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Abstract

Modern electronic systems require tiny, high-qyaliess weight, reliable and efficient power sugmliLinear power regulator whose
principle of operation is based on a voltage orremt divider is inefficient sometimes. This is hesmtheir output voltage is smaller
than the input voltage and also they require loggfrency (50 or 60 Hz) transformers and filters.irh®in area of application is at
lower power levels; but at higher levels, switchiegulators are used. They use semiconductor sestédr the purpose of turning off
and on states. Because there is a power loss setbtates, switching regulators can achieve higirgnconversion efficiencies and
that is the major advantage. Power electronic gystesuch as switching power supplies are accounsedoése source for their
sensitive circuits. EMI caused by the converters diaturb the normal operation of the supply andeotsystems by coupling with the
nearby devices. Hence the overall performance ®fsistem is reduced Major focus is done on thaated EMI mitigation for the
power converters in which the main standard is doenpliance with the EMC standard to ensure the eropperation of the
converter and nearby systems. Buck converter ieg-down converter which is one of the most widelyd topologies among the
different DC-DC topologies. In the forward topolegye are providing the galvanic isolation whichlees the functional sections of
the electrical systems to prevent the current fldw.direct conduction is permitted. In this papdifferent topologies are discussed
and implemented which can reduce the Radiated Emi¢RE) and MILSTD 461/462 will be the underlyElgIC standard.
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1. INTRODUCTION

Electro Magnetic Interference (EMI) is a disturbanthat
affects an electrical circuit by the coupling ofeth

applications, they are widely used to provide powerthe
flight and satellite packages. There are differeahverter
topologies are used and buck converter is oneewh tiwhich is
used for stepping down the voltage. In the buclolmgy, the

electromagnetic field from an external source;dbepling of
the field can be either through conduction or radi| This
disturbance may interrupt or degrade the normatatjps of
the electrical circuits and hence it is consideresl an
unwanted characteristic. These effects can ramge & simple
degradation of data to the total loss of informmaticAnd
Electro Magnetic Compatibility (EMC) is the capdtyilof an
electrical circuit to operate in an electromagnéiterference
environment. Since the earliest days of radio comination,
the negative effects of the intentional and unititeral
transmission interference have been felt and thed ni
manage the radio frequency became clear. Later9B88,a
meeting of the IEC(International
Commission) made rise to the EMC standard CISPR{teom
International Special Dees Perturbations Radiotédge to

deal with the emerging problem of EMI. From theremore

and more standards came like FCC, MIL which were

possessing particular rules and regulations to taiaiicMC

DC-DC power converters which convert sources obdir
current from one voltage level to the other. Inoapace

Electrotechnical

grounds are joined together. So it gets shortedickl@lue to
noise, it gets affected from other systems. As gpqse of
study we have taken forward topology which is theldated
form of buck. It uses a transformer to decrease ahigput
voltage. In power supplies. Two prominent typeEMI are
conducted and radiated EMI. In this paper we aceged only
on the radiated emission, i.e. above 30MHz noiséef@nt
topologies are discussed which can capable of atitig the
Radiated Emission (RE).

2. RELATED WORKS

In order to reduce the electromagnetic interferentethe
converter, a number of solutions have been propasete
literature survey. The authors have addressed proirad soft
switching forward converter. The proposed converigr
constructed by using non dissipative snubbers ralleh with
the main switch and output diode of the conventidoavard
topology. Due to the use of the energy recoverybbats in
the primary and secondary, the novel converterexelsi zero-
voltage and zero-current switching (ZVS and ZCS) &
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switching devices without any losses like switchiogses and
output diode recovery losses[3]. Generally, RC o€DR
shubbers are used in the primary and secondarg sifithe
forward converter in order to absorb the energyestan the
transformer leakage inductance, and to suppressstinge
voltage. But, these converter topologies can'tdefor high
operating frequencies because this absorbed en&gy
dissipated in the snubber resistor, when the sw#dh turn-
on or turn-off. To overcome this drawback and aahibigh
efficiency in high power and high frequency appiicas, the
use of non-dissipative snubbers is very criticaltHis paper,
an improved soft switching forward converter utilig an
energy recovery snubber is mentioned.

Fig-1: Forward converter with energy recovery snubber[3]

In [9], the authors found a new technique, knowrspiead-

spectrum clock generation (SSCG), for reducing the

magnitude of radiated emission from devices withyitdl
clock signals. To calculate the radiated emissifbos such
devices, they have modelled the radiating geometry
computed the radiated field at a multitude of fremgies by
using an electromagnetic field solver based onntle¢hod of
moments (MoM).Modulation of the clock frequency ates
side-bands, spreading the harmonic peaks whicts leadhe
EMI suppression of the emission spectrum. And d@hkiserved
that upto 30 dB reduction in the radiated emissioels.

Another method for reducing the radiated emissiohsan
electronic device by frequency modulating (FM) ®hestem
clock This proposed method is referred to as Sp&mttrum
Clock Generation, or SSCGJ[6]. A unique wavefornused to
frequency modulate a digital clock signal results &
frequency plot with sideband harmonics that arecaged
nearly uniform in amplitude when measured with avl E
receiver. It affects like spreading the energy ofliacrete
frequency harmonic over a wider bandwidth, and rethg

reducing the amplitudes of theharmonics. With gsprea

spectrum ideology, the energy at each of these dranos is
spread over a wider bandwidth, thereby reducing phak
amplitude. In addition, the bandwidth over whichclea
harmonic is spread increases linearly with freqyese that

the attenuation provided by Spread spectrum clockifso
increases linearly with frequency.

with '"”“““' «— Without Moduiation
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Fig-2: Frequency domain representation at a harmonic of a
trapezoidal clock signal with and without SSCG.[6]

In [4], the authors have depicted a novel methatheckd

timing spread spectrum clock(DT-SSC) for the supgian of

the electromagnetic radiation from the high-speegitad

system. The proposed dithered timing spread spactlock

has more effective suppression than the conventigprad
spectrum clock (SSC).The conventional spread spmctfock

is realized by controlling the period or the frenog using a
phase locked loop(PLL). Because of the inheretdrjivf the

phase locked loop, the attenuation of the spectism
minimized and the realization is very difficult tite higher
clock frequencies near the GHz range. In this pahel have
proposed a novel method. a dithered timing spreadtaum

clock. The dithered timing spread spectrum clockxscuted
by controlling the transition timing-difference aaddelayer is
responsible for that. The proposed dithered timsmpgead
spectrum clock has more effective suppression o th
electromagnetic disturbance from the high-speeditatiig
system than the conventional spread spectrum clock.

3. PROPOSED SOLUTION

Due to the operation of the power converter, the

electromagnetic interference is generated. Since ame
concentrated in the radiated emission, we will EEubssing
some of the solutions to mitigate that. Radiated | EM
comprises of two things, electric and magneticdBel The
electric field strength is directly proportional ttee voltage of
the circuit, frequency of operation, and antennaffective
length. On the other side, The strength of the retigiield is
directly proportional to the current flowing thrduthe circuit,
frequency of operation and the antenna loop’s &ffecarea.
Since circuit parameters and operation frequeneyfiged in
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terms of a converter's operating characteristi¢ee bnly
variable term is the length of the power line, log £nclosed
loop area of the power line’s return path. Therefoadiated
EMI can be minimized by physically locating the sei
generating source as close to its source and Isgabssible.
However, such a compact assembly is rarely posdine
mechanical reasons.

3.1 Soft Switching

Large dv/dt on the output of converter, common &rdh
switching schemes, generates EMI due to capaaitupling,
and inherently large di/dt can often display imteehce,
leading to concern about the compliance of the aetbpe
conducted and radiated interference to EMC requiiati
Further, large dv/dt and di/dt result in high swWitg loss,
forming another source of interference. Many methbdve
been proposed to solve this problem, such as sngbbi
systems. Soft switching combined with PWM contras bbeen
widely applied in many fields and is suggestedd@pplied to
the systems of aircraft power conversion.

3.2 Electromagnetic Shielding

Electromagnetic shielding is the process of lingtithe

penetration of electromagnetic fields via radiatioyn blocking
them with a barrier made of conductive materialpicslly, it

is applied to enclosures to separate electricaicdsvfrom the
“outside world”, and to cables to separate wiresmfrthe
environment through which the cables run. Electrgmetic
shielding used to block radio frequency electronesign
radiation is also known as RF(Radio Frequency, aBdkHz

to 300 GHz) shielding.

3.3 Frequency Modulation

Random modulation is a new method to reduce EMp@sed

in the recent years. Random modulation means lieagwitch
frequency is changed according to a given randognasi
Hence the total energy is spread over a wider grgy band
.In other words, the harmonic peaks appearing ie th
frequency band, when the converters operate ilogiermode,
can be smoothed over the whole frequency band rddhgced
peaks imply that EMI is thus suppressed. Therevaoemain
limitations to random modulation: one is that reahdom
signals are difficult to generate in practice, #mg other one is
that random frequency makes the parameter design of
converters difficult, since the parameter desigbased on the
frequency. For example, when a converter operatdéh w
frequency f, the equivalent inductance is 2pi*flbue to the
difficulty of obtaining real random signals, pseu@dmdom
signals can be used, leading to the term pseuddonan
modulation for the method.

4. SMULATION RESULTS

The simulations are done wusing Advanced Design
System(ADS) and the waveforms are plotted. Herehane
done two topologies. One is 28V to 5V topology émel other

is 28V to combined +15 and -15V topology. Coupled
inductors are used to reverse the polarity. Theefaams are
given below.

Vout2, V
Vout1, V

Fig-3: 28V to +15V and -15V in a single topology
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Fig-4: 28V to +5V topology

4. CONCLUSIONS

By this project, an EMI-free DC-DC Forward converis
designed with a required specification which is patible for
aerospace applications. Different topologies arplémented

in the power converter to make the converter frde o
interferenceand in compliance with MIL-461. A thetical
simulation of the converter design is done usingrakated
System Design(ADS). The hardware design should
matching with the simulations that has done earligne
Radiated Emission(RE) measurement tests are castiedh
the microwave anechoic chamber. Even though the EMI
minimized, we cannot remove it completely and wiatcan
do is to remove the EMI as possible as we can.

be
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