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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 our tool provides: the analysis of a component.

This tutorial aims to illustrate how to tackle the analysis of a magnetic component
that was already manufactured and for which many of the parameters are unknown.
On top of getting the main parameters, SmartNetics gives the user the chance to know
if that 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 a transformer, that was already manufactured for
an old project, which data is totally unknown. Once characterized, we will try to find
out if we can use it for new projects and what are the expected performance and use
limits. The transformer to test is shown in Figure 1.

Figure 1: Transformer under analysis
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Physical Measurements

Although the original specifications, purpose and manufacturer of the transformer are
unknown, there are several parameters that can be obtained by a simple inspection of
the geometry. The ones we are going to obtain in this analysis are:

• Core geometry

• Conductor geometry

• Primary turns

• Secondary layers

• Bobbin

Core geometry

First of all, the dimensions of the core can be easily measured.

Figure 2: Core dimensions
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For the transformer under study, the approximate width, height and length are:

• Width ≈ 100 mm

• Height ≈ 120 mm

• Length ≈ 192.5 mm

From the width and height we can get the core geometry used and select it in the
database. In this case, the dimensions correspond to an E100/60/28, so that is the
only core geometry we will allow in the database (accessed through “Configuration” -
“Databases” - “Core geometry”), as shown in Figure 3.

Figure 3: Core geometry

As can be seen, in the database we have selected a geometry that matches the mea-
sured width (defined by the parameter “l (m)” in SmartNetics) and height (2 times the
parameter “h (m)”), which corresponds to the E100/60 core. The remaining dimension
(length) is much bigger than the one shown in the database (“w (m)”), which means
there is more than one core, stacked in parallel. The original length of an E100/60/28
core is 27.5 mm, so this means the number of stacked cores in this case is:

192.5

27.5
= 7

To avoid the use of a different number, we will set the minimum and maximum
number of staked cores to 7 at “Configuration” - “Device parts” - “Minimum stacked
cores”/“Minimum stacked cores”, as shown in Figure 4.
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Figure 4: Maximum and minimum stacked cores

Once the core geometry is defined, the next step is to analyze the conductors.

Conductor geometry

The windings are easily accessed by the front and back. As shown in Figure 5, the
same wire is used for primary and secondary. The wire has some insulation that seems
added ad-hoc but, nevertheless, the approximate external diameter can be measured
with a caliper.

Figure 5: Wire diameter measurement

The approximate external diameter of the wire is 7.17 mm, but there are some un-
certainties regarding the thickness of the extra insulation or the grip strength when
measuring the dimension. Instead of a single option, every wire that is close to the
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measurement (from 5 to 8 millimeters) is going to be selected as a possibility in the
database (accessed through “Configuration” - “Databases” - “Conductors”):

Figure 6: Selected conductor geometries

Primary turns

From the front we can see that only the external winding is easily accessible. We will
define it as the primary winding and, as shown in the next figure, we can see that it is
composed by 5 turns consistent of three wires in parallel each.

Figure 7: Primary winding
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Those restrictions to the design can be imposed in “Configuration” - “General”
- “Parameters set” - “Transformer”. Only the known parameters are set, while the
remaining ones are left empty (or as 0) since they are still unknown and we need the
tool to calculate them. The resulting configuration is displayed in Figure 8.

Figure 8: Set parameters

Notice that, although the real transformer does not strictly have 3 wires in vertical
in its winding, in SmartNetics only rectangular packaging is currently supported, so
this serves as a good approximation.

Figure 9: Supported wire arrangement

Secondary layers

The secondary winding lays between the core and the primary side, so we have very
limited access to it, as can be seen in Figure 10.
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Figure 10: Secondary winding enclosed by the primary

Although we cannot see how many wires are in parallel at the secondary winding,
we can identify that there is a single layer of wires, which will help us discard some
combinations later.

Bobbin

As can also be seen, no bobbin has been used in this transformer, so we will deactivate
that option in SmartNetics, in “Configuration” - “Device parts” - “Include bobbin”, as
shown in the next figure:

Figure 11: Unchecked bobbin option

These are the parameters that can be physically measured. There are some remain-
ing unknowns that can be determined without dismantling or damaging the device,
by some easy electrical measurements that we will carry out as well.
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Electrical Measurements

By using specific, expensive equipment, there are many parameters that can be ex-
tracted from the device. With the aim to keep the approach presented here as general
as possible, we will restrict ourselves to measure a very low number of properties and
to use equipment as cheap and generally available as possible. With those restrictions
in mind we can measure:

• Turns ratio

• DC resistance

Turns ratio

The only parameter it is compulsory to input in SmartNetics when designing a trans-
former is the turns ratio, defined as the number of turns of the primary over the num-
ber of turns of the secondary. Since we can see the primary, we know it is a 5 turns
winding, but we have no way to visually extract that value from the secondary. We
don’t need to know the number of turns, since we only need the ratio, and that we can
easily find out by injecting a small perturbation at the primary side and measuring the
resulting value at the secondary.

There are many ways to do this with very little equipment, like using a signal gen-
erator to inject a pure sinusoidal signal and measuring the AC value at the secondary
with a multimeter. In this case, to graphically show the relationship between both
windings, we are going to use an oscilloscope to record the primary and secondary
voltages, and its internal signal generator to generate the sinusoidal perturbation. The
probes connected to primary and secondary side and the signal generator output at-
tached to the primary side are shown in Figure 12.
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Figure 12: Probed device

The voltages at primary (yellow) and secondary (orange) windings are shown in
Figure 13.

Figure 13: Oscilloscope waveforms

From the peak value of those signals, we can extract the turns ratio:

n =
V1,peak

V2,peak

=
5

10
= 0.5

This value must be set in the first dialog of SmartNetics (“Input data”), as shown in
Figure 14:
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Figure 14: Turns ratio value

DC resistance

By means of an advanced impedance measurement we could get a very detailed de-
scription of the winding but, with the aim of keeping the number of measurements as
low as possible and to ensure they are fast and cheap (so they can be done with easily
accessible equipment), we will only measure the DC resistance.

The primary side is composed by a number of turns lower than the secondary (n <

1) and uses 3 wires in parallel, so we can assume its resistance is very low. Since we
are limited in our capacity to measure low resistance values, we choose to measure the
secondary resistance instead.

The cheapest way to measure a very low resistance is to impose a high current on
the winding and measure its voltage drop. This can easily be done by means of a
multimeter and a DC voltage source.

Figure 15: Voltage and current measurement
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From this measurement the secondary DC resistance can be calculated. Its value
will help us find out the conductor used for the construction of the device.

RDC,2 =
V

I
=

15.702 · 10−3

3.1014
= 5.06mΩ

* Ideally, the DC source itself would be enough to take these measurements but, as
shown, only the current has a value high enough to be correctly measured by it, and
an external voltmeter is usually needed for such low values.
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SmartNetics Configuration

We don’t know the prior use of this particular device, so we don’t know the current,
voltage or frequency, whether or not it complies with a restricted number of wires in
parallel, if skin depth was considered or even if a maximum temperature restriction
was used, etc. In order to avoid accidentally discarding the real device configuration,
we will eliminate all of those restrictions before finding every combination of parame-
ters that can reproduce the real transformer. To do so we will configure:

• Input data

• Device parts

• Models

Input data

Since we don’t know the real values, we will use very small ones so we can ensure
the device is not discarded due to a possible over-temperature or saturation. To do
so, we will select current and voltage waveforms with an amplitude of 1 amp and 1
volt, respectively (this device is big enough to assume it will not have any issue at such
values):

Figure 16: Voltage and current values
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Device parts

In order to avoid discarding the real device due to any restriction that we didn’t know
if was taken into account during the design, we will take out most of them. In this case,
we have:

• Set “Saturation factor” to 0.95.

• Set the “Paralleled wires limit” to 20 (any big value would do).

• Set the “Allow a reduction of n parallel wires” to 20 (any big value would do).

• Unchecked “Limit parallel combinations”.

• Set the “Vertical window filling factor” to 0.95.

• Set the “Horizontal window filling factor” to 0.95.

• Set the “Lower limit” of the window ratio allowed for primary to 0.1.

• Set the “Upper limit” of the window ratio allowed for primary to 0.9.

• Set the “Number of sweep steps” to 100 (any big value would do).

• Set the “Maximum N combinations” to 50 (any big value would do).

• Unchecked “Limit skin depth”.

• Unchecked “Limit current density”.

The applied restrictions are shown in the next figure.

Figure 17: Device parts restrictions

Models

To avoid discarding the real design due to an excess of temperature, we will deactivate
its calculation as well, as shown in Figure 18.
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Figure 18: Thermal calculation deactivation

Once the restrictions have been lifted, we can get all the possible combinations that
can produce a transformer similar to the one under study, to find out which one is the
correct one.
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Possible Devices

Once all the available information has been set and the restrictions have been elimi-
nated, the user can begin the “Design” process to find out the possible combinations
of parameters that would yield a transformer similar to the one under analysis.

To run the design, the user must press on “Begin magnetic design”, under “De-
sign”. Once it runs, every combination of the parameters of the databases (including
materials, geometries, wire arrangement, etc.) is displayed in the 4 axes below, as
shown in the next figure:

Figure 19: Possible devices (default axes)

The default configuration for the variables shown usually fits the design procedure.
In this case, however, since there are so many parameters that are set to a given value,
more convenient variables can be chosen. That can be done by means of the panels at
the right side and, in this case, we have changed:

• Axis 1, Y variable: N2

• Axis 3, X variable: RDC,2

• Axis 3, Y variable: Secondary layers

• Axis 3, X variable: Total weight (kg)
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The same results, but using the new variables, are shown in Figure 20.

Figure 20: Possible devices (selected axes)

Now we can filter the designs even further thanks to the measurements we did
before. We measured a resistance of around 5 mΩ, but that included the additional
resistance imposed by the terminals and the measurement setup, so we can expect the
winding to be a bit lower than that. We will select all the devices with a secondary
winding DC resistance between 3.5 and 5 mΩ. Also, when carrying out the visual
inspection, we found out that there is a single layer of secondary wires, so we will only
select the ones corresponding to that value. Both variables were selected for the third
axis, so we will use it, as shown in Figure 21.

Figure 21: Possible devices (filtered)
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Once we have reduced the options to a small number, we can proceed to the next di-
alog, “Selection”, for an even finer tune. In this new dialog, every detail of the devices
is shown:

Figure 22: Selection dialog

During the visual inspection we found out that primary and secondary windings
were done using the same conductor (even though we still do not know which one),
so we will select only the options that have the same value under the “Primary wire”
and “Secondary wire” variables:

Figure 23: Devices with same conductors

Although we don’t know yet if the secondary winding has more than one wire in
parallel in vertical, during the visual inspection we saw that there is only one wire
in horizontal. From the still available options there is a single one that matches such
specifications, so that is the one we are going to select, like shown in Figure 24.
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Figure 24: Selected device

Once a single device is identified, the user can click on the “Select design” button
below, to carry on a more detailed analysis of that particular device. Once the user
does, the data of said device is replicated at the bottom and the last step (“Device”) is
enabled, as shown in the next figure.

Figure 25: Selected device (analyzed)

To visually check the differences between the selected device and the one we want
to reproduce, the user can go to the last dialog “Device” and compare both geometries.
The representation of the full device, and the wires and cores used to manufacture it
are shown in the first tab, as displayed in Figure 26.
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Figure 26: Geometry of the selected device

Reproduced device

At this point, we have been able to analyze and get all the information needed to use
and reproduce a transformer for which every parameter was unknown.

Thanks to SmartNetics, we can do even more. In the next section, we will show
how to find out if this same device can be reused for a different project, with currents
and voltages that do not necessary match the ones it was designed for (since they are
unknown) and how it is going to perform (in terms of saturation, temperature, etc.).

As can be seen by comparing the device in the previous figure to the one shown
at the beginning, in Figure 1, there are still some differences. They are due to the
restrictions in the design space (only rectangular paralleling of wires in SmartNetics
versus a triangular stacking in the real device) and to the uncertainties still present
(the conductor selected may not be exactly the one used for the real device, since the
possibilities are almost infinite). Also, to keep the measurements as easy as possible,
we have omitted the core material selection, which will have an impact on loss and
temperature later on. In this tutorial we will assume it is a ferrite and select any of the
ones present in the database.
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Device Usage

Since now every parameter is known, the user can set all of them to reduce the design
space to a single device (the one we have already reproduced). The remaining param-
eters can be set under “Configuration” - “General” - “Parameters set” - “Transformer”,
as shown in the next figure.

Figure 27: Device parameters set

Now, if the user carries out the design, there is a single possible solution. That can
be seen by pressing the “Begin magnetic design” button in the “Design” dialog. The
single solution is shown in Figure 28.
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Figure 28: Single result

Up until now, we have not set any requirement for the transformer. If we want to
use it for our real design we have to ensure, at least, two things:

• It does not saturate

• It does not reach an excessive temperature

Saturation

To check whether it saturates or not, we have to input our real voltage waveform,
which can be selected in “Input data”. For our project we need a ±400 V square wave-
form with a 25 kHz frequency, like the one shown in Figure 29.

Figure 29: Voltage target
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If we carry out the design again, we can see the Flux density ripple in the core. To
do so, in the “Design” dialog, we have changed the Y variable in Axis 3 to Delta Bpp
(∆Bpp):

Figure 30: Saturation check (axes)

As can be seen, the ripple is around 310 mT, which means the peak value is around
165 mT, far enough from saturation. The exact numeric value can be seen in the next
dialog, “Selection”, as show in Figure 31.

Figure 31: Saturation check (value)

Temperature

To check the temperature behavior, first we need to reactivate the temperature calcula-
tion in “Configuration” - “Models” - “Thermal model”. The selected values are shown
in Figure 32.
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Figure 32: Thermal model

To estimate a real value for temperature we need to estimate the losses, so we need
to input the real current the device is going to handle. We aim to drive a triangular
current with a 150 A peak-to-peak value. We can set those values the same way we set
the voltage waveform before, in the “Input data” dialog:

Figure 33: Current target

Now we can carry out the design process once again to see the expected tempera-
ture. The results are shown in the Figure 34.
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Figure 34: Temperature check (axes)

As can be seen, the maximum temperature is expected to lay between 105 a 110 ºC,
which is acceptable for this particular project.

As we did before, the numeric value can be seen in the “Selection” dialog:

Figure 35: Temperature check (value)

A finer temperature distribution is displayed in the “Device” dialog, in the “Perfor-
mance” tab, like shown in Figure 36.

Figure 36: Temperature distribution
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If the user needs a further check of the results, they can automatically reproduce
the real device in Ansys or Flux, as shown in Figures 37 and 38, respectively.

In Ansys, both electromagnetic and thermal simulations can be carried out, by
means of Maxwell and IcePack.

Figure 37: Ansys export

In Flux, only electromagnetic simulation is currently supported for its automatic
export.

Figure 38: Flux export
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Conclusions

In this tutorial we have shown how to analyze and extract every unknown parameter
of a transformer that was already built for a different project.

On top of that, thanks to the SmartNetics capabilities, the user can check if the de-
vice will be able to comply with new specifications, allowing the reuse of it. Further-
more, thanks to the availability of every possible combination of parameters that pro-
vide a valid solution, the user can improve the current design, selecting wires, cores,
etc. that are more convenient for its new needs.

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

In this example we have not studied the specific core material to be used in order
to keep the measurements as easy as possible. By means of an impedance analyzer the
user could get an idea of the magnetizing inductance, from which the core material
could be deduced.

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 coincide with
the options and distribution shown in the application, since different updates may
incur in slight changes.
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