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ANSYS-Maxwell based design of high frequency link for grid connection of
renewable energy sources using MLI

Rekha Agrawal* and Shailendra Jain**

Currently, high frequency transformer for power MLIs is used for renewable energy interfacing
applications. With the advancement in magnetic materials properties have led to the development of
high frequency transformers for converters. Recently high frequency based magnetic material offers
high saturation flux density and low core losses, used for designing of compact, light weight and efficient
transformers. However, the designing of magnetic material is based on electro-magnetic concepts.
So here, electro magnetic based software “ANSYS-Maxwell™” is used to design a high frequency
transformer in 2-D geometry. The design methodology is illustrated to optimize it with minimum core
losses, copper losses in the high frequency transformer.

Keywords:

1.0 INTRODUCTION

Development of renewable energy sources are
increasing due to the growing concern of global
warming and limited availability of conventional
energy sources. [1-3,8]. PV energy is the most
popular energy source available in the industries
nowadays and fuel cell energy source is well suited
in different distributed generation applications
due to its flexibility in connection, easily stacked
to serve larger loads, provide reliability and low
emissions [4-6] . But the major disadvantage
of these two sources is PV is intermittent in
nature and dynamic performance of fuel cell is
poor when the load changes suddenly. In order
to overcome this problem, use of hybrid energy
sources not only increases the power capability
of the system but also increases reliability of the
system. PV source along with fuel cell can be a
stable system, used in grid integration applications
[9]. Power converters act as a power processing
unit for renewable energy sources. Conventional
two level inverter produces low output voltage
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and used fundamental frequency transformer and
filter at load side to maintain grid voltage level
[10]. Requirement of step-up transformer and
filter increases the weight, volume and cost of the
system. Hence, transforemerless and filterless,
multilevel inverter based system can be a viable
option to alleviate this problem [11]. High number
of level attainability in multilevel inverter implies
elimination of transformer and filter at load
side. Moreover, this approach does not provide
isolation in the system therefore High Frequency
Magnetic Link (HFML) is used to eliminate this
problem. Compared with fundamental frequency
transformers, high frequency transformers not
only provides smaller size, cost but also offers
isolation and reduce voltage imabalance problem.
Rabiul et al., presented the design of high
frequency transformer in [7]. The objective of this
paper is to develop a new system configuration for
interfacing the PV along with fuel cell to the grid.
Proposed configuration uses multilevel converter
along with HFML for DC/AC conversion at a
desired frequency. Designing of high frequency
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transformer is done on ANSY S-PExprt™, analysis
in  ANSYS-Maxwell™ and complete system
simulation in ANSY S-Simplorer™ software.

2.0 PROPOSED SYSTEM

Block diagram of the proposed system is shown
in the Figure 1. In the proposed system the DC
to AC conversion take place using HFML with
multilevel inverter.
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FIG.1 BLOCK DIAGRAM OF THE PROPOSED
SYSTEM

Elaborate image of the proposed system is shown
in Figure 2.
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FIG.2 ELLABORATE PROPOSED SYSTEM

Energy of PV is converted into high frequency
AC signal using two level inverter and converterd
into number of step up AC signals using HFML
and given to the DC (uncontrolled rectifier)-AC
(cascaded H-Bridge multilevel inverter) unit,
feeding to the grid. Cascaded H-Bridge multilevel
inverter is classical multilevel inverter, highly
used in industries for high voltage and power
applications. It is popular due to its modularity
in structure compared to other classical inverters
neutral point clamped (NPC) and flying capacitor
(FC) multilevel inverter. In the proposed sytem,
PV energy source is used as a primary source
and fuel cell as a back-up source to maintain the
reliability of the system.
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3.0 HIGH FREQUENCY MAGNETIC
LINK (HFML) DESIGN

In the designing of HFML, the important part is
magnetic material of core and its availability in
the market. Selection of core can be decided by
the factor frequency. Increasing the frequency of
the magnetic part reduces its size. For winding
part generally litz wires are used because it is
highly used in high voltage applications, having
lower winding losses.

For high frequency application, number of
magnetic materials are available in the market
having high flux density, permeability and lower
core losses. The list of magnetic materials is
illustrated in Table 1 along with their flux density
and frequency range. To design a transformer
necessary general parameters are calculated as
follows [12]:
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Where,
Pt = Apparent power
P., = Input power
P, = Total output power
P,. = Output power of n secondary winding
K. = constant,
K, = electrical design parameter
B, = Maximum flux density
Il = Efficiency
a = voltage regulation percentage
B.. = Flux density
K; = waveform coefficient
N, = primary turns
N; = Secondary turns
Vi, = Input voltage
n = number of secondary windings
TABLE 1
TYPICAL MAGNETIC MATERIAL
PROPERTIES
MATERIALS MODEL Brrak | FREQUENCY
Ferrites Epcos N87 0.49 |upto 1 MHz
Nanocrystalline ;/(i)tggperm i? upto 150 KHz
Amorphous Metglas 2605 [1.56 | upto 250 KHz
Si iron Unisil 23M3 2.0 upto 50 Hz
g)szriauoy) ﬁjrgriﬁtllocj go |0-82  |upto 20 KHz
Powdered iron l;/éi(;lrometals (1)2_ upto 200 MHz

ANSYS™ provides number of software platforms
for the development of products. Type of ANSYS
software platform and its applications are listed
in Figure 3.

ANSYS-PExprt™ software provides the platform
to design, modelling, analysis and optimization
of multiwinding transformer, coupled inductors
and flyback components. It offers easy path to
determine the core size and shape, air gaps and
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winding design parameters for a given converter.
It is able to build 2D/3D maxwell designs to
analyze the magnetic properties of the model
such as flux density, current distribution in the
windings etc. It also creates the magnetic model
for the actual circuit in ANSYS simplorer for
whole circuit analysis.

ANSYS I

PExprt MAXWELL Simplorer Q3D Extractor RMxprt

3D/2D magnetic
transient, AC
electromagnetic,
Magnetostatic,
Electrostatic, DC
Conduction and
Electric Transient
solvers that
accurately solve for
force, torque,
capacitance,
inductance,
resistance and
impedance

It speeds the design
and optimization
process of rotating
electric machines.

Used to design,
model, analyze and
optimize magnetic
components using
analytical calculations
and finite element
methods that couple
with Maxwell

' Itis the premier 3-D
| parasitic extraction
| software tool for
| engineers designing
| PCB's, electronic
ipackaging and power
;elemronic equipment

Offers multiple
modeling techniques
including circuits,
block diagrams,
equation level

Allows users to
create model, assign
materials and
calculate machine
performance.

FIG.3 ANSYS SOFTWARE PACKAGES

The simple flow chart to design a transformer
in ANSYS-PExprt™ window is given in the
Figure 4. To start the design process in the ANSY S-
PExprt™ window, design input parameters- input
voltage, number of primary and secondary turns
(number of secondary windings depends on the
numer of input sources of multilevel inverters),
frequency, power wave shape type (either square
and sinusoidal) and optimization criterion (for
example-low losses, smallest size etc.) are
given. Number of turns calculation and each
secondary winding power can be obtained by
using equations 1-7. After giving the required
design parameters start simulation, if the model
is optimized then stop the process otherwise
change the design parameters or dimensions till
design optimization. In PExprt window core and
copper losses can also be found. After generating
the model, it can be exported either in ANSYS-
Maxwell window for analysis and in ANSYS-
Simplorer window for simulating and analysing
the whole circuit virtual prototype.
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FIG.4 FLOW CHART OF THE HIGH FREQUENCY
TRANSFORMER DESIGNING

4.0 SIMULATION

Magnetic link shown in Figure 2 is designed and

TABLE 2
SYSTEM SPECIFICATIONS OF THE 1-®
5-LEVEL SYSTEM FOR THE SIMULATION
PV / fuel cell voltage 48V
Frequency 2kHz
A\ 48V
V. 115V
Np 23
Ns 54
B 1
Power 1KW
a 0.5
n 95%
R 100Q
Number of Secondary windings 2

Figure 5. is the ANSYS-PExprt window where
input parameters are given for the designing of
product. After simulation, product analysis can
be done through its performance and construction
window shown in Figures. 6-7. Performance
window provides losses (core and copper)
data, temperature of a designed model etc and
modelling window offers core/winding properties
and its dimensions for practical designing model.
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FIG.5 ANSYS-PEXPRT INPUT PARAMETERS
WINDOW

FIG.7 ANSYS-PEXPRT MODELING WINDOW
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USING ANSYS-MAXWELL
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FIG.9 CURRENT DENSITY IN A TRANSFORMER
WINDING USING ANSYS-MAXWELL

Generated model in a ANSYS-PExprt™ can be
analysed in ANSYS-Maxwell™ by exporting
the model from ANSYS-PExprt™ to ANSYS-
Maxwell™. Analysis of flux and current density
in a model can be visualize in Figures 8-9. In
Figures 8 and 9 colour band of flux and current
density are clearly visible, to observe at which
part of designed product these quantities are
maximum and minimum.

ANSYS-Simplorer™ provides the platform for
the system modelling, simulation and analysis
of the whole system. Magnetic part is exported
from the ANSYS-PExprt window to the ANSYS-
Simplorerto develop the proposed system shown in
Figure 2. Converter parts are designed in ANSY S-
Simplorer. To design a 5-level multilevel inverter,
symmetric cascaded H-Bridge requires two input
DC sources (also decides number of secondary
winding of transformer). Simulation model of the
proposed system is presented in Figure 10.
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FIG. 10 SIMULATION MODEL OF THE PROPOSED

SYSTEM IN ANSYS-SIMPLORER

Simulation results of transformer one of the
secondary windings is shown in Figure 11. It
generates voltage near about 100 V.
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FIG.11 TRANSFORMER SECONDARY WINDING
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FIG. 12 RECTIFIED OUTPUT VOLTAGE OF
UNCONTROLLED RECTIFIER

Rectified output voltage of uncontrolled rectifier
is shown in Figure 12 and multilevel inverter
5-level output waveform is shown in Figure 13.
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FIG. 13 OUTPUT VOLTAGE OF MULTILEVEL
INVERTER

5.0 CONCLUSION

In this paper, a system is proposed for grid
integration application. The designing of high
frequency magnetic link is developed in ANSY S-
PExprt™ software. ANSYS-PExprt™ software
offers a simplest way for optimized designing
of transformer along with designing data, useful
for practical system implementation . ANSYS
software not only provides the designing but
also offers platforms for analysis (2D/3D
visualization of flux and current density in the
model) using ANSYS-Maxwell™ and simulation
of the complete system in ANSYS-Simplorer™
software.
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