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Abstract—This paper brings to the fore an implementation of a closed-loop flyback converter that steps down one DC level 
to another efficiently. An open-loop implementation is often used in applications where regulation is not an absolute 
necessity. The complexity of the circuit is also less in an open-loop implementation. However, many applications demand a 
constant output even when the load conditions and the input voltage are not constant. In these situations, adopting a closed-
loop configuration becomes advantageous. For the implementation of closed loop system, a PWM IC is used. This paper 
presents design of open-loop and closed-loop systems for a flyback converter followed by hardware results of various tests 
performed. 
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I. INTRODUCTION [1] 

 
Switched mode power supplies(SMPS) are electronic 
power supplies that overcome the disadvantages of 
linear power supplies such as switching losses and 
bulky equipment. SMPS employ high frequency 
switches consequently reducing the size of the 
equipment. One such SMPS is a flyback converter 
that can be used to drive loads upto 180W. 
 
To begin with, the open-loop configuration is 
designed which includes the design of the 
transformer, output filter and selection of 
components. The gating pulse to the switch is given 
using a PWM oscillator that can be designed to 
produce the required duty ratio. The output filter 
capacitor is designed based on the output ripple 
considerations. The transformer design is a 
comprehensive process that involves the design of the 
core, turns ratio, inductances and selection of the 
wire. Due to the high frequency switching, the 
voltage across the switch is subjected to stress which 
leads to ringing. This can eventually damage the 
switch. This calls for the use of a protection circuit 
known as a snubber. This damps the high frequency 
oscillations thereby protecting the switch. Practically, 
it is impossible to expect the load and input voltage to 
remain constant.  Variations in load and input 
voltages will affect the output voltage in the circuit 
described above. This is not desirable. In order to 
overcome this drawback, a closed-loop configuration 
is used wherein a part of the output is fed back to the 
switch through a PWM IC which suitably adjusts the 
duty ratio to maintain the output voltage constant. 
In the closed-loop configuration, an error amplifier 
and a comparator are used in conjunction with the 
open loop circuit. A portion of the output is 
intercepted using a voltage divider and is fed to the 
inverting terminal of the error amplifier. A reference 
voltage is given to the non-inverting terminal of the 
error amplifier. The difference is amplified and the 
output of the error amplifier is given to the 

comparator. The output of the error amplifier is a 
certain DC level. The comparator compares a 
sawtooth wave with the DC and produces the gating 
pulses. Hence, the duty ratio can be varied by 
changing this DC level. The following block diagram 
represents the closed loop configuration of a flyback 
converter. 

 
 

Practically, this power supply may operate along with 
other equipment connected in the same line. The high 
frequency switch may produce high 
frequencyelectromagnetic noise which may interfere 
with other equipment and cause distortion. This is 
called electromagnetic interference (EMI).This can be 
attenuated using an EMI filter. 
 
II. DESIGN: 

 
Technical specification: 
Vin= 28V 
Vout=6V 
Iout=3A 
Efficiency=90% 
F=100kHz 
D=45% 
Output ripple=18mV 

A. Open loop design 
Design of transformer[2]: 
Transformer size depends on many parameters such 
as: core loss, cooling efficiency, insulation, core 
geometry and the maximum throughput power. The 
first step in the transformer design is to fix the core. 
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The power rating of the core is related to the area 
product. Area product of the transformer core is given 
by, 

Ap=Ac(Area of the cross section of the 
core)*Aw(Window area) 

Ideally, the area product of the chosen core must be 
greater than area calculated using this formula. 

Ap=146mm2*75mm2=10950mm2 ……………..(1)                     

Some of the nomenclatures used in the design are: 

Vdcmin=Minimum input DC voltage=27.5V 

Vdcmax=Maximum input DC voltage=28.5V 

Np=No. of primary turns 

Ns=No. of secondary turns 

Pomin=Minimum power drawn= 9W 

Ton= On period of the switching pulse=4.5us 

Ts=Switching time=10us 

Pomax=Maximum power drawn =18W 

Bm= Maximum flux density=0.2T 

Ae=Area of cross-section of the core 

Step 1: Calculation of turns ratio of the transformer 

)1(1
1)-Vdcmin(

Ns
Np







Vo
D

D
=3.094 

Step 2: Voltage across the switch 

Vms=    Vdc+ )1(  Vo
Ns
Np = 49.6818 

Step 3: Calculation of primary magnetizing 
inductance 

Lp= 
TsPo

tonVdcVdc



min5.2

2^.min)1min( =65.5875uH 

Step 4: Primary peak current 

Icpr= 
DVdc

Po



min

max25.1 =1.818A 

Step 5: Ramp amplitude dIp 

dIp= 
DVdc

Po



min

min5.2 =1.818A 

Step 6: Peak current in MOSFET 

Ip=Icpr+ 
2

dIp =2.727A 

Step 7: Secondary peak current 

Icsr= 
)1(

max
DVo

Po


=5.4545A 

Step 8: Number of primary turns 

Np= 
BmAe
LpIp =6.125  

Step 9: Calculation of secondary inductance 









Ns
Np

Ls
Lp ^2 ;Ls=6.8363uH 

Step 10: Air gap length 

Lg= 
Lp
NAe 8^102^4.0  =0.226mm 

Step 11: Number of secondary turns 

0974.3
Ns
Np  

Ns=2.6366  

The area product using the above calculations is- 

Ap=(
max420

4^10
Bk

IrmsIpLp


  )^1.34= 47336mm2 

This area is greater than that calculated in (1). So, it is 
a befitting choice of core. 

Selection of wire:  

The current of the wire has to be restricted to 4 
A/mm2 and the load requirement was 3A. With this, 
area of cross-section is calculated. 

A=0.75mm2 

The diameter that corresponds to this area is 
0.977mm.From the wire gauge reference table, the 
AWG number for the required diameter is 19. Hence, 
a wire with AWG of 19 is used. 

Output filter design[4]: 

1. Output Resistance: 

Rl = 
P

V 2
=2Ω. 

2. Output capacitance 

fCR
D

V
V

olo

o 
 ;C=750uF. 

Design of snubber: 

N=3; Ipeak =4.475A 

Lkk=1uH 

Assume Vsn=2nVo= 3  6  2=36V 

1.Snubber Resistance 

Rsn=

s
osn

sn
peaklk

sn

f
nVV

VIL

V


***2/1 2

2

= 647.17Ω. 

2.Power emission from snubber, Psn: 

Psn= 
sn

sn

R
V 2

= 2.002W. 

3. Snubber capacitance: 
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Assuming a maximum ripple of snubber capacitance 
as 10% of Vsn. 

∆Vsn=10% of Vsn =3.6V 

Csn=
ssnsn

sn

fRV
V


 = 154.52 nF. 

B. Closed loop design[3][5][6] 
An open loop system has certain disadvantages. The 
network as seen from the load is as shown. The 
output capacitor is not pure. It will have an inherent 
resistance. 
 
The pole is contributed by the load resistance RL and 
Output capacitance, Co. The pole frequency is given 
by: 

Fp= 
oLCR2

1 = 106.1 Hz. 

The zero is contributed by the ESR of the capacitance 
and the output capacitance Co. The zero frequency is 
given by : 
Fz= 

oCESR.2
1


= 2120Hz. 

From the above values of corner frequencies, we 
obtain the transfer function as follows: 

 TF=  
110575.1

2105.1
3

4








s
s (Shown in blue in plot)  

It is important to maintain the output constant with 
variations in load and supply voltage. This can be 
accomplished by using a feedback. As the load varies, 
the output is compared with reference and the 
difference is fed to the pulse-width modulator that 
suitably adjusts the duty cycle to maintain the output 
constant over a wide range of input voltages. In lieu 
of the above explanation, the method of voltage mode 
control is employed. The compensator used is a type-
2 compensator.  

 
For the accurate working of the compensator, the zero 
of the open loop system is to be equated to the pole of 
the compensator, and the pole of the open loop 
system is to be equated to the zero of the 
compensator.  
 
Therefore, Fz(compensator)= Fp(Open loop system) 
And Fp(compensator)=Fz(open loop system) 
From the first condition,  
Fz(compensator)= Fp(Open loop system) 

  2120Hz =  
212

1

zp RC
 

Assuming Rz2=100kΩ, we obtain Cp1=750pF.  
From the second condition,  
Fp(compensator)=Fz(open loop system) 

 106.10Hz =
222

1

zz CR  
From the above equation, Cz2 is calculated as 15nF. 
From the above pole and zero and considering a pole 
at origin, we obtain the transfer function as follows: 
TF= 

ss
s

5212 1005.110750
67.666

 
 (Shown in green in 

plot)   
Now, for a stable closed loop operation the 
magnitude plot must have a uniformly decreasing 
slope of 20db/dec. This can be done by adding the 
above two bode plots. The transfer function is:

 TF=  
sss

ss
528312

24

1005.110729.110181.1
13331.2105.1








 
This is shown in red.The bode plot of three transfer 
functions is plotted on matlab and shown as follows: 
 
 

 
C. Final schematic: 
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III. RESULTS 

A. Hardware Setup 

The circuit was rigged up on a general purpose PCB. 
It can be seen from the figure that a perfect output of 
6V is    obtained. 
B. Closed-loop Load Regulation  
As the load varies from 1A to 3A, the output voltage 
remains constant. 

 
Hence, load regulation has been achieved. 
C. Closed-loop Line Regulation  
As the input voltage varies from 24 to 32, the output 
voltage remains constant as established in the tabular 
column shown below. 

 
Waveforms for some of the input voltages are shown 
below. As the output voltage increases, the pulse 
width reduces to maintain a constant output voltage. 
 
Vin=24V;Iin=0.75A;Vout=6.06V;Iout=2.369 

 

Vin=28V;Iin=0.65A;Vout=6.06V;Iout=2.37A 

 
Vin=30V;Iin=0.6A;Vout=6.06V;Iout=2.37A 

 
 
CONCLUSION 
 
After the completion of the design, simulation was 
performed and hardware was rigged up. In both 
simulation and hardware, the results were found to be 
in agreement with the theoretical values. To prevent 
electromagnetic interference with other equipment 
connected in the same line, an EMI filter can be 
implemented to better performance. Further, to 
improve efficiency, the rectifier diodes can be 
replaced with a MOSFET. This method is known as 
active clamping. 
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