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Stimulation of pushpull convertor
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Let us, now do the simulation of the push pull converter. I have here in the folder in the
resources, | have a push pull folder; push pull schematic is here, push pull net list, push

pull dot cir, and the edt 01 dot sub which contains the sub circuit files.
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So, let me double click on this; so, you have the schematic, this is the complete
schematic of the push pull converter. You see the push pull transformer here, the primary
side is center tap, the secondary side is also center tap. There is this switch I have used
generic switches this is q 1 and this is q 2 switch 2. I have placed here a zero voltage

source to sense the switch current.

I have placed another zero voltage source here to sense the q 2 switch current. Let me
expand that, so, here you see the push pull circuit, and on the secondary side which is
center tap. The center tap is the reference node and to the dot from the dot end you have

a diode D1 or in at this point with diode D2 which is coming from the non dot end.

And that is passed on the inductor, capacitor and R naught load, they are all connected to
the center tap reference node. I will label the node here the output node o, I have labeled
the gate drive node as g 1 and g 3 here. I will tell you how I am getting that, and

probably we can label a node here for the pole voltage vp, so, you have the node vp here.

Now, edtO1 sub is included here; and all the sub circuits x, starting with x, x push the
push pull transformer, the switches. They are all modeled in this edtO1 dot sub, they have
the sub circuit models which we can use. Then down here, [ have a PWM bridge which

will which will generate 4 outputs, this can be used even for the full bridge.



Therefore, I have 4 made a generic PWM bridge block which will connect to arm 1 top
switch, arm 1 bottom switch, 1T and 1B, arm 2 top switch, arm 2 bottom switch. This as
the label that I have given and here you have the control voltage, I given it as minus 0.5

comparing with a triangular wave form which is going from minus 1 to plus 1.

So, this will correspond to 25 percent switch duty cycle. So, I am using gl as one of the
PWM signals and for q 2 I am using g3 as the other PWM cycle as the PWM signal,

these two are mutually exclusive.
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So, let me save the schematic.
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Loading schematic [/home/lums/lums dir/MOOC/PE/wk10/resources/pushpull/pushpull.sch
Using SPICE backend by SDB -- Version of 4.28.2007
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lums .. > wkl0 ) resources ) pushpull @ ngspice pushpull.cir

I have now opened the terminal, and let me make the net list file push pull dot net from

the push pull dot schematic file. And then stimulate the push pull dot cir file in the spice.
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So, on simulation you will see the waveform I have plotted the waveform inductor
current waveform i 1. And the diode d1 waveform, because the diode waveform are very
unique. And therefore; so, it reaches steady state here around somewhere here. Let me

zoom this expand this portion, let me see few cycle here you see.
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So, you see that this is the inductor current waveform. So, and the diode D1 wave form,
it follows the inductor current during this period when ql is on. And during the period
when both are off there is a freewheeling half of these free wheels through this diode and
the other half will free wheel through diode D2.

So, the blue waveform is the diode D1 current waveform. If you look at the schematic,
the output waveform is between o and r and the pole wave form is between p and r. We

can see the pole voltage waveform and the output voltage waveform.
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.xpush.xgypl.bgpl#branch
v.xpush.xgypl.vsl#branch

.xpwm.ainv#branch 1 0
.xpwm.alimd#branch 1 0

.xpwm.alim3#branch_1 0
.xpwm.alim2#branch 1 0
.xpwm.aliml#branch 1 0
.xpwm.acompare2#branch 1 0
.Xpwm.acomparel#branch 1 0
.xpwm.atril#branch 1 0

Reference value : 5.28600e-03

No. of Data Rows : 10548
ngspice 168 -> Warning: Missing charsets in String to FontSet conversion

ngspice 168 -> plot v(p,r) v(o,r)




Going back to the NG spice environment, I will plot voltage; the pole voltage waveform

with respect to the reference node r, output voltage waveform with respect to the

reference node r. And we will see what we have, let me explain that.

(Refer Slide Time: 06:19)

x

ulation of pushpulLcir

int: * simi

tral

lpir)

hardcopy]

And you see that you have the output voltage waveform and the red one is the pole

voltage waveform. I will show few cycles here on the; when it has reached steady state

yes.
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So, you see the output voltage blue wave form, and the pole voltage waveform. A
negative is due to the diode freewheeling, and this is n times vi. So, nvi here which is n

we have set it at 2, [ have not shown you that one, let me show you this.
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So, this push pull, when I double click I have set Np primary turns as 10 seconds returns
as 20, so, turns ratio of 2. So, you will have 10 into 2 20 will be v pole voltage ideally.

But there are diode drops which comes in during the simulation, so, it was less than 20.

So, that is what you are seeing here, the pole voltage waveform is hovering at 17 point
17.5 volts or so. So, you have to 2 diode drops coming to the picture, it is actually a
diode drop and vc sat drop; so, those 2 are the once which are making up for this drop.
You see also on the negative side during freewheeling the drop negative voltage is due to

the diode drop. Let me show you 2 things, one is the edtO1 sub and the cir files.
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|.option reltol=0.01 abstol=0.001 vntol=0.001
.tran lus 16ms  uic
{.include pushpull.net

Edit Anyway Don'tEdit

1. control 01=0.001
set colord = white ; set background as white
fset colorl = black ; set foreground as black

run
ofplot i(L) i(vidl)

-endc found as white
\ ound as black

1

T I

p‘(k‘kgpgat} Saving file “/home/lums/lu.. PlainText v TabWidth:8 v Ln11,Col6 v NS \
So, here if I double click on the push pull dot cir, you have you have this.

So, push pull cir push pull circuit, I have a dot options relative tolerance and abs tol, I
have said. So, this is the dot trans statement, it is including push pull dot net, this is the
control statements where I am setting the background as white and foreground as black.
And running the plot command to visualize the inductor current and the diode d1 current

so, this is the say our file.
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{ pins et Yo Y e
.SUBCKT xfmpush npl npc np2 nsl nsc ns2 Np=1 Ns=1 C=106uF

XGYpL npl npc nl 1710 gy N={Np}

4x6Yp2 npc np2 n1e m2 gy N={Np} 01=0.001
xGYs1 n3 n30 nsl nsc gy N={Ns} |

xGYs2 n38 n2 nsc ns2 gy N={Ns}

* IF Vo < fsat THEN {Cper} ELSE {reducing Cper}
Mcper n1 n3 c='v(n1)-v(n3) < {5} ? {C} : {0.99*C*exp(-10*(v(n1)-v(n3)))

+0.01*C}" ound as white
)\ .ENDS ‘ound as black

4

Bl s s e s
.SUBCKT PWMbridge nPin nArm1T nArm1B nArm2T nArm2B fs=10000
datril nPin nPtril trioutl
.model trioutl triangle(cntl array=[0 1] freq array=[{fs} {fs}] out_low =
, Vidl-1.8 out_high = 1.0 duty cycle = 0.5)
ainv nPin nPinv amp
4 .model amp gain(gain=-1.6)
acomparel [nPin nPtril] ncoutl comp sum
acompare2 [nPtril nPinv] ncout2 comp sum
1.model comp_sum summer(in_gain=[1.0 -1.0])
alinl ncoutl nArmlT linit comp
7jalim2 ncout2 nArmlB limit comp
alim3 ncout2 nArm2T limit_comp
alimd ncoutl nArm28 limit comp
" .nodel linit _comp linit(gain=1e6 out lower imit=0.0 out upper linit=1.
fraction=FALSE)
.ENDS
*$

Pick | Repeat| Loadingfile “/home/lums|l. PlainText » TabWidth:8 v Ln79,Col2 v INS

Next I want to also show you the sub circuit file.
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e P T PP P PP ey

* Diodes

.model Def D()
G FFFEERE SRR KRR R RS EERE KRR ERR RS EEEEEER R RRE KRR R
*Diode facro model {
of -SUBCKT diode power 101 102 {
DX 101 102 def power_diode i tound as white
»\Rsh 102 103 10000 ound as black
Csh 103 101 0.01uF
u”.model def_power_diode D(RS=0.61, C10=180pF)
.ENDS

| 01=0.001

9.SUBCKT power_sw nSp nSn nvcp

SW nSp nDb nVcp © bidir sw
qbblock nDb nsn d switch

Dbody nSn nSp d_switch

| -model bidir sw SW( RON=0.001 )

.model d switch
LENDS

o

.SUBCKT PWMtri nPin nPout fs=10008

atri nPin nPtri triout

.model triout triangle(cntl array=[6 1] freq_array=[{fs} {fs}] out_low =
0 1—1‘9 out_high = 1.0 duty cycle = 0.5) !
| acompare [nPin nPtri] ncout comp sum

Pick | Repeal PlainText v TabWidth:8 Ln79, Col2 v oINS [ Xt v Vidth:8 + 1 8 v

So, in this sub circuit file; so, what do I have, I have the default diodes of course, diode

micro models.
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SUBCKT power sw nSp nSn nvcp
nsp nbb nvep © bidir sw

Dblock nDb nSn d_switch
‘dpbody nsn nsp d switch 01=0.001
.model bidir_sw SW( RON=0.601 )
.model d_switch D()

.ENDS
o *

ound as white
2| .SUBCKT PWMtri nPin nPout fs=10000 I tound as black
atri nPin nPtri triout I
Mul-model triout triangle(cntl array=[6 1] freq array=[{fs} {fs}] out low =
-1.0 out_high = 1.0 duty cycle = 0.5)

({aconpare”[nPin nPtri] ncout comp_sun

.model comp_sum summer(in gain=[1.0 -1.0])
alim ncout nPout limit _comp

.nodel limit comp limit(gain=1e6 out lower limit=0.® out upper limit=1.0
3\‘raction=F/\L5E)

.ENDS [

dl

)
*Electro-Magnetic Transformer

l* pins. 112 3 4
.SUBCKT xfmer np npd ns nse Np=1 Ns=1 C=100uF
XGYp np npe nl n10 gy N={Np}

UxGYs n2 nl0 ns nse gy N={Ns}

* IF Vc < fsat  THEN {Cper} ELSE {reducing Cper}
Cper nl n2 ¢='v(nl)-v(n2) < {5} ? {C} : {0.99*C*exp(-10*(v(n1)-v(n2)))
+0.014C} ]
(ENDS ]
[ P !
6Y
p‘(k,mpeaj PlainText » TabWidth:8 LIcl2 v IS [ it 8 10,Cl18  ~

And I have this switch model which I have used.
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* IF Vc < fsat THEN {Cper} ELSE {reducing Cper} f

Cper nl n2 ¢='v(n1)-v(n2) < {5} ? {C} : {0.99*C*exp(-10*(v(n1)-v(n2)))

+0.01%C}"

Edit Anyway Don't Edit

BE-5s e raus s sr e ngr srve s ar e e s ar ST n s e ne 01=0.001

i« pins 1 2 3 4
.SUBCKT gy np np@ ns ns@ N=1
Arpl np nrp 0.01
rs1 ns nrs .61 found as white
\rpmid nrp nrpmid 0.5 ound as black
rsmid nrs nrsmid 6.5
MuiBGp1 nrpmid npmid V=(-1)*i(vs1)*{N}
BGs1 nrsmid nsmid V=i(vpl)*{N}
o{vp1 npmid np 6
vsl nsmid 1so @
{BHs1 nrs nrsmid I=(-1)*v(nrp,npd)/{N}
BHpl nrp nrpnid I=v(nrs,ns@)/{N}
*Unconment and give 1% permeance value to include leakage effects
*Clp nrp np@ 188nF
*Cls nrs nse 1eenF
1{rspl nrp nrs 100e6 f
rsnl npe ns@ 108e6 |
i -ENDS

*PUSHPULL Xfm
i pins- 1 2 -3 4 54

.SUBCKT xfmpush npl npc np2 nsl nsc ns2 Np=1 Ns=1 C=100uF

XGYpl npl npc nl nl@ gy N={Np}

xGYp2 npc np2 nl1@ n2 gy N={Np} !
XGYs1 n3 n30 nsl nsc gy N={Ns} I

= {XGYs2 n3@ n2 nsc ns2 gy N={Ns} ;

* IF Vc < fsat _THEN {Cper} ELSE {reducing Cper}

i
Pick | Repeat| PlainText = TabWidth:8 + Ln79, Col2 oINS v th:8 v B

And there is the electromagnetic transformer, the gyrator; these are called intern by the
push pull transformer. This is the push pull transformer that we are using, sub that sub

circuit which is calling the gyrators.

So, these model we have done using analogue behavioral modeling; of course, it is not
within the scope of this course to cover behavior analogue behavioral modeling for

simulation. But, I am including this file you can study at leisure to understand that.
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{ | *PUSHPULL Xfm I ) EdtAnyway  Don'tEdit
{ pinsy 4 2 8 Al g
.SUBCKT xfmpush npl npc np2 nsl nsc ns2 Np=1 Ns=1 C=106uF
_xGYpl npl npc nl nl6 gy N={Np}
‘“xGYpZ npc np2 nl1@ n2 gy N={Np} 0l1=0.001
xGYs1 n3 n30 nsl nsc gy N={Ns} '
Ix6Ys2 n38 n2 nsc ns2 gy N={Ns}

* IF Vo < fsat  THEN {Cper} ELSE ({reducing Cper}
Mcper n1 n3 c='v(n1)-v(n3) < {5} ? {C} : {0.99*C*exp(-10*(v(n1)-v(n3)))

+0.01*C}" ound as white
)\ .ENDS ‘ound as black

N
R
.SUBCKT [lbridge nPin nArmiT nArm1B nArm2T nArm2B fs=10000
fatril nPin nPtril trioutl
.model trioutl triangle(cntl array=[0 1] freq array=[{fs} {fs}] out low =
4-1.0 out_high = 1.8 duty_cycle = 0.5)
ainv nPin nPinv amp
4-model amp gain(gain=-1.0)
acomparel [nPin nPtril] ncoutl comp sum
acompare2 [nPtril nPinv] ncout2 comp sum
1| .model comp_sum summer(in_gain=[1.6 -1.0])
alinl ncoutl nArmlT linit_comp
7jalim2 ncout2 nArmlB limit comp
alim3 ncout2 nArm2T limit_comp
alimd ncoutl nArm28 limit comp
" .nodel linit _comp linit(gain=1e6 out lower 1imit=.0 out upper linit=1.0
fraction=FALSE)
.ENDS
*$

Pick | Repeat| PlainText » TabWidth:8 v Ln81, Col 11 v INS v v v



And then, down here I am including another analogue behavioral model for PWM

generation which will generate the 4 PWMs for the 4 bridge switches.

So, this is stimulating push pull circuit, you are free to make changes and explore the
circuit as much as possible, and change the source. You can change the output you can
change the turns ratio, you can also change at the PWM the duty cycle and check how it
will work, how it will behave. And the voltages and the currents at various points in the
push pull circuit is it coming according to what we discussed and according to theory.
And if it is not coming according to theory where is the discrepancy, where is non (Refer

Time: 10:50) come into the picture, these aspects you can study.



