; that means it has a DC
voltage of 12 volt and on top of that we have applied a sinusoidal excitation of 2 volt peak,

that means peak to peak is 4 volt.

(Refer Slide Time: 15:49)
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And you can see there is a, that same effect is actually reflected here.

(Refer Slide Time: 15:54)
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That means, if you see the you know if you take the peak to peak here; if you count from here
tohere 1,2,3,4,5,6,7,8,9, 10. So, 10 into; so that means it is showing 1 millisecond; that
means it has a component of 100 Hertz which is the sorry 1 kilo Hertz, which is the supplied,
I mean your applied frequency. That means, the frequency is getting, the output is getting

affected by the supply disturbance.

That means if there is any disturbance in the source and we saw in the previous lecture; that
means if due to the supply impedance or due to the interconnected converter, if there is any
sinusoidal or any you know periodic excitation or even it can be a damped sinusoidal, that
appears in the source and that will be propagated to the other converter which is connected to

this source.

Provided that you know if it is just in open loop control; that means by default the converter

cannot reject these disturbance and these disturbance has a significant effect.

(Refer Slide Time: 16:56)
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And if you see the current waveform the current waveform also has the effect of these supply

disturbance.
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And it is clear form this waveform, ok. So, that means we can come to this conclusion. So,
even if it is step transient, ok. So, it is step transient, the impact also there; that means impact
is visible even for you know sinusoidal excitation. That means, this is something which is not
desirable; because that a good power supply should have a very good power supply rejection

ratio or it is also known as audio susceptibility.
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That means we should reject these supply disturbance in the output of the converter, the
converter should not respond to this disturbance. While we explore the feedback aspect to
reject this disturbance, but we want to see whether can we do something which can

immediately reject or not.

(Refer Slide Time: 18:02)

Input Voltage Disturbance Rejection in a Buck Converter
'ﬂ"J volf-
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* Objective is to reject disturbance of v, change

So, first thing we need to understand that, in this converter I have discussed that, our control
voltage is compared with the sawtooth wave form, right. And if you go to the MATLAB
block, you know block diagram of the MATLAB; you say this is my sawtooth wave form
which is ramp and this is a control voltage and if you go inside, these two are compared,
right. That means, sawtooth voltage is compared and you have a latch circuit, because it is a

trailing edge PWM right that we have discussed.

Now, if we write the expression of the duty ratio, the duty ratio is simply the control voltage
by the peak voltage which is here. So, this is my maximum voltage and we are considering
the lower base value to be 0. Now, so that means, the duty ratio is simply 1 by this maximum
voltage into control voltage and if we apply any supply disturbance, so our objective can we

reject this disturbance or not.
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So, in order to do that, let us consider a feed forward action. What is that? So, you want to

consider; that means with the ramp slope, I want to change when there is a change in the
supply. That means, I want to connect a feed forward action, which will be; that means the
ramp slope will be multiplied. So, one thing we have to keep in mind, in practical you know

commercial i ¢ generally we use a constant current source to charge the capacitor.

So, this is my capacitor and this voltage is our nothing, but this ramp voltage. And if we use
the constant current and if we charge the capacitor to linearly charge and then we have to
discharge. Now what I am doing in this process; this constant current I am just making
something like a it is proportional to input voltage and that action is taken by this feed

forward control, ok.

That means in actual commercial i ¢, we can you know reduce increase or decrease or
basically proportionally vary the constant current you know amplitude in you know along
with the input; that means in response to the input voltage. That means, if the input voltage is
constant, this current will be constant, the slope will be constant; but input voltage if it varies,

then we will change it.

If we do that, then what will happen; that means your maximum value will be k ff into v in, if

you replace your v 0 with this and if you write. So, your v 0 now is independent of the input
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voltage term, because these two term get canceled; that means if we add a feed forward
action, mathematically it can show that it can reject the disturbance. Now, we want to see

whether it actually happens or not.

(Refer Slide Time: 20:57)

So, again let us go back to the simulation. Now, instead of using direct ramp, I am ramp is
multiplied with the input voltage and this is my feed forward gain. Since my input voltage is

12 volt.
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So, initially I am using 1 by 12 in order to scale that at nominal value; this multiplied of this

term is basically unity, because its output is unity at nominal voltage, so that at nominal

voltage it will retain the same slope, which was connected earlier, ok. So, now, I am

connecting this and I want to see what will be the effect when we connect.

(Refer Slide Time: 21:38)

(1)
plot(t_seale,i L.

xlabel("Time (ms)", 'Font )
vlabel('Tnductor current (A)', 'FontSize’, 15);

figure(2)
plot(t_seale.V_o/f Linewidth', 2): hold on grid on;
xlabel(Time (ms)', Font :

ylabel(Output voltage (V). 'FontSize, 13);

589



Now, I want to use a different color and show that, whether can we reject the disturbance or

not. So, let us run it.

(Refer Slide Time: 21:43)
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% cle; clear; close all h
buck converter OL'
%% Loading and setting parameters 1alg 00p(s). To sec
Yabuck_parameter more details ahout the loops
DCM_En=0; use the command
I_L_int=10; V_c_int=1; Simulink. BlockDiagram.get Algebrai %
or the command line Simulink i
%% Simulation configuration debugger by typing "sldebug oo
sim('buck_converter 0! le; buck converter OL" in the flf':' 0
t=buck_result.time; t_scale=1*1e3; MATLAB command window. To L rem
x=huck_result.data; liminate this message, set o]
L= 1) Voeap=x(:2); V_o=x(:3); the Algebraic loop option in s
3 the Diagnostics page of the B
4 Plot_buck_simulation; Simulation Parameters Dialog 2
10 "Nane" i
Tnbuck converter simulation (lin] {1
Found algebraic loop containing: |1
‘buck_converter OL/Buck converte
"buck_converter_OL/Buck converte
‘buck_converter_OL/Buck converte
"buck_converter_01/load"
"buck_converter OL/Sum' (algebrai
L

Now, we have consider a feed forward action by virtue of this product; that means the feed

forward gain, which is there in this presentation, ok.

(Refer Slide Time: 21:55)
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Now, let us go to our simulation result.
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So, you will see, in this case the red color is with feed forward action and it totally reject the
disturbance; that means as if there is no impact in the output voltage, even though it has a

sinusoidal.

(Refer Slide Time: 22:09)
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Except for almost in you know kind of a, it is a negligible impact; I would say it is there is no

impact, right.
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So, that it is totally rejected and if you go to the current waveform and you see the current

wave form is clean wave form right, there is no disturbance.

(Refer Slide Time: 22:26)

Inductor current (A)

There means, this feed forward action can reject the disturbance. We want to see what happen
with our original one, when we have considered you know the step transient, ok. So, now, go

back to our simulation and we want to remove this sinusoidal excitation, ok.
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So, we want to remove this sinusoidal excitation and we connect back our step transient and
re run this simulation, ok. So, in this case initially we want to plot; that means with this is

with feed forward action, let us plot it, ok.

(Refer Slide Time: 23:04)

o s it el
In buck converter simulation (lin:

% cle; clear; close all; A Waming: Block diagram
buck converter OL'contains
%% Loading and setting parameters 1 algebraic loop(s). To see

Ybuck_parameter more details about the loops

= DCM_En=0; use the command
TL_int=10; V_c_int=1; Simulink.BlockDiagram.get Algebrai |

or the command line Simulink

8 %% Simulation configuration debugger by typing "sldebug
9= sim('buck_converter ( ): elo: buck converter OL" in the

0~ t=buck_result.time; t_scalo=t*1¢3; MATLAB command window. To
1= x=buck result.data; liminate this message, set

2= Lax(l) Voeap=x(:2): V_o=x(:3) the Algebraic loop option in

3 the Diagnostics page of the

4= Plot_buck_simulation; Simulation Parameters Dialog

to "None"
> nbuck converter simulation (line | [
Found algebraic loop containing il
"buck_converter_ OL/Buck converte ||
"buck_converter_OL/Buck converte
"huck_converter OL/Buck converte ||
"buck_converter_OL/load" |

"buck_converter OL/Sum' (algebrag
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So, with feed forward action and then we want to see without feed forward action. So, here
we have applied a step transient in the input voltage and we want to see what is the response;

that means, whether, yes.

(Refer Slide Time: 23:16)

Output voltage (V)

T—

So, you see here we have applied a step transient.

(Refer Slide Time: 23:21)
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This at 2 millisecond and again there is almost negligible impact, except for you know
because the power supply has finite bandwidth, it does not have a infinite bandwidth, which

we have discussed in the previous class.

(Refer Slide Time: 23:37)
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Due to that there is a very insignificant impact.
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Otherwise, it totally reject the disturbance step disturbance, ok. But on top of that if we
simulate without feed forward; that means let us go back, you know let us go back to the

simulation.

(Refer Slide Time: 23:54)
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Now, we want to return, we want to connect back the original one, where only ramp is

compared, ok.
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(Refer Slide Time: 24:04)
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figure(1)

plot(t_scale,_L,b' Linewidth', 2); hold on; grid on
xlabel(‘Time (ms), 'FontSize!, 15)

ylabel(Tnductor current (A), FontSize, 19);

6~ figure(2) |

8- xlabel(Time (ms), FontS
9= ylabel(Output voltage (V).

7= plot(t_scale.V_oh'Linewidth', 2): hold on; grid on:

And if we go and change the color ok and then we want to compare what happen with this.

(Refer Slide Time: 24:08)

ROEI Ee USELY YR H e 2

©0 DT 0 C e+ 0 » D g + g -+ Lt LR+ bcomens  Opinog ol
=y [—— ek tmin s {RERRATSY T [ r—
buck converter Of oo
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loop(s). To see more oy
%% Loading and setting parameters lotails about the loaps use b
%buck_parameter. the command Pl
- DCM_En=0; Simulink.BlockDiagram.get Algebrai ;E‘,V'
< LLint=10; V_e_int=1; or the command line s
7 Simulink debugger by typing e
8 %% Simulation configuration "sldebug buck converter OL" B
9~ sim('buck converter OLslx'); cle; in the MATLAB command il |
0= t=buck_result.time; t_scale=t*1e3; window. To eliminate this T
1-  x=buck result.data; message, set the Algebraic oo
2= iLEx()) Vocap=x(:2); V_o=x(:3); loop option in the ans
8 Diagnostics page of the J’tl‘
4= Plot_buck_simulation; Simulation Parameters .2
Dialog to "None" il
> In buek_converter simulation (ling | i+
Found algebraic loop containing: || [[}
I "buck_converter OL/Buck converte |[{
buck_converter_O1/Buck converte |||
"buck_converter OL/Buck converte
"buck_converter_OL/load"
‘buck_converter OL/Sum’ (algebrai | [/
i

W

[

So, in this case we have consider ramp directly and which is compared with the control

voltage. So, no more feed forward action is considered; even though it is available, but we

have not connected, ok.
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Now, you can see, this one is the original that we have seen, the blue color.
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Where there is no feed forward action; it is open loop and it has a significant impact in the

output voltage, ok.

(Refer Slide Time: 24:34)
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So, that means it is clear that, the feed forward action can drastically reduce; that means you

know if you take the, the feed forward action can make the supply insensitive to input voltage
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variation and that we have seen, in step transient there is a various minimum effect due to

finite bandwidth, otherwise it totally reject the disturbance.

(Refer Slide Time: 24:51)

Input Voltage Disturbance Rejection in a Boost Converter

Simple extension of the previous input voltage feedforward

But we want to see whether this technique really work for a boost converter or not. So, in
boost converter again we have considered the same technique ok and let us go back to the

boost converter.

(Refer Slide Time: 25:07)
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3= boost_parameter:

1 D=(Vref-Vin)/Vref; R=1; DCM_En=0;

5 Vom=10; k_ff=0.3;

6

7= LLint=5 V_c_int=Vin:

8

9=t sim=9e-3; 1 step=3e-3;

10 delta_To=0; delta_Vin=1; delta_D=0;

1

12~ sim(boost_converter_OL.slx'); cle:

3= t=hoost_result.time: t_scale=t*le3;

14 x~hoost_result.data;

5= i Lax(nl) Vocap=x(:2): V_o=x(:3): Veon=x(:4): 0

3 1

1 Plot_boost_simulation; i
il
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So, if we go back to the boost converter now.

(Refer Slide Time: 25:09)
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Now, we are considering a boost converter. In the boost converter what we are doing; we are
now directly taking the duty ratio, that means you know, so it is just if you set an open loop
duty ratio, let us say d equal to, what is the d? So, I can set it from here, my duty ratio is set in
a boost converter; it is from your input output voltage specification and it is an ideal boost

converter, ok. So, that means I am setting a duty ratio and I can also apply a duty step

transient, ok.
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(Refer Slide Time: 25:41)

o,

Now, so if you ignore this you know initially go back, I want to initially connect my sawtooth
wave form; because you know what is the control voltage? The control voltage is nothing, but
the duty ratio into the modulator voltage, maximum voltage, ok. And I want to initially
connect directly with the sawtooth waveform and I want to apply a supply transient in the

boost converter.

And first want to see, whether the boost converter; so I have applied a supply transient of 1

volt and let us see what happen.
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% cle; clear; close all; @ "hoost._converter UL
ontains | algebrai
boost_parameter: loop(s). To see mo
D=(Vref-Vin)/Vref; R=1; DCM_En=0; letails about the |
V om=10; k ff=0.3; the command
Simulink BlockDisgram.gotAlgebrai
1L int=5: V ¢ int=Vin: or the command line
Simulink debugger by typing
t_sim=5e-3; 1 _step=3e-3: "sldebug
delta_To=0; delta_Vin=1; delta_D=0; boost_canverter OL" in the
MATLAB command window. To
sim('boogt_converter_OL.slx'); cle; eliminate this message, set
t=hoost_result.time; t_scale=t"1¢3; the Algebraic loop option
x=hoost_result.data; in the Diagnostics page of
i L:x(:.I): V_cap ; V_o=x(:3); Veon=x(:4): the Simulation Parameters
Dialog to “None"
Plot_boost_simulation; > L hoost_converter L lation
Found algebraic loop containing: | [
"boost_converter OL/Boost Convert
"boost_converter_OL/Boost Convert
‘boost_converter_OL/Boost Convert
"boost_converter_OL/load'
‘boost_converter_OL/Sum' (algebra

So, here. So, this is the boost converter response, ok.

(Refer Slide Time: 26:15)
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figure(1)
plot(t_scaled_L.¥'Linewidth'. 2): hold on: grid on:
xlabel(Time (me)', 'FontSize’, 15);

ylabel('Inductor current (A, 'FontSize’, 15):

bkt

figure(2)

plot(t_scale,V_o,'r Linewidth', 2); hold on; grid on;
xlabel('Time (ms)', 'FontSize', 15);

ylabel(Output voltage (V) FaniSize', 15)
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figure(1)

plot(t_scale_L.v"/Linex
xlabel('Time (ms)’, 'Font
ylabel( Inductor current

Inductor current (A)

7= figure(2)
8- plot(t_scale,V_o,'r\ Line [
9= xlabel("Time (ms)', 'Font 2 ‘ ol g et 1

10 ylabel(Output voltage ( UG e
‘,\

It is the inductor current and output voltage.
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So, you can see the output voltage gets significantly affected, when there is a supply

disturbance.

604



(Refer Slide Time: 26:28)

B S e — ]
P T —— ]

JUWe 8@ 0984 - 2/00(e0

Output voltage (V)

0
Tima (ms)

And this is also audio susceptibility for a boost converter. This is open loop and as we have
discussed that it is going to affect, so that we can see. Next task we want to consider our
technique here, simple feed forward action that we have considered for a buck converter. And
we want to see whether this technique is going to work or not. So, if you go to this you know

boost converter circuit now. So, here.

(Refer Slide Time: 26:57)
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Now, we want to consider instead of this ramp, we want to consider this feed forward action;

again feed forward action I have set some gain in my MATLAB file.

(Refer Slide Time: 27:02)
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So, I want to use a different color.

(Refer Slide Time: 27:07)

figure(1)
plot(t_scale,i L.b Linewidth', 2); hold on; grid on;
xlabel(Time (me), 'FontSize’, 15);

ylabel('Inductor current (A), 'FontSize', 15);

figure(2)

plo(t_scale.V_o,'b Linewidth', 2): hold on; grid on;
= xlabel("Time (ms)', 'FontSize', 15);

ylabel('Output voltage (V)', "FoniSize', 15);

So, this is blue color, where we are using a feed forward action and if you go to boost

converter, I am using a feed forward gain, so you can set some k ff gain.
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3 %% Loading and setting parameters

4 %buck_parameter;

5= DCM_En=0;k_ff=1/12;

6~ IL_int=10; V_c_int=1;

.

8 %% Simulation configuration

9-  sim('buck converter OLslx'); cle;

0= t=buck_result.time; t_scale=1*1¢3;

1-  x=buck result.data;

2= iLEx() Voeap=x(:2): V_o=x(:3);

g

4= Plot_buck_simulation;

won

iMmonww )  FIQ "™

Let us say it is 1 by 12 or something like that, you can set you know.

(Refer Slide Time: 27:28)
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%% Loading and setting parameters
%buck_parameter

DCM_En=0; k_ff=1/Vin:
LL_int=10; V_c_int=1;

8 %% Simulation configuration

9~ sim('buck converter OLslx'); cle:
0= t=buck_result.time; t_scale=1*1e3;
1-  x=buck result.data;

12 iLex(l); Vocap=x(:2); V_o=x(:3);
3

4= Plot_buck_simulation;

d
W

Because it is 3.3, so [ will set 1 by V in; because we are multiplying with the input voltage,
right. So, feed forward gain is 1 by V in. Now, we want to rerun this simulation and check

what happen, sorry actually it should be boost converter, yes.
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1 % cle: clear: close all; 9 hoost converter UL

2 ontains | algebraic

8 boost_parameter: loop(s]. To see more

1 D=(Vref-Vin)/Vref; R=1; DCM_En=0; details about the loops use

5- Vom=10; k_ff=0.3 the command

6 Simulink BlockDiagram.get Algebrai

7= IL.int=3: V_c_int=Vin: or the command line

8 Simulink debugger by typing

9= tsim=5e-3: t_step=3e-3: "sldebug

0 delta_To=0; delta_Vin=1; delta_D=0; boost_converter OL" in the

il MATLAB command windosw. To

12-  sim(boost_converter_OLlx);cle; | oliminate this m t

3= t=boost_result.time: t_scale=t"le3; the Algebraic option

14 x=hoost_result.data; in the Diagnosties page of

5= i Lax(ul) Vocap=x(:2); V_o=x(:3): Veon=x(:4): the Simulation Parameters

6 Dialog to "None'

i1 Plot_boost_simulation; In boost_converter OL simulation
Found algsbraic loop containing:
"boost_converter_OL/Boost Convert
"hoost_converter_OL/Boost Converl| 1
‘boost_converter OL/Boost Convert,|
"boost_converter_OL/load'
"boost_converter_OL/Sun’ (algebra | [}

So, we are we are rerunning the simulation, yes.
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And we are going to see what happen now, yes.
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You see even with the input voltage feed forward the technique that we are applied is simply
does not work totally; it got the effect got reduced to some extent, but it simply cannot
actually anticipate this input voltage feed forward. That means, this technique if you take the
output voltage expression of a boost converter, it has a non-linear relationship with the duty

ratio; in case of buck it was simply d to v in.

So, and we know that what is duty ratio? We know that it is control voltage by the maximum
voltage; in this case which is nothing, but we took V U, that means it both are same, basically

both are same. So, if we, that means objective is to reject disturbance using the same method.
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(Refer Slide Time: 28:50)

Input Voltage Disturbance Rejection in a Boost Converter

Simple extension of the previous input voltage feedforward

* Observation: Supply disturbance cannot be rejected!!

And if we apply the same method, it turns out to be, it cannot reject the disturbance by this

equation; that means it is supply disturbance cannot be rejected and that we have seen in the

simulation region.

(Refer Slide Time: 29:03)

Input Voltage Disturbance Rejection in a Boost Converter

Alternative method using current control and power halance

Vobo
P=P =>vi 0 /
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* Limitation: Non-robust due to difficulty in measuring R!!

Next can we think of alternative solution? So, alternative method, because boost converter is
a indirect converter, where it has a non-linear duty ratio relationship. So, it will not work the

way the buck converter work. Now, let us consider if it is an ideal boost converter, we know
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the power balance formula; that means the input power is equal to output power if it is loss

less, because you are talking about an ideal boost converter for the time being.

And you know the output power is simply v 0 square by R and now we can set a current
reference; that means we are now bringing current into picture. And we want to make sure
that, if we can set the current difference; that means you know for the, because boost
converter inductor is in the input side, that means the inductor current is same as the input
current. So, we are setting the reference for the inductor current; that means we are setting the

reference input current, which is derived from the output power equation from here, right.

And if you do that and then if we implement this function and realize, can we see the effect or

not. So, let us go back to the boost converter.

(Refer Slide Time: 30:17)
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figure(1)
plot(t_scale.i_L.K Linewidth', 2): hold on; grid on:
xlabel('Time (me)', "FontSize’, 15);

ylabel('Inductor current (A, 'FontSize’, 13);

figure(2)
plot(t_scale,V_o. Linewidth', 2); hold on: grid on;
= xlabel(Time (ms), 'FontSize!, 15);

ylabel(Output voltage (V), 'FoniSize', 15);

Now, we want to use the different color. So, now, we want to use you know black color and

this color is indicated you know to show the.
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So, now in boost converter, we are taking the third one, where in instead of a now inductor
current is compared, instead of sawtooth wave form and we are creating a function which is

coming from here and this is giving us you know this is V square by R, which is the power.
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This is basically the power, because we are assuming input power and output power same.
And power divided by the input voltage will give us the reference current and that it is a

closed current loop, but we are not closing the outer loop, ok.

(Refer Slide Time: 31:05)
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1

2

= boost_parameter;

4= D=(Vref-Vin)/Vref; R=1; DCM_En-0; ‘boost_converter_O1
Lt V_m=10; k_ff=0.3;
6

7

8

9

PWM/Compl’
1L int=5; V_c_int=Vin;
You
- tsim=Se-d; tstep=3de-3; can
10 delta_To=0; delta_Vin=1; delta_D=0; tum
1 I off
12- sim(boost_converter_OL.sIx'); ele; this
3~ t=hoost result.time; t scale=t*le3; messa,
14 x~hoost_result.data; by
9= LX) Vocap=x(:.2); V_o=x(:3): Yeon=x(:4): using
3 the

1 Plot_boost_simulation;

Now, if we simulate in this case and we want to compare what happen, when we connect the

inner current loop, which the reference is generated.
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And you can see that the effect due to supply variation is drastically reduced by this

technique.
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But this is also kind of feed forward technique, but only we are considering the current loop.

But you can see there is a shift in the DC, because we are setting the current difference; we
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are not setting the actual average current, rather we are just setting the peak current. So, you

can implement also average current control.
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But one thing is also we can see, because it is in inductor is in the input side; so we will see in
the subsequent lecture in a boost converter even current mode control, that audio

susceptibility in a boost converter also has a fast order effect.
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And that is why it is slowly rising and reaching to 0.
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But that actually, but still I can see, we can significantly reduce the effect due to the
disturbance ok; that means we can achieve very nice you know performance from here. So,
that means what we learn that, we can reject the disturbance, we can drastically reduce; we

cannot reject, reduce. But the problem, we need the information of load resistance, we need
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the information of input voltage; though we are sensing output voltage that is available, even

the input voltage sensing is not a big deal.

But the problem is the load resistance, because you do not know; either you have to sense the
load current, then you can multiply with this, because this can be also v 0 into i 0, but even
that require load current sensing. So, this is a non-robust method due to the you know
difficult in measuring load resistance or I can say the load current or load current. So, this

require, ok.

But still this technique can drastically reduce the effect due to the supply disturbance in a

boost converter.

(Refer Slide Time: 32:59)

Load Disturbance in CMC

ref | Current mode
- q Buck
control »

converter
; modulator
I

Now, we are going to discuss load current disturbance in current mode control. So, in current
mode control, we have two loop; inner current loop and outer voltage loop. And inner current
loop, the current reference is generated by using a outer loop, which has a controller and then
the controller takes one is the reference voltage v ref and another is the output voltage, which

is coming from here.
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So, here it is important to, because we want to see load disturbance; if we do not close the

outer loop, then what will happen? We need to actually change the reference current,

otherwise the voltage will not be regulated, ok.

So, one thing we want to see first, that in current mode control; if we simply use you know

like a load transient behavior, then what will happen? That means, there is a load disturbance

and how can we you know reject the load disturbance in or reduce the effect of load

disturbance in current mode control, ok?

(Refer Slide Time: 34:09)

Qrem gL QRS GG
iyt = ot | tomnem 1y 8 i bi hh{:::h{

= buck_parameter;
Vin=12:
7= D=VeefiVin; R=1; r_eq=r_L+r_Li
8 DCM_En=0; T_cc=0; V_m=10;
9= K_p=80: K_i=50000;

1
2
3
4 %% Loading and setting purameters
5
6

1-  tsim=led:

12 Tnitialization_buck_simulation;

3

4 %% Transient case (parameter change)
5= tsim=2e-3; _ce=20;

16 Transient_buck_simulation;
1= olo;
18
9 %% Plot subroutine
- 0 Plot_buck_simulation;

So, let us go to the simulation and in this case we are talking about a current mode

where you know this is the model.
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So, you know we have discussed about current mode control, but we will take more detail of
current mode control in the future lecture; but for the time being let us assume that current
mode control; that means we have to compare inductor current, because we have discussed in

week 2 lecture peak current mode control, valley current mod control, different architecture,

ok.
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So, here we are consider a PI controller outer voltage loop and sorry outer voltage loop and

we also have an inner current loop, ok. So, we have inner current loop and outer voltage loop

and PI controller is used as the you know outer voltage loop ok and this is the inductor

current reference.

(Refer Slide Time: 35:06)
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%% Loading and setting parameters
= buck_parameter;

Vin=12:

7= D=VrefiVim; R=1: r_eq=r_L4r_Li
8 DCM_En=0; T_cc=0, V_m=10;

9- K p= 1i=50000;

10 %% zation

1= tsim=2e3;

12 Tnitialization_buck_simulation;

3

14 %% Transient case (parameter change)
5= tsim=3e3; 1 ce=20;

16 Transient_buck_simulation;

1= ol

9 %% Plot subroutine
0 Plot_buck_simulation;

So, in this first case what I want to simulate that, if we you know run for let us say, we want

to apply a load transient response. So, initially there is no you know, just it is a simple current

mode control, ok.
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cloar; cle; close all;
cle;
%% Loading and setting parameters

= buck_parameter;

Vin“12:
7= D=VeelVin; R=1; r_eqer_Ltr_L; “ddebug buck cone PWM_CMC" ([
8- DOLEn=0;1 cc=0; V_m=10; in the MATLAB conmand i
9= K_p=80: K_i=50000;
10 %% Initialization
11—t si
12 Initialization_buck_simulation;
13
14 %% Transient case (parameter change)
15- t sim=3e-3; 1 cc=20;
16 Transient_buck_simulation;
98 ol Found algebraic loop containing: |-
19 buck_cony_PW_CMC/Buck cony,
TTTHg %% Pt wibroutine buck_cony_PWN_CMC/Buck cons
i 20~ Plot_buck_simulation; buck.cony_PW_CHC/Buck cons
2 buck conv PWN_CNC/load

"buck_conv_PWM_CMC/Sum' (alge

We want to evaluate the performance of this current mode control with both current inner

loop and outer loop close, but we have applied, here we have applied a load step transient.

(Refer Slide Time: 35:34)
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And here it is showing that load transient response seems to be is not satisfactory; that means
it we have to wait long time. And in fact, you can achieve better performance simply by you

know increasing the integral gain; because integral gain does not seem to be sufficiently high.
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So, if you increase the integral gain, then we can achieve somewhat

clear; cle; close all;

cle:

%% Loading and setting parameters
buck_parameter;

Vin=12:

D=Vref/Vin; R=1; r_eq=r_L+r_1;
DCM_En=0; T_¢¢=0: V_m=10;
K_p=80: K_i=90000;

%% Initialization

t sim=2e-3;
Initialization_buck_simulation;

%% Transient case (parameter change)
tsim=3e-3; 1 co=20;
Transient_buck_simulation;

ele;

%% Plot subroutine

Plot_buck_simulation;

letails ahout the loops use
the command

Simulink.BlockDiagram.get Algebrai

in the MATLAB command

window, To eliminate this

et the raic

loop option in the

Diagnos
Simulat

Dialog to "None

In Inifialization buck simulation ( {[ive

In buck_cony PWM CMC_simulati {five

Found algebraic loop containing

"buck_conv_PWM_CMC/Buck conv |

"buck_cony_ PWM_CMC/Buck cony
‘buck_conv_PWM_CMC/Buck cony
"buck_conv_ PWM_CMC/load'

"buck_conv_PWM_CMC/Sum' (alge

better transient

performance; because we need to you know get rid of the steady state error. And, but higher

integral is required to.

(Refer Slide Time: 36:10)

iy

B Ve bt Toss Deep Wadon

\L09¢4-Q/00(e0

ET' T

Output voltage (V)
8

623




So, this is somewhat like it is reaching steady state close to that with a higher integral gain.
So, if we increase the more and more integral gain, we can make it faster; but still it looks

like a first order behavior and it takes a longer duration load disturbance.

(Refer Slide Time: 36:27)
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Now, how to reduce this effect? So, we can consider a load current feed forward, ok. And this
normalization factor load current feed forward, this K N is called normalization factor which
is equal to 1 for buck converter. Because this normalization factor, it normalize the load
current with respect to the inductor current average; for buck converter, both average inductor

current is same as average load current, so it is 1.

In a boost converter, it has to be v 0 by v in; that is for a boost converter, so that your inductor
load current can be mapped to inductor current in the normalized sense, ok. So, if you repeat
this closed loop and again we have closed loop control here; that means we have a controller
here G c and the controller has one v ref here and we also have an outer voltage loop here ok,
and same controller we are comparing with load current feed forward, ok. Let us go back to

the simulation and run it.
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figure(1)

plot(t_sealed Lv')
hold on;

xlabel(Time (ms)', FontSize’, 15);
ylabel('Inductor current (A}, 'FontSize’, 13);
hold on;

grid:

figure(2)
plot(t_scale.V_o,r\'Linewidth', 2)

hold on;

Xlabel("T'im ", 'FontSize', 15);
ylabel(‘Output voltage (V)', 'FontSize', 15);
hold on:

grid;

So, now we are changing the color. So, what are we doing here?
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We are we are essentially now taking a load current, either this load current can be added
with the reference current; because this output is a reference current or it can be subtracted

from the inductor current, ok.
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%% Louding and setting parameters

buck_parameter;

Vin=1%; ¢
7= D=Veef/Vin; R=1 r_eq=r_L+r_L; sldebug buck conv PWM_CMC"  [H*
8 DCM_En=0; T_¢e=0; V_m=10; in the MATLAB command ol
9= win T nina b
10
11- tsim=2e3;

12 Initialization_buck_simulation;

13

19 %% Transient case (parameter change)

15-  tsim=3e-3;1 cc=20;

16 Transient_buck_simulation;

- ound algebraic loop containing: ~ [[1:

18 ‘buck_conv_PWM_CMC/Buck cony
s T19 %% Plot subroutine “buck_conv_PWM_CMCBuck cons

20 Plot_buck_simulation; "buck_conv_PWM_CMC/Buck cony

21 "buck_conv_PWM_CM/load"

"buck_conv_PWM_CMC/Sum' (alge
f

Now, if we rerun this simulation, ok. So, if we rerun the simulation and we want to check,
whether this load feed forward can improve the performance or not; because we already have

the result for, because here we are considering a load current feed forward, ok.
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Now, if you see the response of this simulation results, so it will show; that means, if we take

the grid here.

626



(Refer Slide Time: 38:20)

R ——

e
JUWe t@L 0984 -2/00e0

s
§
]
-1
H
3
<]
a
1
; ;
Time (ms)

So, you can substantially reduce the transient, improve the transient performance by means of

a feed forward control.
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So, you can see the impact can be drastically reduced by means of a feed forward control, ok.
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And if you see the inductor current, the response difference will be visible from here.
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So, if we apply a load feed forward, the response can be improved drastically, ok.
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Limitations of Feedforward Control in SMPC

* Feedforward control offers excellent disturbance rejection
* Requires accurate parameter information — non-robust

* Poor regulation performance with practical parasitic

* Unmodelled dynamics may be problematie

Feedforward control alone is not suitable for SMPCs

So, limitation of feed forward control, the feed forward control offer excellent disturbance
rejection; but it require accurate parameter information. In some cases they are non-robust;
that means poor regulation performance we saw that, we cannot get perfect output voltage
regulation, particularly for practical with practical parasitic and unmodelled dynamics in

practical system may be problematic.

(Refer Slide Time: 39:11)

®» Sources of disturbances in SMPCs - identified
® Effects of supply and load disturbance — discussed
* Input voltage and load current feedforward - demonstrated

* Feedforward control non-robust, feedback control seems essential

* Combined feedback and feedforward control - to be discussed
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So, the feed forward action alone is not sufficient for switch mode power converter. So, we
need to consider feed forward control along with the feedback control. So, in summary, we
identified sources of disturbance, we discussed supply and load disturbance, input voltage
and load feed forward control we have also demonstrated. And we also demonstrated that
feed forward control is good, but it is non robust and you need a feedback control, it is

essential to regulate the output voltage and make the design robust.

So, we will discuss in subsequent lecture that, how can we incorporate such feed forward
controlling, feedback control to achieve fast response as well as tight voltage regulation. So,

with this we want to finish here.

Thank you very much.
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