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Prof. Santanu Kapat
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Module - 02
Modulation Techniques in SMPCs
Lecture - 12
Interactive MATLAB Simulation and Case Studies

Welcome back. Today is our 12th lecture and, in this lecture, actually in the previous
lecture, we developed Simulink model for buck as well as boost converter buck
converter where we have also shown how to incorporate discontinuous conduction mode.
So, now, we are assuming that using the same method, you can build such buck and

boost converter Simulink model, but now, we want to create multiple test cases.

(Refer Slide Time: 00:59)

Concepts Covered

* Simulink and Script file Interactive Simulation
= (Creation of Various Transient Test Cases

* Fixed Frequency and Variable Frequency Modulation

So, in this lecture, | want to show like a instead of because such test cases will be very
difficult to execute you know by running in Simulink, but we want to make such
interactive case study from the MATLAB script file itself. So, we want to run Simulink
and using script file, we want to process data and we want to create multiple transient
scenario you know customize them, then we can you know various thing we can do more

interactive.
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In fact, we can speed up the simulation by running through script file. So, Simulink and
script file interactive simulation, then creation of various transient test cases, then fixed

frequency and variable frequency modulation | want to show in this lecture.

(Refer Slide Time: 01:50)

Buck Converter Parameters for Simulation

L=0.5e-6 % output inductance
C=200e-6; % output capacitance
T=2e-6; % switching time period s 600 1
3 g I W~ 'VJ'\
r_L=5-3; % inductor DCR
v_d=0.55; % diode voltage drop
r_1=5e-3; % High-side MOSFET on resistance
r_d=5e-3; Y% Low-side MOSFET on resistance
t. C=3e:3; % capacitor ESR
Vin=12; % input voltage I{L V 40 [ V
Vref=1; % reference output voltage
To_max =20; % maximum load current ?O I/

So, this block I am showing, this particular block actually, we have shown this block in
the previous lecture that mean this how to build this buck converter block and we will
use that block to move further. For today's lecture, we have taken a separate inductor
resistance value and | will discuss that how did we arrive such parameter values like
inductor, capacitor value and here, we are talking about a switching frequency of f sw

target frequency of 500 kilo Hertz.

So, that is why time is 2 microseconds. So, in the subsequent lecture, may be the next
lecture in the 3rd week. We summarize whatever we have derived various rms current,
ripple current, output voltage ripple. So, using those ripple criteria, how to select

inductor capacitor value for a given switching frequency.

So, those part we will discuss, but today we are taking it for granted that the inductor,
capacitor, these things are given and we are talking about some 12 to 1 volt so, that
means, we are talking about 12 volt to 1 volt POL which is the buck converter that we

are going to consider in today class.
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(Refer Slide Time: 03:29)

Boost Converter Parameters for Simulation

i L s i,
L=1e-6 % output inductance + Y- 1_!# ; +I
C=4Te-6; % output capacitance ‘ qate | I !
T=2e-6; % switching time period % drive -.‘: oS
t_L=5-3; % inductor DCR - l
r_1=5e-3; % High-side MOSFET on resistance C[
r_2=5e-3; % Low-side MOSFET on resistance
r_C=5¢-3; % capacitor ESR \J X0 5 V
Vin=33; % input voltage (range — 2.5 to 4 V) 5(5
Veef=5; % reference output voltage G

o?

To_max =5; % maximum load current

We will also consider a boost converter where the inductor is 1 micro Henry, the
capacitor is 47 microfarad. We will discuss this selection of inductor capacitor in the
next lecture and here, we are talking about a 3.3 volt to 5 volt which is the boost
converter simply boost converter because we are stepping up the output-input voltage.
So, output voltage is higher than the input voltage and we need to define here what is the

maximum load current? 10 max.

But if you look at two cases, in the first case, we are talking about a conventional buck
converter and in the Simulink, we can actually use a synchronous buck by changing the
DCM unable logic and we also want to change the diode drop as well. Because in

synchronous buck, there is no diode and there is no question of diode drop.

In boost converter, we are talking about a synchronous boost, but you can also take a
conventional boost, it does not matter. Why we are talking about synchronous boost?
Because we want to see the dynamics of boost converter in continuous conduction mode,

and we want to see what happen you know what is the effect of right up and 0 and so on.
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Trailing-edge PWM Control — Simulation

So, with this, we will start our simulation, first we will run the open loop simulation ok.

(Refer Slide Time: 05:18)
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L=0.5¢-6: % buck converter output i fx >> {is d ‘,‘:ﬂ

C=200e-6: % buck converter output capac e s

T=2e-6: % buck converter switching tin :Z«E
1 r_L=5e-3: % buck converter - inductor D( -
5—  r_d=5e-3: % buck converter - diode resista e
6 v_d=0.55: % buck converter - diode voltag vr‘\vr
T % buck converter - Low-side M as -

8 e-3: % buck converter - High-side }
9-  r_(=3e-3: % buck converter - capacitor E!

10 Vin=12: % Input voltage
5= Vref=3.3: % Reference output voltage in

12 D=Vref/Vin: % Duty ratio
3- R=L % Load resistance

-4

5-  I_L_int=0: % Initial inductor current

16 V_c_int=0: % Initial capacitor voltage I
7

So, let us go to the open loop simulation. So, in this simulation, we have considered this
parameter which | have shown 0.5 inductor, 0.5 micro Farad, capacitor is 200 micro
Farad. The time period is 2 microsecond, r L that is the DCR of the inductor, then diode
resistance, diode voltage drop, then MOSFET on resistance, MOSFET of the low side
we are not using so, this is still there, 3 micro; 3 milliohm resistance for the ESR, 12 volt

input.
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@
Z

= —_— — C—
L=0.5¢-6: % buck converter output int"J >> buck_parameter I —
C=200e-6: % buck converter output capac fx >> \: f”‘“‘
=2e-6: % buck converter switching tin : E
4~ r_L=5e-3; % buck converter - inductor D( [ -
5-  r_d=5e-3: % buck converter - diode resista LT R
6~ v_d=0.55 % buck converter - diode voltag t o
7= r_1=5e-3: % buck converter - Low-side M e
8-  1_2=5e-3: % buck converter - High-side N,
9-  r1_C=3e-3: % buck converter - capacitor E
10~  Vin=12 % Input voltage
11-  Vref=l: % Reference output voltage in v¢
12-=  D=Vref/Vin: % Duty ratio
13- R=L % Load resistance
14
15-=  LL_int=0: % Initial inductor current
16~  V_c_int=0: % Initial capacitor voltage
17
i

And 3 point so, here we are talking about 1 volt output not 3.3, 1 volt output and load
current can vary. So, these are like you know we need to define all these in the custom
Simulink file, all these initial conditions everything, we will create a test case. So, first, if
we run this, we know that the parameters are executed, and these are all stored in this

workspace. So, you can see this workspace.

(Refer Slide Time: 06:23)
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Now, we are going to Simulink file. So, in this Simulink file, we have said DCM enable

logic to be 0.
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That means, we are not going to talk about; it is just we are trying to operate in
continuous conduction mode ah; we are trying to operate in continuous conduction
mode. This load resistance here we have set as 1 ohm.

(Refer Slide Time: 07:00)

| have taken a clock or time period T and which is nothing, but our switching time period
of 2 microsecond and duty ratio D, | said which is Vref.
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i) il e e—p— -
5 % buck converter output ing; >> buck_parameter :5.
(C=200e-6: % buck converter output capac >>D e
T=2e-6: % buck converter switching tin i" (:;
4 r_L=5¢-3: % buck converter - inductor D( D= ‘ v
5= r_d=5e-3: % buck converter - diode resista (:"
6 v_d=0.55: % buck converter - diode voltag 0.0833 l“
7= r_1=5e-3: % buek converter - Low-side M
8 r_.2=5e-3: % buck converter - High-side M | >> /12
9-  r_(C=3e-3: % buck converter - capacitor E!
10 Vin=12: % Input voltage ans =
EE— Vref=1: % H--I:-n'nrvuulpul voltage in v
12 D=Vref/Vin: % Duty ratio 0.0833
13- R=L % Load resistance
~14 . fe>>|
15-  L_L_int=0: % Initial inductor current
16 V_c_int=0: % Initial capacitor voltage
7

So, if you execute this comment, what is D? You can check D we got 0.0833 because we
are talking about 1 by 12 volt, this value. Next DCM level 0, input voltage 12 volt, load

resistance 1 now, we want to run the simulation.

(Refer Slide Time: 07:39)

ih—iﬂ
80 A< UNA Dadd .

If we run the simulation so, this is starting from 0, all initial condition initially was 0.
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P . ..

89 a: UNAR Oas 2

So, inductor current start from 0, output voltage start from 0. So, what we are showing

here?

(Refer Slide Time: 07:47)

e ———— ...,
IEGE V

The first scope is our inductor current.
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(Refer Slide Time: 08:02)

The second scope is our capacitor voltage. If we look at what are there, second is the
capacitor voltage, third is the output voltage and the fourth is the our switching clock ok.

(Refer Slide Time: 08:19)
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And we also saw in the previous class that if we want to store this data into workspace,
then we have stored in the name of a result which is a structure and we can see that

structure in the workspace that is the structure.
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& ot g T st e b g B
Ty

= -
1-  L=0.5e-6: % buck converter output in¢;
2= C=200e-6: % buck converter output capac ‘
3-  T=2e-6: % buck converter switching Iin‘[
4- % buck converter - inductor DC
| e ¢ % buck converter - diode resista
6- % buck converter - diode voltag
7= % buek converter - Low-side M
8- % buck converter - High-side V.
" .

[ —
[y a————y

>> buck_parameter E‘“
>>D :*'”
0.0833 ;'"
>>1/12 l
ans =
0.0833

fr>>

And which is the time vector as well as signal ok.

(Refer Slide Time: 08:37)
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1= L=0.5e-6: % buck converter output in¢;
2= C=200e-6: % buck converter output capac ‘
3= T=2e6: % buek converter switching Iin]
4- r_L=5e-3: % buck converter - inductor DC"

e———— % buck converter - diode resista
6 % buck converter - diode voltag
1-  r_l1=5e-3: % buek converter - Low-side M
8~  r_2=5e-3: % buck converter - High-side V.

e ——— -
>> buck_parameter Eu
>>D (e
b= E

0.0833 o
>> /12
ans =

0.0833

fr>>

So, we have 4 channels are there. So, each channel, if you click, then you will get one by

one data.
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g e —————
>> buck_parameter
>>D

= D=
B 0.0833
5 e
5 >> 112
ST T ey
.5e-6: % buck converter output gl 2=
2= (=200e-6: % buck converter output capac|
3-  T=2e6: % buck converter switching tin 0.0833
4~ r_L=5¢-3: % buck converter - inductor DC
Frmmmm——_ 5= 1_d=5e-3: % buck converter - diode resista g
6= v_d=0.55: % buck converter - diode voltag
7= r_1=5e-3: % buek converter - Low-side M
\ 8~ r_2=5e-3: % buck converter - High-side V.

Now, we want to create a text file because instead of running the Simulink every time;
we have a parameter file and we can, in fact, customize some of the parameter during the

runtime that is also possible.

(Refer Slide Time: 09:05)

L r———— — e e— rore— -
. 1 -
~ 1= closeall: clear: cle fe>> e
73 -
= :
-
3-  buck_parameter: =
b
1) b
I po-it
5 -
u

So, here what we will do? First, we will clear the screen close all so, this will close all
these in a workspace sorry all the figures and everything, then clear, it will clear all the
workspace, and this will clear the comment from. So, if we execute these three, then

what will happen? Everything is now clear.
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Now, we want to call the simulation, the parameter file because if you want to run this
through simulation, this dot m file, we need to call this parameter file and this can be
simply called just by the filename. If you copy this, you can simply call this filename
that is it. Once you run it, then you can see all the parameters are again loaded. So, that

means, we are executing this parameter file so, as a result, all parameters are stored.

Next, what is our next task? So, after clearing this, we have executed this parameter file
now, you can customize the initial condition everything separately here that will do, but
before that, we want to first see the scope result. So, let us run again this simulation
because we have cleared everything.

(Refer Slide Time: 10:23)
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So, now, it is running.

348



(Refer Slide Time: 10:30)

R S e W e

g [ v T r—— e
wr (L= close all: clear: cle fx>> i

J -
2 B
= 3= buck_parameter: s

TRETERERERECECEfS

R
5= t=result.time: k-
6 i_L=result.signals e

Now, we want to take this data into our it is there in the workspace so, we want to create
t equal to result that is our vector that we have discussed that in the structure comprises
one time vector, the other signals structure again its signal structure have different values
like different channel. Then, we want to see what is the inductor current? So, inductor

current is our it is in which channel?

Result dot signals because if you click the result, you will see the signals and inside
signal if we go, the first channel if we look at this, the first channel inductor current, then

capacitor voltage, then output voltage, then the gate signal ok. So, let us go back.
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[ w———
>> t=result.time:
i_L=result.signals(1).values: i
>> plotf.i_L)

’E';ézi

a1
!

1= closeall: clear: cle

3-  buck_parameter:

The first is our inductor current and if you look at this one, this result dot signal 1 dot
values so, this is what we have to type signals 1 dot values ok. If we execute these two,
just these two particular lines, then we can plot, we can plot t comma i L mean inductor

current we can plot.

(Refer Slide Time: 11:48)
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Yeah, this is the plot. So, now, we can plot, we can actually create a grid here.
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And we can see what are the current waveform, the inductor current waveform, so on.

(Refer Slide Time: 12:03)
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(Refer Slide Time: 12:06)
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So, this is our inductor current waveform of a, buck converter because the duty ratio is

very low ok. So, you can call this waveform.

(Refer Slide Time: 12:17)

: | >> t=result.time; fs -
et i_L=result.signals(l).values: s
“| 6~ i_L=result.signals(1).values: >> plot(ti_L) E_ m o

& Vespmresaltsignals(2) values; >> burk_ron\'ener_simulalioni'» e
8= V_o=result.signals(3).values: fi>> e -
9-  q_g=result.signals(4).values: i

1o q :
1-  figure(l) =

12-  plot(ti_L.'b')
3= hold on:

f4-  grid:
5

16 figure(2)

17— plot(t.V_cap.b')
18-  hold on:
19-  grid:

So, by that way, we can call like V cap V capacitor voltage again. We have to only
change this channel, everything is same, the 2nd channel which is 2, number 2, then we
want to show output voltage it is in the 3rd channel 3rd channel and then, we want to see

gate signal q g; g gate g g, it is in the 4th channel.

So, we got now, if we execute, we can get all the data, but since you know if we close

the whole thing, then it will actually close all the data. So, we will not execute this for
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the time being because if we execute so, this data’s are now stored now, we can use plot

command.

So, if you want to create multiple figures, though you can name like a figure 1, figure 1
for inductor current, we can use plot t comma i L, we can use a difference color. Specific
color you can use, then you can hold on, we can grid it and so on, then we can copy and
paste for the other waveform. Figure 2, we can draw capacitor voltage, which is our V
Cap.

(Refer Slide Time: 13:50)

hold on: 1 >> t=resulttime:

grid: i_L=result.signals(1).values: o

N >> plot(t.i_L) i (,,,, )

“13“10(;_) ") >> buck_ron\'erler_sinmlalion57 ; EE
ot(t.V_cap. b 1 )

Eold on: ! 5> Ef- .m

grid: T

figure(3) i

plot(t.V_o.'h')

hold on:

grid:

figure(4)

plot(t.q_g.b')

hold on:

Then, we can make figure 3 which will be my output voltage and then, we can plot figure

4 which is my gate signal g g that is it.
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RS
A0 ads L \109¢4 20880

| S

! ‘ Eresult.time: e -
grid: result.signals(1).values: s
ot(t.i_L, =
figure(2) g : : -
G - uck_converter_simulation e
plot(t.V_cap.b') uck_converter_simulation

hold on:
grid: y %

figure(3) I
plot(t.V_o.'h')
hold on:

grid:

figure(4)

plot(t.q_g. )
hold on:

grid:

o o Wb

——

: \ | Fresult.time: -
) YV ‘ fresult.signals(1).values: ::u
o , Ylot(t.i_L) =
e N ﬁgure(.._) " il uck_converter_simulation
17-  plot(t.V_cap.h') | Juck_converter_simulation
18- hold on: [ o
19-  grid: T
20

21~ figure(3)
22— plot(t.V_o.b')
23~ hold on:
24— grid:
26— figure(4)
27~ plot(t.q_g.'b')
28— hold on:
29~ grid:

o wa Wb
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B D00 o i 0 O 4 St RS e o

P QP o e e e
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hold on: I |Eresult.time:

grid: e result.signals(l).values:
Plot(t.i_L) :
uck_converter_simulation
uck_converter_simulation ;

figure(2)
plot(t.V_cap.h')
hold on: J AAAAAAAA
grid: YA A O W 2 o o

w!

figure(3) -
plot(t.V_o.'h')
hold on:

grid:

figure(4)

plot(t.q_g. )
hold on:

[, e st

ho‘ld on: \Eresult.time: :E’T‘u

grid: result.signals(1).values: o
ot(t.i_L) .:

figure(2) ck_converter_simulation e

plot(t.V_cap.'h')
hold on:
arid: g e e

ck_converter_simulation

figure(3) i :
plot(t.V_o.'h')
hold on:

grid:

figure(4)
plot(t.q_g. )
hold on:

Now, all these four channels can be, you can see all the four channels here right. So, this

is my inductor current which I have already shown.
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Then, you can see this output voltage, this is the capacitor voltage and if you notice the

capacitor voltage ripple looks like this capacitor voltage.
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And then, the other channel is the 3rd channel is the output voltage.

(Refer Slide Time: 14:43)
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So, this is my output voltage ok, output voltage.
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And then the other one and the 4th one is the gate signal. So, this is my gate signal, | can
just take a portion of this and just show.

(Refer Slide Time: 15:03)
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(Refer Slide Time: 15:05)

Yeah, this is my gate signal.

(Refer Slide Time: 15:08)

And if you see that a gate signal because the pulse width is very low, it is 12 volt to 1

volt so, its a low duty ratio surface. So, these things are now possible that we can draw it.
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Now, after doing all these, the next question we want to create a transient case that
means, we want to change the simulation time instead of 1 millisecond we want to run it
2 millisecond like this so, we have to check it right, but why do you check it? I can call

this simulation time by t sim ok, but you have to define what is t sim.

(Refer Slide Time: 15:48)

>> t=result.time:
i_L=result.signals(1).values:
buck_parameter: >> plot(t.i_L)
>> buck_converter_simulation -
1_sim=2e-3: >> buck_converter_simulation
6 1| >> buck_converter_simulation :__
7= t=result.time: fx ;
8- i_L=resultsignals(1).values: i
9= V_cap=result.signals(2).values: 3
10~ V_o=result.signals(3).values:
11— q_g=result.signals(4).values:
12

13- figure(l)
4~ plot(ti_L.h)
15=  hold on:

L6-  grid:

So, | can run this t sim; t sim for 2 millisecond duration ok, it will run.
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E5=

Eresult.time: -

result.signals(1).values: s
buck_parameter: ot(t.i_L) g

ck_converter_simulation i
t_sim=2e-3: ck_converter_simulation ’: ;
i B — ck_converter_simulation ';»
i_L=result.signals(I].values: =y
V_cap=result.signals(2).values: ol '

V_o=result.signals(3).values: |
q_g=result.signals(4).values:
figure(1)

plot(t.i_L.'b')

hold on:

grid:

figure(2)

- T S——— e Vo
EE‘.:.._.. 1 %close all: clear: clff ™' " | Eresult.time: :“
8 kot O 2 | /\/Vi-—_-—l 2
i y result.signals(1).values:

10~
L=
12
13-
Sild=
E5=
16~
17

figure(2)

buck_parameter: Ylot(t.i_L)
uck_converter_simulation/-
uck_converter_simulation

uck_converter_simulation !

t_sim=2e-3:

9 01 02 a3 %4 08 66 07 08 @ 1

t=result.time: u
i_L=result.signals( m
V_cap=result.signals(2).values:
V_o=result.signals(3).values:
_g=result.signals(4).values:

figure(1)
plot(t.i_L.'b')
hold on:
grid:

T e
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7_
8_
9_
10-
T~
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L 18- figure(2) s -
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7_
8_
9_
10-
L=
12
13-
|
E5=
16~
17

18- figure(2) - ;’ AR

Once it will execute that means, but you have only set t sim so, you have to

run it.

buck_parameter:
t_sim=2e-3:

t=result.time:
i_L=result.signals(

V_cap=result.signals(2).values:

V_o=result.signals(3).values:
q_g=result.signals(1).values:

figure(1)
plot(t.i_L.'b')
hold on:
grid:

buck_parameter:
t_sim=2e-3:

t=result.time:
i_L=result.signals(

Lvalues:

V_cap=result.signals(2).values:

V_o=result.signals(3).values:
q_g=result.signals(1).values:

figure(1)
plot(t.i_L.'b')
hold on:
grid:
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=result.time:
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result.signals(1).values:
ot(t.i_L)

ck_converter_simulation
ck_converter_simulation

ck_converter_simulation | -

=result.time:

result.signals(1).values:

ot(t.i_L)

ck_converter_simulation
ck_converter_simulation
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So, it will run for 2 millisecond now right. Then, how do you change the resistance value
ok?

(Refer Slide Time: 17:17)

e | o ——— laee
Undefined variable
"result" or function
= buck_parameter: "result.time".

ETHERREEEER

i} im=%.3: H
t_sim=2e-3: Error in

l.u(' €0l
- t=result.time: (line 7)
8 i_L=result.signals(1).values: 1=resull.time:
9= V_cap=result.signals(2).values:
10 V_o=result.signals(3).values: fx>> cle,
11-  q_g=result.signals(4).values: :
12

13- figure(l)
~14 plot(t.i_L.'b')

15-  hold on:
16 grid:
B

18 figure(2)

Next question now, having doing all these thing, you have to go back and forth to
Simulink file to changes, check there, take the values, why should you do that? First of
all, if you want to plot in the Simulink that itself will take time because Simulink plot

while it is running and plotting together, it will actually takes more time, it will actually
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take more time then if you run it and plot it after the simulation is over, you can store it

S0, this is possible.

Now, that means, what we what should | do next? Solve this figure plot. So, what we
discussed first? We can customize this thing you know the simulation time, we can call
the results separately and then, we can plot, but once we enable this block, then you
cannot run because now, it close everything so, you have to again go back and run the
simulation otherwise, the data’s are not. So, you have to run the simulation and that is

itself is a cumbersome job.

(Refer Slide Time: 17:44)

gy f——— [ e——r— * e -
close all: clear: cle il fx>> i 4 E:'"
buck_parameter: E
£ t_sim=2e-3: E-. -
6 e | B
7-  open_system('buck_converter_OL.slx') H
8 sim('buck_converter_OL.slx')
9
Lo t=result.time:
1= i_L=result.signals(1).values:
12 V_cap=result.signals(2).values:
3= V_o=result.signals(3).values:
et U q_g=result.signals(4).values:
= =5
é_-._ 16 figure(1)
= 7= plot(Li_L.'b)
~—mad. S| hold on:

So, why should I do that? So, to save that, I should call the simulation right from my dot
m file. That means, | can just run open system, then I can run the Simulink file like this.
You have to provide the Simulink file name. What is the Simulink file name? So, this is

the name of the Simulink file.

So, I am running this open loop buck converter this xls file. So, | have to provide dot slx;
sIx this is one. The next part | need to simulate, I want to simulate calling from here

itself. Now, | do not have to go to my you know Simulink separately.
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So, | can simply run it from here, it will run and again plot all these.

(Refer Slide Time: 18:39)

RPEIE e SAET 8 RS e 2

e e — -
1= close all: clear: cle el ”‘“ il -
sldebug & .
- :Z;_ buck buek_converter_OL" in tu ———
; A the MATLAB command E» E:ﬁ
. — window. To eliminate :‘”, EE
é Ll s this message. set the E- sty
" " \lgebraic |nu|v option i -
7-  open_system('buck_converter_OL.sIx') i ‘l|| Diaenostics pa Y
’ ) e Diagnostics page :
8- sim(buck_converter_OL.slx') £ the Simulation : B -
of the ¢ atio e o
e . Parameters Dialog to [
1o t=result.time: None"
1;_ I‘TIFN‘EHIE'S]‘:‘ZH?IS( ll?'\,'ah_"T: . > In buek_converter_simulatic
iy el v A Found algebraic loop containi
13- V_o=result.signals(3).values: ook sonverti Ol BoE ol
S 4 qgeresultsignals({).values; 'buck—(rom‘erlor.()L/Blmk co
o - -
o 12 - N 'buck_converter_OL/load'
o lgum') = 'buck_converter_OL/Buck co
& 7= plot(ti_L.'b) fi>>
=== 118~ holdon: I

That means now, if I change my simulation time from 1 millisecond to 10 millisecond,

my everything data, all these will be change automatically.

(Refer Slide Time: 18:47)
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So, it is running the simulation for 10 millisecond.

(Refer Slide Time: 18:50)

And plotting all these current waveform for 10 millisecond which is 0.01 ok alright.
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So, you can see the current waveform from here, you can check all these scope just by

running simulation from here.
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1= closeall: clear: cle ;\ |~mrlll>u:- i
- :23_ budk lnu'k_‘mu\n-rh-‘r_(ﬂv" in
i Ly the MATLAB command
. window. To eliminate
Z_ KM=k 1 this message. set the
7; Y%open_system('buck_converter_OL.slx') ‘ i?llf'l;lrrl‘l“:.‘I::‘P;;l_m"v:‘”.
8- sim('buck_converter_OL.slx') ‘ of the ‘.“‘"T‘I T pag
5 g Parameters Dialog to
10~  t=result.time: None"
11— i_L=result.signals(l).values: TRk
- s ; 9 ook - - |
. \._cap resulf.sngnals(-).\ alues; Found algebraic loop containi
13- V_o=result.signals(3).values: Bk sonvesten OV Hockio
il TS N = = A 4
= ;g q-g=result.signals(4).values: 'buck_converter_OL/Buck e
e ‘ h6-  fieure(l 'buck_converter_OL/load' b
o ‘ lgure(') ) 'buck_converter_OL/Buck ce
G ‘ 17— plot(ti_L.h) fe ¥,
==w.____ 118~ holdon: T — r s v
B e 3 \
] MGG i vk

That means, what we learn? That means, we can call the simulation file, Simulink file

from the script file ok. Even if you do not want to open, that is also fine. It will just run
the simulation file and show the results.

(Refer Slide Time: 19:28)

T
froson e e

1= closeall: clear: cle
2
" 3- buck_parameter:
1

g "sldebug

| converter_OL" in
ATLAB command

yw. To eliminate

5= t_sim=10e-3: P
¢ : R itens v e mernmenora: Iproic loop option
7 Y%open_system('bu Dingeestios poge
8- sim(buck_converter ULSIX I of the .*illlTll;ll ion :
9 y Parameters Dialog to
10~ t=result.time: "None"
11-  i_L=result.signals(1).values: SELR
= r = : 9) v . - - 4
iz \-_cap resulf.sngnals(-).\ alues; Found algebraic loop containi
13- V_o=result.signals(3).values: ek sonrvertis 08 Bk
b =, 1t <i. s o - -~
e 145 q-g=result.signals(4).values: 'buck_converter_OL/Buck c
- 16- ) 'buck_converter_OL/load'
— ‘ lgure(' ) =z 'buck_converter_OL/Buck ¢s
& 17— plot(ti_L.h) fi>> 414
s 18~ hold on: L r LT\

It will take some time to simulate and show the results.
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close all: clear: cle

oo et
T e T RECT Y

g "sldebug

converter_0L" in
ATLAB command

w. To eliminate

nessage. set the

Y%open_system('bu

sim('buck_converter’

i_L=result.signals(1).values:
V_cap=result.signals(2).values:
V_o=result.signals(3).values:

It.signals(4).values:

Yo < kg bk oo O st ot oo
i e | 1=
e r—
;?::__E:_:" 3= buck_parameter:
4
5= t_sim=10e-3:
6
7
8 -
9
10~ t=result.time:
11-
12-
13-
e L
- 15
e i L 16~ figure(l)
= 17— plot(ti_L.'b')
! 18~ hold on:

1-
2
3-
4
5—

6

e -y

| et s
SJ0ode k L09e4-Q

J fx>>

braic I()llll option

 Diagnostics page

of the Simulation

Parameters Dialog to

"None"

> In buck_converter_simulatic

Found algebraic loop containi
'buck_converter_OL/Buck co
'buck_converter_OL/Buck e
'buck_converter_OL/load'
'buck_convener_OUBuck-’{

close all: clear: cle

oo et
T

2 "sldebug

buck_parameter:

t_sim=10e-3:

converter_OL" in
ATLAB command
w. To eliminate

nessage, set the

Y%open_system('bu

sim('buck_converter’

t=result.time:
i_L=result.signals(1).values:
V_cap=result.signals(2).values:
V_o=result.signals(3).values:

I
J

" R EEE

q_g=result.signals(4).values:
figure(1)

plot(ti_L.'b')

hold on:
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(Refer Slide Time: 19:32)
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buck_parameter:

t_sim=10e-3:

T sy
| T
g "sldebug
L converter_OL" in
ATLAB command
ffow. To eliminate

message. set the

6 g 5
7 [T R— w  [praic loop option
=5 e Diagnostics page
8~ sim('buck_converter OLSIX - i ..”'" R
9 of the Simulation
10 it Parameters Dialog to
= t=result.time:
"None"
11-=  i_L=result.signals(l).values: - "' " % :
12- ¥ exp—resultisi nals(”) valies >1In m('k_(*on\erle!_ﬂmuhlu»
13 V- _p I s El (3'- .I s Found algebraic loop containi
= _o=result.signals(3).values: , "
b B o uhsignabitvalins ‘buck_cou\ener_OUBuck co,
e buck_converter_OL/Buck ¢
- ‘ \1 6  figure(l 'buck_converter_OL/load'
o i” llgl: ::(. )L ) 'buck_converter_OL/Buc!
& = plot(ti_L.'b o
==l 118~ holdon: ! fx o

So, all four results will be shown one by one. So, you can enable or disable, and it does
not matter. Our next task is to customize the simulation time. | have called the parameter
file separately at the beginning; | have to call the Simulink file from here; I have run it.
This is for executing the simulation so, that means, when you call this, it will run the
Simulink file just by executing this command.

(Refer Slide Time: 20:22)

B [y p—— .
0= t=result.time: :\l = pe Wi
= 11- i_L=result.signals(1).values: I’lut.k\l‘lc,.llill\ l:ll;f" ) m]
2= V_cap=result.signals(2).values: " l _Ij ~I'l omn:.\lm
13- V_o=result.signals(3).values: “I'_'" R ""”;‘l i
fl4-  q_g=result.signals(4).values: l\lllnz-lll.‘rp;i:li:.q“:tp'l :"
s gebr: ) oplic
N6-  figure(l) in the Diagnostics page
h7- l:)l(t.i L'b) of the Simulation
hg- iold "": ‘[');I]‘.llll"!'lh‘l“ Dialog to
19-  gid: o
bo g ‘ > In buek_converter_simulatic
b1~ figure(?) |  Found algebraic loop containi
02— plot(t.V_o.b) ‘ 'buck_converter_OL/Buc!
pemmssseeiOW  Ld ou'- 'buck_converter_OL/Buc
= | ba-  erid: I | 'buck_converter_OL/load'
e ‘ ‘ b5 2 ‘ 'buck_converter_OL/Buck
=) b I > (e .
; PN

Then, | have stored all the results like a time, inductor current everything from

here ok

and you we have all these plot command, we can plot it. So, maybe we do not need to
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plot all these, first two it should be sufficient. We want to just plot output voltage and

that is it, yeah. So, only two plots is sufficient. So, it will call t-sim is now running for 10

millisecond.

(Refer Slide Time: 20:40)

buck_parameter:

t_sim3le-3:

6
7-  open_system('buck_converter_OL.sIx)
8~ sim('buck_converter_OL.sIx')
9
10~  t=result.time:
11— i_L=result.signals(l).values:
12~ V_cap=result.signals(2).values:
13- V_o=result.signals(3).values:
= 4~ q_g=result.signals(4).values:
15
16~  figure(l)

" IR
T

plot(t.i_L.'b')

fx>> /

hold on:
T —

AR e e o et et

typing "sldebug
buck_converter_OL" in
the MATLAB command
window. To eliminate
this message. set the
\lgebraic loop option
in the Diagnostics page

of the Simulation

Parameters Dialog to
"None" ‘
> In buck_converter_simulatic |
Found algebraic loop containi 1
'buck_converter_OL/Buck
'buck_converter_OL/Buck|
'buck_converter_OL/load'
‘buck_converter_OL/Bue!::

A A

So, if we want to speed up simulation, then we need to, we can decrease to 1 millisecond

and run it again.

(Refer Slide Time: 20:43)
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So, we can do whatever we want nice.
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* e -
close all: clear: cle A il -
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F ATLAB command 2 -
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— yw. To eliminate fes oot
t_sim=le-3: i s
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6 | : ; {1 e
7 %open_system('bu R P S g praic loop option fm v
hopen_syste o : e
* - s Diagnostics page B .
8- sim(buck_converter DLeIX] | : I fis 1
9 = = of the Simulation e z
10 ; it Parameters Dialog to R
- =result.time:
"\UI“‘"
11-  i_L=result.signals(l).values: L & -
12 v _ Tk sienal (q) I > In buek_converter_simulatic
5 cap=resuit.signals(<).values: - P o o
b V-o=i:'e~'ull ii"llil%“' i Found algebraic loop containi
=y i) 'buck_converter_OL/Buck ¢

~14-  q_g=result.signals(4).values:

Thee 15

'buck_converter_OL/Buck

E ‘ 6= & 1 'buck_converter_OL/load'
fmae | lgure(') = 'buck_converter_OL/Buck =
o 17-  plot(ti_L.h) fi>> PP
.18~  holdon: L7 Qe

Now, why again we want to see all the time the Simulink file, if I just close it, it will not

show go to that screen, it will run it.

(Refer Slide Time: 21:22)
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Now, | have a next task why should I use because we are calling the data into our
workspace, then why do we need to again place a scope there? Because as | said if we
want to display the scope during live like a when it is running, it will actually slow down

the simulation so, we can in fact, disconnect the scope, we do not need this scope at all.
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Or maybe initially before you that, I can use something like if you go to the sink block in

the library, there you will find something like a simout block.
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| want to take the data to the workspace. So, | do not need to pass through the scope so
that 1 do not want to display. But this simout name can be change. You can use simout 1,

2, 3 whatever, it is your customize so, | am just using default ok simout_buck I call it ok

S0, simout.
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Now, I can use simply buck no problem anything that we want, but it has only one input
whereas, | need to take various signal data to the workspace. So, that means do you need
multiple such simout block or we can use a vector input for the simout that is possible.
So, if we have only one inductor current so, this is my inductor current. Now, what | am

doing? I am taking the simout and now; I am just running it.
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- v  converter_OL" in
; LA ATLAB command
- fow. To eliminate
p MY Sy n‘~ 1 message. set the
Z T — e T braic loop option
e, e Diagnostics page
8= Sim('l)uck_con\'sr!er_l“ .s|x| ' - ..l g . e
9 | of the Simulation
¥ - | Parameters Dialog to
= t=result.time:
"None"
11-  i_L=result.signals(1).values: 9 “i" \ : .
R — . > I lm(-k_mn\erler_ﬂmulalu'
el V-o::'ﬁuil si;nils(';j :'a;lues' 3  Found algebraic loop containi
il i i D i 'buck_converter_OL/Buck ¢
— ig = qgrresultsignals(d).values; 'buck_converter_OL/Buck
o ‘ 16~ figure(l 'buck_converter_OL/load'
— ‘ 1gure(' ) . 'buck_converter_OL/By-'< i
= 17- plot(ti_L.h) fi>> [N

hold on:
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< ’ eTeTTeeTaree reic loop option
7 aopen_system('bu w1 ostics page
8- sim('buck_converter OLSIN) ' fthe ."ianIuliun '
g . Parameters Dialog to i
10~ t=result.time: "None" ; |
11-  i_L=result.signals(1).values: Rk oot skl
= V_cap= .signals(2).v; 3 % X 1
12 -_cap resul? signals(2).values Found algebraic loop containi
13- V_o=result.signals(3).values: ook bomvertie OF Bucke
- 1 1 7 o ) 2
= e i: q_g=result.signals(4).values: 'buck_converter_OL/Buck ¢
= L — 'buck_converter_OL/load' Y
e ‘ lgure(' ) - 'buck_converter_OL/Bys< i
o 17— plot(ti_L.h) fi>> Pl GaE\
—nd 18~ hold on: L —— / 'Y # e
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If you run it see in figure 1, you have plotted inductor current. This current is coming
from the result block which is connected to this particular scope. | want to check that sim
out data of the inductor current should be identical.
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ot v 10 o Tt v of the Simulation
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e e = Parameters Dialog to
1= closeall: clear: cle T "None"
2 ‘ > In buck_converter_simulatic |
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3= buck_parameter: ‘ Found algebraic loop containi |
4 'buck_converter_OL/Buck e
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So, you go to simout, this is also structure. The first is one time and the second is data

6

8-

t_sim=le-3:

Y%open_system('buck_converter_OL.slx')

sim('buck_converter_OL.slx)

ok. So, first is time and the second is data.
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typing =
buck buck_converter_OL" in = it
uck_parameter; the MATLAB command ;' ‘::
e ui.mluu. To eliminate : =
this message. set the
g \lgebraic loop option
7 Y%open_system('buck_converter_OL.slx') B ! ‘l
ey p in the Diagnostics page
8- sim('buck_converter_OL.slx) o .
9 of the Simulation
. Parameters Dialog to
10~ t=result.time: None" ;
11-  i_L=result.signals(1).values: L : -
= : > In buek_converter_simulatic
12~ V_cap=result.signals(2).values: . -
B esulisizuals(3)values: Found algebraic loop containi
'u_mul S 39) values; 'buck_converter_OL/Buck co
~14-  q_g=result.signals(4).values:

'buck_converter_OL/Buck co

'buck_converter_OL/load'

1 'buck_converter_OL/Buck co
fx. >> cle

figure(1)
plot(t.i_L.'b')
hold on:

>> simout_buck

‘ limeseries
buck_parameter:

Common Properties:

t_sim=le-3: Name: "

6 Time: [28887x1 double] ||
7 Y%open_system('buck_converter_OL.slx') Timelnfo: [1x1 tsdata.timg
8~ sim('buck_converter_OL.sIx') Data: [28887x1 double]
9 Datalnfo: [1x] tsdata.data":* =
10~ t=result.time: | i
11-  i_L=result.signals(1).values: More properties. Methods
12~ V_cap=result.signals(2).values: |
13- V_o=result.signals(3).values: >> t1=simout_buck.time:
14~ q_g=result.signals(4).values: >> x1=simout_buck.data:
""'—‘ 15

fe>> figuefl)
‘ |16~ figure()

17-  plot(ti_L.h)
= 18- hold om:

st
—
18
St
St
=
Py
e
ey

That means even if you write, what is my simout say that means, | want to just type this
particular name ok, you just type it here, you will file the detailed description. So, it has a
time vector and then; it has a data element ok. So, the time that means, if | write again t1
which is equal to simout dot time, t1 is now created and if | write let us say x1 which is
simout dot data. Since x1, since we are using only one like a scalar input so, it will

directly give vector. Now, | want to plot, let us say | want to call the figure 1 ok.
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close all: clear: cle
buck_parameter:
t_sim=le-3:

Y%eopen_system('bu

sim('buck_converter_\

t=result.time:
i_L=result.signals(1).values:

V_cap=result.signals(2).values:

V_o=result.signals(3).values:

= =15
i 26
= 17-

10~

18-

q_g=result.signals(4).values:

figure(1)
plot(ti_L.'b')

hold on:

buck_parameter:
t_sim=le-3:

Y%open_system('bui

sim('buck_converter_

t=result.time:
i_L=result.signals(1).values:

V_cap=result.signals(2).values:

V_o=result.signals(3).values:

>3 18-

Then, hold on, then | want to plot, plot t1 comma x1 and | want to use a red colour on

that.

q_g=result.signals(4).values:

figure(1)
plot(t.i_L.'b')
hold on:
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| e
mout_buck
Jeseries

mon Properties:
Name:"
Time: [28887x1 double]
o [Timelnfo: [1x1 tsdata.time .-
Data: [28887x1 double] ‘
Datalnfo: [1x] tsdata.data

i

More properties. Methods

>> tl=simout_buck.time:
>> xI=simout_buck.data:
>> figure(1)

fe>>

e anca s
U _aen

\eseries

mon Properties:
Name: "
Time: [28887x1 double] ==,
Timelnfo: [Ix1 tsdata.tin i
Z Data: [28887x1 double]

Datalnfo: [1x] tsdata.dat

>> tl=simout_buck.time:
>> x]=simout_buck.data:
>> figure(l)

>> hold on:

>> plot(tl.x1.'r)

|
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Now, if you see both are exactly same so, you cannot distinguish. Both are like a blue
and both are merged together.
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So, you cannot identify that because they are the same data, same exactly same data. So,
it is not both are like overlap data right so, you cannot distinguish them. That means, | do

not need to use a scope to bypass the data. So, I can remove this scope completely.

(Refer Slide Time: 24:57)
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My next task is that simout, | should not use the scalar. | want to use a vector so, use a
mux. So, let us use a mux. Now, once you have a multiplexer that means it is muxing
multiple signal together so that you can take that data into workspace, multiple data at a

time you can take it to the workspace ok.

(Refer Slide Time: 25:31)

Ci Properties:
buck_parameter: ommz:mer.o'}') AT i
e Time: [20887x1 double] |
: Ce Timelnfo: [1x] tsdata.tin ||
= . tem{buck ter. OL.slx) Data: [26887x1 double] |
hl]]il'll_‘I\‘ em( buck_converter_ wSIX D Inf : = i
8~ sim('buck_converter_OL.sIx') talafoc [Lx] tadataday ‘..‘
9
ies. s
- More properties. Methods
11-  i_L=result.signals(l).values: S A T=xinoutt Budktans:
12~ V_cap=result.signals(2).values: - (I=;im()ul- bu('k. data:
13- V_o=result.signals(3).values: >>ﬁ ;'e(l) i
10 g geresultsignals(d).values: s> hfll:] o
; ‘ ‘ 15 - >> plot(tl.xL.)
E: }16 gure(1) § > cle
& i 17— plot(ti_L.h) fi
===-l___18-  holdom: ;

So, before it | mean loads, so let us go and check ok.
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e ore— e
b wen | 1= close all: clear: cle Fi fx>>
2
"1 3- buck_parameter: :n
4~ Vin=ls: =
5= Vref=l: -
6~ D=115:
7= t_sim=le-3:
8
9-  [_L_int=0;

10~  V_c_int=0; I

11
12 Y%open_system('buck_converter_OL.sl¥')
13— sim('buck_converter_OL.sIx')

t=result.time:
i_L=result.signals(1).values:

So, what we have seen that parameter file, after parameter, we will define something in
fact, you can specify a different input voltage no problem, you can set it and you can set
a different duty ratio like a 1 by 15 ok so that the different duty ratio in the Simulink file

will be specified ok.

Next, if we go to you know Simulink, later it is waiting for the multiplexer to come. So,
the duty ratio we can set, we can set VVref whatever we want a whether it is a parameter

file, does not matter.

(Refer Slide Time: 26:32)

% buck converter output in¢;

(=2 % buck converter output capac
3= T=2e-6: % buck converter switching tin
4- r_L=5e3;: % buck converter - inductor DC
5—  r_d=5e-3: % buck converter - diode resista
6~ v_d=0.55: % buck converter - diode voltag
7= r_1=5e-3: % buck converter - Low-side M
8-  r_2=5e-3: % buck converter - High-side ),
9-  1r_.C=3e-3: % buck converter - capacitor £t}
10~  Vin=12: % Input voltage
11-  Vref=l: % Reference output voltage in ve
2=  D=Vref/Vin: % Duty ratio
13- R=L % Load resistance ‘
—
B mal SRl |, int=0: % Initial inductor current ‘

V_c_int=0:

386



From the parameter file also, we want to call this initialization file as well. This is one of
the most important part that we should specify at the beginning, initial value. So, these
are the initial value of the inductor current and the output voltage ok.

(Refer Slide Time: 26:55)
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So, | can initialize from a separate point ok, let us go to the mux.

(Refer Slide Time: 26:58)
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So, | can take multiplexer, | can take 4 output multiplexer ok.
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And it output is a vector. | can now connect to inductor current, capacitor voltage, output

voltage and my gate signal all these are possible now. Now, let us go back.

(Refer Slide Time: 27:23)

uuuuu

1= close all: clear: cle

"None"

2 e
- > In buck_converter_simulatic {7, -
3= buck_parameter: 3 . . f -
i-  Vin=15: Found algebraic loop containi |-+ -
Al vm;_lo" "buck_converter_OL/Buck ¢o - um ‘Z;.M
AL Dr“el/_l'.' J 'buck_converter_OL/Buck co |7 e
B 'buck_converter_OL/load' :L‘ *m

ly imsled; 'buck_converter_OL/Buck co five

. . Undefined variable
iy L=t "result" or function
10~ V_c_int=0: s s
result.time".
11
12 Y%open_system('buck_converter_OL.slx') ER
M " Error in
13— sim('buck_converter_OL.sIx') . 3
ha buck_converter_simulation
| = line 15
Wt chee= (15— p=yesult.time: fline 13 "
- | - ) t=result.fmle:
e |6~ i_L=result.signals(1).values:
= B v o reailh sionalsiOYvalaes:
= ‘17 V_cap=result.signals(2).values: fi>>

s 18~  V_o=result.signals(3).values: N
I WO RS ™ I

wn w3

So, if you run now the result is not there so, we cannot run this.
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t_sim=le-3:

I_L_int=0:
V_c_int=0:

Y%open_system('buck_converter_OL.slx') 1

sim('buck_converter_OL.sIx')

figure(1) 1

plot(t.i_L.'b')
hold on:
grid:

e e
= BT )
Idebu,
buck_converter_OL" in
the MATLAB command

window. To eliminate

|\|

o
g

this message. set the
\lgebraic loop option
in the Diagnostics page
of the Simulation
Parameters Dialog to
"None"
> In buek_converter_simulatic
Found algebraic loop containi :
'buck_converter_OL/Buck co.
'buck_converter_OL/Buck co |
'buck_converter_OL/load'
'buck_converter_OL/Buck co

figure(2)

Because we have eliminated the scope ok, we have eliminated the scope, but we need to

plot it. Where is time vector and all these we need to plot it. So, how to get this time? It

will show error because you know it does not have the time.

(Refer Slide Time: 27:53)

Parameters Dialog to
"None"

> In buck_converter_simulati
Found algebraic loop contain
'buck_converter_OL/Buck e
'buck_converter_OL/Buck co
'buck_converter_OL/load'
'buck_converter_OL/Buck co

o g a
4-  Vin=I5 i
5~ Vref=1
6-  D=1/15 A
T-  t_sim=le-3:

=

I_L_int=0:
V_c_int=0;

Undefined function or
variable 't'.

Error in
buck_converter_simulation
(line 17)

plot(t.i_L.'b')

| L=

Now, what is there? The same buck we have stored.
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Vin=15:
Vref=1:
D=1/15:
t_sim=le-3:

I_L_int=0:
V_c_int=0;

'?igiiiiii“g'iii

fe>> 1 L_int=0: % Initial in ;
V_c_int=0: e
I

-=g

1= |20-
l 11

Now, if you go inside, it has 1 time vector that means, if I click here that means if | write
just a minute sim buck.

(Refer Slide Time: 28:08)

>> simout_buck
Limeseries

Common Properties:
Name: "
Time: [28196x1 double] e

Timelnfo: [1x] tsdata.timg/"~
Data: [28196x4 double]

4\....7” o et - Datalnfo: [1x] tsdata.datq
4-  Vin=I5: =
5-  Vref=l: | More properties. Methods
6-  D=1/15: :
7=  tsim=le-3: ‘ fi>>|
)
= 9-  LL_int=0:
V_c_int=0:

= ( AN -
E-:“-J“

So, sim buck has one time vector, and the data is a structure that means. Each data has

four columns, and each column has many elements that correspond to the values of that
particular signal at different time instant ok.
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t_sim=le-3:

I_L_int=0:
V_c_int=0:

Yopen_system('buck; converter_OL.slx')
sim('buck_converter_OL.slx')

t=simout_buck.time]

N=simout_buck.dataj

figure(1)
plot(t.i_L.'b')

[ ————
>> simout_buck
timeseries

Common Properties:
Name: " A
Time: [28196x1 double| {_:‘

TimeInfo: [Lx] tsdatatime =
Data: [28196x4 double] -
Datalnfo: [1x] tsdata.data

More properties. Methods

>> t=simout_buck.time:
x=simout_buck.data:

fe>>

hold on:

So, that means, now we are trying to do, we are first trying to create t equal to simout dot

time and we are writing x simout dot data. So, this data we will take if you run these two,

what | will first do? If you run these two.

(Refer Slide Time: 28:57)

i

[ e pe——

>> simout_buck
limeseries

Jroee

Common Properties:

EEERETETETEEEE T (¢
L

Name:"
Time: [28196x1 double] =
Timelnfo: [1x1 tsdata.time =
Data: [28196x4 double] "

£

DN e————

Now, if you go to X, x has 4 column that means, 4 column and each column you

data ok.

Vin=15:
Vref=1:
D=1/15:
t_sim=le-3:

I_L_int=0:
V_c_int=0:
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Datalnfo: [1x] tsdata.data
More properties. Methods
| >> t=simout_buck.time:

x=simout_buck.data:

fe>>

have
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I_L_int=0:
V_c_int=0:

16~  x=simout_buck.data:
7= i_L=x(al):

18-  V_cap=x(:.2):

19—  V_o=x(:3):

R0~ qg=x(:4)

figure(1)

Y%open_system('buck_converter_OL.slx')

13— sim('buck_converter_OL.sIx')
L4 I
15-  t=simout_buck.time:

Pa

. k .

plot(t.i L.b")

So, we have extracted. Now, our inductor current is actually in the first column, it is the
first column so, x. So, all the data in the first column will take a row, all the rows will
take and the first column will take. Next, what are their inductor current, then capacitor
voltage cap, it will be the 2nd column; 2nd column, then V 0, it is the 3rd column and

then, g g which is my 4th column. Now, once we do that now, we are ready and now, we

can draw the plot ok.

(Refer Slide Time: 29:50)

T

17-  i_Lax(al):

buck_converter_OL" in
the MATLAB command
window. To eliminate
this message. set the
\lgebraic loop option

in the Diagnostics page

of the Simulation

rameters Dialog to

"None"

> In huck_converter_simulatic

Found algebraic loop containi 1
'buck_converter_OL/Buck co
'buck_converter_OL/Buck co
'buck_converter_OL/load'
'buck_converter_OL/Buck co

.....

e
| R

> In buek_converter_simulatic |

iV | converter_OL" in
; "  converter_OL,
o I_L_int=0: k.7
Fife = ar ! ATLAB command
V_c_int=0: P
o] i fow. To eliminate
al Iessage. set the
Y%open_system('bu | o) :
ke e [praic loop option
13- sim('buck_convertd . : i
—— | i1gn0stics page
14 I | e O T
. i 4 of the Simulation
15-  t=simout_buck.time: | s
. Parameters Dialog to
16~  x=simout_buck.data: ‘ "None"
one

18- V_cap=x(:.2):
19— V_o=x(:3):
20~ qg=x(:4)

g 27

i ‘ 2

o 23— figure(l)
e 24~ plot(t.i_L.'b)

Found algebraic loop containi |
'buck_converter_OL/Buck co

'buck_converter_OL/Buck co |
'buck_converter_OL/load'
'buck_converter_OL/Buck co

| fx>>

wn

w3 wa
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So, you can see now, all the data’s are captured, the current and everything we got back
just by there is no scope anymore so, that means, there is no scope and you can speed up
the simulation ok. So, you have created a transient case here. We may or may not open
this block does not matter. We can initialize here, and we can define different parameters
here.

(Refer Slide Time: 30:19)

—— -l
- | 1= closeall: clear: cle o
9 typing "sldebug
- buck_converter_OL" in
3= buck_parameter:

the MATLAB command

window. To eliminate

4~ Vin=13: Vref=3.3: D=1/15:
5= l_sim=lr-3:I

6

7= I_L_int=0:

8- V_c_int=0:

this message. set the
\lgebraic loop option
in the Diagnostics page

of the Simulation

9 ).
; , Parameters Dialog to
no %open_system('buck_converter_OL.slx') "None"
5 one
= sim('buck_converter_OL.sIx" 2 s
11 im(buck_converter_OL.x) > In buck_converter_simulatic
12 " ¢ . .
. . Found algebraic loop containi
13- t=simout_buck.time: ,
g buck_converter_OL/Buck co
~[l4-  x=simout_buck.data:

hS— i LexCl) 'buck_converter_OL/Buck co
5 iL=x(): 'buck_converter_OL/load'

ST e i 'buck_converter_OL/Buck co
17-  V_o=x(:.3): fi>>
18- g g=x(:d): 4l

ol

H

|

) ‘(ligl[!i" '

wn Wi wn

So, let us say voltage something here, buck parameter, we can define duty ratio. Now, if
we change the duty ratio, let us say if we change the output to 3.3, we will see what

happens, you run it.
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e 0D s
=== e
P rersr— e
e e L S— > =
i = f .

" g "sldebug fou s
eengnome T V - | A
e buck " ” converter_OL" in i i

ool uck_parameter: ATLAB comm: e :

o " o AB command fis o

e 4~ Vin=15: Vref=3.3: s e -
ozt ow. To eliminate

L l_sim=le-3:I
ressage. set the

praic loop option

7= I_L_int=0;
8-  V_c_int=0;

e Diagnostics page

of the Simulation

Parameters Dialog to
"None"

> In buek_converter_simulatic

Y%open_system('buck_converter_OL.slx')
sim('buck_converter_OL.slY')

Found algebraic loop containi
'buck_converter_OL/Buck co
'buck_converter_OL/Buck co
'buck_converter_OL/load'

'buck_converter_OL/Buck co

t=simout_buck.time:
x=simout_buck.data:
i_L=x(al):
V_cap=x(:.2):

V_o=x(:.3):
a_g=x(:4): : fx>>_,_ + il .

esad e

pas=s 5 s
p s  re—
. e ———— v -
e g "sldebug - -

g S g i G ase
eevm— we B e
i e R st | converter_OL" in i, ———_
g 3= buck_parameter: - fie :
| e WATLAB command fs v

4~ Vin=15: Vref=3.3:

ow. To eliminate
5= t_sim=le-3:

hessage. set the

- . [praic loop option
AR T NP T S e a1e 100p 0 0]
7= 1L int=0: G R : :
8 Vi t=0 s Diagnostics page
= c_int=0: i .
9 SR of the Simulation

Parameters Dialog to
"None"

> In huck_converter_simulatic
q

%open_system('buck_converter_OL.slx')
sim('buck_converter_OL.slx)

Found algebraic loop containi
'buck_converter_OL/Buck co
'buck_converter_OL/Buck co
'buck_converter_OL/load'
'buck_converter_OL/Buck co

|| el

t=simout_buck.time:
x=simout_buck.data:
i_L=x(el):

V_cap=x(:.2):

!i

* Klig”

394



(Refer Slide Time: 30:51)

- T -
o "
typing "sldebug e
buck . buck_converter_OL" in ——
uck_parameter: = i
3 the MATLAB command o

Vin=15: Vref=3.3: D=1/15:

X window. To eliminate
t_sim=le-3:

this message. set the

\lgebraic loop option

7-  LL_int=0;

T in the Diagnostics page
8- V_c_int=0: § I

of the Simulation
Parameters Dialog to
"\("N‘"

> In buck_converter_simulatic

%open_system('buck_converter_OL.slx')
sim('buck_converter_OL.sIx')

Found algebraic loop containi |
'buck_converter_OL/Buck co
'buck_converter_OL/Buck co
'buck_converter_OL/load'
'buc§_con\‘erler_0UBuck co
fx>> cle :

t=simout_buck.time:
x=simout_buck.data:
5= iL=x(:l)

I
i

*®

—
o
1
T =
J 1
Q
I
-~

i

"N

v P e———
1-  closeall: clear: cle Fi >>D
2
3= buck_parameter: D=
4~ Vin=13: Vref=3.3: D=\'reWm
5= t_sim=le-3: 0.0667
6 4
7- L int=0; f! >>
8~ V_c_int=0:
9
1o Y%open_system('buck_converter_OL.slx')
1= sim(buck_converter_OL.skx')
12
13-  t=simout_buck.time:
4~  x=simout_buck.data:
e Fee= 05— j_L=x(:1);
é-_-‘ 1o |p6-  V_cap=x(:2):
_E 17-  V_o=x(.3):

4):

So, in the Simulink D, D should get change. So, ok sorry, we should use Vref by Vin not
this, Vref by Vin that is the open loop duty ratio. Now, you should run.
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close all: clear: cle

buck_pmlameler:
Vin=15: Vref=3.3: D=Vref/Vin:
t_sim=le-3:

I_L_int=0:
V_c_int=0;

%open_system('buck_converter_OL.slx')
sim('buck_converter_OL.slx')

t=simout_buck.time:
x=simout_buck.data:
i_L=x(al):
V_cap=x(:.2):
V_o=x(:3):

(Refer Slide Time: 31:08)
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typing "sldebug

buck_converter_OL" in

the MATLAB command

window. To eliminate

this message. set the

\I:_'"l'rili" Il"lll lilllil)"

in the Diagnostics page

of the Simulation

Parameters Dialog to

"None"

> In buck_converter_simulatic
Found algebraic loop containi \
'buck_converter_OL/Buck co ‘
'buck_converter_OL/Buck co
'buck_converter_OL/load'
'buck_converter_OL/Buck co

.
o J
/

|8 A J

v/

u- \/ 4
!

u d
ul

|

" % " - - ~ - u ~ 5
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Now, the output voltage get actually get shifted, but it is not exactly 3.3 because there we
have discussed that output voltage difference is because of the drop because we have all
considered the non-ideal inductor, capacitor all these. So, inductor DCR drop, diode
drop, then diode resistance drop many things will contribute to this and mismatch in the

output voltage, but, at least we can run the first thing. So, now, we did it.

(Refer Slide Time: 32:00)

i

Now, suppose we want to create another transient case. We do not want to run it now ok;

we want to run it later. So, suppose after 1 millisecond, we want to create; we want to

I 0 | |
R TTTTTrT

||l l
{

| ||
]

l

0,040

%% %% % %% % Part 1

Vin=12: Vref=1: D=Vref/Vin:
R=1:

t_sim=le-3:

I_L_int=0: !
V_c_int=0:

Yaopen_system('buck_converter_OL.s|

sim('buck_converter_OL.slx')

t=simout_buck.time:
x=simout_buck.data:

Ix')
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typing "sldebug
buck_converter_OL" in
the MATLAB command
window. To eliminate
this message, set the
\lgebraic loop option
in the Diagnostics page
of the Simulation
Parameters Dialog to
"None"

> In buek_converter_simulatic

Found algebraic loop containi

'buck_converter_OL/Buck co
'buck_converter_OL/Buck co
'buck_converter_OL/load'

'buck_converter_OL/Buck co

| fr>>

wn




run for another 1 millisecond where suppose we have kept you know R equal to 1; R
equal to 1.

(Refer Slide Time: 32:23)
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typing "~|||n‘ln|".’

7 t=simout_buck.time:

buck_converter_OL" in
8- x=simout_buck.data: = s

" h9 s E=xielle the MATLAB command
?; l\- _\(_), window. To eliminate
él ‘A" ‘_l_p_\;-' this message. set the
by _0:§(.'I.)l \lgebraic loop option
“ q-g=x(4): in the Diagnostics page
b %% % % %% % % %% Part 2 of the Simulation e o
bs sl it Parameters Dialog to i e
p6-  R=0.L: » —
b7 . ~%m=.e-3' > In I)ll('l\_('llll\l‘l’ll‘r_ﬂ]llllli!“l'
b = - Found algebraic loop containi
é - EL it 'buck_converter_OL/Buck co
4 \' 'I,“t- 0. 'buck_converter_OL/Buck co
_e_int=0:

|i

'buck_converter_OL/load'
'buck_converter_OL/Buck co

|| el

PR

Now, here, we want to set R equal to we want to run for a different R, other parameter
remains same so, we are just changing this R value that means, once these data’s are
stored now, we want to run for another resistance. So, let us say we are going for 1 ohm
resistance to 0.1. Let us say it is 1 volt, it is 12 volt. So, all these input voltage is 12 volt,

output is desired is 1 volt.

So, we said duty ratio as per open loop, but we can change it and we said the initial load
resistance to be 1 ohm, but now we want to make a load transient. So, the load resistance
is changed from 1 ohm to 0.1 so that we can get a load current of how much so, that

means, load resistance decreases, the current should increase.

But, now, we can run again this simulation. That means, | can just call part 2 of the
simulation, part 2 this is my part 1, this file I will call 1’s ok, this file I call 1 part 1. If
you want to change input voltage fine, if you do not change, then you do not have to

write it because it is already stored, but we are changing these values part 2.

So, let us say we are running for 2 millisecond, but one thing we will notice that now, the

inductor current we are running for the next we already run for 1 millisecond. We have
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to run for 2 another 2 millisecond, we cannot run from the same initial condition O

because the already system has reached to certain level ok. So, let me let us draw this.

(Refer Slide Time: 34:05)

So, let us say the output voltage reached here some value.

(Refer Slide Time: 34:11)
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(Refer Slide Time: 34:20)

So, we have to take or inductor current has reached some value whether it is positive,
negative, but it is at the final value, it is not 0. So, we have to start from this point rather
than another 0 point. How to do that? That means, we have to take the final value of the

previous simulation as the initial value of the next simulation.
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e er— o crawaow,
it ki 'buck_converter_OL/Buck co [+
-_~|n = " b“c-k. ;n:e 'buck_converter_OL/load' u
-\—El_n?n.ul_. S 'buck_converter_OL/Buck co !,»_:a
l" _“_" (),' >> m=length(i_L):
_cap=x(:.2): - 3 b
V_o=x(:.3): " e (,
22— qg=x(:4) J _ i e
- g " E &
;: 28887 |“ o
i
00/ 01 0/ 0/ 0/ 0/ 0/ 0/ 0/ Port )
;? 0% %%%%%%%% Part 2 >>i_L{m)
28—  R=0.L: _—
| ——— -29 t_sim=2e-3: 5
= . L4130
vy 31 [_L_int=0;
=y 32— V_c_int=0:
= [>T

So, what is the final value of the previous simulation? So, we need to identify what is the
vector length of these any of all these vectors are identical length and it is clear that if
you look at this; it is like a 28887, but that can vary. So, | can simply write m which is
the length of any of the signal I can use i L for example. If | execute this, it will show the
length of this vector and what is my m? Like a 28887.

So, we have to use this data as the initial condition that means, what is the initial
condition for the next simulation? It is the final condition for this. So, if | search for i
underscore L ok m; m, then what is this value? Minus 1.413 and if you look at this
waveform sorry actually, what was where is the scope result? If we just run it you will

find the final value of this inductor current.
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1
i

]

RS

figure(2)
plot(t.V_o.b')

iWo & wp -

hold on:

1E>

>>i_L(m)
ans =
-1.4130

>> figure(1)
plot(tLLb)
hold on:
grid:

i
fium e
= ot
froe o
v i
1 wm
fiv 2
i o

W

If you go and go, this is what exactly it is showing that minus 1.413 so, that is showing

here minus 1 point so, that is my final value.

(Refer Slide Time: 36:24)

%%%%%% %% %% Part 2

R=0.1:

t_sim=2e-3:

I_L_int=i_L(m}: \
V_c_int=V_cap(m): |

sldebu
buck_converter_OL" in
the MATLAB command

window. To eliminate

ty ping

o
2

this message, set the
\lgebraic loop option
in the Diagnostics page
of the Simulation
Parameters Dialog to
¥ \“IN'"
> In buek_converter_simulatic ‘
Found algebraic loop containi \
'buck_converter_OL/Buck co
'buck_converter_OL/Buck co
'buck_converter_OL/load'
'buck_converter_OL/Buck co ‘
|

i
i

That means, first, that means we need to identify the final value. So, this initial condition

will be my i L comma m and this initial condition will be my V cap comma m ok. So,

now, you are ready to go.
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H

dli LK
! |

000“000."000000000

R=0.1:

S———
g "sldebug
 converter_OL" in
ATLAB command
ww. To eliminate
hessage, set the

raic loop option

Diagnosties page

t_sim=2e-3:

I_L_int=i_L(m):
V_c_int=V_cap(m):

. fx>>

| fx>>

% i
17— t=simout_buck.time:
"8~  x=simout_buck.data:
=TT 09-  i_Lax(l):
RO~ V_cap=x(z2):
p1-  V_o=x(:3):
e2-  qg=x(:4)
P3-  m=length(i_L):
g4
p5—  figure(l) I
p6-  plot(ti_L.'b')
p7—-  hold on:
p8-  grid:
e B0~ figure(2)
-‘ _HB1= plot(t.V_o.'b')
B2~ hold on:
S IB3-  grids

e B S E T C T D DT
ST i Bt i

=
TEEoag

of the Simulation
Parameters Dialog to
"None"
> In buek_converter_simulatic |
Found algebraic loop containi 1
'buck_converter_OL/Buck co |
'buck_converter_OL/Buck co |
'buck_converter_OL/load'
'buck_converter_OL/Buck co

typin,

buck_converter_OL" in

the MATLAB command

window. To eliminate

this message. set the

\lgebraic loop option

in the Diagnostics page

of the Simulation

Parameters Dialog to

"None"

> In buck_converter_simulatic |

Found algebraic loop containi \
'buck_converter_OL/Buck co
'buck_converter_OL/Buck co
'buck_converter_OL/load'

'buck_converter_OL/Buck co

4

215

.
e”-:el'

i o

b3

Now, | want to run you know | want to hold on this waveform. So, this simulation as if is
created ok. So, part 1 let us say we are running this output to voltages where it is under
part 1 that part 1, | am plotting all these holding the value. Now, what | am doing? | am

again calling this function sim function and doing this exercise ok; doing this exercise

sim.
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b ST 3t typing "sldebug

. buck_converter_OL" in
L_L_int=i_L(m}: the MATLAB command
V- c-int=\—' cap(m}; window. To eliminate
o . this message. set the
W3-  sim(buck_converter OLalx) A\I‘L'I’Iil‘ili.l' loop option
ha in the Diagnostics page

of the Simulation

5~  t=simout_buck.time: ;

Bl ot Buck date: Parameters Dialog to

W1- i L=x(ul) None —
hs- ’ o > In buek_converter_simulatic |
B9=

Found algebraic loop containi ‘
|

B0 q (el 'buck_converter_OL/Buck co

I
i
1

'buck_converter_OL/Buck co

sme b1~ m=length(i_L):
- b2 AR ’I 'buck_converter_OL/load'
o b3 'buck_converter_OL/Buck co |
e b > I

Now, for this, I set the initial condition; | have only changed the load resistance; | am

calling everything and again; I am I can plot this. Now, all these data will be overwritten.

(Refer Slide Time: 37:33)

L —— T o
typing "sldebug E';
. t=simout_buck.time: buck_converter_OL" in .
g:‘_—;::: A6~  x=simout_buck.data: the MATLAB command ;E
A7 i_Lax(nl): window. To eliminate -
n8-  V_cap=x(z.2): this message. set the :2 ul
A9-  V_o=x(.3): \lgebraic loop option .:"_f"u
B0~ q_g=x(zd): in the Diagnostics page -
b1-  m=length(i_L): of the Simulation -
b2 Parameters Dialog to &
b3~ figure(]) 1| "None"
ba-  plot(ti_L.r) 1| > Inbuek_converter_simulatic
65— hold on: Found algebraic loop containi |
b6~  grid: 'buck_converter_OL/Buck co
ﬁ b7 'buck_converter_OL/Buck co
= I . 1p8- figure(2) 'buck_converter_OL/load'
E':: { ©|p9-  plot(t.V_o.'r) 'buck_converter_OL/Buck co
. 60~ hold on: fe>>

wm b9 wu

And now, | plot is a red one, red one. So, let us run the simulation.
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AAAAA

If you run, you will find the initial value of this is updated accordingly. What is the

initial value? It is around 0.47.

411



(Refer Slide Time: 37:55)

R s,

™~
3

o

Teoh Dutvg ke ey
s L EN0994-2

13 =30

cF
@l

412



(Refer Slide Time: 38:00)

=}
7}
o

And what is the final value here? It is around sorry, what | am showing sorry.

(Refer Slide Time: 38:05)
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So, the final condition here, that means, this is my initial condition yeah, initial condition
so, red one if you see the final initial condition that we discuss minus 41 that value and

so, it is fine.
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So, that means, we can see some drop that means, if you run again so, you will check

there is a some drop in the output voltage. Output voltage final value is around 0.4825.
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(Refer Slide Time: 38:50)

Whereas, the initial value of the next simulation is something different.

(Refer Slide Time: 38:52)

Another thing you will notice the time shift as if there again the simulation is running

from 0 to t sim; O to t sim.
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So, we need to shift it that means, we have to shift to this access.

(Refer Slide Time: 39:15)

e wa w3

typing "sldebug t b“m -
buek_converter_OL" in i -
I_L_int=i_L(m): the MATLAB command f i ™
A1-  V_c_int=V_cap(m): window. To eliminate l‘“ EE
A2 this message. set the i v
#3-  sim('buck_converter_OL.sIx') \lgebraic loop option
fid in the Diagnostics
A5- l|=l(mj+ page of the Simulation
N6~  x=simout_buck.data: I Parameters Dialog to five
07— iLax(l): A "None" i
8- V_cap=x(z2): > In huck_converter_simulatic
A9-  V_o=x(:3): Found algebraic loop containi
b0~ q g=x(:4): 'buck_converter_OL/Buck co
e “B1-  m=length(i_L): 'buck_converter_OL/Buck co,
= N 'buck_converter_OL/load'
?_‘: 63—  figure(l) 'buck_converter_OL/Buck co
- b4~ plot(ti_L.r) fe>>

How to do that? So, in order to shift that now, we have to create the present time, which
is like t1, it should be the previous time which was my t m vector plus why? Because this
is the vector, time vector, but this time vector should we are adding an offset value so,
the whole vector will be shifted by that time and what is the offset value? That is the

final time value in the previous simulation that means t.
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| oy 19~

&bt .
20-
21-
2-
23-
2
25-
26-
21-
28~
29
et
= 31-
e 32-
= 33~

t=simout_buck.time:
x=simout_buck.data:
i_L=x(al):
V_cap=x(:.2):
V_o=x(:.3):
qg=x(:d):
m=length(i_L):

figure(1)
plot(t.i_L.'b')
hold on:
grid:

figure(2)
plot(t.V_o.'h)
hold on:

grid:

el

coen et
o e

in the Diagnosties

T —

page of the Simulation
Parameters Dialog to

"None"

> In buek_converter_simulatic
Found algebraic loop containi |-
'buck_converter_OL/Buck co |-
'buck_converter_OL/Buck co |*
'buck_converter_OL/load'
'buck_converter_OL/Buck co |*

>>t(m)

TTTeTTeoE
trsagay

ans =

0.0020

So, if we write t m so, final time vector because they have updated.

(Refer Slide Time: 39:55)
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tl=simout_buck.time:
x=simout_buck.data:
i_L=x(el):
V_cap=x(:.2):
V_o=x(:.3):
q_g=x(:4):
m=length(i_L):
figure(1) I
plot(tLi_L.r)
hold on:

grid:

figure(2)
plot(tL.V_o.'r)
hold on:

So, let us do one thing in order to avoid any confusion so, we will use this t1, t1,

we will run it again everything is fine.
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typing "sldebug

buck_converter_OL" in

the MATLAB command ::
window. To eliminate EE

this message. set the

SESETEEETEIETE
FRACC gitEEon

\lgebraic loop option
in the Diagnostics
page of the Simulation
Parameters Dialog to
"None"
> In buek_converter_simulatic
Found algebraic loop containi |
'buck_converter_OL/Buck co
'buck_converter_OL/Buck co,
'buck_converter_OL/load'
'buck_converter_OL/Buck co

wn W Wi

t1 ok,



(Refer Slide Time: 40:00).

BT

e Gde + N 09e4 G 08 8T

Ty e e

ol | Be"sldebug B =

tl=simout_buck.ti§ ,.r"L? L ,I,\ILU;T._UL"iII f.- 5’“‘

x=simout_buck.daf .\l | WATLAB command ity -
! ow. To eliminate " -

i_L=x(el): 0
V. : o 1 [essage. set the

T fpraic loop option
=

————— ] iaznostics

m=length(i_L): page of the Simulation
Parameters Dialog to
figure(1) I "None"
plot(tLi_L.r) > In buek_converter_simulatic
hold on: ~ Found algebraic loop containi
grid: 'buck_converter_OL/Buck co
'buck_converter_OL/Buck co
figure(2) 'buck_converter_OL/load'
plot(th.V_o.'r) 'buck_converter_OL/Buck co
hold on: fr>>

typing "sldebug
tl=simout_buck.time: buck_converter_OL" in
x=simout_buck.data: the MATLAB command
i_Lax(el): window. To eliminate
V_cap=x(:.2): this message. set the
V_o=x(:.3): \lgebraic Iunp option
q_g=x(d): in the Diagnosties
m=length(i_L): page of the Simulation
Parameters Dialog to
figure(1) | "None"
plot(tLi_L.r) | > In buck_converter_simulatic
hold on: | Found algebraic loop containi
grid: 'buck_converter_OL/Buck co
o= 'buck_converter_OL/Buck co,
= figure(2) 'buck_converter_OL/load'
pus plot(th.V_o.'r) 'buck_converter_OL/Buck co
- hold on: fx >3t
= A )

Now, what is t? t is this.
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What ist 1?7 t 1 is this.
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t1=simout_buck.time:
x=simout_buck.data:
i_L=x(el):
V_cap=x(:.2):
V_o=x(:.3):
q_g=x(:4):
m=length(i_L):

figure(1)
plot(tLi_L.r)
hold on:

grid:

figure(2)
plot(tl.V_o.'r)
hold on:

[T T ——
-

| jk)gtl

9992
0.9993
0.9993
0.9994
0.9995
0.9995
0.9996
0.9996
0.9997
0.9997
0.9998
0.9998
0.9999
0.9999
1.0000
1.0000

1
H

e

“HEE

What is t of m this?

t1=simout_buck.time:
x=simout_buck.data:
i_L=x(el):
V_cap=x(:.2):

V_o=y
q_g=x(a4):
m=length(i_L):

figure(1)
plot(tLi_L.T)
hold on:

grid:

figure(2)
plot(tL.V_o.'r)
hold on:
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m actually does not exist because it has updated the length, this length is no longer, this

is the earlier length.

(Refer Slide Time: 40:24)

p9-

t1=simout_buck.time:
x=simout_buck.data:
i_Lax(el):
V_cap=x(:.2):
V_o=x(:.3):
q_g=x(:4):
m=length(i_L):

figure(1)
plot(tLi_L.T)
hold on:

grid:

figure(2)
plot(tL.V_o.'r)

+
OB VCT e )

t1=simout_buck.time:
x=simout_buck.data:
i_Lax(el):
V_cap=x(:.2):
V_o=x(:.3):
qg=x(:.4):
ml=length(i_L):

figure(1)
plot(tLi_L.r)
hold on:

grid:

figure(2)

P IOV R A —
[t et s = 0 ok |

hbld on:

N MATLAR S e ot et
-

0.0020
0.0020
0.0020
0.0020
0.0020
0.0020
0.0020
0.0020
0.0020
0.0020
0.0020
0.0020

>>t(m)
Index exceeds matrix
dimensions.

[y pa————

0.0020
0.0020
0.0020
0.0020
0.0020
0.0020
0.0020
0.0020
0.0020
0.0020
0.0020
0.0020

>>t(m)
Index exceeds matrix
dimensions.

| fe>>

]

M this is let us say ml ok.
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rep—— a4 i S it e e
g:ET“" 35 %NRNU%%N%A [ bz "sldebug S
smai 36 ) | fconverter OL" in i i
g;*:,::: 37-  R=0.L: wfl { WATLAB command ;- e
38— t_sim=2e-3: o ! ow. To eliminate "

39 " }‘ ressage. set the

40-  I_L_imt=i_L(m): o | [Ppraic |un|v option

41~ V_c_int=V_cap( - Diagnostics

42 page of the Simulation
sim('buck_converter_OL.slx') " Parameters Dialog to

"None"

t1=simout_buck.time: " > In buek_converter_simulatic
x=simout_buck.data: Found algebraic loop containi
i_L=x(ul): 'buck_converter_OL/Buck co
V_cap=x(:.2): 'buck_converter_OL/Buck co.
V_o=x(:3): 'buck_converter_OL/load'
q_g=x(z.4): 'buck_converter_OL/Buck co
ml=length(i_L): fe>> -

GO D 4 r G twn s 000 b oy » it

e (35 typing "sldebug 'i';..
Tt - buck_converter_OL" in -
g;ﬁ:—:: 31-  R=0.1: the MATLAB command 2»

38-  t_sim=2e-3: window. To eliminate

39 -| this message. set the

40— I_L_int=i_L(m): \lgebraic loop option

41~ V_c_int=V_cap(m): in the Diagnostics

42 page of the Simulation

43~ sim(buck_converter_OL.slx') ‘| Parameters Dialog to

44 ¥ \l"l""

45~ tl=simout_buck.time: | > Inbuek_converter_simulatio

46— x=simout_buck.data: Found algebraic loop containix

47~ i_L=x(ul) 'buck_converter_OL/Buck co
pespemmvigl 'buck_converter_OL/Buck co |
;': e 'buck_converter_OL/load'
E \ = | |50- 'buck_converter_OL/Buck co
“ fi>>ele 1
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R=0.1:

t_sim=2e-3:

I_L_int=i_L(m):
V_c_int=V_cap(m):

sim('buck_converter_OL.slx')

t1=t(m)+simout_buck.time:
x=simout_buck.data:
i_L=x(ul):

V_cap=x(:.2):

V_o=x(:.3):

q _g=x(:.4): 1
ml=length(i_L):

el
fma]

[ e r———y

>>t(m)

ans =
1.0000e-03

>> tl(ml)

ans =

0.0020

fe>>

o ba

Now, we want to see what is my t of m? What is my t1 of m1? Yeah so, different value.
So, now what we have d do? We have to add this offset t m ok t m plus, we have to add

this offset ok.

(Refer Slide Time: 41:00)

R=0.1:

1_sim=2e-3:

I_L_int=i_L(m):
V_c_int=V_cap(m):

sim('buck_converter_OL.slx)

t1=t(m)+simout_buck.time:
x=simout_buck.data:

qg=x(:4):

/.=

typing "sldebug

buck_converter_OL" in

the MATLAB command

window. To eliminate

this message. set the

\lgebraic lnup option

in the Diagnostics

page of the Simulation
Parameters Dialog to

"None"

> In buek_converter_simulatic
Found algebraic loop containi |
'buck_converter_OL/Buck co
'buck_converter_OL/Buck co,
'buck_converter_OL/load'
'buck_converter_OL/Buck co

o o

Now, we if we add this offset, run it.
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Now, it shows that simulation time the current also has changed and two different colour

we can say that the transient actually scenario.
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And by that way, we can simulate the load transient scenario, different transient scenario

we can simulate here.
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Load has undergo; undergone some load transient because we have change the resistance

value.
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And output voltage, the jump in the output voltage whatever we can find from here, the
output voltage there is a jump, this is due to the ESR, the ESR drop, there is a ESR drop
ok. So, this ESR drop is.

(Refer Slide Time: 41:56)
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But now, how to because we are separately running, we have to combine together.
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t_sim=2e-3: in the Diag
page of the Simulation
I_L_int=i_L(m}: Parameters Dialog to
V_c_int=V_cap(m): - "None"
> In buek_converter_simulatic
43— sim('buck_converter_OL.sIx') Found algebraic loop containi ‘
14 'buck_converter_OL/Buck co |-
45— tI=t(m)+simout_buck.time: 'buck_converter_OL/Buck co Ej_::
46~  x=simout_buck.data: J 'buck_converter_OL/load' |-
47- .=x(:.l ): 'buck_converter_OL/Buck co i~
48— V_cap=x(:.2): ‘j >>ml
49— V_o=x(:.3):
50~ q_g=x(:4) ml =

fSl = ml=length(i_L):

1|92 45077 d
. 1 o |53-  figure(l) :
o 54~ plot(tLi_L.Y) fx>3 , { v

S i { \

_,
HE

“HEL

So, we can combine this x now, inductor current if we want to concatenate that means,
we want to so, what is the t1 length? T1 like a m1 45000, this is my t1 yes. So, | want to
plot, I can plot together, | do not | want to plot all these together, how can I do that? So, |
do not want to plot here now; | want to plot together using a single so, | just comment on
this.

(Refer Slide Time: 42:46)

=
in the Diagnostics

pP1-  V_o=x(.3): page of the Simulation

P2~ qg=x(:4): Parameters Dialog to

P3—  m=length(i_L): "None"

p4 [1 > In buck_converter_simulatic {2
RS Found algebraic loop containi. |-:
p6 "buck_converter_OL/Buck co |-
p7 'buck_converter_OL/Buck co E;_:_‘
P8 'buck_converter_OL/load' “
p9 'buck_converter_OL/Buck co
po >>ml

p1
ml=

% plot(t.V_o.b'}
% hold ong
;P4 45077
‘ ST IBS %%%%%%%%%% Part 2

¥

™ FEFERTEEIE)
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So, if | want that means we want to create a structure that matrix vector earlier inductor

current where it finishes, then from there another column we will create so it will add

together.

(Refer Slide Time: 43:06)

tvping "sldebug
t1=t(m)+simout_buck.time: buek_converter_OL" in
x=simout_buck.data: the MATLAB command
t=[t: tl]: window. To eliminate
i_L=[i_L: x(:.1): this message. set the
V_cap=[V_cap: x(:.2)): \lgebraic loop option
V_o=[V_o: x(:.3)]: in the Diagnosties page
bl-  qg=[q g x(:4)): of the Simulation
p2 1 Parameters Dialog to i
b3 "None" -
ba-  figure(l) > In buek_converter_simulatic
65— plot(ti_L.T) Found algebraic loop containg ’
b6~ hold on: 'buck_converter_OL/Buck
= p7-  grid: 'buck_converter_OL/Buck
= (I b8 'buck_converter_OL/load'
2:_"_.: 1 |p9-  figure(2) 'buck_converter_OL/Buc)
- [p0~  plot(t.V_o.r) fx \. /,
- e L ~ 2 =
: i x
 Siee s

How to do that? It is simple ok. Here, | have to create this t this. Then t1 ok, this is my
new t i L will be previous i L, then i this is called concatenation I can do it, concatenate,
then here | can use V cap that means, previous V cap plus this V cap will get
concatenated, then this VO will get concatenated and this one q g, g g concatenated with
this. After that we do not need. Now, we can plot the complete t that means, now you can

plott, t and let us same.
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Now, it shows the complete simulation.
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And it also join that discontinuous line where we got some discontinuity so, this was our

point of discontinuity because we have clubbed together both the simulation and you
know they can run.
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So, we have created a case study where the inductor current also we have merge them
together that means, we learn that how to simulate a transient case study, this is in open
loop, but we can do it in closed loop, there is no problem. Now, we will go to the
Simulink block and changes. So, that means, we can create transient case study and we

can make simulation.

(Refer Slide Time: 45:26)

* i * e [
= [ 1= closeall: clear: cle 2 s il -
; typing "sldebug i A
2 O fiika 1an
q T — buck_converter_OL" in i iy
eter: = = —“
1 -P the MATLAB command fie um
v % 2 v
5 %%%%%%% %% Part | window. To eliminate : i
6 this message. set the vt .
7 Vin=12: Vref=1 \lgebraic loop option -
= in=12: Vref=1: 3 ; s
8 D=VreflVi in the Diagnostics e 'Z,
e =Vref/Vin: . v
vage of the Simulation e —
9-  R=l: P
10 ¢ sin=Te3 Parameters Dialog to fi ‘
i Sim=le-o5 N e teg
11 -lm ° \l)l“' 1

> In buck_converter_simulatic

12~  I_L_int=0:

h3- Ve jnt=: Found algebraic loop containi

'buck_converter_OL/Buck co

= 4 : : 'buck_converter_OL/Buck co,
S Y%open_system('buck_converter_OL.slx') ! "
— |d |16~ sim('l)u('k converter_OL.sIx') Sank o IR o
= Ihs = = 'buck_converter_OL/Buck co
= s . . fe>>

==l 18- t=simout buck.time: 17—
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So, we can now remove all these plot so, part 2. So, we do not want to plot part 1, part 2
separately, we want to plot it together. Now, we can play with different simulation time
you know when do you want so, all these we can do it.

(Refer Slide Time: 45:33)

V_o=x(:.3):

qg=x(d):
m=length(i_L):

typing "sldebug
buck_converter_OL" in -
the MATLAB command it i

window. To eliminate

%%% % %% %% %% Part 2 ;
this message. set the

\lgebraic |1m|b option

R=0.05: : e
o r‘; 3 in the Diagnostics o- :"
sim=2Ze-o: 1) ™
= page of the Simulation g —
[ Parameters Dialog to e 5
[_L_int=i_L(m): fi~

“\Unl‘”
V e int=V ez S

—e_int=V_cap(m) > In buek_converter_simulatic
Found algebraic loop containi

sim('buck_converter_OL.sIx') "back: convertin OB/ Buck o

e - - 'buck_converter_OL/Buck co,
wet e B6—  t]=t(m)+simout_buck.time: buck converter OL/load'
_:_*: ‘ B x=simout_buck.data; 'buck_converter_OL/Buck co
D |p8-  t=[t:tl]: fx

==wel 1B9- i L=fi Lex(al)l: o8

wn ba W

Now, we have to do closed loop control. So, load resistance we have change, we can

change even further down, we can run it so, it will show.
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And you say that the simulation time is much faster and if you run the same thing in

Simulink, it might take more time because you can save lot of simulation time here ok.

(Refer Slide Time: 45:53)

= + "M. -
x=simout_buck.data: ~ln]vlrl|;-
t_lt_ t_[]: buck_converter_OL" in
l\_[::_a[l;;‘\‘d(:al”‘(( ) the MATLAB command
V-D=[IV 'J_‘(1p3)]- K window. To eliminate
- Ry this message. set the
p2= q_g=l‘|_g= x(e4): \lgebraic loop option
i in the Diagnostics
i N page of the Simulation
il hgure(.l) Parameters Dialog to
p6-  plot(ti_L.Db) None"
A7- hu-|d ) > In buek_converter_simulatic
:2 - id: Found algebraic loop containi
b0~ figure?) 'buck_converter_OL/Buck co
pE— b1-  plot(eV_o.H) 'buck_converter_OL/Buck co,
= | ‘ - on'— 'buck_converter_OL/load'
- = e 'buck_converter_OL/Buck co
= p3-  grid: fes>
et S| A

So, now this | am showing.
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s [ m————

e . T gy
o N typing "sldebug
9o buck_converter_OL" in
[ L1 'Y

au the MATLAB command
=t ; S

window. To eliminate

Wt

this message. set the

\lgebraic loop option

o vtoam Y [ [ in the Diagnostics
- = page of the Simulation
13 i R_.l. =le3: Parameters Dialog to
11 t-SIm- €5 "\(i"""
0 Lo > In buek_converter_simulatic
13- V- _l.nl:oi_ Found algebraic loop containi
i SR 'buck_converter_OL/Buck co
' 'buck_converter_0' o
15 Y%open_system('buck_converter_OL.slx') 'b:ﬁki:::-::::_oglli::ll'( o
i = im{'buck ‘ OL.sly' - ~
= i 3 sim('buck_converter_OL.slx) ‘buck_converter OL/Buck eo|
= . A fx>> !
e 18- t=simout_buck.time: i

Now, the same file I am going for a closed loop so, I will call it as a save as you

wn i u

buck converter simulation like a voltage mode control ok.

(Refer Slide Time: 46:20)

%%%%%%%%% Part 1

Vin=12: Vref=1:
D=Vref/Vin:
R=1:

t_sim=le-3:

I_L_int=0:

g
buck_converter_OL" in
the MATLAB command
window. To eliminate
this message. set the
\lgebraic loop option

in the Diagnostics

page of the Simulation

Parameters Dialog to

13- V_c_int=0: "None"
14 one
>1 . verter_si i
15 Y%open_system('buck_converter_V g(hl") ! I“".L_mn?" = |mu|xfl|.(
- i rer VMC.slx" Found algebraic loop containi ‘
o simfiiuok oonvertes: ¥C.bx) 'buck_converter_OL/Buck co |
Peamemna v ; e 'buck_converter_OL/Buck co,
wao e (18— t=simout_buck.time: . S
- ‘19_ e kb buck_converter_OL/load
— < - I YRRy 'buck_converter_OL/Buck co

o Wi B

know

So, in this voltage mode control simulation, I will use another file name VMC, but | have

to make changes there VMC.
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So, because we are using another excel file so, we have to go and save as here it should
be VMC ok.

(Refer Slide Time: 47:05)

Now, we have created a simulation environment for voltage mode control. You need to
see the closed loop control ok. So, far we have to check with the open loop now, we have
to go for a closed loop. So, in a closed loop, now, we will not operate the gate signal
using a fixed duty ratio. So, what are you going to do? Now, if you go back to our ppt so,

we need to create something like this that means trailing edge modulation and in this
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modulation; we want to use the control voltage and we want to compare a sawtooth

waveform.

So, this sawtooth waveform, we need to fix some upper and lower limit ok the sawtooth
waveform. So, where we call it as a V max ok and we can start here, we can call it asa V
min and this is my time period T, I can set it ok VV max, V min, T. Now, how to go? We

want to go to simulation, yes.

(Refer Slide Time: 48:10)
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1= close all: clear: cle -
i Bock k_converter_OL" in E';”
o -*ff’;o“':_'""‘ o the MATLAB command o
5 RS R Y IIBE window. To eliminate -
.6 %%%%%%%%% Part 1 T m
7 \lgebraic loop option x
in the Diagnosties
Vin=12: Vref=1: %
2— Hlill-l a page ol the Simulation
ho iy =103 Parameters Dialog to “
1 t_sim=le-3: "None" i
8 rfoieo > In buek_converter_simulatic
i ‘.' '{nt:[)'_ Found algebraic loop containi
1;1 LSS 'buck_converter_OL/Buck co
Baanemam 'buck_converter_OL/Buck co,
- e 5 Y%open_system(buck_converter_VMC.sIx') Ibm"k_umur'«r_OL/l u(d' o
" 7 ; uck_converter oa
estn 16 sim('buck_converter_VMC.slx') P =
o ; = = buck_converter_OL/Buck co
- fe>>
==l 18-  t=simout_buck.time: BN T~

So, before that now, we need to define. So, the input voltage is given. | do not want to
change because you can use this Vref, Vin whatever I want. | did not want to use a
separate duty ratio because now, I am going for closed loop control. What we have to do
first? This means, we have to set some other parameter which is my V max; V max equal
to let us say 10 volt, V min is equal to 0, this is for m and time period is already actually

defined. So, time period is defined like a 2 microsecond. So, this, this, this is enough.
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Now, what next we have to do? Go to the library, sources, there we will find this
sequence, periodic sequence.
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And if you go, the time will be T, it will from 0 to T it will repeat and it will change from

V min to V max ok, but we need we are yet to set.
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(Refer Slide Time: 49:17)

What is next? That means initially, before we go to voltage mode control, we want to
provide a control voltage that means, the constant quantity ok constant quantity.

(Refer Slide Time: 49:42)
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And we want to use a comparator that means, commonly use block, there will be
something like a relational operator. So, if the first output this one is smaller than the
second, it will go high that means, if my constant which let us say | am setting like 5

volt, let us say | am using V con, I could define what is V con.
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V con is smaller than this ok, then; smaller than this, then I will generate a gate signal.

e ﬂ". B Ch e b DW 5 Duisp  Skapet ¢ MAATLAL pmmon + Wesh L s
- - ok g Ik ot VW oot = +
1= closeall: clear: cle

~ 7

3= buck_parameter:
4~ V_max=10: V_thin=0:
5-  V_con=5;
6
7 %%%%% %% % Part |
8
9-  Vin=12: Vref=1:
10~ R=L
(1= t_sim=le-3:
12
13- I_L_int=0:
————4- V_c_int=0:
e gre=—1m5
E-_-‘ ‘—‘ L6 Y%open_system('buck_converter_VMC.slx')
o ‘ (7=  sim(buck_converter_VMC.slx')
.| S|

s

[y a——

typing "sldebug
buck_converter_VMC" in

the MATLAB command
window. To eliminate

this message. set the

\lgebraic loop option

in the Diagnostics

page of the Simulation
Parameters Dialog to

"None"

> In buck_converter_VMC_sin
Found algebraic loop containi
'buck_converter_VMC/B
'buck_converter_VMC/
'buck_converter_VMC/lo
'buck_converter_VMC/B:

So, we are not; we are now; we have not yet used the closed loop, but just we are
generating where we need to define what is my V con. V con equal to 5 volt. Now, let us

check what happen? Yes.
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e 1 - e
S — —————
v mien 1= close all: clear: cle - % spci Tt < .
= 2 i g "sldebug " oo
p———y ] " s e
e 3 buck . offl | converter_VMC" in % e
et | F— uck_parameter: l - s
i —_<s i . i | ATLAB command it o
i"" e 4= V_max=10: V_ginf | S s -
5 v 5 ) ow. To eliminate fic e
3 3 con: 3 fhne L
6 - ) nessage. set the E""" o
7 %% %% % %% %Y o praic qup option i
e Diagnostics )
vage of the Simulation o
Vin=12: Veef=1; Ps : 3
_ Parameters Dialog to i
R=1: None" i
L > _l " one fiee
sim=le-3: ]
G > In buck_converter_VMC_sin

e

T

Gt

o Sk gumanm bk oot A somtion
iimeesmen 1= close all; clear; cle
Sy
Q_:E::-— 3= buck_parameter:
T 4~ V_max=10: V_min|
5-  V_con=5;
6
7 %% %% %% % %"
’ L

I

e

“FE

B9 DI 4 C ot 000 g > St AR L5
o G gm_u__-m-_.-,-__.1
.

I_L_int=0:
V_c_int=0:

Yopen_system('buck_converter_VMC.slx')

sim('buck_converte;

r VMClY)

Found algebraic loop containi:
'buck_converter_VM(/B;
'buck_converter_VMC/
'buck_converter_VMC/lo
'buck_convener_VMC/Q

1

Vin=12: Vref=1:
R=1:
t_sim=le-3:

I_L_int=0:
V_c_int=0:

Yopen_system('buck_converter_VMC.slx')

sim('buck_converte;

r_VMCaslx')
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s Diagnostics
page of the Simulation
Parameters Dialog to
z
"None"

'buck_converter_VMC/B
'buck_converter_VMC/
'buck_converter_VMC/lo
'buck_converter_
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= | 1= closeall: clear: cle il I |
- :2;_ bodk - ‘ h‘lu;}‘_mu\l-[h-‘r_\ MC" in
7l ‘.uc _pirla:.ni'er.. -~ | the MATLAB command
Al V'max__l}-' o= window. To eliminate
p = this message. set the
07 07 07 020,070/ 0/ 07 D, Algebraic loop option
(7; 2%%%%%%%% Part | S e Digmastite ‘ :
(i poe oo o page of the Simulation :‘,_5: .__
1(9)_ :‘l_"lllm Vieb=; Parameters Dialog to Z;.: »
o "None"
i;_ e > In buck_converter_VM(_sin e e
03— 1L int=0: Found algebraic loop conlainii
4 V- 'I.n :0 'buck_converter_VM(C/
= ;5 o nt=0: 'buck_converter_VMC/ 1
o 'buck_convi VMC {
e i e L6 %open_system('buck_converter_VMC.slx') .bzzki::::::'\'“c;lg
E»_ 7= sim(buck_converter_VMC.slx') fe M T
s * P/

Now, the output voltage has gone high, it is too high because you are using 50 percent
duty ratio, but V con what should be the V con? The control voltage you know in order
to achieve the duty ratio so, let us say if we set 12 volt here, 12 volt and 1 volt so, you

can set V con to be 1 volt, then duty ratio will be accordingly generated.

(Refer Slide Time: 51:12)

........
-
g % B s
i g "sldebug B "?";‘
g S ——— ’ j .
] converter_VMC" in i
3= buck_parameter: ‘[l e o . -
B » 1 V ma 12:V mi PATLAB command e =
- & max=12: V_minj . | i
e 5 V_ 1 - ,‘ | fow. To eliminate b -
= con=l: 1 i
6 - message, set the &
0,070/ 0/.0/ 0/ 0/ 0/ 0 T e | reic hmpnlllinn
8 Cesees—— |)i3£110 v
Vin=12: Vref=1 [mu‘-()I'I||x~5i||||llalit»||
in=12: Vref=1: ¢ :
R=1 Parameters Dialog to
l - % l 4; "\““1‘"
sim=le-3: B
- > In buck_converter_VMC_sin -

Found algebraic loop containi ‘
'buck_converter_VM(C/
'buck_converter_VMC/|
'buck_converter_VMC/L

! cony A (W)
sim('buck_converter_VMC.slx') ﬁ)l;uck_wn\erler_ ; B

I_L_int=0:
V_c_int=0:

Y%open_system('buck_converter_VMC.slx')

ot
1%
Smetin
it
—
e,
o
vt
s

So, 12 to 1 volt that means, my sawtooth waveform is going to 12, V con is if you want
to check the gate signal ok.
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| e R GEIER e —
- [ 1= closeall: clear: cle 3 S
” window. To eliminate
L i | this message. set the
g- pacus i:_ l‘J}Jck_?a—l'l:m:'lcr:. =0 1 Algebraic loop option
e 5 v_mﬂ__l'-' . ‘ in the Diagnostics
p =~ page of the Simulation
Parameters Dialog t
T e
> In buek_converter_ VMC_sin
= Vin=12: Vref=1: e o e
12 1 Rl_nlll sl Found algebraic loop containi
- = .'l 3 'buck_converter_VMC/Buck .
b "Slm_ - I 'buck_converter_VMC/Buck - =

'buck_converter_VMC/load' |

LL int=0; "huck_converter VMC/B

V_c_int=0:

= >> plot(t.q_g)
= = >> %

— | o | ‘ Y%open_system('buck_converter_VMC.slx') X P:::I: q_g;
g_‘- ‘ 7= sim(buck_converter_VMC.slx') e plotit.q_g

Let us plott comma q g k yeah.

(Refer Slide Time: 52:05)
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So, if we take the gate signal, | want to see what happen actually?
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Maybe the logic is yeah, it is a very low duty ratio, but then why low duty ratio the q g

from where you are tapping the g g? We should tap from here ok, let us run it.
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[y v - -
close all: clear: cle gnilef dita type e
‘double'. ' : i
buck_parameter: Biroxwsia -
V_max=12: V_min=0: m vg VMC s -
V_con=1: (line 17) E-m
Data type mismatch. 'y
%9%%%% %% %% P: ’ >
; s Phet] Output port 1 of v
i B ‘buck_converter_VMC/Buek
i) i =19. Vref=1: ! >4
1(9)_ ;"_nlhl“' Vref=1: converter/capacitor__dynan
k! _ i & is a signal of data
» R Aim=le:s type 'double’,
TN However. it is
o v -l'm:O.' driving a signal of
B r ~¢c_Int=0: data type
;s:-_: Y%open_system('buck_converter_VMC.slx') h«IJolean '
_'-T sim('buck_converter_VMC.slx') fi>>
And so, driving signal ok.
(Refer Slide Time: 52:50)
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Maybe we need to put a score a driving signal. So, q g gate signal ok relational operator.
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Should it be ok, let me check whether there is any logical change or not.

(Refer Slide Time: 53:07)
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1= closeall: clear: cle F o -
” typ ldebug ol
: buck . buck_converter_VMC" in Y
b St the MATLAB command i
4~ V_max=12: V_min=0: 3 N o
: window. To eliminate i
5-  V_con=l; ; -
this message. set the 3
¢ \lgebraic loop option -y
7 %%%%%%%%% Part | A, :
in the Diagnosties -
8 . . page nI'II|;~ Simulation
9-  Vin=12: Vref=1: : d
Parameters Dialog to
10- R=1: "\""i‘"
fr=  tsim=le3; > In buck_converter_VYMC_sin
ii_ DR o ! Found algebraic loop cont g
Al v _!n':o.' 'buck_converter_VMC/
[E— ;5 6 Int=t 'buck_converter_VMC/|
ol | — 'buck_converter_VMC/I
~& 2H) 16 %open_system('buck_converter_VMC.slx') 'b:zk-z::::rt::-v
_: 7= sim(buck_converter_VMC.slx') - = 4
.| 8 ]
1 by
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Yeah, | think there was a change logical problem because what was the initial logic? If V
con is it should be high when the V con is higher, but I took the reverse logic, V con as
long as V con is higher than sequence voltage because if we go back to this waveform, as
long as this V con you know because if we set VV con somewhat here so, it is higher, then
it should give the on-pulse, this is the V con, but we have not yet incorporated the latch

circuit here ok. So, let me erase this part ok.

Now, going back to our logical block. So, we have set a V con logic, but now, this is not

enough that means, it will be high, when it will reach certain value.
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Now, we want to introduce our R-S latch that means, latch circuit. So, that flip-flop so,
R-S flip-flop we want to introduce.

(Refer Slide Time: 54:19)
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And this R-F flip flop because we want to implement our trailing edge modulation
technique. What is the set pulse for this flip-flop? The set pulse for this flip-flop again,
flip-flop cannot take, there can be double if you try to run it because this is the double

data, data type is a double, but it require a Boolean function so, we need to set another
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such you know relational operator that means, as long as this is higher than, greater than

0 or something like that so, greater than 0.

(Refer Slide Time: 55:25)
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So, it is greater than 0, it will be high so, you can set like a 0.5 something like that yeah.

So, this is my set pulse; set pulse.

(Refer Slide Time: 55:36)
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And here, | can use just 1 percent because it is just the edge, we require the clock; clock
edge ok fine, this is my DCM, that is my constant that means, this is something like
constant and now, | have to use a relational operator and here, it is used to reset that
means, we have to reverse the logic. As long as V con is above, it should be high so, it

should, we should now reverse the logic because in order to operate this.

(Refer Slide Time: 56:07)
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| I g "sldebug

buck u““ At | converter _VMC" in
Uck_parametety | IATLAB command

ow. To eliminate

V_max=12: V_min| :
V_con=1:
6 hessage. set the
7 Sh s iR braic loop option
8 e st Diagnostics
Fo —mon o page of the Simulation
9-  Vin=12: Vref=1: = ST
10~ R=l: Parameters Dialog to
1 - .—l 3 "None" »
12 S > In buck_converter_VMC_sin e ——

Found algebraic loop contai

13- LLjne=0; "huck_converter VMC

—14-  V_c_int=0;

[ 15 'buck_converter_VMC; !

ol | . 'buck_convi VMC )

e 1 & | (L6 Y%open_system('buck_converter_VMC.slx') 'b:kazz::'::::'\'\IU .

E»— 17-  sim('buck_converter_VMC.slx') fe>> - Rl }

=1 e e N
xa —— | W

Now, we can start the simulation and check. Yes, same thing is happening we are just.
So, this is like you know our controller where we have not yet use the closed loop

control, we are just using.

(Refer Slide Time: 56:25)
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Now, this control can be modified by placing a error voltage that means, we need to

consider one you know the traditional block feedback like feedback logic.
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So, this is my feedback logic and this output will not go directly so, we need to so, this is

1 plus other is minus sorry ok.

(Refer Slide Time: 57:10)
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So, there we are connecting the output voltage directly and here, we are setting another
constant which is call as a Vref. Now, so, there, we are setting Vref, this is my reference

voltage now.
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Now, this is my like a standard classical feedback control and we want to use a gain

simply proportional control maybe you can use some gain of 100 so, | can

something like Kp.

(Refer Slide Time: 57:53)
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G
close all: clear: cle

buck_parameter:
V_max=12: V_min=0:
V_eon=l: |
Kp=50:

%%%%%%%%% Part 1

Vin=12: Vref=1:
R=1:

t_sim=le-3:

I_L_int=0:
V_c_int=0:

Y%open_system('buck_converter_VMC.slx')

=
\
\
|

8-

sim('buck_converter VMC.slx')
AR i

|k

typing "sldebug
buck_converter_VMC" in
the MATLAB command
window. To eliminate
this message. set the
\lgebraic loop option
in the Diagnostics
page of the Simulation
Parameters Dialog to
"None" i
> In buek_converter_VMC_sin = e
Found algebraic loop conaiai
'buck_converter_VM
'buck_converter_VMC,
'buck_converter_VMC
'buck_converter_VMC/*

gain

And this Kp I can now define like you know Kp equal to maybe 50. So, now, let us run it

and see what happen.
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So, once we add proportional control, then we can see that the transient response is now

the nature of transient response got changed.
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The nature of transient response got changed. So, it is a step of transient, but it is just a

simple proportional control.

(Refer Slide Time: 58:30)

So, now, we can add more complex PID control and so on we can; we can do that.
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-1 e oL —
V_max=12: V_min=0: typing "sldebug
G V_con=l: - ‘ buck_converter_VMC" in
-2 K;=80: 41 the MATLAB command
7 ‘ window. To eliminate
8 %% % %% %% % % Part | this message. set the
9 \lgebraic loop option
10-  Vin=12: Vref={: in the Diagnostics
11- R=L: page of the Simulation
192 ¢ sim=led Parameters Dialog to
3 g 3
i4- I L int=0: > In buek_converter_VYM(_sin i~
15— ‘-_ c_int=0: Found algebraic loop co :
N6 - 'buck_converter_VMC/|
Ex '-—, L Y%open_system('buck_converter_VMC.slx') :buck_cnnverler_\.MC/ ‘j
= .‘ 18— sim('buck_converter_VMC.aslx') buck_con\'erter‘_\:MC/l
E‘ “ b 'buck_converter_VM¢ §
E"* PO-  t=simout_buck.time: f :

Tl -

So, that means, we created a transient case study in the part 2, we have changed the load
resistance and so, if we want to increase the proportional controller gain let us say 80,
how does it look like?

(Refer Slide Time: 58:56)
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It has further improve the performance, but you know there are limit that there is a step;

there is a steady state error in the output voltage.
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And you can also see during transient, the startup logic is something which is

unacceptable, the output voltage reaches 3 volt which is not at all acceptable.
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And if you see current, current is reaching 80 you know volt 80 ampere which is again

like unacceptable.
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So, this kind of we need to do something different in order to enable this startup
operation ok, but at least we have learned how to run this simulation and we can do the
same exercise for the boost converter also, but today | mean at in today class, I want to

limit you know we can create such multiple transient case study we can create, and we
can keep on adding.

(Refer Slide Time: 60:10)

V_o=[V_o:
q-g=[q_g: () buck_converter_VMC" in
m=length(i_L): the MATLAB command

window. To eliminate

typing "sldebug

il this message. set the
e %% % %% %% %% % Part 3 \lgebraic loop option
n9 in the Diagnostics
b0 — R=1: |).lgn-u! the Simulation
bl-  t_sim=le-3: Parameters Dialog to
b2 1 "None" i
63~  I_L_int=i_L(m): > In buek_converter_VMC_sin E.’
ba-  V_c_int=V_cap(m): Found algebraic loop containi
b5 'buck_converter_VM(/]
ce===<b6-  sim(buck_cony lrlvr_\ MCasly') 'buck_converter_VMC,
B |57 'buck_converter_VMC, )
‘E: |B8= tI=t(m)+simout_buck.time: 'buck_converter_VMC/ ‘
- B9~ x=simout_buck.data: fx>>
I Vs
& 4 (i -

For example, you know | want to again go for third step, step down transient so, what I

will do? Part 3. Now, we go back to let us say around 1 Ampere, 1 ohm maybe this time
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we change simulation time, it will again take, but now, we have to call what is my m and
m is my again length of i L length and again, it will update all these value and again, it
will take what was my previous t and accordingly, it will update and you know we want

to plot after.

(Refer Slide Time: 60:59)

q-g=[qg x(4)]: typin
buck_converter_VMC" in

the MATLAB command

tlﬁ:
he
figure(1) window. To eliminate E: )
plot(t.i_L.'h) this message. set the i
hold on: \lgebraic loop option ;ﬁ
grid: in the Diagnostics &
I |r.l:v-ul the Simulation E:
figure(2) Parameters Dialog to E:
plot(t.V_o.b') "None" e
hold on: > In buck_converter_VMC_sin E.‘
grid: Found algebraic loop corgami

'buck_converter_VMC
'buck_converter_VMC,

; -‘ |8 'buck_converter_VMC [

— ‘ M9 'buck_converter_VM(¢*

= | |5 |
1 i H ‘@. -

So, now, we want to plot like a this time like a green plot, we want to do green almost
sorry this is the whole entire plot. So, let us see what happen if will do step up and step-

down transient.

(Refer Slide Time: 61:09)
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So, now, you can see the whole step up and step-down.

(Refer Slide Time: 61:14)
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This was the step up transient.

(Refer Slide Time: 61:18)
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This is the step-down transient, huge overshoot.
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The current also undergoes like a step up and step-down transient.

(Refer Slide Time: 61:26)
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So, we can create such multiple test cases using Simulink, but we do not need to go

physically, change the very well you know create adding multiple switch and all these

block we can actually insert inside once you know subsystem, we do not want to do that.

(Refer Slide Time: 61:57)

- | 4= V_max=12: V_min=0:
5~ V_con=l:

buck_converter_VMC" in

. g_ i the MATLAB command
g %% % %% %% Part | window. To eliminate
9 AN A this message. set the
= ; \lgebraic loop option
- =19 1. f
12 - ;{TO :- e in the Diagnostics
h2- — ‘_‘l ';.I page of the Simulation
03 fealnE=Ses Parameters Dialog to
Hont "None" I
i;: {.'L'I.nlz([)): > In buek_converter_VMC_sin E" h
» e Found algebraic loop contajni
[y Y%open_system('buck_converter_VMC.slx') :E:t 23::::::-: ::g
; (—‘ i§~ sim('buck_converter_VMC.slx') "buck_converter, VMC. |
= = | 'buck_converter. \“ ¢ |
o R0~ t=simout_buck.time: fe>> = &
T | || Lt D\ A

x=simout_buck.data:

In fact, what we can do another case for example, we change the load, now we do not
want to change the load, we keep R equal to let us say 0.1.
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But we want to change the input voltage it was 12 volt now, we just want to change the

Vin, Vin to 8 volt.

1000 0 o et VAt o 5

p2-  i_L=x(al):
P3-  V_cap=x(:.2):
pa-  V_o=x(n3):
RS-  q g=x(:d):
p6—  m=length(i_L):

p7

P8 %%% %% %% %% % Part 2
9

BO-  Vin=8: |

Bl-  t_sim=2e-3:

B2

B3~  I_L_int=i_L(m}):
Ba-  V_c_int=V_cap(m):

-po

B6—  sim('buck_converter_VMC.slx')

“1p7

B8~ tI=t(m)+simout_buck.time:

(Refer Slide Time: 62:13)

=[]

i_L=[i_L: x(:.1)]:
V_cap=(V_cap: x(:.2)):
V_o=[V_o: x(z.3)]:
fa- qe=(ogxCk

A5~  m=length(i_L):

fé I

i

i) %%%%%%%% %% Part 3
no

h0-  Vin=15:
bl-  t_sim=le-3:

————p3-  LL_int=i_L(m):

e

f [FEH

=
i3

V_c_int=V_cap(m):

sim('buck_converter_VMC.slx')

yping "sldebu,
typing "sldel

"
buek_converter_VMC" in
the MATLAB command
window. To eliminate
this message. set the
\lgebraic loop option
in the Diagnostics
page of the Simulation
Parameters Dialog to
N

None

Found algebraic loop containi
'buck_converter_VMC/B
'buck_converter_VMC/B!
'buck_converter_VMC/lo
'buck_converter_VME

B9~ x=simout_buck.data: .

>

L S
B )

ldebug

buck_converter_VMC" in

the MATLAB command

window. To eliminate

this message. set the
\lgebraic loop option
in the Diagnostics
page of the Simulation
Parameters Dialog to
"\!I"“"

> In buck_converter_VM(_sin i

Found algebraic loop co
'buck_converter_VM

'buck_converter_VMC;
'buck_converter_VMC,
'buck_cnn\'erter_\r;w' ;

Again, Vin to 15 volt and run it and see what happen? Yes.
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So, we can say there is not much effect, this is a supply transient we have made.
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And current also has not changed drastically so, these are possible, all these you know

you can run it.
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t=[t )

i_L=[i_L: x(:.1)]:
V_cap=(V_cap: x(:.2)):
V_o=[V_o: x(:.3)]:
q-g=q-g xCA)k:
m=length(i_L):

TR
typing "sldebug
buck_converter_VMC" in
the MATLAB command
window. To eliminate
this message, set the
\lgebraic loop option
in the Diagnostics
%% % %% % % % Part 3 page of the Sil(nulalion
Parameters Dialog to
"\U"""
> In buek_converter_VM(_sin i
Found algebraic loop cont gim

'buck_converter_VM
'buck_converter_VMC/!
'buck_converter_VMC/L
'buck_converter_VME ™ §

Vref=1:
t_sim=le-3:

I_L_int=i_L(m):
V_c_int=V_cap(m):

sim('buck_converter_VMC.slx')

And the third one which probably we want to see, it will be 1 volt coming back.

(Refer Slide Time: 62:50)
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g ] -
ki ldebug

l\ I)
buck_converter_VMC" in
the MATLAB command
%%%%%%%% %% Part 2 , i
window. To eliminate
this message. set the

Vref=1.1: I

\lgebraie loop option
t_sim=2e-3: ) PO

in the Diagnosties

page of the Simulation

I_L_int=i_L(m):

= = Parameters Dialog to
V_c_int=V_cap(m): g

"None"
> In buck_converter_VMC_sin |*
Found algebraic loop cop
'buck_converter_VM
'buck_converter_VMCAS
'buck_converter_ VMC/K
'buck_cnn\‘erter_\‘;z\l"

sim('buck_converter_VMC.slx')

t1=t(m)+simout_buck.time:
x=simout_buck.data:

t=[t: tl]:
i_L=[i_L: x(:
V_cap=[V_ca

| want to make Vref equal to 1.1 ok. So, and to see what happen? Yes.
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So, we can create a reference voltage transient.
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You know there are there is a huge overshoot and undershoot which is not acceptable.
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There can be huge you know current overshoot. So, we need to reduce the gain and we
can check, but this is just proportional control.

(Refer Slide Time: 63:28)
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So, now, finally, we can consider a controller yeah, which is not simply proportional

controller.
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So, we can; we can consider let us say a PID controller, we can plug in a PID controller,

we can use it all these PID controllers and here, you can use Kp I mean K i K p; K i, K d.
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1= closeall: clear: cle . xds
’ typing "sldebug
3 Yk - 4|  buck_converter_VMC" in
= uck_parameter: ! =
1 the MATLAB command
ld=  V mex=12V min=0:
. g_ :‘_max-:-.\r_mm % 1™ window. To eliminate
el K_co‘nB_O'IK i=10000: K_d=04 | this message. set the
7 K 1000 K = {4 Algebraic loop option
8 %%%%%%%%% Part 1 in the Diagnostics
9 page of the Simulation
o Vin=12: Vref=1 Parameters Dialog to s
= in=12: Vref=1: ;
"None" o
i;j tRZOl‘l 2 > In buek_converter_VMC_sin i~ e
i3 LA SN Found algebraic loop congim

_Be L=t 'buck_converter_VMC

[t ek 'buck_converter_VMC, |
- ‘ : 12 Ve int=0: 'buck_converter_VMC,

= = "buck_converter_VME7

E»' 17 Y%open_system('buck_converter_VMC.slx') f! buck_wn\erler_’ y ¥

=

Sar

(8~  sim(buck converter VMC.slx'
Ew '’ OO )

The controller again you can plug in here and you can accordingly create K p equal to
this, then K i equal to maybe 10000 and initial we are taking K d equal to 0. Now, | can
run it.
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T

JuWae & 859904308 s0

So, this we can create transient simulation case study.

(Refer Slide Time: 64:40)

i_L=x(ed):
V_cap=x(:.2):
V_o=x(3):
qg=x(ed):
m=length(i_L):

070707 07 070/ 07 0/ 0/ 0 ;
%% %% %% % %% Part 2

R=1:
t_sim=2e-3:

[_L_int=i_L(m):
\_(:_inl="_|rap(mi:

[ T r————y
et e TaEETT

typing "sldebug
buck_converter_VMC" in
the MATLAB command
window. To eliminate
this message. set the
\lgebraic loop option

in the Diagnostics

page of the Simulation
Parameters Dialog to
"None"

> In buck_converter_VMC_sin [

Found algebraic loop conta
'buck_converter_VM(/]

B5 &

[—— b prter_VMC/|

we ot BE—  sim('buck_converter_VMC.sY) 'b:zt_z:::::;z:_\’\:cll

E.‘ | iy . i 'huck:con\‘erter:\'.\lf‘ 33

S B8~ tI=t(m)+simout_buck.time: fi>> Pt

e B9~ x=simout_buck.data: A } P

& — == b P T
RS |

And you know here, we can again change the load resistance.
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LT e————

t=[t: tl]:

i_L=[i_L: x(:.1)]:

V_cap=[V_cap: x(:.2)]:

V_o=[V_o: x(:.3)]:
g=[9-g: x(:):

typing "sldebug
buck_converter_VMC" in
the MATLAB command
window. To eliminate

this message. set the

m=length(i_L3: R :
gth( _u \lgebraic loop option
in the Diagnostics

NN AT A Gl page of the Simulation
%% % %% %% %% % Part 3

Parameters Dialog to

"None"
R_p.l: > In buck_converter_VMC_sin [
bl-  t_sim=le-3: 5 . . [
b Found algebraic loop containi I

'buck_converter_VMC/Buck
'buck_converter_VMC/Buck
'buck_converter_VM(/load'

':_“.‘ 1 'buck_converter_VMC/Buck

66— sim('buck_converter_VMC.slx') e

———————b3- [_L_int=i_L(m);
= b4- V_c_imt=V_cap(m):

H
oT
=

wn W e

We want to see the load transient R equal to 1 ohm, R equal to and so on. So, we can see
the controller effect yeah.

(Refer Slide Time: 64:52)

I —
ot v e Tk Dok e e
Jude & SN09¢4- 3 0B D

2sr

Load transient scenario step-up, step-down transient.
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Setting Control Voltage Contd...

g U nq == Desired constant voltage

i

«DI—>

»
e

)
: cond

_ je-r
lyrm\d = lnmx X[ r‘. . ]

ref

Vv J
=m x(D, xT) m, ==, D xT =N

So, this actually we can implement various types of logic setting the control voltage, we
can accordingly set the desired value that we have discussed earlier.

(Refer Slide Time: 65:09)

Constant On-Time Modulation

®* Turn ON problem

in Constant on-time

= Solution:
/" [Minimum off-time | % J; [Monoshot
Introduce _ 1 detection timer l—b(l

minimum off-time

in Constant on-time l i [Tome delay
q —{ 5

_ g" |
i §i
i g

We can do constant on time control, but today, | am not going to demonstrate constant

on-time because we will implement this constant on-time in the subsequent lecture, we
will where we will have a dedicated you know variable frequency control method where
we will have a constant on-time block and we will also use this for light load control. So,

this block will be implemented in the subsequent lecture.
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Constant OF F-time Modulation Voltage based implementation

,VOA 5
N Monoshot
A .
i o timer
T 0
f_T . _
3 Al i G 42 pos-edge [ oaded with
qh : off-time (T,)
| ¢
- Tﬁn—.‘-Toﬂ ¥ 7:—’( i 8
St
’['W constant i

(Refer Slide Time: 65:42)

* Simulink model development of fixed-frequency and

variable-frequency modulators

* MATLAB simulation of buck and boost converters

So, today we just wanted to show that the Simulink model development for fixed
frequency, we have not yet gone to the variable frequency that we have kept it for the
subsequent class and we have shown the interactive case study of a buck converter and

we already have a built in model for boost.

So, we can do it that means, using custom MATLAB simulation, we can call the

Simulink file, we do not have to run it through Simulink scope and you can directly run
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through MATLAB file and you can speed up the simulation and you can create multiple
transient case study. So, with this, we want to you know finish this lecture.

Thank you very much.
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