Information Sheet #138 TYPES OF TRANSITION BETWEEN POWER SYSTEMS HAVING AC AND DC COMPONENTS

As electrical power consumers become more intolerant of any power lost, even for periods that can be measured in nanoseconds, more
consideration has been given to the time to transition between power supplies and the required transition method. Traditionally an
Automatic Transfer Switch (ATS) was used to transfer, via mechanical and electrical contacts, power between the Utility (primary source)
and an engine-driven generator set (standby power source). However, with the adoption of more renewable energy sources and Microgrid
Buckeye Power Sales systems operating in conjunction with the Macrogrid, that frequently transition between various power sources, some of which are AC, but
(e e Boess orels Sinceli 317k also renewable energy that initially has a DC component. Merging and switching between DC components differs from a purely AC-powered
system. This information sheet discusses the various technologies applied to transition connected loads between AC and DC power sources,
how AC and DC voltages are changed, and using the DC component to ensure power is not lost during the transition.

1.0 CONSIDERATIONS FOR SWITCHING BETWEEN AC PRIMARY AND SECONDARY POWER SUPPLIES:

In a traditional Utility Grid, the power fed to the load is alternating current (AC), not direct current (DC). An AC system’s load, single phase or three, must be switched to AC
secondary power source with the equivalent AC waveform and voltage.

Unlike DC, which is a flat line with current flowing in one direction, no two AC power outputs and loads can be connected unless each of their waveforms are in sync, as AC
alternates between positive and negative. (Continued Over)
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The installation information provided in this information sheet is informational in nature only, and should not be considered the advice of a properly licensed and qualified electrician or used in place of a detailed review of the applicable National
Electric Codes and local codes. Specific questions about how this information may affect any particular situation should be addressed to a licensed and qualified electrician.

IN POWER. SINCE 1920. BuckeyePowerSaIes.com



1.0 CONSIDERATIONS FOR SWITCHING BETWEEN AC PRIMARY AND SECONDARY POWER SUPPLIES (CONTINUED):

In a traditional AC transfer switch (manual or automatic), without any paralleling technology, the load can only be fed through the contactors on the primary power side or those
on the secondary power supply. The contactors are mechanically and electrically interlocked to avoid dual feed to the load, but switching from one to another causing a delay.
Transitioning from between power sources using the following terms:

e  Break-Before-Make - Here, the primary contactor feeding the load is disconnected (open) before the secondary contactor is switched to the load (closed), and vice-ser-versa.

e Delayed Transition - This is the same as Break-Before-Make, but the time for the other contactor coming online is delayed long enough for inductive (motor)
loads to dissipate any residual voltages built up in the motor that could cause a large inrush of current when the switch closes on the alternate source.

e Make-Before-Break - In this case, the incoming contactor is closed before the outgoing contactor opens. This is called Closed Transition. This is for clients who
do not want power shut to devices while transitioning. However, it does result in momentary paralleling of the two power sources, not necessarily in sync, and
the utility company should approve its adoption.

e Soft-Load Transition - This transition is also Make-Before-Break. However, in this case, the incoming power source is paralleled with the outgoing power before
its contactor is closed and before the outgoing contactors switch to the open position.

This option is chosen when the two sources can be paralleled for some time. It is a more sophisticated arrangement and adopted when there is extensive
monitoring of the condition of the various power sources, beyond just voltage, because of the sensitivity of the connected load. It is also the most expensive.
2.0 THE ROLE AN ATS PLAYS WHEN PARALLELING AC POWER SOURCES:
ATS and bi-pass isolator switches were developed to switch from one AC input to another. With AC power, the electrical current in one cycle goes from zero at zero
degrees to maximum positive power, at 180 degrees, to maximum negative, at 270 degrees, then returns to zero at 360 degrees. The AC flow follows a sinusoidal sine
wave.
When switching from one AC power source to another AC source, an ATS ensures only one of the AC power supplies can be connected to the load. This avoids the
potential mechanical and electrical damage to generators and connected loads due to the improper matching/paralleling of AC source phases, voltages, and frequencies.
(See information sheet on paralleling)
When paralleling different AC power sources, a transfer switch between the load and the connected sources assures reliable load transfer only when both source’s
frequency and voltage differences are acceptable after paralleling.
3.0 DC COMPONENT OF THE MACRO/MICROGRID USING RENEWABLE ENERGY POWER SOURCES:
When electrification came about, there were two competing systems AC and DC. AC primarily became the dominant power source for homes, factories, commerce,
etc., because of its ability to transform electromagnetism (transformer) to other voltages, higher or lower than the primary generated source. This was particularly
important when transmitting electrical power over large distances. AC power can be converted to very high voltages and the relative loss of power over long distances
when the voltage is transformed down to user voltage at the other end.
However, wind, solar, fuel cell, battery, and other renewable energy sources initially output DC power. Finally, the power fed into the Grid is converted to AC via
inverters. (See information sheet on inverters)
4.0 CHANGING AC AND DC VOLTAGES AND SWITCHING BETWEEN POWER SOURCES:
The required AC voltage generated is well established and can be defined by the electromagnetic design of the generator and transformers for distribution. However,
DC power from renewable energy sources is a function of voltage generated by alternative technologies not necessarily related to that of connected Grid customers.

4.1 CHANGING/SWITCHING AC VOLTAGES:

Changing voltages of AC systems is accomplished via a transformer, a single component. As AC current flows between positive and negative over a varying time,

magnetic flux can be transferred to a secondary coil. (See information sheet on transformers) Switching between AC sources requires an ATS, and before merging,

paralleling is required.

4.2 CHANGING/SWITCHING DC VOLTAGES:

Changing DC voltage cannot be accomplished by a single component because DC current only flows in one direction. An inverter is used to change DC current,

which comprises a group of electronic components that switch the voltage on and off by processes such as waveform modulation. When changing or merging

from one DC power source to another, an ATS is not required because there is no issue with matching the various frequencies, voltages, and phases.

5.0 DC PROVIDING UNINTERRUPTED POWER (UPS) AND SWITCHING SOURCES AT THE DC SIDE:

UPS systems already use inverters and rectifiers to provide uninterrupted power by charging a battery bank with enough DC power converted to AC power by an inverter
to power the load while the system transitions to standby AC power.

Frequently microgrids and applications such as data centers already have DC renewable energy power sources with batteries and inverters designed and sized to power
the connected AC load. If any AC power source, standby generator, is connected to the DC power sources via a rectifier, then switching between power sources will be
at the DC output side before the power is converted to AC via and inverter. In a scenario such as this, the application would have a UPS component, and as switching
between power sources is at the DC side, no ATS would be required.

To fulfill our commitment to be the leading supplier in the power generation industry, the Buckeye Power Sales team ensures they are always up-to-date
with the current power industry standards as well as industry trends. As a service, our Information Sheets are circulated on a regular basis to existing and
potential power customers to maintain their awareness of changes and developments in standards, codes and technology within the power industry.
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