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Notice

Power Smart Control tutorials or other design advice, services or information, in-
cluding, but not limited to, reference designs, are intended to assist designers who are
developing applications that use SmartNetics; by downloading, accessing or using any
particular Power Smart Control resource in any way, you (individually or, if you are
acting on behalf of a company, your company) agree to use it solely for this purpose
and subject to the terms of this notice. Power Smart Control reserves the right to make
corrections, enhancements, improvements and other changes to its resources. You un-
derstand and agree that you remain responsible for using your independent analysis,
evaluation and judgment in designing your applications and that you have full and ex-
clusive responsibility to assure the safety of your applications and compliance of your
applications with all applicable regulations, laws and other applicable requirements.

Disclaimer

Power Smart Control S.L. (PSC) makes no representation or warranty with respect
to the adequacy or accuracy of this documentation or the software which it describes.
In no event will PSC or its direct or indirect suppliers be liable for any damages whatso-
ever including, but not limited to, direct, indirect, incidental, or consequential damages
of any character including, without limitation, loss of business profits, data, business
information, or any and all other commercial damages or losses, or for any damages in
excess of the list price for the license to the software and documentation.
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Introduction

SmartNetics is a software for the design and analysis of magnetic devices: inductors
and transformers.

In previous tutorials (available at www.powersmartcontrol.com), we have shown
how to design a dedicated magnetic component. In this case, we will showcase another
capability that the tool provides: the analysis and optimization of a component.

This tutorial aims to illustrate how to tackle the analysis of a magnetic component
that was already manufactured, and how to redesign it to adapt to a new power stage
specification. In addition to getting the main parameters, SmartNetics gives the user
the opportunity to know if a device will be able to operate in different conditions, to
check how far it will be from saturating or burning, and even to simulate it in third-
party software.

This time, we are going to analyze an inductor that was already manufactured for
an old project. Once the current design is characterized, we will see how to improve it
to adapt it to a new power stage specification. The inductor currently in use is shown
in Figure 1.

Figure 1: Inductor under analysis
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Analysis of the current device

The device was made for an old project, so we have its data. The main parameters are
illustrated here:

• Inductance: 22.5µH .

• Operation frequency: 10 kHz

• Current: triangular 200A (peak-to-peak).

• Core geometry: E100/60/28.

• Number of stacked cores: 5.

• Core material: N87 (by TDK).

• Conductor: Enameled copper awg7.

• Number of turns: 3.

• Wires in parallel: 20.

• Total gap length: 2.17mm.

We can reproduce the same design in SmartNetics following the steps described in
this section.

First, Inductance and operating Frequency can be set on the top bar of the first
dialog (“Input data”), once “Inductor” has been selected in the top switch, as shown
in Figure 2.

Figure 2: Inductance and frequency
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For an inductor, only the current waveform is needed. It can be described right
below the inductance and frequency parameters:

Figure 3: Current

Since we know the core and winding materials and geometries, we can activate
only those particular entries in the database. This can be done in the second dialog
(“Configuration”) in the “Databases” tab, as shown in the next figures:

Figure 4: Core geometries database
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Figure 5: Core materials database

Figure 6: Wire geometries database

The remaining known parameters can be set to the right values in the last tab of
this same dialog, “General”, after checking the “Set design parameters” box. The full
configuration to reproduce the parameters described at the beginning of this section is
shown in Figure 7. Notice how not every parameter needs to be set, since they are left
empty (or set to 0). The remaining parameters will be calculated by the tool.
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Figure 7: Set parameters

There are many ways to wind a given number of wires in parallel. In the previous
figure, we have set it to V = 5 and H = 4, which means there will be 20 wires in parallel
in every turn, arranged in rectangles of 5 wires vertically and 4 wires horizontally. The
wire stacking strategy in SmartNetics is always rectangular, as described in the help
files and summarized for an example in Figure 8.

Figure 8: Rectangular wire stacking

Once everything is set, we can analyze the device. The first step is to ask the tool to
design every inductor that, using every free parameter and the entries available in the
database, matches the specifications.
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Since we have set everything to a given value, there is a single solution. That solu-
tion is displayed in Figure 9 and corresponds to the device we are currently analyzing.

Figure 9: Original design

In the dialog shown in the previous figure, only 8 variables can be displayed at the
same time. For a deeper analysis, we can access the next dialog, “Selection”, and select
the only available design. Once selected, every detail of the design is shown in the
bottom bar:

Figure 10: Original design main parameters

In this dialog, the user has access to the main parameters expected for the device,
like inductance, losses (divided in core and winding), maximum temperature, maxi-
mum magnetic field, etc.

Now that a single device is selected, the user can access the last dialog, “Device”, for
a graphical view of the most important parameters, like the temperature distribution
(in the “Performance” tab) shown in Figure 11.
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Figure 11: Original design temperature distribution

A 3D representation of the device and its parts can be seen in the “Geometry” tab:

Figure 12: Original design geometry

On top of the analysis performed by SmartNetics, the user can also export their
design to third-party tools, like Ansys (Maxwell and Icepak) or Altair-Flux, for a 3D or
2D Finite Element Analysis of the electromagnetic and thermal response.

Thanks to the procedure shown in this chapter, SmartNetics can be used not only
as a design tool, but as an analysis one. The user can get the expected losses, thermal
behavior, saturation limits, etc. of a device that was already manufactured, and they
can assess its validity for a new application or under different conditions. On top of
that, that same design can be exported to third-party Finite Element Analysis tools,
without the need to learn how to use those tools or to take the time to recreate the
design in them.

In the next sections of this tutorial, we will show how to use SmartNetics not to
analyze a design, but to optimize it for any application different from that originally
intended.
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New specification

There was a limitation with the previous design that needed to be tackled. By switch-
ing at 10 kHz, we were able to keep switching losses low, but the converter was gener-
ating audible sound that needed to be reduced.

To solve this issue, the decision was to allow higher losses in the semiconductors
in exchange for that noise reduction. That was done by increasing the frequency by 3
times, up to 30 kHz, to move it beyond the audible range, while reducing the induc-
tance by the same factor, to keep the current ripple as it was before.

The new specification for the inductor changes the inductance and frequency from
22.5µH and 10 kHz to 7.5µH and 30 kHz. The new current and target inductance are
shown in Figure 13.

Figure 13: New input parameters
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Keeping the same original design, but for the new specifications, we can run the
design again. To see if the previous inductor will be able to operate in these new
conditions with minimal modifications, we can keep everything set to its current value,
with the exception of the gap length, which will have to be recalculated to adapt it to
the new inductance value. We can set that value (lg (m)) to 0 to make the tool run
the calculation, while leaving everything else set, in the “Configuration” dialog, in the
“General” tab:

Figure 14: Design set with unrestricted gap

If we run the design process once more, we obtain a single solution, since every-
thing was set to a given value, with the only distinction of the gap length, which has
been recalculated to get the desired inductance. This new design can be seen as the
single point displayed in Figure 15.

Figure 15: Original design under new specifications
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As we can see, just by changing the gap, we can already have a device that can work
under the new specifications. The new expected losses (core and winding), inductance,
maximum temperature, maximum magnetic field, etc., can be seen in the “Selection”
dialog, as shown in Figure 16.

Figure 16: Original design under new specifications. Main parameters

Of course, apart from inductance, losses have also changed, so we will get a differ-
ent temperature distribution, which is displayed in the “Device” dialog:

Figure 17: Original design under new specifications. Temperature distribution

Even though we have already seen that the device can operate under this new spec-
ification, we can take advantage of the fact that we need to manufacture new devices,
to change some of its parameters and optimize it for the new application.
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Optimization

In this case, since the increase in frequency is expected to increase the losses in the
semiconductors, the aim of the redesign of the inductor is to reduce its losses as much
as possible. By doing this, we can avoid the audible sound problem, while keeping the
efficiency and heat dissipation needs as good as they were before.

1 New core material

The first step is to select a material better suited for this higher frequency. To see how
big an improvement the one suggested by the manufacturer would be, we will select a
new entry in the core materials database, the N97, also by TDK. The new core materials
database is the one shown in Figure 18.

Figure 18: New core material added to the database

Once the new material is included, we can run the design again to see if it is going
to improve our design in any aspect, going back to the “Design” dialog and clicking
on “Begin magnetic design” again. After the design procedure finishes, two results are
obtained: the original one, using an N87 core, and the new one, which uses the N97
material. The core loss and maximum temperature of both devices can be displayed in
any of the axis, as shown in Figure 19.
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New core material

Figure 19: Temperature vs core loss for both materials

As we can see, one of the devices allows halving the total core loss (from 9.5 W
to 4.5 W) and a reduction of 8 degrees for the maximum temperature (from 87 °C to
79 °C). We can see every detail and the whole impact of the improvement in the next
dialog, “Selection”.

Figure 20: Main parameters for both materials

Since we can achieve an improvement thanks to this core material, we will select
it as a single option in the database, so we can go back to a single result. This can be
done by unchecking the other materials available in the database, that were shown in
Figure 18. The single available design, with the N97 material:

Figure 21: Single result for N97
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New gap distribution

Now, we can select it and analyze the results provided in the last dialog, “Device”.
In the first tab, “Geometry”, a 3D simplified version of the device is shown:

Figure 22: Geometry detail for N97 design

As we can see, there may be an issue with Electromagnetic Interference (EMI) if
this device is used. Since the gap is large for this geometry, the fringing flux is going
to leak way beyond the inductor limits and cause several problems. We cannot change
the core geometry because it is imposed by the space and connections of a previous
project, so we need to change how we create the required gap.

2 New gap distribution

The biggest change regarding EMI can come from a different gap distribution. Up to
this point we have only allowed a regular gap distribution, where the gap is the same
in every column. One alternative to improve that, when the gap is so big, is to divide
that single gap into several smaller ones. That option can be activated in the second
dialog, “Configuration”, in the “Device parts” tab, under “Core” - “Gap”, as shown in
the next figure:

Figure 23: New gap distribution setting
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New gap distribution

If we now run the design again, new options appear:

Figure 24: Results with new gap options

We can select every option and see the detailed results, displayed in Figure 25.

Figure 25: Results with new gap options. Detail

As can be seen, the main difference is the number of gaps and the total length of
those gaps. To reduce the length of every single gap as much as possible, we can
select the device with the highest gap count, 5 in this case, displayed in the Gaps in legs
with winding column. After selecting it, we can analyze the new device, starting by its
geometry, shown in Figure 26.

Figure 26: Geometry with 5 distributed gaps
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New winding strategy

This gaping strategy seems like a much better solution, so we will set it as the only
option to get a single result again, before further modifying the design. This can be
done by reducing the possibilities in the “Configuration” dialog. The new configura-
tion is shown in Figure 27.

Figure 27: Distributed gap setting

Now that a better core material has been selected and the gaps are small enough,
we can proceed to the next tab “Model impact” to check if we can also improve the
winding strategy.

3 New winding strategy

In this tab, we can see the differences that some models produce in several calculations.

In this case, we will focus on the second axis: “Conductor loss”. There are three
models present here:

• DC: Only considers losses due to the DC resistance.

• Skin: Adds the skin effect to the calculation.

• Dowell: Takes skin and proximity effect into account.

The losses that the three models provide for this particular design are shown in
Figure 28. The model actually used for the calculations that were shown up to this tab
(used to estimate total loss, temperature, etc.) is shown in a light blue color, while the
other possibilities use a dark blue.

Figure 28: Solid conductor loss models
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New winding strategy

This indicates that the selected wire has skin and proximity losses much higher
than its DC loss, which indicates that the selected wire may not be well suited for the
frequency of the new design.

This behavior is in part due to the use of a rigid copper wire. To improve on this, we
can select a different wire type, in this case a Litz wire, to reduce those high-frequency
AC losses.

For this example, we are allowing a single Litz wire for the design, the 72x19x0.14
Litz, in “Configuration” - “Databases” - “Conductors”, as shown in the next figure:

Figure 29: Litz wire selected in the database

Since we have selected a different wire, there is no need to restrict the design to the
same number of wires in parallel, so we will remove that restriction in “Configuration”
- “General” - “Inductor”. Remember that if we leave the values for V and H as 0, the
tool will calculate the possible combinations that provide a valid solution. The new
configuration is shown in Figure 30.

Figure 30: Unrestricted vertical and horizontal wires
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New winding strategy

Now, if we run the design again, we can see that there are multiple solutions, with
different numbers and arrangements of wires in parallel:

Figure 31: Parallel wire options

We can select all of them to get the next table in the “Selection” dialog:

Figure 32: Parallel wire options. Details

Every design is a valid solution within the restrictions imposed for the design. From
them, the user can select the one they prefer, like the one with the lowest loss or the
cheapest. One of the advantages of SmartNetics is that it provides access to the full
data; thanks to this, the user can select devices that may not be the best in some nu-
merical parameters, but that are more convenient in metrics hard to describe with a
figure of merit, like manufacturability.

From the valid designs, the ones with a very different number of wires in vertical
and horizontal are usually difficult to manufacture, so we will discard them:

Figure 33: Parallel wire options. Details (reduced)
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New winding strategy

For the remaining ones, we can take a look at the P w column to see the impact that
different configurations would have. We will select the two designs with the lowest
wire loss:

Figure 34: Parallel wire options. Details (last)

Both options provide valid solutions. The first one describes a component with
lower winding loss, but that uses more wire and is more expensive; the second one
reduces copper usage in exchange for an increase in loss and temperature. For this
particular example, the design with the lowest losses is selected, with the aim of push-
ing the efficiency of the converter:

If we want to have a single result, we can go back again to “Configuration” - “Gen-
eral” - “Inductor” and set the desired number of wires in parallel:

Figure 35: Parallel wire set options

Now we have a single design with a good window utilization and gap distribution,
displayed in Figure 36.
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New winding strategy

Figure 36: Final design 3D

Thanks to the change in wire geometry and distribution, we have achieved wire
losses that are an order of magnitude lower (compared to the solid wire loss, shown
in Figure 28). This is due to the reduced high-frequency impact when using this Litz
wire, demonstrated by the fact that DC, Skin, and Dowell loss estimations are now
very close, as displayed in Figure 37.

Figure 37: Final design wire loss models

The additional loss model shown in the figure (Villar) is not considered for this
design, since it can improve the results for some particular configurations but reduce
it for others.
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New winding strategy

Once we have a design that achieves the desired performance, in the next dialog
we can see the expected temperature distribution. Thanks to the high reduction in
losses, both in core and winding, we now have a device that with a significantly lower
temperature and that can easily operate without forced convection or any other cooling
strategy. The new temperatures are shown in the next figure:

Figure 38: New design temperature distribution
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Validation

Up to this point, every result displayed has been obtained by means of analytical equa-
tions, which allows the very fast calculations of any number of possible combinations.
Once the component has been redesigned and a single device has been selected, we
can double-check its main parameters by exporting it to third-party tools.

In this regard, SmartNetics provides two exporting options to Finite Element Anal-
ysis software: Ansys (Maxwell for electromagnetic and Icepak for thermal) and Altair-
Flux (only for electromagnetic).

1 Altair Flux

The first step is to check if the inductance value matches the specifications. We can
check that value in Altair-Flux. To increase the precision, we will run a 3D simulation
and, to reduce simulation time, we will only simulate one fourth of the device, thanks
to its symmetry.

The configuration used can be seen in the next figure:

Figure 39: Flux export configuration

After the simulation finishes we can check the results and see if the inductance
matches the expected values. The results after the simulation finishes are shown in
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Ansys Icepak

Figure 40.

Figure 40: Flux simulation results

As can be seen, SmartNetics was able to predict the inductance of the device with
high accuracy, allowing us to assess the impact of every modification in an instant,
without the need of a long Finite Element simulation, which is used only for validation.

2 Ansys Icepak

Using Ansys Icepak we can check the temperature distribution for the full volume of
the device. To provide a good depiction of the real problem, we will include every
component in the simulation. Apart from the core and winding, we will use the check-
boxes to include insulators, wire sleeves and bobbin, as shown in the next figure:
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Ansys Icepak

Figure 41: Ansys export configuration

After the simulation runs, we can check the temperature distribution:

Figure 42: Icepak temperature results

As can be seen, there is a great match between both results, with an expected max-
imum temperature of 39.6 °C (as shown in Figure 38) versus the one provided by the
Icepak 3D simulation of 41.09 °C.
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Conclusions

In this tutorial, we have shown how to analyze and optimize an inductor that was
already built for a different project.

Thanks to SmartNetics capabilities, we have been able to keep the original footprint,
size, and connections of a device that was intended for 22.5µH and 10 kHz and adapt
it to a new specification of 7.5µH and 30 kHz. All that, while optimizing the materials
and component selection to comply with the aim of this particular project, which was
to reduce losses as much as possible.

Last but not least, the user can automatically export the full model to third-party
tools for its simulation, including Ansys (Maxwell or Icepak) and Altair-Flux.

This tutorial is intended as an example, so the user is encouraged to try different
configurations to find the one that is best suited for their particular project. Please,
keep in mind that the images shown in this document may not exactly match with the
options and distribution shown in the application, since different updates may result
in slight changes.
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