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ABSTRACT

A Closed loop controlled DC to DC forward converter is a requisite for the server SMPS system. High efficiency, Isolation,
Steady state voltage, Transient response, High switching frequency, reduced noises and range of steady state are all necessary
requirements for the forward converter. In this paper, a 40 V forward converter for charging the battery of server SMPS is proposed.
The proposed converter consists of a NPC-ARS circuit for soft switching on the primary side and an isolation transformer and a
rectifier structure on the secondary side. With this modified NPC-ARS circuit topology, soft switching occurs during conversion and
reduces the switching loss in this system. This paper proposed the simulation of closed loop controlled circuit, for the forward
converter with RCD snubber, double forward converter and the Modified forward converter are analyzed and discussed in this
paper. From comparison of performance in the closed loop model, a suitable converter is proposed for the sever SMPS system. The
proposed circuit achieves steady state voltage, when the disturbance occurs. A 40 V proposed circuit is designed as experimental
model to verify and compare the simulation and experimental results. This paper proposed the simulation and experimental results of

the forward converter.

Keywords: transient response, steady state and its range, soft switching, voltage stress, peak over shoot, Zero voltage switching

and ZCS

1. INTRODUCTION

In recent years, power semiconductor devices used by
the SMPS systems have achieved high performances and
with high power. Fig. 1 shows the circuit diagram of
SMPS system. During turn ON and OFF the switching
losses and stress occur in the power semiconductor
devices used in the SMPS system. The voltage ripple
during conversion and the harmonics oscillations occur in
the non-linear loads. In the high frequency switching sub
harmonics occur. Large signal transients and radio
frequency interference (RFI) have been closed up. The
special committee like CISPR and the electro-technical
committee like (IEC), which aim to control the harmonics
and ripple by the Electro Magnetic Compliance (EMC)
limitation. To reduce the harmonics in the SMPS system it
can be designed with large input filter, keeping the above
given constraint in mind. The metal shield to attenuate the
electromagnetic interference or radio frequency noises
should be provided. The tremendous improvement of
technology in the power semiconductor device is such that
the size of the components has been reduced in the SMPS
system, when the switching frequency is increased. When
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Fig. 1 Circuit diagram of a SMPS system
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it is operated at high frequency, the switching losses have
been increased, but the inductor ‘L’ and size of the
transformer have been reduced while the size of cooling
fan could be large.

2. A BRIEF LITERATURE REVIEW

The new methodology is used to overcome the
drawbacks and to improve the system for the society
needs. The proposed converter provides higher efficiency
than the NIBB converter is presented [1]. An appropriate
topology of a ZVS based Phase Shifted full -bridge DC-
DC converter is selected based on advantages of reduced
switching losses and stresses with fixed switching
frequency. A feed forward voltage mode control is utilized
which is easier to design and analyze with good noise
margin and stable modulation process and improved line
regulation are given [2]. This study presents the analysis
and design of a novel technique that improves the
efficiency of the conventional forward DC-DC converter
by reducing switching losses, along with a comprehensive
analysis of the circuit and detailed information for
designers. A 5 kW step-down prototype is presented [3].
The auxiliary circuit has only passive elements and thus,
the control circuit is simple and is like a regular PWM
DC-DC converter. The auxiliary circuit provides ZVS
condition for primary switch at turn-off instances. A new
soft switching forward-fly-back DC-DC converter is
proposed [4]. A double-sided LCLC-compensated
capacitive structure dramatically reduce the voltage stress
in the capacitive power transfer (CPT) system is proposed
for the electric vehicle charging applications with
improved efficiency are given [5]. The method to step up
the voltage gain by reducing the conduction and switching
losses are presented [6]. A closed loop model is proposed
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for the critical applications and the methods to improve
the quality by reducing the error are presented [7]. Due to
the comparison between the converters, the simulation
results of the double forward converter gives better
performance is proposed [8]. Comparison between the
converters with constant source and with constant load,
which is used to check the maximum power transfer to the
load is also presented [9]. The new step up and step down
method of switching is used to reduce the stress and the
comparison between the simulation and experimental
results is also presented [10]. The above literature does
not deal with the closed loop controlled forward converter.

The above cited papers do not deal also with the
modeling of closed loop SMPS system and do not identify
a converter suitable for SMPS system.

This work aims to develop, simulink models for the
closed loop forward converter system and the
experimental models for the modified converter by using a
PIC16f84 Microcontroller.

A comparison is also done between the simulation and
experimental results for the modified forward converter,
which is based on the output voltage to find the circuit
suitable for the SMPS system.

3. SIMULATION RESULTS

The SMPS system is modeled and simulated using the
blocks of simulink. The open loop controlled forward
converter with RCD snubber is shown in Fig. 2a). DC
input voltage with step change is shown in Fig. 2b). DC
output voltage with step change in output is shown in Fig.
2¢). Closed loop controlled forward converter with RCD
snubber is shown in Fig. 2d). DC input voltage with step
change is shown in Fig. 2e). DC output voltage with step
change is shown in Fig. 2f). Summary of transient
response and the range of steady state are shown in Table
1. Summary of steady state error is shown in Table 2.

The open loop controlled double forward converter is
shown in Fig. 3a). DC input voltage with step change is
shown in Fig. 3b). DC output voltage with step change is
shown in Fig. 3c). Closed loop controlled double forward
converter is shown in Fig. 3d). DC input voltage with step
change is shown in Fig. 3e). DC output voltage with step
change is shown in Fig. 3f). Summary of transient
response is given in Table 3. Summary of steady state
error is given in Table 4.

The open loop controlled modified forward converter
is shown in Fig. 4a). DC input voltage with step change is
shown in Fig. 4b). DC output voltage with step change is
shown in Fig. 4c). Closed loop controlled modified
forward converter is shown in Fig. 4d). DC input voltage
with step change is shown in Fig. 4e). DC output voltage
with step change is shown in Fig. 4f).

Summary of transient response and the range of steady
state are given in Table 5. Summary of steady state error
is given in Table 6. From the waveform it can be seen that
the steady state error in the output is reduced. In the
modified system, it has highly reduced steady state
voltage. It has the maximum peak over shoot and the
output is free from oscillations. The peak over shoot is
139 V.
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Fig. 2a) Open loop forward converter with RCD snubber
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Fig. 2¢) DC output voltage with disturbance
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Fig. 2f) DC output voltage with steady state
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Table 1 Summary of transient response
Transient Response T
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Transient State [ms] Steady State [ms] — £
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Peak over shoot Mp (A) =3.22 volts Fig. 3d) Closed loop controlled double forward converter
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Fig. 3f) DC output voltage with steady state

Table 3 Summary of transient response
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Fig. 3¢) DC output voltage with disturbance

The circuit diagram shows a closed loop double
forward converter with a step change at the input in Fig.
3d). The output from this system is taken as feedback to
get the accurate response. The change in output due to the
step change in input is corrected automatically with set
value, to get the desired response.
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Transient State [ms]

Steady State [ms]

0-0.3

0.3 onwards

Peak over shoot Mp (A) =3.24 volts

Table 4 Summary of steady state error

Parameter Open Loop Closed Loop
System System
Steady state error 8V 05V

Fig. 4a) Open loop controlled modified system
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Table 5 Summary of transient response
» Transient Response

——}t

td[mS] tr[ms]

tp[ms]

ts[ms]

0.01

0.02

0.03

0.2

Transient and range of Steady state

Transient State [ms]

Steady State [ms]

0-0.2

0.2 onwards

Fig. 4b) DC input voltage with disturbance

—%t

Fig. 4c) DC output voltage with steady state

Peak over shoot Mp (A) =13.9 volts

Table 6 Summary of steady state error

Parameter Open Loop Closed Loop
System System
Steady state error 8v v

Fig. 4c) shows the DC output voltage 41.25 V. The
step change is introduced in the input by using the circuit
breakers. The closed loop system has the steady state error
in the output which is reduced as shown in Fig. 4e) from
the simulation results, it is confirmed that the output
reaches the value of 41 V, after 0.2 ps as steady state.

Table 7 Circuit parameters for conventional boost forward

]
1

Fig. 4d) Closed loop controlled modified system

Two ideal circuit breakers are built internally to the
input DC supply, which is shown in Fig. 4d). Terminal-1
with 100 V has an amplitude of [0, 2] and Terminal-2 with
12 V has an amplitude of [2, 0] in the time sequences [0,
0.5] sec. The terminal- 2 is used to induce a step change in
the input of 12 V.

Fig. 4e) DC output voltage with steady state
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converter

Parameters Unit Vail::;l:nd
=

Input voltage [V] 100
Output voltage Vo [V] 42

Switching frequency [kHz] 100

Smooth Capacitor C1,C2  [uf]/[V] 2200/63, 100/63

Smoothing Inductor L [mH] 27

Capacitance of snubber circuit 1000 pF/63 V

Resistance of snubber circuit 330 ohm/20W

Power MOSFET IRF 840

Power diode IN4007

Table 8 Circuit parameters for modified forward converter

Parameters Unit Values and
Items
Input voltage [V] 100
Output voltage Vo [V] 42
Switching frequency [kHz] 20
Smooth Capacitor C1,C2  [uf]/[V ] 2200/63,100/63
Smoothing Inductor L [mH] 27
Capacitance of snubber circuit [nF] 100
Inductance of snubber circuit [uH] 10
Power MOSFET IRF 840
Power diode IN4007
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Circuit parameter for conventional boost forward
converter is shown in Table 7. The circuit parameter for
the modified forward converter with auxiliary resonant
snubber is shown in Table 8. The conventional boost
forward converter is shown in Fig. 5a). DC output voltage
is shown in Fig. 5b). The modified forward converter
using auxiliary switch and the DC output voltage are
shown in Fig. 5c¢) and 5d). The modified forward
converter with auxiliary resonant snubber is implemented
with PIC 16F84 microcontroller, which is compare with
the simulation results.

4. EXPERIMENTAL RESULTS

Experimental set-up of a modified forward converter is
developed using PIC microcontroller. The PIC
microcontroller PICI6F84A is used to generate the
driving pulses for the main switch and the snubber switch
with (NPC-ARS), to turn on and off to process and the
experimental results are obtained. The modified low noise
SMPS System with forward type soft switching DC-DC
Converter with a neutral point inductor connected
auxiliary resonant snubber circuit is designed and the
schematic module is shown in Fig. 6a). The hardware
module is shown in Fig. 6b). The inductor voltage and the
capacitor voltage in the NPC-AR snubber circuit are
shown in Fig. 6¢) and Fig. 6d). The DC output voltage is
shown in the oscillogram of Fig. 6e). The experimental
results are obtained for constant load.
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Fig. 5a) Conventional boost forward converter

Fig. 5b) DC output voltage
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Fig. 5d) DC output voltage
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Fig. 6b) Hardware module
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Fig. 6¢) Inductor voltage in the snubber circuit

Fig. 6d) Capacitor voltage in the snubber circuit
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Fig. 6¢) DC Output voltage

The comparison from the modified converter Fig. 5d)
with the Fig. 6d), the simulation results and experimental
results are closely agreed.

5. CONCLUSION

Forward converter with RCD snubber, double forward
converter and the modified SMPS system are simulated
using the blocks of simulink. Open loop controlled and the
closed loop controlled forward converters are simulated
and the range of steady state, transient response and the
steady state error are obtained. From the comparison of
the output voltage, the modified forward converter is
found to have reduced the steady state error is reduced in
the output and it is free from noise. From the results, it is
observed that the modified forward converter is suitable
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for the SMPS System. The simulation results and the
experimental results of the modified system are compared.
The modified converter has reduced the noise in the
output. From the results, it is observed that the
experimental results closely agree with the simulation
results.
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