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We discussed 3 converters; push pull converter, the half bridge converter and the full
bridge converter. How do we design the transformers for this converters? We go by the
area convert area product method we have discussed the area product method and then
we use it to design the forward converter and we had developed generic area product
equation. Using the generic area product equation we can find out the area product the
push pull, T will give you the final derived formula for the push pull converter area
product is equal to root 2 P naught 1 plus 1 by efficiency. Here efficiency is taken to be

0.8 first case.

So, efficiency will always be better than 0.8 and the denominator you have 4 K w
window factor J current density which is 3 into 10 to the power of 6 ampere meter square
B m for ferrites its point 2 for the transformer point 2 Tesla and then fs the switching

frequency.

So, this is the area product for the push pull converter. If you use the same generic

formula and then plugin the voltage and the power voltage and power into the generic



equation, that is a half cycle average voltage you will get this. Likewise for the half
bridge converter; half bridge converter transformer also the area product I will be
providing you, here derived along same lines P naught into root 2 plus 1 by efficiency 1

by 0.8 divided by 4 Kw J B m and f's.

The full bridge converter half bridge converter the transformers are very similar and the
voltage wave shape across the primary and the current through them are all similar and
therefore, you will have a similar area product equation. The difference of course, will
come in the actual values the currents and the amplitude of the voltage. So, this is the

area product for the full bridge converter.

So, you can try to derive these and verify them by using the same generic method, for
deriving the area products. That we discussed for the forward converter as an example
and also the low frequency AC 50 Hertz transformers to. So, use all these transformers

have the same generic basis.
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x

for i = 1:length(Vo) |
f tf(id, "Ss\t %§ )
(id, "\t © Recent

current, amps', Idbn(i)
fprintf(id,"\t o Starred

current, amps',Idbav(i
(1450 @ Home
volts',vdbrm(i));

end

fullbridge halfbridge mfiles pushpull 11494 pdf

D Documents

intf(id, '\n\n%s\n\n
for i=1:length(L),
printf(id, s\t %5\t
Y, L(1)*1e3); 43 Music

intf(id, '%s\t %s\t
s\t| @ Pictures

& Downloads

(id,

fp s\t| @ Videos
inductance’, SWGL(1,:))
fprintf(id, '%s\t %s\t| (@ Trash
inductance,mm',L1g(i)4

end

8 lumanand@qm...
fprintf(id, 'ss\n\n", '¢
for i=1:length(c)

intf(id,

B lumanand@me.

)*1

fprintf(id, '%s'

volts',Ver(i));
intf(id, '"%s\t %s\t

ohms ' Esr(i));

end

] + Other Locations

Command Window

Let us now look at some m-files for designing the push pull converter the half bridge

converter and the full bridge converter.
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- & el e =% |
for i = 1:length(vo) § B £ Home / lums_dir / MOOC / PE / wki0 / resources | miles v G S
fprintf(id, 'Ss\t %§ }
fprintf(id,"\{ @ Recent
current, amps', Idbm (1)
fprintf(id, "\t o Starred 3
S e f?:ﬂv{: cores.m ferrite.m fulbridge  halfboridge.  metglasm  pow_iron.m
vttt vom(i)): D designm  designm
o D) Documents
fprintf(id, '\n\n%s\n\
for i=1:length(L), ¥ Downloads
printf(id, '%s\t %s\t pushpull_ wires.m
nH',L(1)*1e3); dd Music designm

fprintf(id, 'ss\t ss\t
fprintf(id, '%s\t %s\t| @ Pictures
windings' NL(1));
fprintf(id, '¥s\t %s\t| #m Videos
inductance’, SWGL (i, :))

intf(id, '%s\t %s\t| @ Trash
inductance,mn’,L1g(i)4

end
0 wmanand@gm..
fprintf(id, '%s\n\n', '
for i=1:length(c), 3 (umanand@me
fprintf(id, '%s\t %s\t
UF',C(1)*1e6); + Other Locations
intf(id, '%s\t %s\t

volts',Ver(i));
printf(id, %s\t %s\t
ohms*,Esr(i));

end

T
Command Window

So, I have in the resources section a folder called mfiles within that like for the forward
converter, we have some common mfiles that is a course, the ferrite, the ferrite course,
the metglas core powder iron core and there is another m file on wire wires and wire
gauges. So, these are common for all the converter design in the sense that they are data

bases of the course and the wires.

You have 3 design files; one is the pushpull design dot mhalf bridge design dot m and the
fullbridge design dot m and these are the design mfiles which you can run and they will
make use of this course for right wires and other core and wire detail a details from these

other mfiles. So, let me look at let me open the pushpull.
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Save (|2 x |

pighul_designm

th(vo) ; il | i
s\t %s\n', 'Blocking diode ratings for winding',num2str(i)); )
ntf(id, \tss\t %s\t %5.2f\n',['winding’, r(i)],'Peak
current, amps',Idbm(i));
fpr (id, "\t%s\t %s\t %5.2f\n',['winding', str(i)], 'Average

m’M"m‘m.‘y':f‘:s?“’j:]l\"t s\t %5.2f\n', [ 'winding’,nun2str(i)], 'PIV, I T, o cnetpus o poW o
volts',vdbrm(i)); i p
end
fprintf(id, '\n\n%s\n\n', 'INDUCTOR DESIGN');
for i=1:length(L),
printf(id, '%s\t %s\t %10.5f\n', ['winding', tr(i)], 'Inductance value,
mH',L(1)*1e3);
fprintf(id, "¥s\t %s\t %s\n',['winding',num2str(i)], 'Core',coreL(i,:));
fprintf(id, '%s\t %s\t %5d\n’, ['winding',num2str(i)], 'Nunber of
windings' ,NL(1));
fprintf(id, '%s\t %s\t %s\n',['winding',num2str(i)], 'Gauge of
inductance' ,SWGL(1,:));

intf(id, '%s\t %s\t %10.5f\n\n',['winding',num2str(i)],'Airgap for
inductance,mm’,L1g(i)*1e3);
end

intf(id, "%s\n\n', 'CAPACITOR FILTER RATINGS');
for i=1 (c)

intf(id, '%s\t %s\t %10.5f\n',['winding', tr(i)], 'Capacitance value,
UF',C(1)*1e6);
f tf(id, '%s\t %s\t %5.2f\n’,['winding',num2str(i)],'Voltage rating,
volts',Ver(i));

intf(id, '$s\t %s\t %10.5f\n\n", ['winding',nun2str(i)], ESR requirement,
ohms*,Esr(i));
end

Command Window

Octave v TabWidth:8 + Ln230, Col1 * NS



So, you see that here you have the pushpull design dot mfile.
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open v @ pushpull_design.m sl =l «
4Design of multi-output PUSHPULL CONVERTER L files ~ Q ([i=(~=
%SPECIFICATIONS 4
Ve=325; «noninal dc-link voltage *
Vemin=210; sminimum dc-link voltage
Vcmax=380; smaximum dc-link voltage - halfbridge_. metglas.m pow_iron.m
Vo=[15,-15]; %isolated multi output voltages m design.m
dv=[0.15,0.15]; %peak to peak output voltage ripples
To=[1,0.5]; soutput currents
SDESIGNER's VARTABLES
di=0.1*I0; sinductor current ripple
fs=40e3; %switching frequency,Hz
Bm=0.2; %flux density, T for transformer
Bml=0.25; %flux density, T for inductor
eff=0.8; %estimated efficiency of
the transformer
Dmax=0.45; smaximum duty cycle

6 scurrent density, A/m2

swindow factor for transformer
%window factor for inductor

%diode forward drop

muo=4*pi*le-7; %uo - permeability of air

Ro=abs (Vo) ./Io; %output load resistance

SPOWER CALCULATIONS
Po=sun((1.1%abs (Vo) +Vd) . *Io) ;

%TURNS RATIO and DUTY RATIO
n=(1.1*abs (Vo)+vd)/(2*Dmax*Vcmin) ;
Dmin=(Dmax*Vemin) /Vemax;

S T BT T
And it has a specification section as specified somethings observe here V naught is
having is a vector of 2 elements which means it is a isolated multi output. There are two
ORed secondarys. You have the delta v ripple and 1 amp and 0.5 amps for the 2 different
outputs. And you have the set of designer variables and switching at 40 kilo Hertz here
0.2 Tesla for transformer flux density maximum 0.25 Tesla for inductors, Dmax of 0.45
which I have taken 3 amp per mm square or 3 into 10 to the power of 6 ampere meter

square for the current density and window factors I have chosen like this.
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oen - | @ pushpull_design.m ERE « |

%PUSHPULL TRANSFORMER DESIGN
ap=([ERTRAELI*Po* (14(1/eff))) / (4*Kw*J*Bm*fs) ) ; »
ap_first=ap;
flag=0;
a index=1;
ent=1; [ Je.  halfbridge.  metglasm  pow_iron.m
while flag==0, m design.m

% Note: cores.m is a program core selection
% For details contact Dr. L.Umanand, CEDT, IISc, Bangalore-560 012

disp('PUSHPULL TRANSFORMER DESIGN');
[ac,aw,ap, core]=cores(ap,1,a_index);

nd((Vemax)/ (4*Bn*ac*fs)); %centre tap to end
Ns=round(n*Np); % centre tap to end

awp=sun( (n.*To)*sqrt (Dmax) /1) ; % Area of c/s of
pri winding.
aws=(Io*sqrt(Dmax))/1; % Area of

¢/s of sec windings.

% Note: Wires.m is a program for wire gauge selection I
% For details contact Dr. L.Umanand, CEDT, IISc, Bangalore-560 012.

Command Window
Octave » TabWidth:8 » MGl » s |

So, there is the power calculation and after you do the power calculation the terms ratio
calculation and this is where it will be different from the forward transformer design
which is a pushpull transformer. The area product of the pushpull transformer I have
taken it according to the area product of the pushpull that I have just listed down. And

the part of the design is similar to that in the forward converter where we call the course.
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i((Vemax) / (4*Bn*ac*fs)); %centre tap to end 8 x
i(n*Np); % centre tap to end

.  halfbridge.  metglasm  pow_ironm
m designm

awp=sum((n.*Io)*sqrt(Dmax)/J); % Area of ¢/s of
pri winding

aws=(To*sqrt(Dmax))/J; % Area of
¢/s of s ing:

% Find SWG of the wire to be used using the wires function
% Note: Wires.m is a program for wire gauge selection
% For details contact Dr. L.Umanand, CEDT, IISc, Bangalore-560 812

SWGs='";%initialise to null string

for i = 1:length(aws),
laws(1) eths (i), sug] = ires(aws(i));
SHGs=strvcat (SHGs, Swg) ;

end

% Check for Window Area
awreq=(awp*Np*2 + sum(aws.*Ns*2))/Kw;%factor two is to account of Np
and Ns being centre tapped wdgs.
if (awregeaw)& (cnt<=20),
flag=0;
isp(['Ap first = ' num2str(ap first),' ', core,' Ap = e T
ctrian) )

Octave v TabWidth:8 v Ln34,Col13 NS

And the course selects the course and then wires for selecting the wire gauges and cross

check the design.
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open + | @ pushpull_design.m -] g g
disp(['Ap_first = ',num2str(ap_first),' ', core,' Ap= I 5
triap)]); 3
disp(['Awreq = ',num2str(awreq),' Aw = ',num2str(aw)]);
disp(*Not fitting - Click again to choose bigger core'); o
else
dA il - halfbridge.  metglas.m  pow_iron.m
:"mdzx*l 1 m design.m
cntsent+l;

end %of WHILE

%INDUCTOR DESIGN
L=(To.*Ro*(1-2*Dmin) ) ./ (di*2*fs);
Inl=Io+(di/§);

EL=0.5%L.*(Inl."2);
alp=2*EL/(Kul*J*Bnl);

cor ;%initialise with null string
SWGL='";%initialise with null string

for i=1:length(L), %for as many secondary windings
alp_first=alp(i);
flag=0

while flag==0,

sp(['PUSHPULL CONVERTER OUTPUT INDUCTOR FOR WINDING ',num2str(i)]);
[alc(i),alw(i),alp(i), corL]=cores(alp(i),1,a_index);
at (corel, corl

Command Window

Octave v TabWidth:8 ~ n#Cl3  » s |

Then you have the inductors; inductors for every output mm isolated output we have 2

isolated output. So, 2 times it has to be done. So, inductor value calculation followed by

energy calculation.

(Refer Slide Time: 06:25)

[EREHTA

pushpull_design.m - 8 oct X

end %of WHILE )

%INDUCTOR DESIGN B x
L=(Io.*Ro*(1-2*Dmin)) ./ (di*2*fs);

é'slolg'ldfﬁ"ﬂ” k. halfbridge.  metgasm  pow_ironm

alp=2*EL/ (Kwl*1*Bnl); m designm

corel="";%initialise with null string

SWGL='";%initialise with null string

for i=1:length(L), sfor as many secondary windings
alp_first=alp(i);

isp(['PUSHPULL CONVERTER OUTPUT INDUCTOR FOR WINDING ',num2str(i)]);
[alc(i),alw(i),alp(i),corL])=cores(alp(i),1,a index);
corel: t(coreL,corlL

I

% Calculation of Number of turns.
d(L(1)*Iml(1)/(alc(i)*Bml));

[awl(i),ethl(i),SWL] = wires(awl(i));
SWGL=strvcat (SWGL, SWL) ;
Llg(1)=muo*NL(1)*NL(1)*alc(i)/L(1);

Command Window

Octave »  TabWidth:8 v M0l ~ s |

Then the selection of the core from the course function file and then the wires from the

wires function file.
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Text Editor
Dreked 61 pushpull_design.m = [ | :
disp(['Ap_first = ',num2str(alp_first(i)),' ', core,' Ap = ! v Qlles=
" nun2str(alp(i))]);
p(['Awreq = ',n tr(awlreg),' Aw = ',num2str(alw(i))]);
disp(*Not fitting - Click again to choose bigger core');
else
flag=1;
end . halfbridge.  metglas.m
a_index=1.1; m design.m
ent=cnt+l;

end %of WHILE
end %of FOR for all windings

%OUTPUT FILTER CAPACITOR DESIGN
C=di./(0.1*dv*2*8*fs); %design for C with 16% of allowable Vo ripple

Ver=2*abs (Vo) ;
Esr=(0.8*dv)./di; %design for ESR with 8% of allowable Vo ripple

%0UTPUT [DIODE DESIGN

%Secondary winding blocking diodes
Idbm=Io+(di/2);
Idbav=Idbm*e.5;
Vdbrm=2*n*Vcmax;

SPOWER SWITCH DESIGN
Imag=sum(0.1*(n.*Io)*sqrt(Dmax));
Icm=sun(n.*(Io+(di/2))) + Imag;
Vceo=2*Vemax;

% Display the results
P seesssssssssssssasssssssssssssssssasssssssssees —eee Command Window

Octave v TabWidth:8 v Ln34,Col13 v NS

Then you have the design of the capacitors the output diodes power switch and then

finally, to display the results.
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oz [ pushpull_design.m = "

! =
%POWER SWITCH DESIGN

Inag=sun(0.1#(n. *Io)*sqrt (Dmax) ) ;

Icm=sun(n.*(Io+(di/2))) + Imag;

Vceo=2*Venax;
| B halfbridge_ metglas.m

m design.m

id=1;

fprintf(id, '%s\n\n', 'PUSHPULL CONVERTER SPECIFICATIONS');
fprintf(id, 'ss\t %7.2f\n", 'Output Power, W',Po);

intf(id, '%s\t %7.2f\n', 'Input DC voltage, volts',Vc);
printf(id, '%s\t %5.2f\n', 'Minimum DC input voltage, volts',Vcmin);
fprintf(id, '%s\t %5.2f\n", 'Maximum DC input voltage, volts' vcmax);

for i=1:length(Vo),
printf(id, '%s\t %s\t %5.2f\n", 'Output voltage, volts',
['Vo',num2str(i)],vo(i));

end
for i=1:length(dv),
fprintf(id, '%s\t %s\t %5.2f\n', 'Output voltage ripple, volts',

[*ripple’,nun2str(i)],dv(i));
end
for i=1 th(Io),
fprintf(id, 'ss\t s\t $5.2f\n’,'Output current, amps’,
['Io*,num2str(i)],I0(i));
end
for i=1:length(di),
fprintf(id, ‘%s\t %s\t %5.2f\n‘, 'Inductor current ripple, amps',
['ripple’,num2str(i)],di(i)); I |
end I Command Window

Octave v TabWidth:8 v Ln34,Col13 v ING

pow_iron.m

pow_iron.m
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Sun22:41e
@ pushpull n.r

Design of multi-output PUSHPULL CONVERTER File Edit Deb
%SPECIFICATIONS h

” )
Ve=325; %nominal dc-link voltage |File Browser
Vemin=210; sminimum dc-link voltage
Vemax=380; smaxinum dc-link voltage | ° ¥
Vo=[15,-15]; %isolated multi output voltages
dv=[0.15,0.15]; %peak to peak output voltage ripples
Io=[1,0.5]; %output currents ferritem
%DESIGNER'S VARIABLES fullbridge.
di=0.1*Io; %inductor current ripple halfbridg
fs=d0e3; %switching frequen
Bn=0.2; %flux density, T for trans Workspace
Bnl=0.25; %flux density, T for induc
eff=0.8; sestinated efficie Filter
the transformer
Dmax=0.45; smaximum duty cycle B
J=3e6; scurrent density, A/m2
Kw=0.4; Swindow factor for transfo
Kwl=0.6; swindow factor for
Vd=1.0; %diode forward drop
muo=4*pi*le-7; %uo - permeability of air —
Ro=abs (Vo) ./I0; %output load resistance r——-
%POWER CALCULATIONS Filter
Po=sun( (1.1*abs (Vo) +Vd) .*Io);

clear
%TURNS RATIO and DUTY RATIO clear
n=(1.1*abs (Vo) +vd) / (2*Dmax*Venin) ; i
Dmin=(Dmax*Vemin) /Vemax;

pushpull_desig

%PUSHPULL TRANSFORMER DESIGN

ug

x

n

Octave

Window Help News

Current Directory:

Command Window

PUSHPULL TRANSFORMER DESIGN
CHOOSE CORE MATERIAL TYPE

1. Ferrite
2. Metglas
3. Powdered Iron

Enter the nusber of your choice = 1
CHOOSE CORE SHAPE TYPE

1. POT CORES

2. E COREE

3. UU CORE!

4. RM CORES

5. TOROID CORES

Enter the number of your choice =

Command Window Editor Documentation

So, this is the pushpull design, I have given the specification here you can go in to octave
or even matlab for that matter go into the respective folder resource folder I already have
and I have here full bridge half bridge and pushpull. So, you type in pushpull design and
it will ask for the type of the core material I am going to choose 1 which is Ferrite and

then it will ask for the shape of the core material I am going to choose EE.
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A . Octave

File Edit Debug Window Help News

4Design of multi-output PUSHPULL CONVERTER

(]

Current Directory:

4SPECIFICATIONS
)
Ves325; snoninal de-Uink voltage |FileBrowser & x| Command Window
Vemin=210; &ninimum dc-link voltage :PJ”“;B;;;:;EADB ;1:/03;95 Ap = 3.120-09
ol .ﬂ g : wreq = W = 7.8e-
yoma(age) a‘ moximin dcitink Vol toog Not fitting - Click again to choose bigger core
Vo=[15,-15); wisolated multi output vol;ages PUSHPULL TRANSFORMER DESIGN
dv=[0.15,0.15]; “peak to peak output voltage ripples “ ||| CHOOSE CORE MATERIAL TYPE
To=[1,0.5]; %output currents ferriten
1, Ferrite
SDESIGNER's VARIABLES fullbridge... ||2. Metglas I
% 3. Powdered Iron
di=0.1%To; tinductor current ripple halfbridg.
fs=40e3; 4switching frequen Enter the number of your choice = 1
Bm=0.2; %flux density, T for transWorkspace & X |CHOOSE CORE SHAPE TYPE
Bnl=0.25; %flux density, T for induc
eff=0.8; sestimated efficie Filter i :‘;Tc;gsgs
the transforner 510 GoRES
Dmax=0.45; smaximum duty cycle a 4. RM CORES
J=3e6; %current density, A/m2 5. TOROID CORES
Ku=0.4; swindow factor for transfo
Knl=0.6; swindow factor fof Enter the number of your choice =
Vd=1.0; %diode forward drop
muo=4*pi*le-7; %uo - permeability of air e
Ro=abs (Vo) ./Io; %output load resistance e i
SPOWER CALCULATIONS Filter
Po=sun((1.1*abs (Vo) +Vd) .*Io) ;
clear
%TURNS RATIO and DUTY RATIO clear
n=(1.1*abs (Vo)+Vd)/(2*Dmax*Vcmin) ; de

Dmin=(Dmax*Vemin) /Vemax;

%PUSHPULL TRANSFORMER DESIGN

pushpull_design

Command Window Editor Documentation

And I am going to choose 2 and you see here the area product calculated and then the

window area cross check is not fitting. So, again you will have to choose the next bigger



size core you can change the material if you want, but I will strict to ferried go ahead

with ferried and the EE core.
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- pul Octave x
«Design of multi-output PUSHPULL CONVERTER File Edit Debug Window Help News
+SPECIFICATIONS 'y B & Current Directory: »
Vc=325; %nominal dc-link voltage File Browser & X | Command Window 2
venin=210; smininun dc-link voltage || PUSHPULL CONVERTER QUTPUT INDUCTOR FOR WINDING |2
Vemax=380; smaximum dc-link voltage ||| ¥ | & & ((HOOSE CORE MATERLEL, TYPE
Vo=[15,-15]; *%isolated multi output voltages 1. Ferrite
dv=[0.15,0.15); %peak to peak output voltage ripples * 1/2. metglas
To=[1,0.5]; %output currents fritem 3. Powdered Tron
%DESIGNER's VARIABLES fullbridge. Enter the number of your choice = 1

WAPE TV
di=0.1*To; %inductor current ripple halfbridg, e A
fs=40e3; %switching frequen 1. POT CORES
Bn=0.2; %flux density, T for transWorkspace & x ||2. EE CORES
Bml=0.25 sflux density, T for induc 3. W CORES
eff=0.8 sestinated efficie Filter ‘; ﬁgk\g?ﬁuwss
the transformer i
Dnax=0.45; smaximum duty cycle am - Enter the number of your choice =
J=3e6; %current density, A/m2
Kw=0.4; %window factor for transfo
Kwl=0.6; %window factor for
Vd=1.9; %diode forward drop
nuo=d*pi*le-7; %uo - permeability of air —
Ro=abs (Vo) ./Io; soutput load resistance e
%POWER CALCULATIONS Filter
Po=sum((1.1*abs (Vo)+vd) .*I0);
clear

%TURNS RATIO and DUTY RATIO clear
n=(1.1*abs (Vo)+vd)/(2*Dmax*Vemin) ; Hr

Dmin=(Dmax*Vcmin) /Vemax;

_design

wuswrﬁsroknen DES]GN i Command Window Editor  Documentation
Let it choose the next higher one, it has chosen then it has gone for inductor a winding 1
I will choose Ferrite and EE CORE to keep the same inventory list, then inductor for

winding 2 again you choose ferrite and I am choosing EE core.
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-@ pushpul Octave x
%Design of multi-output PUSHPULL CONVERTER File Edit Debug Window Help News
4SPECIFICATIONS 9 2 Current Directory: )
5 s
Ve=325; %nominal dc-link voltage |FileBrowser & X | Command Window A
Vemin=210; smininum dc-link voltage PUSHPULL CONVERTER SPECIFICATIONS
Vcmax=380; s%maximum dc-link voltage | °| ¥ | & i i R
Vo=[15,-15]; sisolated multi output vol;ages 5 ]npﬁt O voltage, volts 325,00
dv=[0.15,0.15]; %peak to peak output voltage ripples Mininum DC input voltage, volts 21.60
To=[1,0.5]; %output currents Riem Maxinum DC input voltage, volts 389.00
Output voltage, volts Vo1 15,60
& X fullbridge. Output voltage, volts Vo2 15.00
dnfsm"“ EAVARIARLES vind i Output voltage ripple, volts  ripplel 0.15
i=0.1*I0; %in u(m{ current ripple halfbridg. Output voltage ripple, volts ripple2 0.15
fs=40e3; wswitching frequen Output current, amps Tol 1.60
Bm=0.2; %flux density, T for trans\Workspace & x |Output current, amps To2 .50
Bml=0.25; sflux density, T for induc Inductor current ripple, amps  ripplel 0.10
eff=0.8; sestinated efficie Filter Inductor current ripple, amps  ripple2 0.05
the transformer
Dmax=0.45; smaximum duty cycle m - DESTGNER VARTABLES
J=3e6; scurrent density, A/m2 Bm o
Kv=0.4; swindow factor for transfo :;iing ffiquerTKNI 4228
e i Bml do or transformer, Tesla
LI . arlpdow factor: TG B for inductors, Tesla .25
Vd=1.0; sdiode forvard drop C do | |Estinated efficiency of transformer, ¥ 80.60
muo=4*pit*le-7; %uo - permeability of air —_ Maximum Duty cycle, Dmax 0.45
Ro=abs (Vo) ./Io; %output load resistance G 4. & x |Mininum Duty cycle calculated, Dain 0.25
ommanK Window factor for transforner, Kw 0.4
5 Window factor for inductor 0.60
;zWEF(f‘:LEL‘ILTSZin) *10) Filter Secondary side blocking diode drops, volts 1.60
=s5un 1bs 4To);
clear
%TURNS RATIO and DUTY RATIO e PUSHPULL TRANS?TRNER
n=(1.1*abs (Vo) +vd)/ (2*Dmax*Vemin) ;
cle (f)orward, (b)ack, (q)uit]

Dmin=(Dmax*Vemin) /Vemax;
_design

Editor Documentation

Command Window

%PUSHPULL TRANSFORMER DESIGN

And then that is it the calculations are done and the results are displayed, you have the

pushpull converter specifications then the designer variables.



(Refer Slide Time: 08:07)

«|l@m pushpull Octave x
%Design of multi-output PUSHPULL CONVERTER File Edit Debug Window Help News
%SPECIFICATIONS il 4 Current Directory: )
Ve=325; snoninal dc-link voltage File Browser & X | Command Window 8 x
veni sninimum dc-link voltage . ||Prinary VA 32.81
v 3
Vemax=380; smaxinum dc-link voltage | |° & W 22 :”“’VE‘Z’:/W#‘“
Vo=[15,-15]; " %isolated multi output voltages | unber of windings in centre tapped prinary, Np 432
dv=[0.15,0.15); speak to peak output voltage ripples I Gauge of Np 35
Io=[1,0.5]; %output currents ferrite.m Number of windings in centre tapped secondary, Ns 1 40
Gauge of Ns 1 SWG 24
SDESTGNER'S VARTABLES fullbridge.. || Number of windings in centre tapped secondary, Ns 2 9
. i Gauge of Ns 2 SWG 27
di=0.1*Io; %inductor current ripple halfbridg "
fs=40e3; %switching frequen

sflux density, T for trans/Workspace & X |POWER SWITCH RATINGS
%flux density, T for induc

sestinated efficie Filter Maxinum continuous current, Icm, amps 0.1

Maxinum off state voltage drop  760.00

the transformer

Dmax=0.45; swmaximum duty cycle Nam B
J=3e6; scurrent density, A/m2 Bm dor | |DI0DE RATINGS
Kw=0.4; Swindow factor for transfo
Kul=0.6; swindow factor for |BML doi |||Blocking diode ratings for winding 1
i Slodelte il windingl Peak current, amps 1.65
=1.0; wdiode f drop c do windingl Average current, amps 053

muo=4*pi*le-7; %uo - permeability of air —_ windingl PIV, volts 70.37
Ro=abs (Vo) ./I0; %output load resistance = | Blocking diode ratings for winding 2

Command.. & X winding2 Peak current, amps 0.53
P 2 Average current, amps  0.26
%POWER CALCULATIONS Filt e
Possun( (1.1%abs (Vo)+Vd) .*Io) ; ! e ewEe

clear
%TURNS RATIO and DUTY RATIO oo INDUCTOR DESIGN
n=(1.1*abs (Vo)+vd)/(2*Dmax*Vemin) ; de "

ess -- (f)orward, (b)ack, (

Dmin=(Dmax*Vemin) /Vemax;
pushpull_design ‘

%PUSHPULL TRANSFORMER DESIGN Command Window Editor Documentation

Then followed by the POWER SWITCH RATINGS diode ratings, inductor design.

(Refer Slide Time: 08:12)

et i Octave x
sDesign of multi-output PUSHPULL CONVERTER File Edt Debug Window Help News
%SPECIFICATIONS ' B % Current Directory: )

-] a
Ves325; snoninal dc-link voltage |FileBrowser & X | Command Window x
Veni sminimum dc-link voltage . ngl PIV, volts 70.37
Vena smaxinun dc-Uink voltage |°| ¥ | 4" (G} | Blocking diode ratings for winding 2
' : Peak t, 0.53

vo=[15,-15]; %isolated multi output voltages : winding2 ‘S:m;:';:',‘m:””":mps i
dv=[0.15,0.15]; %peak to peak output voltage ripples sl & winding2 PIV, volts 70.37
To=[1,0.5]; %output currents e

%DESIGNER's VARIABLES fullbridge. INDUCTOR DESIGN

di=.1*Io; sinductor current ripple halfbridg, windingt Inductance value, mH 0.94243
fs=40e3; %switching frequen windingl Core  E25/69/06
i2; %flux density, T for transWorkspace & X |windingl Nunber of windjngs 9
25; sflux density, T for induc windingl Gauge of inductance  SWG 22
eff=0.8; sestinated efficie Filter windingi Adrgap for inductance,mm 0.52274
the transforner winding2 Inductance value, H 1.88487
Dmax=0.45; %maximum duty cycle Nam a( winding2 Core  E20/16/05
J=3e6; %current density, A/m2 Bm dor | Winding2 Number of windings 128
K swindow factor for transfo "~ ||| winding2 Gauge of inductance  SWG 25
K swindow factor for |BM dor ||| winding2 Airgap for inductance,mm 0.33862
vd=1. “diode forvard drop ( dor || CAPACITOR FILTER RATINGS
muo=4*pi*le-7; %uo - permeability of air —
Ro=abs (Vo). /To; %output load resistance ¢ d_ & x | vindingl Capacitance value, uF  10.41667
Omiman windingl Voltage rating, volts 30.80
SPONER CALCULATIONS = windingl ESR requirement, onns 1.20000
iy ilter
Po=sun((1.1¥abs (Vo) +Vd) .*Io) ; winding2 Capacitance value, uF  5.20833
clear winding2 Voltage rating, volts 30.69
%TURNS RATIO and DUTY RATIO rra winding2 ESR requirement, ohms 2.40000
n=(1.1%abs (Vo) +vd) /(2*Dmax*Venin) ; b E s
855 (100%) (f)orward, (b)ack, (gjuit

Dmin=(Dmax*Vemin) /Vemax;

pushpull_design

%PUSHPULL TRANSFORMER DESIGN Command Window Editor Documentation

Inductor design with its core, air gap all those things capacitor filter rating and

everything that is needed for rigging up the converter.

So, the pushpull converter design is designed in this fashion, I will allow you to play
around with this specification and look into the equations and try to get more insight into

the multi output push pull converter mfile.
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Editor ~
open [ halfbridge_designm EaE - | t X
%Design of multi-output HALFBRIDGE CONVERTER ! les v Q v = x
4SPECIFICATIONS 4
I ® x
Ve=325; %nominal dc-link voltage
Vemin=210; sminimum dc-link voltage
Venax=380; «naxinum dc-link voltage - [CLCKCIEM  metglasm  pow_iron.m
Vo=[15,-15]; %isolated multi output voltages m design.m
dv=[6.15,0.15]; speak to peak output voltage ripples
Io=[1,0.5]; %output currents
%DESIGNER'S VARIABLES
di=0.1*Io; %inductor current ripple
fs=40e3; %switching frequency,Hz
Bm=0.2; sflux density, T for transformer
Bml=0.25; %flux density, T for inductor
eff=0.8; %estimated efficiency of
the transformer
Dmax=0.45; smaxinum duty cycle
J=3e6; scurrent density, A/m2
Kw=0.4; Swindow factor for transformer
Kwl=0.6; swindow factor for inductor
vd=1.9; sdiode forward drop
muo=4*pi*le-7; %uo - permeability of air
Ro=abs (Vo). /To; %output load resistance
%POWER CALCULATIONS
Po=sun((1.1%abs (Vo) +Vd) .*Io);
%TURNS RATIO and DUTY RATIO
n=(1.1*abs (Vo)+vd) / (Dmax* (Vemin-0. 1*Vemax) ) ;
Dmin=(Dmax*Vemin) /Vemax;
SHALFBRIDGE TRANSFORMER DESIGN Command Window
Octave v TabWidth:8 ~ Ln163,Cold  ~ NS

Likewise, I have the half bridge design m file, you can look into that also. I have kept the
same specifications and so, that you can compare. Slightly I have changed the output

specs, but otherwise I have essentially kept the same simplification.

(Refer Slide Time: 09:06)

[E) Text Editor ~

il [ halfbridge_design.m e - |
| v Q v = X
%TURNS RATIO and DUTY RATIO
n=(1.1*abs(Vo)+Vd)/(Dmax*(Vcmin-0. 1*Vemax) ) ; 4
Dnin=(Dmax*Vemin) /Vemax;
& x
SHALFBRIDGE TRANSFORMER[DESIGN
ap=(Po*(sqrt(2)+(1/eff)))/ (4*Kkw**Bn*fs) ; Je- halfbridge_ metglas.m  pow_iron.m
ap_first=ap; m designm
flag=e;

% Find Ac, Aw for given Ap using cores function
% Note: cores.m is a program core selection
% For details contact Dr. L.Umanand, CEDT, IISc, Bangalore-560 012.

disp('HALFBRIDGE TRANSFORMER DESIGN');
{ac,aw,ap, core]=cores(ap, 1,a_index);

Vemax)/ (8*Bm*ac*fs));
Ns=round(n*Np); % centre tap to end

alculation of Area of ¢/s of the windings.

awp=sun((n.*10)/); % Area of ¢/s of pri

Command Window E

Here also everything is same except for the half bridge transformer design, the area

product which this equation will change just like as I have listed shortly a while back.
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el = halfbridge_design.m = =" Octa X
1d,\tas\t s\t %5.2f\n’, ['winding',nun2str(1)],'Average b a it | e
current, amps',Idbav(i)); I )
fprintf(id, '\tss\t %s\t %5.2f\n',['winding’, ,num2str(i)], 'P1v,
volts',vdbrm(i)); L
end
printf(id, '\n\nts\n\n', 'INDUCTOR DESIGN'); | 3 s -
for i=1:length(L), m designm
printf(id,'%s\t s\t %10.5f\n", ['winding',num2str(i)], 'Inductance value,
mH',L(1)*1e3);
fprintf(id, '%s\t %s\t %s\n',['winding',nun2str(i)],'Core',coreL(i,:));
fprintf(id, '%s\t %s\t %5d\n',['winding',num2str(i)], 'Number of
windings',NL(1));
fprintf(id, '%s\t %s\t %s\n',['winding',num2str(i)],'Gauge of
inductance',SWGL(1,:));
fprintf(id, '%s\t %s\t %10.5F\n\n', ['winding',nun2str(i)], Airgap for I
inductance,mn’,L1g(i)*1e3);
end

fprintf(id, "ss\n\n', 'CAPACITOR FILTER RATINGS');

for i=1:length(C),

printf(id, '%s\t %s\t %10.5f\n',['winding',num2str(i)],'Capacitance value,
UF*,C(i)*1e6);

fprintf(id, '%s\t %s\t %5.2f\n", ['winding',nun2str(i)], 'Voltage rating,
volts',ver(i));

fprintf(id, '%s\t %s\t %10.5f\n\n', ['winding',num2str(i)], 'ESR requirement,
ohms',Esr(i));

end

fprintf(id, '%s\n\n', 'FLUX WALKING CAPACITOR RATINGS');
fprintf(id, '¥s\t %10.5f\n','Capacitance value, uF',Cw*le6);
printf(id, 'ss\t %5.2f\n’, 'Voltage rating, volts',Vfc);

Command Window Edit

Octave v TabWidth:8 v Ln34,Col 42 v NS

So, you can execute this design like I did for the pushpull and try to find out the design

values.

(Refer Slide Time: 09:25)

halfbridge_design.m Octave X

b File Edit Debug Window Help News
(id,"\t%s\t %s\t %5.2f\n", ['winding',num2str(i)], A L a ) 4

current, anps',Idbav(i)); ° ¢ rectory:
. . ; B & urrent Directo )
fprintf(id, '\tss\t %s\t %5.2f\n', ['winding’,nun2str(i)], 'R &
voszs‘,vdmm)): File Browser & X ||Command Window e x
- HALFBRIDGE CONVERTER SPECIFICATIONS
il
fprintf(id, '\n\n%s\n\n', ' INDUCTOR DESIGN'); i " |output Power, W  26.25
for i=l:length(L), ] .|| Input DC voltage, volts 325.89
fprintf(id, '%s\t %s\t %10.5f\n',['winding',num2str(i)], 'Inductance :"“"‘“m gg Sput V“i:m' V”i‘s gég gg
. ¥1e3): axinun OC input voltage, volts
mH*,L(1)*1e3); i ) _— ferrem 1 output voltage, volts Vo 16.60
fprintf(id, 'ss\t %s\t %s\n’, ['winding r(i)],'core*, coreL (i, fullbridge.. || Output voltage, volts Vo2 -15.00
fprintf(id, '%s\t %s\t %5d\n’,[‘'winding str(i)], ‘Number of Output voltage ripple, volts ripplel

halfbridg.. || output voltage ripple, volts  ripple2
1.00

windings' ,NL(1));
Qutput current, amps Iol

fprintf(id, '%s\t %s\t %s\n',['winding',num2str(i)],'Gauge of
ndetance ! Sl Workspace & X ||Output current, amps  To2 0.50
AR a8 5\ Titiailnd) hlaost , 4 Inductor current ripple, amps  ripplel 0.10
printf(id, s\t %s\t %10.5f\n\n", ['winding', ,nun2str(i)], Airgap Inductor current ripple, amps  ripple2 Toies
inductance,mm',L1g(i)*1e3) il
end -
T n DESIGNER VARIABLES

fr ‘Hlvful. “'aS\H\H ,'CAPACITOR FILTER RATINGS'); Bm doi Sultching frequency, KHz 40.00
TeGUsLELnEh () 1 ) 1 Bml do ||[Ba for transforner, Tesla 0.20
fprintf(id, '%s\t %s\t %10.5f\n',['winding',num2str(i)],'Capacitanc Bn for inductors, Tesla 0.25

C do

Estinated efficiency of transformer, ¥% 80.60
0.45

UF',C(1)*1e6) ;
Haxinun Duty cycle, Dmax

fprintf(id, s\t %s\t %5.2f\n’, ['winding',num2str(i)], 'Voltage rat'== A e O e
e er()); o 8 3 e o e e, o 0.
fprintf(id, '%s\t %s\t %10.5f\n\n", ['winding',nun2str(i)], ESR requ Mindow, factor. for Lnduater 0.60
ohms' ,Esr(i)); Filter Secondary side blocking diode drops, volts 1.00
end

clear
fprintf(id, '%s\n\n', 'FLUX WALKING CAPACITOR RATINGS'); de IALFERIDGE TRAKE ORER
fprintf(id, '%s\t %10.5f\n’,'Capacitance value, uF',Cw*le6); pu es (f)orward, (b)ack

fprintf(id, '%s\t %5.2f\n', 'Voltage rating, volts',Vfc); halfbridge_desigr
CommandWindow  Editor  Documentation

I will just run it through half bridge converter design, it goes in the same fashion I will
choose Ferrite E CORES again Ferrite EE CORE Ferrite for the inductor Ferrite
inductors. So, you can you will get the mm design values, you can read through the
values later on and here in the case of the half bridge I am also calculating the flux

working capacitor ratings for so, that if you want to use the flux walking prepare



prevention using capacitors you can use it, for small powers this is really fine. In a

similar way I have also with me here the full bridge design mfile.

So, very very similar except for the area product. The area product in the case of the half
bridge and the full bridge are same. So, even those equations remain the same. You just
have to run full bridge and do the same process of selecting the core, selecting the shape
and go through the process of selecting the core for the inductor shape, inductor 2 shape

and then you get the results.

So, just walk through the design values, you will probably get a hang of the numbers for
the a typical design of this specification. So, I will allow you to play around with the
specs and get try to get more insight into the design of the converters using this mfile as

a template.



