Control and Tuning Methods in Switched Mode Power Converters
Prof. Santanu Kapat
Department of Electrical Engineering
Indian Institute of Technology, Kharagpur

Module - 12
Performance Comparison and Simulation
Lecture - 55
Small-Signal vs. Large-signal Tuning: Comparision Using MATLAB Simulation

Welcome, this is lecture number 55. In this lecture we are going to talk about Small-signal

and Large-signal based Tuning and their Comparison Using MATLAB Simulation.

(Refer Slide Time: 00:36)

Concepts Covered

* Small-signal based tuning of VMC and CMC in a buck converter
* Large-signal based tuning of VMC and CMC in a buck converter

* Small-signal based tuning of VMC and CMC in a boost converter

® Large-signal tuning of CMC in a boost converter

So, here we will first talk about small-signal based design and tuning of voltage mode and
current mode control in a buck converter. Then we will talk about large-signal based tuning
of voltage mode current mode control; that means, both are in buck converter. Then we will
talk about small-signal based tuning of voltage mode and current mode control in a boost

converter and then, finally, large-signal tuning in a current mode control boost converter.
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Small-Signal and Large-Signal based Tuning of a Buck Converter

* Small-signal based tuning of VMC in a buck converter
* Small-signal based tuning of CMC in a buck converter
* Large-signal based tuning of CMC in a buck converter

* Large-signal based tuning of VMCin a buck converter

So, if we recall I am not going to again because we have already discussed the tuning
methodology small-signal as well as large-signal in sufficient detail. So, first in the buck
converter we will take a voltage mode control, current mode control both are designed using
small-signal model. Then, in a large-signal model, we have designed both current mode and

voltage mode control.

(Refer Slide Time: 01:22)

Type-111 Compensator Design in VMC Buck Converter: Summary
i, i
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So, if you recall our voltage mode control design you know. So, we this is the loop transfer
function that we have discussed multiple time you know you will get more detail in lecture

number if you go to lecture number 34, 35 both have like an extensive design.

(Refer Slide Time: 01:45)

Type-111 Compensator Design in VMC Buck Converter: Summary
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For type 3 compensator I think you have to go to lecture number lecture 35. So, details are
available. So, where the G vd is given and if you are considering you know alpha term, if you
are considering alpha to be almost equal to 1, then it simplified to ESR zero. And if we take
omega 0 to be 1 by square root of LC because the r plus rc by r plus rl re both are more or

less same. So, we have approximated and that we have discussed and Q factor as well.
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Type-111 Compensator Design in VMC Buck Converter: Summary
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So, this is a transfer function and we need a type 3 compensator that we have discussed. And
then how to change you know for exact you know perfect compensation by analytical pole
zero compensation. We know we can cancel one controller pole to cancel ESR zero one

controller another controller pole is flexible.

And the controller zeros are placed to cancel the control to output transformation pole ok.
And then you know we know that how to obtain this omega p which is nothing but our
flexible controller pole and that required two information. We need to provide what is my

crossover frequency.

And generally we take up to one tenth of the switching frequency and then we need to specify
the phase margin and we have discussed detail model matching and all. And we know the
controller gain will turn out to be the ratio of omega ¢ by omega p; where omega c is the

crossover frequency and omega p is the pole frequency that we will obtain from this equation.
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MATLAB Implementation — VMC Buck Converter

Input voltage Input curent

buck reault

i

Gate sig e J—.

Vin_slep )
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Vrel_step
DCM_En
+ Output ' ¢
0

)
DCN_En T ‘

pad  Buckconverter PWM VMC

3

And we I we have already discussed multiple time the block diagram MATLAB diagram of

the voltage mode control, which we are not going to discuss again right.

(Refer Slide Time: 03:25)

MATLAB Implementation — VMC Buck Converter

Data Conversion f_sw

Convert

be

ransfer Fen V_ref

gate pulse

o=

num(s)

'L den(s)

And again, in this voltage mode control, we have we are setting the compensator. This is our
Gc controller type 3 compensator that we are setting from our MATLAB code. And we know
how to design if we it will ask for phase merge sorry it will ask for phase margin as well as
gain crossover frequency and then buck converter you will have a two flexible in a choice

right and you need to provide the ramp in order to find out the controller gain.
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CMC Design in a Buck Converter
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Then, for the current mode controller design in a buck converter, if we recapitulate our loop
transfer function takes like a first order system, then we need to take the controller, which is a
type 2 compensator. It is like a type 2 compensator that we have discussed in I think it is

lecture number 38 we discussed in sufficient detail.

So, you will find lecture 38 ok where omega cz, omega p, omega cp, omega esr all are
discussed how to place the controller zero and controller pole; because we have one
controller zero, one controller pole that we have to cancel and another pole is at origin. So,
you will get a first order system right and how to get kc the controller gain that we also

discussed.
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MATLAB Implementation — CMC Buck Converter

’ ul voltage Input current
Incuctor current
buck_result
enable Capacitor voltage| -
b ToWorkspace Vrel_dep
\Cl
load  Buckconverer
PWM CNC vt
4 Vo
gale pulse
lo_step ( v_ref
L

Veon

And we have also discussed the MATLAB model under current mode control. This has been
you know we have discussed multiple time how to implement current mode control buck

converter.
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MATLAB Implementation — CMC Buck Converter

Data Conversion f_sw

Convert

Transfer Fen

num(s)
den(s)

And you know here we are also considering an additional load current feedforward, either
you can put it 1, then it will be a load current feedback and if you set to 0 then there is no

load current feedforward ok. So, you know in regular current mode control we have discussed
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in lecture 38 what we have discussed that if you do not consider load feedforward then the

current mode control performance is sluggish.

But, if you consider load current feedforward then you can make the output impedance close
to 0, but there will be some finite slew rate due to the characteristic impedance. But, if you
talk about reference transient because you are talking about the bandwidth then you will find
during the reference transient there will be hardly you know this gain even if you do not
consider it does not matter ok. So, in a buck converter we are going to consider load transient

performance ok.

(Refer Slide Time: 05:49)
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And then we also discussed in lecture number I think lecture number 50 the PI controller
tuning parameter of a buck converter where K p we discussed where we have two separate
gains for step up and step down that we have discussed. And then we have said we have also
discussed that how to design this integral gain by means of small-signal model that also we

have discussed in sufficient detail.

And for load current feedforward we need to consider normally load current gain to be 1 for
buck converter right. And we have also discussed and how to implement it is a standard
current mode control that is just now we have discussed and we are considering the load

current feedforward.
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Large-Signal PID Controller Tuning Parameters

And if you take the PID controller for our you know large-signal tuning, then we have to
discuss what should be my proportional gain and what should be my v q for step up and step
down we have discussed in sufficient detail in lecture number 50. And then how to set the

integral gain from the small-signal model.

Then the derivative gain is simply the capacitor value and then we need to put a band limited
derivative. Because of this band limited derivative, the time constant should be much smaller
than the switching period that we have also discussed. And we know the voltage mode
control implementation output voltage reference voltage. So, it is exactly same as the regular

voltage mode control where we are only applying the large-signal tuning ok.
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Bl % %% Small-signal based CMC design using Type-11
2 %
';L.J:.m.m. B3 % Buck SSM_CMC;
4 % k_{f=1
BS % op_SSM_CMC="buck_converter CMCislx":
6 % enter_file_name-op_SSM_CMC;
g7 % buck_converter_simulation;
B8
B9 %% Large-signal based VMC design using PID
0
#1-  Buck LSM_VMC_PID:
2-  En_DT_Derivative=0; K_scale=1;
#3- op SSM_V uck_converter VMCslx's
4= enter_file_name=op_SSM_VNC;
#5-  buck_converter_simulation:
6
w1 % % Large-signal based CMC design using PI
e w48 % q
&) % Buck _LSM_CMC_PI:
50 % K_IT=1;0p_SSM_CMC="buck_converter_CMC.ly!
Sl et bl 51 % enter_file_name=op_SSM_CMC:
52 % buck_converter_simulation;
b3

st o wa

So, let us go to the simulation model and check out the performance comparison.

(Refer Slide Time: 07:23)
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i = >> buck_parameter;
5 sloverlk gzl 1 Undefined function or
z variable 'buck_parameter’.
3= buck_parameter:
| poveue sl ' .

5 %% Transient parameters and transient response

6= tsim=Sed; tstep=d ‘

7= delta_Io=20: delta_Vin=0: delta_Vref=0;

8

9

1o %% Small-signal based VMC design using Type-1T

1

12 %Buck_SSM_VMC_PID:
13

14 % op_SSM_VMC-'buck_converter_VMCslx'"
L5 % enter_file_name=op SSM_VMC;

6 % buck_converter_simulation
1 %

18 % figure(1)

- ‘1o % plot(t_scale,i_L.'b'Linewidth', 2); hold on; grid on:
RO % figure(2)
st Rl % plot(t_scale.V_o.b''Linewidth', 2): hold on: grid on:

p2

B3 %% Small-signal based VMC desigu using Type-L1l

So, if we go to the simulation model, we are applying a load step of 20 ampere ok and there is
no. So, we already discussed in our how to interact develop interactive simulation case study

and if we run this file. Suppose if you want to run it then undefined so, yes.
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%::Sl::.mf,m‘:’ - e u_-; 2 buck_parameter;
3"‘" i ; QoL SicGy Undefined funetion or
variable buck_parameter’
) oot 5.1 dwgnn 3= buck _parameter;
A o
) et oo smutnon . 1 fi>>
& %% Transient parameters and transient response
6- : q
7- P i, il
i [T T ————
8 1) bt ok snthe ATAB ik
g Tl e o oo o hMATLA e o
a8 i
10 %% Small-signal based
11 (e || s || <o | e |
12 %Buck_SSM_VMC_T
13
14 % op_SSM_VMC='buck_converter_VMC.slx'!
15 % enter_file_name=op_SSM_VMC:
16 % buck_converter_simulation
17 %
18 % figure(1)
19 % plot(t_scale.i LD Linewidth', 2): hold on; grid on:
20 % figure(2)
21 % plot(t_scale.V_o'h" Linewidth'. 2): hold on: grid on:
PR —
2 o
23 %% Small-signal based VMC design using Type-111 i

@ ga | eRELC R g @

JEBITID 1 ¢ » s » 060 » Gty » Lge 1 Kecadopent > WATikjacunl » It comors » X
e =T I
. o B SUNCPOn % iad
3 =
convte Wik = =g Warning: Output port | of e
S i ; Flose al; elear; l; uck converter VMC/Buck fie
cnm ) e
v " converter is nol
ez 3= buck_parameter; e el
connected. e
e : - - In huek_eonverter simulation (line [
| Fon In Controller comparison (line 43) {2
el § $1 Waming Output port | of i
- it
huck converter VMC/Buck i
: converter/switch_node voltage/Swite {86
9 [y
4% Suall-sianal based VM desi Type-lll s not connected, e
i(l) A SIS gl ke '[ ROSIERRE TS » [n huek_converter_simulation (line
In Controller comparison (line 45
B2 %Buck SSM_VMC_PID; r !
b3 Warning: Input port 4 of
‘buck converter VMU/Mux' is
R4 % op_SSM_VMC="buck_converter_VMC:lx' A -
5 % enter file_name=op SSN_VMC: EHEe ORI ]
¢ 5 E I 5 > In buck converter simulation (line
WG| % buck_converter_simulation r it
SO Ly
t 4 Warning: Output port 2 of i
= ke  fgue(l). o . buck ter VMC/PWM e
L9 % plot(t_scalei LD 'Linewidth', 2): hold on; grid on: i
RO % figure(2) S Eg
L% plscle .o Linevidh, 25 hodr; grid ' e skmslatian (s o
9 scale, N W ol : gr R N "
i P ¢ plot(t_scale,V_o,b'Linewldt}’, 2) hold on; grid on In Controller_comparison (line 45) [
p2 n
B3 %% Small-signal based VC design using Type-Ill o,

So, it will ask for you need to change the MATLAB ok.
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% op_SSM_VMC~'buck_converter VMCslx'"
% enter_file_name=op_SSM_VMC:

% plot(t_scaled L.b"'Linewidth'. 2): hold on; grid on:

% plot(t_scale.V_o.h" Linewidth', 2): hold on: grid on:

[ Gt ompim
1= closeall: clear; cl
2
3= buck_parameter;
1
5 %% Transient parg
6= tsim=5e3; t_st
7= delta_lo=20; del
8
9
Lo %% Small-signal base
11
12 %Buck_SSM_VMC_PID:
13
4
15
16 % buck_converter_simulation
L7 %
18 % figure(1)
‘19
RO % figure(2)
Rl
p2
R3

%% Small-signal based VMC design using Type-111
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=

]

close all: clear: cl

buck_parameter:

Inductor current (A)

Transient parg
t_sim=5e-3; 1_st
delta_lo=20; delt
(TR TR TR T
Time (ms)

DOWs k(N0 L- Q000D

%9% Small-signal baved VVIC design tmmg Type-TTT
% Buck SSM_VMC_PID:

% op_SSM_VMC="buck_converter_VMC.slx’;

% enter_file_name=op_SSM_VMC:

% buck_converter_simulation

%

% figure(1l)

% plot(t_scale L.'b"'Linewidth', 2): hold on; grid on:
% figure(2)

% plot(t_scale.V_o.b' Linewidth', 2): hold on: grid on:

%% Small-signal based VMC design using Type-L1I

L '0

So, let us first wait because we will go one by one.
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% output capacitance
% switching time period
% induetor DCR

% High-side MOSFET on resistance

v_d=0%0.55; I

8= r2=rl; % Low-side MOSFET on resistance
9-  r.C=ledr % capacitor ESR
0= Vin=12 % input voltage
L1-  Vref=L; % reference output voltage
2 D=Vref/Vin;
13- R=L
4= reqer_Ltr_l: alpha=(R+r_eq)/R:
L5-  lomin=0.5: R max=Vref/lo_min:
i3
L7

i G

The first thing it will buck converter parameter. It is the same parameter file, which we have
been discussing throughout this lecture. There is no change. Next we are considering 5

millisecond total simulation time, 3 millisecond time we are applying a load step transient.

(Refer Slide Time: 08:12)
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% %% Small-signal based CMC design using Type-11 _%

2 % i

B3 % Buck SSM_CMC; 1

1 % k_ff=1

B5 % op SSM CMC="huck converter CMC.lx’;

B6 % enter_file_name-op_SSM_CMC:

B7 % buck_converter_simulation;

8

B9 %% Large-signal based VMC design using PID

1= Buck LSM_VMC_PID:

B2-  En_DT Derivative=0; K_scale=1;

#3- op_SSM_VMC="buck converter YMCslx'";
4~ enter_file_name=op_SSM_VMC;

#5-  buck_converter_simulation:

BT %% Large-signal based CMC design using P1
B9 % Buck LSM CMC PL

B0 % k_{1=T;0p_SSM_CMC="buck_converter_CMC.slx"
pl % enter_file_name=op_SSM_CMC:

52 % buck_converter_simulation;

Now, initially what we are considering, ok.
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Bl % %% Smallsignal based CMC design using Type-11 i
By o ioc
b [
B3 % Buck_SSM_CMC; e
fah 50 1 % k_ff=1 i
#) Contioner corparsonm N B
:jk._‘..",mmmm B5 % op SSM CMC="huck converter CMC.slx’; e
Sl 6 % enter_file_name=op_SSM_CMC: I
B7 % buck_converter_simulation; i
B8
B9 %% Large-signal based VMC design using PID
0o
SO uck LSM VMC PID]

fi2 % En_DT Derivative=0: K_scale~1
#3 % op_SSM_VMC="buck _converter VMC.slx}
fit % enter_file_name=op_SSM_VIC:
5 % buck_converter simulation
fi6
w1 % % Large-signal based CMC design using Pl
“he % d
# % Buck _LSM_CMC_PI:
1) % k_[f=1;0p_SSM_CMC="buck_converter CMCslx;
Bl % enter_file_name=op_SSM_CMC:
52 % buck_converter_simulation;

RO BE L =t G e

S > G > e » w3 » Doitop » $Kapt » Recorimg ot > ATLA chr 3 » octcomme 1 o]
b i =T
= (] o i L A o
0 5
o e e 1siep - S>>
7= delta_lo=20; delta_Vin=0; delta_Vref=0;
8
9
10 %% Small-signal based VMC design using Type-[T1
| foiedusn 11
L 02 %Buck SSM_VMC_PID;
€]
B4 %op SSM_VMC="buck_converter VMC.lx: b
IS % enter file name=op SSM_VMC:
06 % buck_converter_simulation;
1%
I8 % figure(l)
19 % plot(t_scale LD Linewidth' 2): hold on; grid on:
RO % figure(2)
L %plot(t_scale,V_o,b' Linewidth', 2): hold on; grid on:
p2
B3 %% Small-signal based VMC design using Type-I11
<24
RS % Buck SSM _VMC:
B6 % op_SSM_VMC-buck_converter_VMCslx';
BT % enter file name=op SSM_VMC:
P8 % buck_converter_simulation;

Comment, our traditional we can go for a PID controller also or traditional PID controller.
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5| f Select BW (VMC) in kHz 25

Lstep-aeo;
7= delta_1o=20: delta_Vin=0: delta_Vref=0;

10 %% Small-sjgnal based VIC design using Type-IT1

) ot puck ymultion

12-  Buck_SSM_VMC_PID;

14- op_SSM_VMC="buck_converter VMCaslx';
15-  enter file_name=op_SSM_VMC;

16-  buck_converter_simulation;

17 %

18

19 %% Small-signal based VMC design using Type-11l

20

21 % Buck SSM_VNC:

22 % op_SSM_VMC="buck_converter_VMCslx:

23 % enter file_name=op SSM_VMC:
Sommmtw 7124 % buck_converter_simulation

25 %

26

27 % %% Smallsignal based CMC design using Type-11

28 %

29 % Buck SSM_CMC:

11 g oot

Let us go for a traditional PID controller, where if we run it; it will ask for bandwidth. So, let
us say we know that PID controller if you go for one tenth of the switching frequency, then
the model may not be valid. So, you can make it like you know, like a 500 kilohertz is the

switching frequency.
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T I i "8 details about the loops
7= delta_1o=20; delta Vin=0; delta_Vref=0; i
se the command
Z Simulink BlockDiagram.getAlgebra
| 0 € Ot A1 e
10 %% Small-sjgnal based VMC design using Type-I11 e "‘] ‘I’“"‘""‘”“I
i; Buck_SSM_VMC_PID; typing "sldebu
. I buck converter VMC" in the
14- op_SSM_VMC="huck_converter VMC.slx; \Il\'"\IHI‘I“””"‘””'“"““"‘ 2
v ehiminate this message.
15-  enter file_name=op_SSM_VMC: ithe Alsabeaio] e
set the Algebraic loop
6= buck_converter_simulation; || ——.
17 % option in the Diagnostics
18 page of the Simulation
‘e 3 > rov— wlers Dialog to
19 %% Small-signal based VMC design using Type-L1I
g? % Buck SSM YMC: > [n buck_converter simulation (lin
e e ) In Controller comparison (line 16)
| [FepSICVMCRbUK onvisie YOGk} Found algebraic loop containing:
23 %enter file_name=op SSM_VMC: Sk [‘”" \’IMC/H ckcg‘\;
V24 % buck_converter_simulation 'b:ik R
: ok _VMCBuck ¢
22 " “buck_converter_YMC/Buck conve
buck_converter_VMCload!
21 % %% Smallsignal based CMC design using Type-I1 b Ty it
2w % s L buck_converter_ VMC/Sum' (algeh
29 % Buck SSM CMC

So, you can set let us say 25 kilo, one twentieth of the switching frequency.
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And let us check how does the response looks like. So, response is not at all good because

you know it is a large overshoot undershoot and which is not acceptable ok.
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We can improve the response by increasing the bandwidth.
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10 %% Small-signal based VMC design using Type-ITT
11 1
. 12~ Buck SSM_VMC_PID;
13

14= op_SSM_VMC="buck_converter VMCaslx';
15-  enter_file_name=op_SSM_VMC;

16~ buck_converter_simulation;

17 %

18

19 %% Small-signal based VMC design using Type-111
20

21 % Buck _SSM_VMC:
22 % op_SSM_VMC~'buck_converter VMl

23 % enter file_name=op SSM_VMC:
7124 % buck_converter_simulation
25 %
26
27 % %% Smallsignal based CMC design using Type-11
2 %

29 % Buck_SSM_CMC:

So, you can set. Let us say you know 100 kilohertz.
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%Est:nmm.cmm o LS9, Lstep-s -,; Ji Select BW (VMC) in kHz 70
7= delta_Io=20; delta Vin=0: delta_Vref=0;
8
9
10 %2% Small-signal based VMC design using Type-III
11 1
12-  Buck_SSM_VMC_PID;
13

14=  op_SSM_VMC="buck_converter VMClx';
15-  enter file name=op SSM_VMC;

16~ buck_converter_simulation;
17 %
18
19 %% Small-signal based VMC design using Type-111
20
21 % Buck SSM_ VMG
22 % op_SSM_VMC-'buck_converter_VMC.slx';
23 % enter file_name=op SSM_VMC;
v % buck_converter_simulation:
25 %
26
217 % %% Small-signal based CMC design using Type-11
28 %

29 % Buck SSM_CMC;

Or 80, 70 kilohertz.
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Toop[s]. To see more

_step

Jelia Vin=0: delta Vref=: details about the loops
: delta_Vin=0: delta_Vref=0:

use the command
Simulink.BlockDiagram.get Algebra

or the command line

1(11 %% Small-signal based VVIC design using Type-IlI i
L sl I t o "sldel .
anies 12 Buck SSM_VMC_PID: ypingildebug
i ek converter VC"in the

MATLAB command window, To
14~ op SSM_VMC=buck_converter VMCslx' oA oty

15-  enter file_name=op_SSM_VMC;

eliminate this message

set the Algebraic loop

16 buck_converter_simulation;

L i option in the Diagnostics

17 3
yage of the Simulation

18

o : - P Parameters Dialog to

19 %% Small-signal based VMC design using Type-111 g

£ T bk xtci e
- [n buck_eonverter simulation (lin

21 % Buck SSM_VNC: i '”“ AT ""”I"l‘(

22 % op_SSM_VMC="buck_converter_VMCslx! I Samikllex oA (e d)

: e ) Found algebraic loop containing:

23 % enter_file_name=op SSM_VMC: } !

v 24 % buck_converter_simulation; buck_converter_VMC/Buck conv
. . "buck_converter_VMC/Buck conv
j= ' "buck_converter VMC/Buck conve
‘ "buck_converter_VMC/load

7 % %% Smallsignal based CMC design using Type N = .‘
sg 25 14% Smllsigal based M design wing Type-11 huck_conserter VNS (lgeh

29 % Buck_SSM_CMC:

But the model may not be valid.

(Refer Slide Time: 09:17)
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But we can you know. So, we can reduce it, but the question is the model validity remains a
question. So, that is why the PID controller we will not talk because the very sluggish

response.
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Even if you go up to one tenth of the switching frequency.

(Refer Slide Time: 09:31)
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e Yo e o0 | Select BW (VNG in kHz 50
7= delta_L0=20; delta Vin=0; delta Vref=0;
8
9
10 %% Small-signal based VMC design using Type-[T1
11 1
12 Buck_SSM_VMC_PID;
13
14- op_SSM_VMC="buck_converter_ VMCaslx'; ]
15-  enter file_name=op_SSM_VMC;
16~ buck_converter_simulation;
17 %
18
19 %% Small-signal based VMC design using Type-111
20
21 % Buck _SSM_VMC:
22 % op_SSM_VMC="buck_converter_VMCslx"
23 % enter_file_name=op_SSM_VMC:
V24 % buck_converter_simulation
25 %
26
27 % %% Small-signal based CMC design using Type-11
28 %
29 % Buck_SSM_CMC;

R Qg S R e @
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If you go then even the response is not satisfactory.

o

| Covatecompina | el ILSSMCHC dignn | Ben SMMCPOm [ # |

0

Al
7=

[RCTTETS

delta_lo

3 Lstep-d

0: delta_Vin=0: delta_Vref=0;

%% Small-signal based VMC design using Type-111
1
Buck_SSM_VMC_PID;

op_SSM_VMC="buck_converter VMCalx's
enter_file_name=op_SSM_VMC;
buck_converter_simulation;

o

%% Small-signal based VMC design wsing Type-111

% Buck SSM_ VMG

% op_SSM_VMC-'buck_converter_VMCaslx';
% enter_file_name=op SSM_VMC;

% buck_converter_simulation

9

% %% Small-signal based CMC design using Type-11

% Buck SSM_CMC;

2516

Toop[s). To see more
deta

about the loops
use the command
Simulink BlockDiagram.get Algebra

or the command line

Simulink debugger by

typing "ddebug
buck_converter VMC" in the
MATLAB command window. To

elim

set the Alg

ate this message

e of the Simulation

eters Dialog to

> In buck_converter simulation (lin
In Controller_comparison (line 16)
Found algebraic loop containing:
‘buck_converter_ VMC/Buck conve
"buck_converter_VMC/Buck conve,
"buck_converter_VMC/Buck conve|
"buck_converter_VM(/load"

"buck_converter VMC/Sum' (algeb)
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We will hold it the result this is using PID controller in small-signal model.
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figure(1)

plot(t_scale,i_L,b', Linewidth', 2): hold on grid on:
xlabel(Time (ms), 'FontSize’, 15);

ylabel('Inductor current (A), 'FoniSize', 13);

figure(2)
plot(t_scale,V_o,b" Linewidtl, 2); hold on; grid on;
9= xlabel('Time (ms)" 'FonSize', 15):

10- ylabel(Output voltage (V). FontSize', 15) &
i . 5
8w

Now, on top of this let us say.
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1 fe>>
2= figure(1)

8 ok comrte s

K i, 3= plot(t_scalei L' 'Linewidth', 2); hold on; grid on;
Btk guanetn 4= xlabel('Time (ms), 'FomSize', 15);

5= ylabel('Inductor current (A ntSize', 15);

it
) oot oopusan i
1= figure(2)
8- ploit ‘Linewidih', 2); hold on: grid on;
9= xlabel(Time (ms), 'FontSize', 13);

Lo~ ylabel('Output voltage (V)', FontSize', 15):

If we use red color, we are going for a type 3 compensator ok. So, type 3 compensator where

we are considering.

(Refer Slide Time: 10:00)
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TR - fe>> i
T delta_1o=20; delta Vin=0; delta Vref=0; i
8 el
9 it
B0 %% Small-signal based VMC design wsing Type-ITI fie
3 i
PR Fucl_SS\_VNC_PID -
B ik
(VIR o S5\ VMG buck_converter VMIC | el
OO coer file name=op SSM VMC] i
R bk converter_simulation o
% fi|
he i
B9 %% Small-sigual based VNC design using Type-Ill j:
po v
1 % Buck SSM VMC: =
B2 % op_SSM_VMC="buck_converter_VMCslx’ e,
B3 % enter file name=op SSM V)C: i

v1ed % buck_converter_simulation; i
BS % i
R6 B
BT % %% Smallsignal based CMC design using Type-11 B
pe % o
B9 % Buck SSM CNC; i

o v G

Now, this we have already run comment type 3.
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z b DUCK_SIV_ Y MU_F 11 - f>>

3 13 %
st R4 % op SSM_VMC-buck_converter_VMIC.y:
s cin L5 % enter file name=op SSM_VMC:
[ipnter 6 % buck_converter_simulation
e b1 %
_18
B9 %% Small-signal based VMC design using Type-IIl
PO

p1-  Buck SSM_VMC:
R2-  op_SSM_VMC='buck_converter VMCslx';

p3-  enter file_name=op_SSM_VMC: d
R4~ buck_converter_simulation;
3] %
g6 |
T % %% Small:signal based CMC design using Type-11
p8 %
R9 % Buck_SSM_CMC:
¥ 3o % k_ff=1
BL % op_SSM_CMC="buck_converter CMCislx":
2 name=op_SSM_CMC;
B3 % buck_converter_simulation:

BS %% Large-signal based YMC design using PID

This is our type 3 compensator. So, now we are running.

(Refer Slide Time: 10:11)
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[l 7 T =g Select BW (YMC) in kHz 80
2 e
3= buck_parameter;
1
bk ——— . 80
fcomcompn L %% Transient parameters and transient response
Faeria 6= tsim Ustep
” e ) | Select phase margin in degree 60
7= delta_Io=20: delta_Vin=0: delta_Vref=0;
4 ! PN
9
10 %% Small-signal based VMC design using Type-1T 60
11
12 % Buck_SSM_VYMC_PID:
. K
13 b
1 % op_SSM_VMC-'buck_converter_VMCslx"
15 % enter_file_name=op SSM_VMC;
16 % buck_converter_simulation
17 %
18
19 %% Small-signal based VMC design using Type-111
20
21~ Buck SSM_VMC;
22= op_SSM_VMC="buck_converter_VMCslx';
23~ enter file_name=op_SSM_VMC;
- - R

So, we need to hold this ok. So, run it here. We are going to like it can go up to 70 to 80
kilohertz for load transient response. The model still matches fine and band you know gain

phase margin is 60 dB.
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% close all; clear; clo:
buck_parameter;

%% Transient parameters and transient response
t_sim=5e:3; 1_step=3e-3:

delta_lo=20: delta_Vin

: delta_Vref=0;

%% Small-signal based VMC design using Type-[1T

% Buck_SSM_VYMC_PID:

%

% op_SSM_VMC~'buck_converter VMCslx"
% enter_file_name=op_SSM_VMC:

% buck_converter_simulation

%% Small-signal based VMC design wsing Type-111

Buck_SSM_VMC:
op_SSM_VMC="buck_converter VMCslx';

So, let us see how does the response looks like.

(Refer Slide Time: 11:26)
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use the command
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MATLAB command window, To
eliminate this message

set the Algebraic loop

option in the Diagnostics

page of the Simulation
Parameters Dialog to

"None"

* [n buck_converter_simulation (lin

In Controller comparison (line 24)
Found algebraie loop containing:
‘buck_converter VMC/Buck conve
"buck_converter_VMC/Buck conve
"buck_converter VMC/Buck conve
buck_converter_VMC/load
"buck_converter VMC/Sum' (algeb
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Output voltage (V)
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Is this response is much faster because model validity works even for a wider frequency

range?
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But, still, this may not be sufficient. Now, we are going for large-signal based tuning.

(Refer Slide Time: 10:40)
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1 figure(1)

L = plot(t_scalei_L'g.'Linewidth', 2): hold on; grid on:
bR Xlabel('Time (ms), FontSize', 15);

bR . ylabel('Inductor current (A), 'FontSize', 15):

Lt .

figure(2)

plot(t_seale,V_o'g, Linewidih, 2); hold on grid on;
xlabel("Time (ms)' 'FontSize', 13):

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

] ok gt e o SNCHC g m o

i 'm = @

And we are using another color. Let us say we are using magenta or maybe we can use green

color for the large-signal based tuning.
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13 % :
4 % op_SSM_VMC="buck_converter_VMC.slx’
LS % enter file name=op SSM_VMC:
16 % buck_converter_simulation
1%
ns
09 %% Small-signal based VMC design using Type-111
RO
LSO f5uck SSM VMG
(YR o) S5V VMC-buck_converter VVICsly)
X et file name=op SSMVMC]
R4 % buck_converter_simulation: o
BS %
p6
BT % %% Small-signal based CMC design using Type-11
BB % i
B9 % Buck SSM_CMC;
Bo

"Bl =buck_converter CMCsly';
2 me=op_SSM_CMC
B3 % buck_converter_simulation;
4

BS %% Large-signal based YMC design using PID

Where we will comment on this particular file, we will comment.

(Refer Slide Time: 10:55)
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0 <] contains 1 algebraic
& o ok "™ loop(s). To see more 2
BT % %% Small-signal based CMC design using Type-11 i
. details about the loops use
i Bk SSM CHC command e

i Simulink. BlockDiagram. get Algebra {3
0 % k_{f=1 1 1 * € P oor
BI % op.SSM_CMC="huck_converter CMCaly" ey I
B2 % enter_file_name=op_SSM_CNC; g HEERTPE
B3 % buck_converter_simulation: i iy
I buck converter VMC" in the

MATLAB ¢ and low, T ey

BS %% Large-signal based VMC design using PID timinato this momasoser S
Bé eliminate this message, se ‘N

A ck LS\ VMC PID he Algebraie loop option e
- [ ] o

B8-  En_DT Derivative=0; K_scale=1; in the Diagnosties page
B~ op SSM_VMC="huck converter VMCslx'
0= enter_file_name=op_SSM_VMC;

he Simulation Parameters
Dialog to
> T

verter_simulation (lix

1= buck converter simulation; A
W2 In Controller_comparison (line 41)
y " ’ Found algebraic loop containing:
% % Large-signal hased CMC design using ; iy
= :z hosig R b ‘buck_converter VMC/Buck conve

"buck_converter_VMC/Buck conv
"buck_converter VMC/Buck conve
"buck_converter_VM(/load"

B5 % Buck LSM CMC PL
6 % kI Top_S8M_CMC-buck_converter_CMCly';

[ % enter_file_name=op_SSM_CMC; e

p . MC/Sum (a
{8 % buck_converter_simulation: busk_converter VMCSum!(lgeh
5] 1

s RN

And we are going for large-signal based PID controller tuning uncomment. So, here this
function is calling PID controller where all the gains are set accordingly and we have I have
shown you all the expression as well as the block diagram. Let us run it and check how does

the response looks like.
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You can see the response is drastically improved.
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Because the green color it is just around 100 milli volt is the transient response your

undershoot less than 100 millivolt.
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And the recovery time is just a few cycle.
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I mean, it is like you know because it is just a two switching cycle whereas, this takes much

longer duration.

(Refer Slide Time: 11:46)
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And if you go to inductor current you know.
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You see, the inductor current is not very significantly high.

(Refer Slide Time: 11:54)
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But, our traditional approach of designing because of the model validity and you know small

load duty ratio.
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So, you will see the difference will come at the fast recovery time.

(Refer Slide Time: 12:10)
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Because since the small-signal requires low duty ratio perturbation. So, during the slew up
process, you know there is a turn on of happening and because of that, it will slow down the
transient response. Whereas, the large-signal tuning it allow duty ratio saturation. you see it is
turning on for a quite some time and then turning off and it is coming to next operating point

in almost one switching cycle. So, it achieved almost time optimal recovery.
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So, now, this large-signal tuning can drastically improve the transient performance compared

to the four small-signal tuning. Now, we are going for current mode control. So, let us you

know close all the files and we will again clear once more.

(Refer Slide Time: 12:49)
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I;

cloge all: clear; cle;
buck_parameter;

%% Transient parameters and transient response
sim=5e-3; t_step=de-3;
delta_Io=20: delta_Vin=0: delta_Vref=0;

%9% Small-signal based VMC design using Type-ITI

% Buck_SSM_VMC_PID:

%

% op_SSM_VMC~'buck_converter VMCslx'"
% enter_file_name=op_SSM_VMC:

% buck_converter_simulation

%
%% Small-signal based VMC design using Type-11

% Buck SSM_VMC:
% op_SSM_VMC="buck_converter_VMC.ly:

% enter_file_name=op_SSM_VMC:
% sl L

fi

st Wl Gl

Now, we are going for current mode control.
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% %% Small-signal based CMC design using Type-11 el

0
% Buck $SM_CMC;

% k_fi=1

% op_SSM_CMC="buck_converter CMCsl'
2 %enter_file_name-ap_SSM_CNC;

B3 % buck_converter_simulation;

B4

BS %% Large-signal based VMC design using PID
Bé

g7 % Buck LSM_VMC PID|

% En_DT Derivative=0: K_scale=1
BY % op_SSM_VMC="buck converter VMC.slx}
fio % enter_file_nabe=op_SSM_VIC:
gl % buck_converter_simulation]
fi2 |
“h3 % % Large-signal based CMC design using P1

%
#5 % Buek LSM_CMC_PI

6 %Ki Lop_SSM_CMC-"buck_converter CMC.sly';
B % enter_file_name=op_SSM_CMC:

el IR L

So, in current mode control you know we will see two things.

(Refer Slide Time: 13:03)
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b buck_converter_simulation; Hic
0 o
b oct

[l

%% Small-signal based VMC design using Type-ITl

% Buck_SSM_VNC;
% op_SSM_VMC="buck_converter VMC.slx"
% enter_file_name~op_SSM_VMC;

% buck_converter simulation; (8
% 86
lec
o
e
% %% Small-signal based CMC design using Type-IT i
% ’ ﬂ’}"‘
Buck_SSM_CMC: e

5 kf=l
Bl=  op_SSM_CMC="buck_converter_CMCasly's
B2-  enter file namé=op SSM_(MC:

B3=  buck_converter_simulation;
B4

5 %% Large-signal based VMC design using PID
pBe

B7 % Buck_LSM_VMC_PID:
B8 % En_ DT Derivative=0; K scale=1;

a o AL VALl AL

The first thing first we will go for small-signal based current mode control. So, here k ff I
have shown you if you go to the k ff the k ff if you go to current mode control. So, this is a
load current feedforward. So, if you set k ff to be 0 then you are not considering load

feedforward ok. So, we will consider cases first k ff equal to 0.
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L6 % buck converter simulation;
1%
]
19 %% Small-signal based VVIC design using Type-IT1
o RO
i PL % Buck SSM_VMC
2 % op SSM VMC=buck converter VMCalx’
23 % enter_file_name-op_SSM_VMC:
R4 % buck_converter_simulation;
RS %
pé
T % %% Smallsignal based CMC design using Type-IT
B8 % |
29~  Buck_SSM_CMC;
Bo-  k.ff=0:

B~ op_SSM_CMC=huck_canverter_CMC.lx';
B2~ enter file_name=op_SSM_CN

B3=  buck_converter_simulation;
B4

5 %% Large-signal based VMC design using PID
Bé

7 % Buck_LSM_VMC_PID:.
p8 % En DT Derivative=0: K scale=1:
0

AL YA ol ALC

So, in this case, we are talking about let us say we are using blue color.

(Refer Slide Time: 13:29)
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1 fe>> i

2= figure(1) i

3= plot(t_scaled L' Linewidth', 2): hold on: grid on: o

[Laer

4= xlabel(Time (ms), FomSize!, 13 oo

5= ylabel(Inductor current (A), 'FontSize', 15)

oot canpuion W )
7= figure(2)
8- plot(t_scale,V_o/} Linewidth, 2); hold on; gridon;
9= xlabel('Time (ms)', "FontSize', 13):

Lo~ ylabel(‘Output voltage (V), FontSize', 15);

So, the regular current mode control design ok. So, let us run it using the regular current

mode control design.
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o T 5| f Select BW (CMC) in kHz .. 100
2

3= buck parameter;

1

5 %% Transient parameters and transient response

6~ 3 Ustep

1- : delta Vref=0; 1
8

9

10 %% Small-signal based VMC design u.hlug Type-IT1

11
12 % Buck_SSM_YMC_PID;
13 %
14 % op_SSM_VMC='buck_converter_VMC.slx'!
15 % enter_file_name=op_SSM_VMC:
16 % buck_converter_simulation
17 %
18

“19 %% Small-signal based YMC design using Type-111

20
21 % Buck_SSM_VMC:
22 % op_SSM_VMC="huck_converter_VMC.lx;
23 % enter_file_name=op_SSM_VMC:
o4 82 husale sonsistancal "

11 g oot

So, if you run it; it will ask for bandwidth. So, let us say we can go up to let us say 100

kilohertz.
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e ® 2l oo T e more
L - 1= closeall clear: cle; +7| details about the loops
) ek .G i 2 use the command
oy e buck_parameter; Simulink.BlockDiagram.get Algebra
or the command line
%% Transient parameters and transient response Simulink debugger by
tsim 1_step typing "sldebug
delta 10=20; delta Vin=0: delta Vref=0; 11 buck converter CNC" in the
8 MATLAB command window. To
9 eliminate this n
10 %% Small-signal based VMC design u~i|1|gTvlunlll set the Algebraic loop
11 option in the Diagnostics
12 % Buck_SSM_VYMC_PID; vage of the Simulation
13 % Parameters Dialog to
14 % op_SSM_VMC~'buck_converter_VMCslx'" "None"
15 % enter_file_name=op SSM_VMC; > [n huck_converter simulation (lin
16 % buck_converter_simulation: In Controller comparison (line 33)
17 % Found algebraic loop containing:
Sk buck_converter CMC/Buck convere|[
19 %% Small-signal based VMC design using Type-111 "buck_converter_CMC/Buck conver {1
20 ‘buck_converter CMC/Buck conves
21 % Buck_SSM_VMC: "buck_converter_CM(load' o
22 % op_SSM_VMC~"buck_converter_VMC.slx' "buck_converter CMC/Sum' (algeby ||,
23 % enter_file_name=op_SSM_VMC:
2 0 Ll atonal " o

Close trying to go close to one fifth for load transient somewhat we can go, but I think this
still model matching will be a concern, but we are trying to go close to one fifth. Let us see

what happen. So, this is a load transient response using current mode control.
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And this is a response and you see this we have discussed the model matching will not

happen due to the jump.
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So, it should not go to one fifth.
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1= closeall: clear: cle:
2
3= buck_parameter;
1
4
6
ol
8
9
10 %% Small-signal based VMC design using Type-1T
11
12 % Buck_SSM_VYMC_PID:
13 %
14 % op_SSM_VMC-'buck_converter_VMCslx"
15 % enter_file_name=op SSM_VMC;
16 % buck_converter_simulation
11 %
18
‘19 %% Small-signal based VMC design using Type-I11
20
21 % Buck SSM_VMC:
22 % op_SSM_VMC="buck_converter_VMC.slx";
23 % enter file_name=op SSM_VMC:
] S bk gonwastonaimulasion

So, let us limit our whole thing to one eighth.
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1= closeall: clear: cle: T8 details about the loops
2 use the commanc
3= buck_parameter; Simulink.BlockDiagram.get Algebra
4 or the command line
5 %% Transient parameters and transient Pmpanw Simulink debugger by
6 typing "sddebug
1- : delta Vref=0; 11 buck converter CC" in the
8 MATLAB command window. To
9 climinate this message.
10 %% Small-signal based VMC design using Type-[T1 set the Algebraic loop
11 option in the Diagnostics
12 % Buck_SSM_VMC_PID: vage of the Simulation
13 % Parameters Dialog to
14 % op_SSM_VMC='buck_converter_VMC.slx' "None"
15 % enter_file_name=op_SSM_VMC: * [n buck_converter_simulation (lin
16 % buck_converter_simulation In Controller comparison (line 33)
17 % Found algebraic loop containing:
18 ‘buck_converter CMC/Buck conver|([:
“19 %% Small-signal based YMC design using Type-I11 "buck_converter_CMC/Buck conver |[11
20 ‘huck_converter CMC/Buck conver
21 % Buek_SSM_VYMC: "buck_converter_CM(/load"
22 % op_SSM_VMC="buck_converter_ VMC.slx'; "buck_converter CMC/Sum' (algebi
23 % enter_file_name=op_SSM_VMC:
4 9% hasak_aen " N

That means we will get 500 by, let us say one eighth.
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And if we say the response; so, now, there is no as such very large overshoot fine.
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So, it is a sluggish response ok, but unlike in voltage mode, there is an overshoot undershoot.
It has only undershot, but it is slow. Now, if you consider on top of that load current

feedforward.
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% op_SSM_VMC-'buck_converter_VMC.slx'
% enter_file_name=op_SSM_VMC;

% buck_converter_simulation

9

%% Small-signal based VMC design using Type-11l

Rl % Buck SSM_VMC:
p2 % op_SSM_VMC~'buck_converter VMCaslx';

g3 % enter_file_name=op_SSM_VMC:

R4 % buck_converter_simulation:

g5 %

pé

p1 % %% Small-signal based CMC design using Type-11
8 %

p9-  Buck SSM_CMC:

- —po k_ff=1;

“B1- op_SSM_CMC="buck_converter CMC.slx";
2 enter_file_name=op_SSM_CMC;

B3~ buck_converter_simulation;
4
BS %% Large-signal based YMC design using PID

- Gk iy e ok b sioleon o 1 e LB Gl

i'M 9

That means we are considering 1 and we are using a different color.
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figure(1)

plot(t_scaled L'F Linewidth', 2); hold on; grid on;
xlabel(Time (ms), FontSize!, 13);

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

figure(2)

WV_o,'r Linewidih', 2); hold on; grid on;
xlabel(Time (ms), 'FontSize', 15);

ylabel('Output voltage (V)', FontSize', 15):

A fes>

Let us say we are using red color and let us run it. So, if you run it.
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il % close all: clear: cle:
2
3= buck_parameter;
1
5 %% Transient parameters and transient response
6= 3
7= delta_Io=20: delta_Vin=0: delta_Vref=0;
8
9
10 %% Small-signal based VMC design using Type-I1T
11
12 % Buck_SSM_VYMC_PID:
13 %
1 % op_SSM_VMC-'buck_converter_VMCslx'"
15 % enter_file_name=op SSM_VMC;
16 % buck_converter_simulation
11 %
18
‘19 %% Small-signal based VMC design using Type-111
20
21 % Buck SSM_VMC:
22 % op_SSM_VMC="buck_converter_VMC.slx"
23 % enter file name=op
a4 S ol sonynston oty

We want to hold it then. So, here also we are you know, 500 divided by
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% close all: clear: clo:
buck_parameter;

% Transient parameters and transient response

%

1_step
: delta_Vin=0: delta_Vref=0;

%9% Smallsignal based VMC design using Type-ITI

% Buck_SSM_VMC_PID:

%

% op_SSM_VMC~'buck_converter VMl
% enter_file_name=op_SSM_VMC:

% buck_converter_simulation

9

%% Small-signal based VMC design using Type-111
% Buck SSM_VMC:
% u|:7>.\\l VMC="buck_converter VMCslx';

% enter_file_name=op_SSM_VMC:
9 husle son

%[~ Toopls). To see more
3|

Is about the loops

s¢ the command

Simulink BlockDiagram.get Algebra
or the command line b
Simulink debugger by

typing "ddebug

buck_converter CMC" in the
MATLAB command window. To

eliminate this me:

age
set the Algebraic loop
option in the Diagnostics
vage of the Simulation
Parameters Dialog to
"None"

> [n buck_converter simulation (lin

In Controller comparison (line 33)
Found algebraic loop containing: | [[ikn
‘huck_converter CMC/Buck convers[
"buck_converter_CMC/Buck convei
"buck_converter CMC/Buck conver
"buck_converter_(MC/load' e
"buck_converter CMC/Sum' (algebi

—

B
§ "
Su
3
- -
w
1 L | L i
o m i 0 7 u m v m )
Time (ms)

And see it is much faster.
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Because we have incorporated the load current feedforward.
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And we have discussed the load current feedforward can drastically improve the performance

right. Now, we are going to large-signal tuning ok for current mode.
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0 %[ Toop[s]. To see more
5 T4 details about the el
% kg —_ ) detalls about the loops A
BT % %% Smallsignal based CMC design using Type-11 P i
bs % use the command i0c

bo % Buck SSM CMC; Simulink.BlockDiagram.get Algebra [

or the command line

0 % k_ff=1 1 e :
) vt oy § k debugger by
| e Bl % op_SSM_CMC="buck_converter CMC.slx": v\”"l"l - ¥ I'::--' ¥
B T " . ng "sldebug
2 % enter_file_name=op_SSM_CMC: P e
buek_converter CMC"in the
B3 % buck_converter_simulation; 1
B4 MATLAB command window, To
el te this message.
BS %% Large-signal based VMC design using PLD sk
B6 sel the Algebraic loop

option in the Diagnostics

g7 % Buck _LSM_VMC_PID:

B8 % En_DT_Derivative=0: K_scale=1:

BY % op_SSM_VMC="buck_converter VMC.slx"
filo % enter_file_name=op_SSM_VMC;

ay

e of the Simulation

ameters Dialog to
None"
* [n buek_converter_simulation (lin

:; LI s I In Controller comparison (line 43)
. L Found algebraic loop containing:

% % Large-signal hased CMC design using P .
722 o =l e e A q "buck_converter CMC/Buck conver® [+
' hs-  TOSTSTRETAT "buck_converter_CMC/Buck convel [
b uck L: MU H . 3 Pt § Boal
TR (110, SSM_CMC="buck_converter CMCislx] _b“d‘ converter ‘j‘“””“"}""“"’ e
R ... G vameop SSM OMC) buck_converter_CMC/load! e
L poe 1 MOIS, | Hiv.d
TRk converter simulation] buck_converter. CMC/Sum'(algeb |17
by ] i f

s Lo Gl

Where we need to incorporate loads, load current feedforward and we discuss that we can use

load you know we can estimate the load current or we can use a physical sensing right.
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2 figure(l)

i
| :ﬁm R 3~ plot(t_scalei L.'g.'Linewidth', 2): hold en: grid on:
gw-:-vw--w 4= xlabel('Time (mg), 'FontSize', 15);

attucn ;
e ntize!, 13);

5= ylabel('Inductor current (A

T figure(2)
8- plot(t_scale,V_o,'y’ Linewidth', 2); hold on; grid on;
9~ xlabel('Time (ms)', "FontSize', 15);

B0~ ylabel(Output voltage (V}, FontSize', 15);

L1

So, estimating load current is a good solution in digital control solution. So, let us do that and

we will run it now using green color.
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And see what happens yes. So, you see.
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When we consider our tuning.
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Large-signal tuning it is recovering in almost three cycles whereas, load feedforward is taking

some more time using the regular current mode control with load feedforward.
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And it is somewhat sluggish respond.
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So, it takes few more cycles to reach steady state ok. But, it is good that both are giving fine

with load feedforward.

(Refer Slide Time: 16:25)

TR —— .
Dude 2@ 09¢4 2 00(s0

|

e — ———— A

&

Output voliage (V)
5

o
Time (ms)

But, optimal gain makes it even faster right.
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So, you can just check it here.
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So, these two are the responses.
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But, because of load feedforward it is allowing the duty ratio to saturate. So, that, but in
regular current mode control because of on off operation it is slowing down the transient
performance and which is quite obvious and that we have discussed. So, we have discussed

PID tuning, large-signal, small-signal for voltage mode current mode in all case studies.
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Small-Signal and Large-Signal based Tuning of a Boost Converter

* Small-signal based PID controller tuning of ina VMC boost converter
* Small-signal based type-11 compensator tuning of in a CMC boost converter

* Large-signal based tuning of a CMC in a boost converter

Now, we are going to consider a boost converter. So, in a boost converter, we are going to
consider reference transient using small-signal as well as large-signal ok. So, let us go now
we will just stop all this waveform. So, let us go to our boost converter case study, ok. So, we

have to consider buck.
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= cle: close all: clear:

%% Parameters

1
2
3
4q boost_parameter; Vin=33; Vref=5; R=1;
5
6
7

e

D=(Vref-Vin)/Vref:
To_min=05; R_max=Vref/Io_min;
= lo_max=10: R_min=Vref/lo_max:

9= fsw=lT: w_sw=2%pi*f_sw:

10 z_e=sqri(L/C);  w_o_ideal=(1-D)/sqrt(L*C):
11-  Q.ideal=((1-D)*Ryz_e:

12- w_rhp=(R*(1Dy2)/L;

13- frhp=w_thp/(2*pi*led):

1

15 %% Control-to-output TF Gvd 1.

16~ num_e=(Vin/((1-D)2))[-Vw_thp 1]; i

17- den_c=[l/(w_o_ideal"2) 1/(Q_ideal*w_o_ideal) 1]:

18- Gvd=tf{num_c,den_c); o
“l19 '

20 %% Open-loop Output Impedance

21= num_o=(1/((1-D)*2))*[L 0}:

22= den_c=[l/(w_o_ideal2) 1/(Q_ideal*w_o_ideal) 1];

23- £ o=tf(num_oden c);

Now, in boost converter first we will consider a voltage mode control technique where we are

considering 1 ohm load resistance, 3.3 volt input, 5 volt output.
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6= G_vge=Gvgl(1+G_loop): %% Closed-loop audio susc. (i
i
65 I o

Frequency response
67~ figure(3)

68 %bode(Z ob);
69 %holdon
90 % bode(Z_oc.h);
7 %hold on:

72= " bode(G_loop.'r):
73~ holdon; grid an;
74 [Gm,Pm,Weg.Wep| = margin(G_loop):

77 %% Transient parameters and transient resporise
78-  tsim=5e-3: t_step=3e-3:
79-  delta_lo=0; delta_Vin=0; delta_Vref=[

v 181= [y sts]=step(G_cl, (t_sim-t_step)); |
§2- v ac=delta_Vief*y_s:

€3 9
€4- boost_converter_simulation:

85

86= ¢l

And we are applying a load step transient of you know a reference transient of 0.2 volt ok.

So, let us first run it and we will use.
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| Select BW fraction of £rhp 1/5

1= cle; close all; clear;

3 %% Parameters g

4= boost_parameter; Vin=33; Vref=5; R=1; ! 0.2000
5= D=(Vref-Vin)/Vref;

6= To_min=0.5; R_max=Vref/To_min; 1

7= lomax=10; R min=Vref/lo_max;

8

9= faw=UT: wosw=2pi*f sw

10=  roemsqn(l/0);  w_o_ideal=(1-DYsqr(L*C)
11-  Qideal=((1-D)*Ryz_c:
12= w_ehp=(R*(1-D)y2)/L;
13- Eehp=w_shpl(*pitled):

15 %% Control-to-output TF Gvd
16 num_e=(Vin/((1-D)2)*[- Vs_thp 1)

17= den_c=[U/(w_o_ideal’2) 1/(Q_ideal*w_o_ideal) 1
18- Gvd=tf{num_cden_c);

%% Open-loop Output Tnpedance

21=  num_o=(1/((1-D)*2))*[L 0):

22= den_c=[1/(w_o_ideal2) 1/(Q_ideal*w_o_ideal) 1];
23= L o=tf(num_oden c):

Sttt v bt

Let us run it. So, it will ask for f rhp and we know for voltage mode we generally go for one

fifth of the rhp.
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‘i v - the Algebraic loop option
ghn\immlm" 1= oleclose all; clear; 4 n the Diagnosties page of
- 2 the Simulation Parameters
2 %% Parameters Dialog to "None"
4= boost_parameter; Vin=3.3; Vref=5; R=1; q In boost converter simulation (lin
5= D=(Vref-Vin)/Vief; Tn Boost SSM_VMC_PID (line 84)
6~ To_min=0.5; R_max=Vref/To_min; Found algebraic loop containing:
7= lo_max=10: R_min=Vreflo_max; 4 "boost_converter_VMC/load'
8 'hoost_converter VMC/Sum' (algek
g =0pitf sw: "boost_converter_VMC/PWM VMC
10~ : w_o_ideal=(1-DY/sqri(L*C); "hoost_converter VMC/PWM VMC
11-  Qideal=((L-D)*R)z_e: "boost_converter_VMC/PWM VMC
12- wrhp=(R¥(1-DPYL; "hoost_converter VMC/PWM VMC
13- Lahp=w_thp/(2*pitled) "hoost_converter_VMC/Boost Cony
14 'hoost_converter_VMC/Boost Cony
15 %% Control-to-output TF Gvd "boost_converter_VMC/Boost Conv
16= num_e=(Vin/((1-D)*2))*[-Vw_rhp 1] 'hoost_converter_VMC/Boost Conv
17-  den_c=[l/(w_o_ideal’2) 1/(Q_ideal*w_o_ideal) 1]: Warning: Discontinui
18- Gvd=tf{num_c.den_c); detected within algebraic
9 loop(s), may have trouble
20 %% Open-loop Output Impedance solving
T 21 mum_o=(L((1-D)2))"[L0}: T boost_converter simulution (lin
22 den_c=[V/(w_o_ideal?) 1/(Q_ideal*w_o_ideal) 1); In Boost SSM VMC PID (line 84)
23=  Z_o=tf(num_oden c):
2a o

Ddde kW00 &L- Q00 00

Bode Dagram

B O x| Commndinion o)W 0
g7 T o ATAR S s e il St X [ume
i 1 ~ = the Algebraic oop opion s
aw“:v;m" 1= cle: close all: cleal ;zm ~__ 0 n the Diagnosties page of e
ot i 2 ~ the Simulation P fioc
3 %% Parameters . L EEIE I anl Dialog to "None" e
4= boost_parameter{| _ T | T boostconverter simulation (lin [
5= D=(Veeft-Vin)Veff  § p Tn Boost SSMVMC PID (line 84) [
6~ lo_min=0.5; RJ g'm \\ Found algebraic loop containing: 5%
7= lomax=10: R | 'boost_converter_VMC/load! fin
8 b P "hoost_converter VMC/Sum’ (algek [
9= faw=lTrwewil o Froquency (ads) ‘boost_converter VMC/PWM VMC [t
10=  roosqr(L/C)  Wo ideal (L-DVogqri(LeCR "houst_converter VMUPWM VMC foest
11-  Q.ideal=((1-D)*Ryz_e: boost_converter_VMC/PWM VMC o
12- worhp=(R*(1Dy 2L "hoost_converter VMUPWIVNC [t
13- frhp=w_thp/(2*pi*led): boost_converter_VMC/Boost Conyy s
1 ‘hoost_converter_VMC/Boost Cony e,
15 %% Control-to-output TF Gvd 'boost_converter_VMC/Boost Conv 1'1
16=  num_e=(Vin/((1-D)*2))*[-Vw_rhp 1]; "hoost_converter_VMC/Boost Cony. |/
17— den_c=[l/(w_o_ideal’2) 1/(Q_ideal*w_o_ideal) 1]: Warning Discontinuities
18- Gvd=tinum_cden_c); detected within algebraic q
T loap(s), may have trouble
20 %% Open-loop Output lmped wolving
21- num_o=(1/((1-D)2)[L 0}; > In boost converter sloulation (lin
22+ den_c=[1/(w_o_ideal?) 1/(Q_ideal*w_o_ideal) 1]; In Boost SSMVNE PID (lne 84) ||
23- £ o=tf(num_oden c): 5
2a e

So, let us do that.
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So, this is the one fifth of the rhp. So, this is a blue color.

(Refer Slide Time: 18:05)
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1
2= figure(1)
3= plot(t_scaledrL,r\ Linewidth', 2): hold on: grid on;
1 xlabel('Time (ms)', 'FontSize', 15);
5= ylabel('Inductor carrent (A), 'FomtSize', 15):
6
7= figure(2)
8- plot(t_scale,V_o,f Linewidth', 2); hold on; grid on;
9= xlabel('Time (ms)\ 'FontSize', 15):
0~ ylabel(Output voltage (V) FontSize', 15);
11

Now, we are using the same red color for current mode control. So, we will go to current

mode control we will hold it.
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GpEI e MOE S H R e

% G2 G0 e D0l » Desog » bt 1 Racremg St 8 » ATIA lchae 3 » B conrer

o 3 m—
o o+ A R RAUERE
| [ = 2| >> Boost_1st_SSM_CMC_design
20 %% Open-loop Output Ipedanee i Seleot BW facton ofLshp 13
21
Bisomsmiana 22 num_o=(RR)*[Uw_est 1];

23=  demo=(Uw_p L
20-  Z_o=tf{num_o.den_o);

26 %% Small-signal de

of Type-IT Compensator

28-  peinput(Select BW fraction of f_thp )

29~ theta_rad=atan((2*p)/(1-(p*2)}):

30~ theta=rad2deg(theta_rad);

31-  PM=90-theta: w_c=p*w_rhp:

32- theta=(90-PM); theta_rad=deg2rad(theta);
33- K_e=(p*w_rhp)/(K_g): w_ep=w_rhp: k_n=0:

34~ num_con=K_c*den_c;
35— den_con=[lw_cp10;
36~ Ge=ti(num_conden_con);
- 23
88 % %% Large-sigual tuning of PI controller
39 %
r——
00 %K.ep=li kn=VrellVin:
4 %K vpelss:

an 0L K i 1nnan.

Now, we will go for traditional current mode control where we can go up to one third of the

rhp zero. So, one third of the rhp zero we can go right.

(Refer Slide Time: 18:24)
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19
20 %% Open-loop Output Impedance
21

22-  num_o=(RA2)1w_esr 1];

23-  den o=[lw pl:

24= Z_o=tf(num_o.den_o);

25

26 %% Small-signal design of Type-T1 G

27

28~ peinput(Select BW fraction of f_rhp )
29~ theta_rad=atan((2*p)/(L-(p"2)}):

30~ theta=rad2deg(theta_rad);

31-  PM=90-theta; w_c=p*w_rhp:

32 theta=(90-PM): theta_rad=deg2rad(theta);
33- K c=(p*w_rhp)/(K g): w_cp=w_rhp: k n=0;

3= num_con=K_ctden_c;
35-  den_con=[l/w_cp 10];
36-  Ge=ti(num_con,den_con);

G

38 % %% Large-signal tuning of PI controller
33 %

i
40 %K.ep=l: k_n=Vrel/Vin;
a1 %K vp=lss:

i the Diagnostics page of
he Simulation Parameters
Dialog to "None"

- I hoost._conve
In Boost Lst SSM

Found algebraic loop containing:
"hoost_converter CMC/PWM CMC

er_simulation (lin

esign (lin

"boost_converter_CMC/PWM CMC
'boost_converter CMC/PWM CMC/
"hoost_converter_CMC/Boost Conv
'boost_converter_CMC/Boost Conv.
"boost_converter_CMC/Boost Conv
'boost_converter CMC/Boost Conv.
"boost_converter_CMC/load'
'hoost_converter CMC/Sum' (algeh
Warning: Discontinuities (e
detected within algebraic b ity
loop(s). may have trouble

solving

* In hoost_converter simulation (lin
In Boost 1st SSM CMC design (lin

One third of the rhp zero we can go.
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And let us check ok. So, I think we should change the color.

(Refer Slide Time: 18:35)
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plot(t_scale,V_o.'r' Linewidt
xlabel("Time (ms)" 'FontSize', 15)
vlabel (‘Output voltage (V) 'FontSize!, 15);

oo S IO+ | PotboaLimdbionrn | Pbout imdiionn | + N

oGyl
>> figure(1)
plot(t_scale.i_L.'r"Linewidth', 2).
xlabel('Time (ms)', FontSize', 15):
ylabel('Inductor current (A)', "FontSi;

figure(2)
plot(t_scale,V_or Linewidth', 2); hef:
Lt
xlabel(Time (ms]', FontSize', 15):
vlabel('Output voltage (V)', "Fon

fe>>

So, we should change the color one third of the rhp zero. Just hold on. We are redrawing this

we are ok.
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So, we have drawn one for voltage mode control.
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And the other for current mode control.
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And these two are their inductor current.
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For voltage mode, we took one fifth of the rhp zero.
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For current mode, we took one third of the rhp zero and it shows a non-minimum phase

behaviour. Now, we are going for large-signal based tuning.

(Refer Slide Time: 19:10)
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-c| 2> figure(l)
plot(t_scale.i_L.'r"'Linewidth', 2): hol
xlabel('Time (ms)', 'FontSize', 15);

ylabel('Inductor current (A)', 'FontSi;

4% Small-signal design of Type-1T Comy

% p-input(Select BW fraction of [
% theta_rad=atan((2*p)/(1-(p"2)))]

figure(2)

[ T

3? i "1‘\‘1"‘,":‘”]'-"" K“""”-’j‘”‘l plot{_seale,V_or Tinewidth', 2 h
% PM=90-theta; w c=p*w_rhpj T of'. 'FontSize'. 15):

(PR :ct: - (90-PM); theta_rad-degdrad(theta); abel(Time (mef, FoutSize', 15;

ylabel{'Output voltage (V)', 'FontSize

'fg>>

B8 % %% Large-signal tuning of PI controller
BY % I

0 %K_ep=l: k_n=Vref/Vin;

L %K wpeLsss

12 % K_vi= 10000

‘3 %

4 %mum_con=[K_vp K_vi};

M5 % den_con=[l 0];

6 % Ge=tf{num_con.den_con):

Where we will disable this small-signal tuning comment and we are going for large-signal

tuning.
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G o a9 R AG-

> ;
o = 0t 5 8 g &

3]
. b Rt o M4

= > figar(l)
plot(t_scale.i_L.
£ Al Klabel Time ;
# K_o=(p™w_rhpl(K_ gl ylabel( Inductor current (A}, 'FontS
% num_con~K_c*den_e:
5 % den_con=[1/w cp 10]: figure(2)
Jf % Ge={{aum_¢ondengcon) plot(t_scale.V_o,r"/Linewidth', 2); he
; ) xlabel("Time (ms
8 % %Y% Large-signal tuning of PI controller ylabel[Qutput voltage V), FontSize
BY % f>
0 K ep=1; k_n=Vref/Vin; :
gr- Kovp=153;
2 K_vi=40000;
#3 x
4~ num_con=[K_vp K_vi) g
#5-  den_con=[10); ke
6-  Ge=tf{num_con,den_con); o
w1 'l
8
ko %% Transient parameters and transient response
50 sim=5¢-3; 1_step=3e-3;
1
52 Lmax=15; I_min=-10;
3
Jlia Loz dolia Via=0. dalia Veaf=09

And as I told for large-signal tuning, the voltage can be derived using the expression.

(Refer Slide Time: 19:22)

PID Control Tuning in VMC Boost Converter

* Anideal boost converter

1-_%

So, if you go for that. So, let us first derive in voltage mode control. We know how to you
know how to derive the gains and we have discussed in lecture number I think 36, we have

discussed in detail different parameter of the open loop plan.
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Gain Scheduling — PID Controller Tuning in VMC Boost Converter

/7
X 1 ‘I" ]\;'15 ‘I‘ kQS? — Kd + KUTD

K
where kl ==L4r k

‘ s(rps+1) B K,
V4
1 1 1 w,(1- DY
= — k= - spe== =— 7
(2 W, i g 'U/Z ? 8 W, Kl F:n‘/in

Then for the PID controller design what will be the optimal PID gain, k 1, k 2 these are here k
1, k 2, then tau d is a band limited derivative we are considering, integral gain this will
require the crossover frequency and from here we are getting all the controller gain that we

have discussed.

(Refer Slide Time: 19:59)
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v
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And we know that how to current mode control we have also discussed you know; that

means, you know there is esr zero, rhp zero, and we can go to type 2 compensator design.
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And the design parameter we have also discussed how to set. That means we have to take
omega ¢ by omega rhp and that we are taking like a one third; that means we are taking 1 by

3 and this will compute the gain that we have derived.

(Refer Slide Time: 20:29)
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For large-signal tuning, we know the expression and as I told the expression is somewhat you
know is not very complex somewhat. So, we have computed this value. This is for load

transient we can also do for reference transient. We have computed this value and those
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values are plugged in into this MATLAB code and we are comparing now we are using a

different trace.

(Refer Slide Time: 20:54)
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So, we are using green color trace; green color trace.
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figure(1)

plot(t_scaled_L/g\'Linewidth', 2): hold on; grid on:
xlabel(Time (ms), FontSize’, 15
ylabel('Inductor current (A), 'FontSize', 15);

figure(2)

ploit ,..,'4,'1....m.‘|\|.,:.; hold on; grid on;
xlabel('Time (ms)’ "FontSize', 15):

ylabel(‘Output voltage (V)', FontSize', 15);

oot SMIMCHOn 1 | Pt oo svsionn | PotSout imultonm * | +

>> figure(l)
plot(t_scale,i_L.'r",Linewidth, 2):
xlabel('Time (ms)', 'FontSiz
ylabel('Inductor current (A)', 'Font

figure(2)

plot(_scale,¥_o/¥"Linewidtl, 2 hefiis

xlabel("Time (ms', 'FontSize', 13);

vlabel(Output voltage (V)', "FontSize ¢
feo>

0

BL % PM=00-theta; w_c=p*w_rhp;

B2 % theta=(90-PM); theta_rad-deg2rad(theta);
B3 %K c=(p*w thp)/(K gk w cp=w rhp: k n=0;
B4 % num_con~K_c*den_c:

BS % den con=[I/w cp 10];

6 % Ge-tf{num_con.den_con):

B

BO % %% Largesigual tuning of P1 controllr
B9 %

o= Koep=l; kon=Vref/Vin;

#1- K.ovp=l1335:

R K_vi=40000;

3

4= num_con=[K_vp K_vi]:

#5-  den_con=[10]:

6= Ge=ti(num_conden_con);

wr

18

] %% Transient parameters and transient response
PO tsim=5e3; t_step=3

bl

52-  Lmax=15; Lmin=-10;

b3

" Jalia Loz dalta Vin=0o dadta Veal=00,

Dialog to "None™

* [n hoost_converter_simulation (lin

In Boost lst SSM CMC design (lin [

Found algebraic loop containing;
"hoost_converter CMC/load'
"boost_converter_CMC/Sunt (algeb
"hoost_converter CMC/PWM CMG/
"boost_converter_CMC/PWM CMC:
"hoost_converter CMC/PWM CMG/
"boost_converter_CMC/PWM CMC

‘hoost_converter CMC/PWM CMG 2

‘boost_converter_CMC/PWM CMC/
'hoost_converter CMC/PWM CMG
"boost_converter_CMC/Boost Conv
'hoost_converter CMC/Boost Cony:
"boost_converter_CMC/Boost Conv

'hoost_converter CMC/Boost Cony

Warning: Discontinuities

detected within algebraic

loop(s). may have trouble

solving

> [n boost_converter simulation (lin
In Boost 1st SSM CMC design (lin

o
e

Eline

<ol 13

And we are using now our large-signal based tuning.
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So, in large-signal based tuning you will find.
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That it is reaching in one cycle, but there is a problem: the response is very fast, but unlike in
buck converter where the time optimal control also achieve minimum voltage undershoot, but

here the voltage undershoot drastically increases because your on time is large.
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And if you go to the current waveform, you will find.

(Refer Slide Time: 21:29)
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You have a high on state on time.
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Because the current is increasing and as a result of a longer on time, your voltage will simply

fall.
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So, while it achieve very fast transient response, you know it is in reaching in five switching

cycles.
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Current mode is faster that voltage mode and current mode, but it comes with this price.
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Bl % PM=90-theta; w_c=p*w_rhp;

B2 % theta=(90-PM); theta_rad=deg2rad(theta);
p3 % K c=(p*w_rhp)/(K_g): w_cp=w rhp: k n=0;
B4 % num_con~K_c*den_c:

BS % den con=[I/w cp 10]:

6 % Getf(num_con.den_con):

g7

B8 % %% Large-signal tuning of PI controller
B9 %

o= K_ep=l; kon=Vref/Vin;

g1- K A

2= K_vi=10000;

4= num_con=[K_vp K_vi];
#5- den_con=[10);

6~ Ge=tf{num_con.den_con); i
i

18
] nt parameters and transient response

B0 1_ste 3;

1

52-  Lmax=15 Lmin=-10;

B3

" Ll Loz, dolia Via=0. dalia Veaf=09

But, we can always set a current difference.
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So, if you go to current mode control, you know if you go to our current mode control.
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We can always set a current difference.
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So, this current difference I max that we are setting from the MATLAB file and if you go to
the MATLAB file. So, this I max we can reduce this I max value ok.
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(Refer Slide Time: 22:20)

@B e | kS DR E pae @

19 (0 C 1 s » 0 Ot ot B’ AT e oot o o]
S esgar | Root SMIMCHOn_+ | Mot o svaionn | Pt Soutimwktonm | + - [ ™
s =
Kop=li k n=Vref/Vin: -k e
K_vp=153: i
K_vi=40000; | st
B o 03 e
fid-  num_con=[K_vp K vi]: i
fis=  den_con=[10]; Eid
f6-  Ge=tf(num_con,den _con): Bl
a7 [¥6c
o
i |
09 %% Transient parameters and transient response feen
BO-  tsim=3e3: t step=3e-3: (86w
80
b1 i
b2-  Lmax=15: I min=-10; Ein
53 i
Bi-  delta_lo=0; delta Vin=0; delta Vref=0.%; i
55 it
b6~ op_SMC="hoost converter CMCslx's ity
e
57 enter_file_name=op_SMC; B
; 58 N
ey b o
B9~ boost_converter_simulation; o
1o [0 =M
61-  Plot_boost_simulation; i
[— % i
2 L ok

;_ﬂl."ﬁ

So, let me check I max. So, here it is 15 ampere. Let us say we make it 12 ampere.

(Refer Slide Time: 22:22)
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Koep=l: k n=Vref/Vin:

K_vi=40000;

num_con=[K_vp K_vi];
den_con=[10J;
Ge=tf(num_conden_con):

ient parameters and transient response

3; tstep=de:3;
! max=12g 1 min=-10;
delta_Io=0; delta Vin=0; delta_Vref=0.2;

op_SMC='hoost_converter CMC.slx;
enter_fle_name=op_SMC;

boost_converter_simulation;

Plot_boost_simulation;

- fi >

So, we are setting a current limit. We rerun it; we want to rerun it and now we are using black

color.
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2- figure(1) fe,

3= plot(t_scalei L -k Linewidth', 2); hold on; grid on; i

I 4= xlabel(Time (ms), FontSize', 13); i
Bhmnsnasionst 5= ylabel('Inductor current (A), 'FontSize', 15); e
6 o

T- figure(2) it

8- plo 01K Linewidth', 2; hold on; grid on; Fin

9= xlabel(Time (ms), 'FontSize', 15) g

fl0= ylabel(Output voltage (V}, FontSize', 15); o]

Let us say black dotted color dash color. So, if we want to set a current limit and run it.
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Rpime fe | B8l B R E b

@ (D50 C o Uses » Ous » Drsep » S J SPLIN 3 WATLAR acton 4 1 Lot conrar »
Dl g T P P T v o=
x| Dialog to "None" * fiter -
K_ep=L: k_n=Vref/Vin: T > Inboost converter simulation (lin [
K_vpe155; Tn Boost Lst SSM_CMC design (lin e
» K_vi=40000; Found algebraic loop containing: | e
Biioimosnn "boost_converter_CMC/load i
num_con=[K_vp K_vi]: boost_converter_CMC/Sum' (slgeb
den_con=[10J; "hoost_converter CMC/PWM CMC/
Ge=tf(num_con,den_con): "boost_converter_CMC/PWM CMC
"hoost_converter CMC/PWM CMC/
"boost_converter CMC/PWM CNG ¢
%% Transient parameters and transient response "boost_converter CMC/PWM MG f2o-
tsim=5e3; t_step=de-3; boost_converter CMC/PWM CMC, fee
"boost_converter CMC/PWM CMC/ B
I max=12% 1 min=-10; "boost_converter_CMC/Boost Conv ‘ﬁ:
‘boost_converter_CMC/Boost Conv | e
delta_Io=0; delta Vin=0; delta_Vref=0.2; "boost_converter_CMC/Boost Conv e
hoost_converter CM(/Boost Conv. | 1y
op_SMC="hoost converter N Warning: Discontinuities t i
enter_file_name=op_SMC; detected within algebraic ik
4| loop(s). may have trouble { o
boost_converter_simulation; solving B
> [ hoost_converter simulation (lin | B
Plot_boost_simulation; In Boost lst SSM CMC design (lin EL
(—— i
W by sopt R Cold

And let us see what happens.
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Because now we are putting a current limit.
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So, once you set a current limit, you see.
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The inductor current is reduced to 12 ampere because we can set according to our current

rating.
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And the response is still much faster than both these control techniques.
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Because it is taking a few more cycles. Earlier it was just taking 5 cycle, but now it is taking

you know 10 cycle.
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But, it is faster compared to our you know traditional current mode and voltage mode control.
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Because you can Sec.
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So, this blue one black one is reaching much faster, right?
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So; that means it is much better than and will show you in the subsequent lecture with the
experimental result we have; that means, with optimal tuning using linear control, then with
optimal tuning sorry. We have compared the optimal tuning, which is a linear controller
tuning. Then we also set our current limit and we want to show that all these responses are

much faster than what we can achieve using small-signal based tuning.
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* Small-signal based tuning of VMC and CMC in a buck converter
® Large-signal based tuning of VMC and CMC in a buck converter
* Small-signal based tuning of VMC and CMC in a hoost converter

® Large-signal tuning of CMC in a boost converter

So, in summary, we have discussed small-signal based tuning of voltage mode and current
mode control in a buck converter. We have discussed large-signal based tuning of voltage and
current mode control of buck converter. We have discussed the large-signal and small-signal;
we have discussed small-signal based tuning of voltage mode and current mode control in a

boost converter.

And we have compared the large-signal based tuning of current mode control in a boost
converter with and without current limit and we saw the large-signal based tuning can
significantly improve the transient performance of DC-DC converter compared to

small-signal model. So, with this I want to finish it here.

Thank you very much.
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