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APPLICATION NOTE:

SWITCH MODE POWER SUPPLIES (SMPS)

EXECUTIVE SUMMARY

Switch mode power supplies provide two main advantages over SCR/ Thyristor power
supplies, smaller and lighter assemblies for comparative power output and better
input harmonics and quality. In this article we argue that replacing SCR/Thyristors
with switch mode power supply can optimize your equipment and process while
providing increased switching frequency for greater power density.
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SMPS VS. SCR: ISOLATION TRANSFORMERS

In galvanically isolated SCR power supplies, much of the weight and size of the supply
is dedicated to a large laminated iron core transformer. This transformer is used to
convert the 50-60 Hz AC Input voltage from the grid into an appropriate secondary
AC voltage that can then be rectified to produce the DC output voltage. These large
transformers are not required in switch mode power supplies resulting in space and
weight savings . In a high frequency SMPS, this isolation is achieved in much smaller
ferrite core transformers used in conjunction with a circuit known as full bridge
converter.

The full bridge converter switches the polarity of the voltage across the ferrite core
transformer much faster than the 50-60 Hz available from grid voltage. High speed
switching is the key to reducing the size of the isolating transformers. A 60 Hz
transformer capable of delivering 3 kW has a volume of >500 cubic inches, resulting
in a transformer power density of 6 W/In. Whereas the transformer used in ATDI's
3.8 kW Mercury Flex SMPS, operating at nearly 150 kHz, has a volume of 8 cubic
inches. This results in a transformer power density of 475 W/In3. This reduction in
transformer size translates directly to reduced system size and weight.

SMPS VS. SCR: HARMONICS CURRENT

In non-isolated, phase regulated SCR supplies, the output current is controlled by
varying the portion of the 60 Hz sine wave that is delivered to the load. The figure
below shows the delivered current for different conduction angles of the SCR. For a
higher average output current, the SCR conducts earlier in the cycle; while for a lower
average output current, the SCR conducts later in the cycle.
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Figure 1 - Current applied to R1, comparing different SCR conduction angles

A consequence of this is that electrical current is only conducting when the SCR's are
passing current to the output, this results in poor input harmonics since the current
waveform is not a continuous sine wave.

For example, in the case where the SCR conducts during the peak of the sine wave
for both positive and negative half cycle; the current quickly transitions from zero
amps to the maximum.
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Figure 2 - Output Current with SCR conduction angle at peak of half cycle

The resultant waveform shown above in Figure 2 can be further examined using
Fourier analysis. This mathematical process breaks any waveform in to an infinite
summation of sinusoids with varying magnitudes and frequencies. What we find with
this process is that in the example above, a large component of the current resides
in the third harmonic of 180 Hz. Figure 3 below shows the magnitudes of the
harmonic currents for the even and odd harmonics of 60 Hz. These levels are well
above the IEC61000-3 limit.
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Comparison of SCR Circuit Harmonics vs IEC61000-3 Limits
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Figure 3 - Harmonic current content of waveform shown in Figure 2

In addition to these individual harmonic levels being over the limits, the aggregate or
Total Harmonic Distortion (THD) is 63%. The IEC61000-3 limit for THD is 15%.

ATDI's 3.8 kW Mercury Flex SMPS utilizes an active power factor corrector, or PFC.
This circuit monitors the input voltage and current and ensures they are both in
phase with each other and are continuously sinusoidal . The Mercury Flex has a THD
of 9.57% at an output power of 3.8 kW, well within the 15% limits for IEC61000-3.

HIGH FREQUENCY SMPS: MERCURY FLEX
AN AIR-COOLED POWER SOLUTION BY ASTRODYNE TDI

SCR/Thyristor power supplies were largely used before fast switching transistor
technologies were developed, however high frequency SMPS supplies are a fully
mature technology that provide a better solution in applications that demand unique
output voltage and current programmability. ATDI's MercuryFlex SMPS provide
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precise output voltage and current set points via analog signals or digital
communication.

This ability to control the voltage or current applied to a load at any time, in
conjunction with greater power density and superior input harmonics, make ATDI's
MercuryFlex an excellent alternative to aging SCR/Thyristor based power supplies.
Contact your local ATDI representative today to learn more about the MercuryFlex
Power supply!

MERCURYFLEX™
3.8kW Power Module

CANBUS CONTROL

i

3 PH AC POWER

Key Takeaways:

v" SMPS are smaller and lighter power supplies due to the increased switching
frequency, and offer significantly greater power density

v Power factor correction can be achieved in space saving active PFC converter
as opposed to static compensator networks

v Better harmonics achieved through use of active PFC converter

Value Added Power Solution by AstrodyneTDI:

v" Modular approach makes power scalability simple
v Digital communications available through Ethernet
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DISCLAIMER:

The content provided in this application note is intended
solely for general information purposes and is provided
with the understanding that the authors and publishers are
not herein engaged in rendering engineering or other
professional advice or services. The practice of engineering
is driven by site-specific circumstances unique to each
project. Consequently, any use of this information should be
done only in consultation with a qualified and licensed
professional who can consider all relevant factors and
desired outcomes. The information in this application note
was posted with reasonable care and attention. However, it
is possible that some information in this application note is
incomplete, incorrect, or inapplicable to certain
circumstances or conditions.

Astrodyne TDI does not accept liability for direct or indirect
losses resulting from using, relying, or acting upon

information in this application note.
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