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POWER BREATHES
LIFE IN THE AV
SYSTEM.

CHAPTER ONE PG.3

But, power doesn’t just turn everything SU RGE PROTECTION:

on—making it function and work to-

gether-it enhances the system by bring- Is Your AV System Truly Protected?
ing reliability, protection and control.

Power can monitor the environment
and alert when something is wrong. It
extends the life of the system by backing CHAPTER TWO PG.8

up and protecting against power events

that can destroy expensive equipment. FIVE STEPS TO SELECTING A UPS
It provides intelligence to ensure the
system is operating at its optimal level.

Identifying Equipment, Load, Run Time, Topology
& Waveform for Optimal Battery Backup

A great system exists and sustains
life because of Power. That is why we
have invested in bringing power to our

portfolio—not only to build a great CHAPTER THREE PG. 22

system but to power it—to power AV.

THE DC POWER DILEMMA:

Three Ways Wall Warts Are Killing an AV System
Since 1999 we’ve been investing in pow-
er for AV and to date, we have shipped
2 million power units since launch—
that’s approximately 20 million Middle
Atlantic outlets in the market.

MIDDLE ATLANTIC PRODUCTS
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COMMON CAUSES OF

SURGE & SPIKE EVENTS

Building design & environmental factors
affecting power are as unique as our AV
system designs- there is no one culprit.
Here are some of the more common
examples as captured by our very own
Tech Support team at Middle Atlantic:

INTERNAL CAUSES

e Undersized Power Supply: Seasonality of
large power-drawing units such as AC units
can cause variance in voltage when on or off
depending on the site conditions
Machinery or large power supply failure
on-site at large industrial or manufacturing
facilities operating large machinery
Bad Transformers- either in line or at a
transfer station

EXTERNAL CAUSES

e Lightning: - in the U.S., Central Florida is at
the highest risk for lightning strikes. For the
latest in strikes or to pull a specific region,
check out http://www.lightningmaps.org
Damage to telephone poles: Could be
related to lightning, fallen trees, an
automobile accident, etc.

That said, you can take precautionary

measures such as installing an intelligent power
distribution unit (PDU) on site in advance and
studying the power behavior prior to install.
With products like Middle Atlantic’s RackLink™
you can monitor mains voltage and equipment
current draw for any anomalies in real time to
help plan for the realities of your site.

CHAPTER ONE

SURGE PROTECTION:
Is Your AV System Truly Protected?

Power surges take many forms —
lightning, inductive-load switching,
electrostatic discharge, and more. These
unpredictable voltage transients can be
catastrophic to today’s AV devices, which
are highly vulnerable due to their internal
microprocessing technology. This circuitry
is incredibly sensitive and is not built to
withstand sudden changes in current.

With hundreds and even thousands of
dollars of AV equipment on the line,
surge protection is a vital and foundational
element in any installation. Surge
protection solutions are available in a
variety of designs with the two most
popular in the AV industry being: metal-
oxide varistors (MOV), also known as just
varistors, and series style protection.

Understanding the differences between
these technologies is important when
making decisions about budget, system
requirements, and potential for ongoing
service needs.

POWERING AV
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MOV TRUTHS

MOV-enabled surge protectors come in a variety
of form factors and tolerances, which should

be carefully selected. It’s not a one-size-fits all
approach. For more advanced and expensive AV
equipment, they are not the best choice for a

UNDERSTANDING
MOV Protection

MOVs are the more well-known and
common defense against power
anomalies. This style of protection works
by slowing down wayward electricity
through zinc-oxide balls that have been
fused into a ceramic semiconductor. The
crystalline microstructure — MOV —
absorbs high voltage and diverts surge cur-
rent away, ultimately sacrificing itself for
the greater good of the components down-
stream.

The amount of energy each MOV can
absorb is dependent on it's size (thickness
& diameter). You'll notice that most
devices contain multiple MOVs. The size and
quantity in each design is determined by
the environmental factors, applications and

MIDDLE ATLANTIC PRODUCTS

MOVs come in a variety of shapes and sizes.

)
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standards such as ANSI. Most solutions
feature an indicator light when the MOV
protection is no longer effective. This is
where service becomes key as the system
is no longer protected from spikes
and surge activity. These units require
replacement.

MOV protection is a tried-and-true design
that has been in market for years. It's
important however, to understand the
tolerances of the protection selected for
your system. For highly sensitive AV
equipment there is an improved non-
sacrificial approach that responds more
quickly to an event and provides Superior
on-going protection.

number of reasons:

1.

Their lifespan is dependent on the design

& environmental factors.

Because of their sacrificial design, MOVs
can degrade or fail due to voltage swells/
sags or small surge events over a period of
time or they can be completely wiped out
with a single big event.

Reliability decreases over time.

Each jolt— big & small — reduces MOVs max
capacity causing them to become less and
less reliable over time. Look for multi-stage
units with indicator lights as these can give
you and/or end users a clear indication when
the first line of MOV defense is down - giving
ample notice to replace the unit.

Quality is not guaranteed.

There isn’t a standards body overseeing
MOV specifications and they are typically
a sourced, commoditized component to a

design. To combat this, manufacturers
should have rigid sourcing requirements

to select quality component parts & perform
in-house testing to ensure performance

to spec.

Llegrand’ | AV



UNDERSTANDING
Series Protection

Alternatively, series mode protection is a
more reliable and stronger option ideal
for maximizing protection of expensive,
sensitive AV components. Its internal
circuitry leverages a large, high-current
inductor that is followed by an energy-
absorbing  circuit  that's  generally
comprised of a bridge rectifier and
capacitors. The series inductor slows the
incoming current spike, which in turn
spreads out the peak surge energy in the
time domain and allows the surge to be
harmlessly absorbed by the capacitors.
With this design, series mode protection
eliminates sacrificialdesign challenges that
make MOV solutions a short-term option.

The anatomy of series mode protection
include the component parts of inductors
and capacitors, however, there are unique
circuit designs in market that are not
created equally. In certain series
protection designs, the surge detection
can come too late, allowing harmful surge
energy to progress unimpeded through
the device before the capacitor bank is
“switched” into the circuit diverting the
excess energy. The result? There is a
millisecond of impact that can damage or
destroy equipment.

In addition, some designs incorporate a
capacitor bank that is always in circuit.
In time, these capacitors will degrade.
They are also susceptible to sustained
over-voltage failure which causes a long
term reliability problem.

RIGHT-SIZING YOUR PROTECTION

If budget allows, Series Protection is the industry’s best form of surge protection that will ensure the longevity
of your system but we know that’s not always the case. You have to decide where to allocate your client’s
budget where it matters most. Consider this list of recommended devices (based on known power sensitivity)
for Series Mode Protection vs. MOV protection.

BEST PAIRED WITH SERIES MODE PROTECTION ACCEPTABLE FOR MOV PROTECTION
Control system processors and sub processors e Blu-ray/DVD
Audio video receivers (AVR) e Cable box
Digital signal processors (DSP) e DVR
Matrix switchers e Satellite box
Network routers
Network switches (with and without PoE)
NVR or media servers

POWERING AV
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Normal Power Circulation

PATENTED
CIRCUIT

Power Circulation in a Surge Event Surge Enters

Surge is detected before reaching the
inductor - unique to Middle Atlantic

Inductor slows down the surge event
and begins to regulate the wave form

Surge is absorbed and eliminated -
dissipating as heat

Power filtering

Power Distribution back at 120V to
input devices at the normal 120V

MIDDLE ATLANTIC PRODUCTS
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If not replaced, capacitors can become
leaky, or in some cases, fail completely.
This is a well-known problem in the
audio world, and audiophiles will
“re-cap” their amps after a period of time.
However, as part of the core for ensuring
systems dependability, this is an expensive
and inconvenient long-term solution.

Look for solutions that leverage Series
Protection to its maximum capabilities,
which has been enigeneered as the
best way to manage energy. Middle
Atlantic Products invested years of time
and resources in its engineering and R&D
teams. They went deep into the science
of energy and series mode protection
to discover ways it could provide a more
reliable and enduring solution. The
result is Series Protection, the industry’s
fastest responding, long-lasting patented
surge protection technology that benefits
all AV components. Series Protection is
designed to deliver superior series mode
protection through two unique capabilities.

1: Middle Atlantic’s Series Protection
detects a surge event prior to the
event moving all the way through the
inductor. With a sensor placed before
the series inductor, the system can
detect, react and eliminate the surge
energy at a near instantaneous rate of
speed.Asaresult,there’safasterresponse
and events don't reach a threshold
where equipment can be damaged, like

in a traditional series mode product.
This also protects the unit, unlike the

sacrificial design of MOV surge
protection and other series mode
units that have to be replaced
frequently.

2: To ensure the highest possible

reliability, Middle Atlantic’s Series
Protection disconnects the capacitor
bank from the circuit under normal
voltage conditions and connects it at

PRODUCT FORM
CATEGORY RUES FACTOR

PD-915R-SP Horizontal
PD-920R-SP Horizontal 20A
PD-28-SP Compact 15A

Basic Power Distribution
PD-415R-SP Compact 15A
PD-420R-SP Compact 20A
PD-HW15-SP Compact 15A
RLNK-P915R-SP Horizontal 15A
RLNK-P920R- SP Horizontal 20A
Intelligent Power RLNK-SWB20R-SP Horizontal 20A
Distribution

RLNK-SWB15R-SP Horizontal 15A
RLNK-SWAT5R-SP- Compact 15A
RLM-15A-SP Modular 15A
Modular Power RLM-20A-SP Modular 20A
Distribution M-15A-SP Modular 15
M-20A-SP Modular 20A

S0 MUCH

Did you know that one of the primary
causes of power supply failure is actually
UNDER VOLTAGE? Believe it or not, few
power products properly protect against
this dangerous power anomaly. Learn
more about the damaging effects of under
voltage and solutions to protect your
system at middleatlantic.com.

AMPERAGE | OUTLETS TYPICAL APPLICATIONS
157 9

the moment a surge event is detected
a surge event takes place. This keeps
the capacitor at near zero volts,
ensuring a lower temperature, a longer
life, and ultimately preventing leakage
current from damaging the capacitor.
It's the only patented series mode
protection solution that takes a
systems approach to protecting
sensitive AV systems while also
preserving your investment in power
protection.

In-rack installations

4 Digital Signage, Kiosks, Carts/Stands

Hardwired When spec or code require hardwiring

AVaa$, AV Applications requiring energy management and/or
9 system health monitoring

In-rack installations requiring power data monitoring and control

Digital Signage, Kiosks, Carts/Stands
requiring power data monitoring and control

7 Modules for vertical MPR raceway (field configurable;
designd for in-rack installs) requiring remote
2 or local control via dry contact

POWERING AV
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A power loss can not only be
a nuisance, but may cause
permanent damage or render
a whole system inoperable.

AV equipment is almost purely
digital and rackmountable.

Just like networking equip-
ment, the same principles and
best practices can also be ap-
plied to its protection.

MIDDLE ATLANTIC PRODUCTS

CHAPTER TWO

FIVE STEPS TO SELECTING A UPS

Identifying Equipment, Load, Run Time, Topology
& Waveform for Optimal Battery Backup

INTRODUCTION

Nearly everyone has experienced a truly
memorable power loss at home or at work,
and the experience left them wanting more
protection in the event of future electri-
cal interruptions. As many are beginning
to see across the variety of business and
personal applications where sophisticated
audio and video technologies are in use,
a power loss can not only be a nuisance,
but may cause permanent damage or
render a whole system inoperable.

Even in cases where emergency
generators are in place, there will be a
short-term power loss until the generator
equipment can produce 100% of the power
required by the load. Bridging this gap
and providing increased defense against
electrical calamity is a technology formerly
associated mainly with largescale data

centers or applications specific to IT and
networks: The Uninterruptible Power
Supply (UPS). Now that AV equipment is
almost purely digital and rack-mountable,
just like networking equipment, the same
principles and best practices can also be
applied to its protection.

A UPS can provide benefits in a variety of
applications, and a deeper understanding
of the factors important to selecting the
right UPS would be of tremendous help.
Let’'s look at different UPS features and
requirements in order to better identify
the right choice for your customer or
application.

Llegrand’ | AV



STEP ONE:

Identify Equipment to
Pack Up

In order to best ascertain which
components in a system are essential and
therefore must receive power in the event
of a power outage and/or emergency, it's a
good idea to take a look at the system first
as a whole and then divide it up into parts.
A bit of analysis may prove that not all
equipment in an AV system will require
the use of a UPS, potentially saving on
equipment cost and reducing the physical
weight in racks and other storage
locations.

From a top-level standpoint, start by asking
what the purpose is for the room or building
system in question. What role does it play in
the end-user’s life or livelihood? How much
does present and short- and long-term
future success depend on the operation of
this system? What value is placed on the
system rebooting properly, without loss of
memory from sudden power cutoff?

BACK IT UP:

What Types of Gear Should be
Backed Up by a UPS?

Control system devices

Multimedia servers and HDD systems
used for AV

Signal processing devices

Network devices such as routers, modems,
WAPs and switches

Anything with critical digital memory that
could be corrupted by a power interruption

Video projectors - to allow time for the
bulb to cool and prevent damage during
power outage

Computers - especially those used to
control the AV system

Computer monitors and peripherals
(except printers) that might be critical
to the system

Next, zoom in on the individual components
or parts of a facility-wide solution. When
thinking about using UPS systems, a
good hierarchy is to start with safety, then
security, then everything else. Safety
requirements are covered in detail within a
commercial building’s specifications.

DON'T BACK T UP:

What Types of Gear do not
Need to be Backed Up?

Audio amplifiers - they typically draw a lot
of current and would drain a UPS battery
quickly*

Large video monitors (flatscreen LCD, LED
and plasma)*

e Analog signal processing equipment

*This is a general rule of thumb, but special
consideration should be given to equipment like
amps & monitors purposed for emergency
notifications

POWERING AV
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Large residences may also have this level
of detail, but not always. Typical safety
equipment might include intercom, as well
as life safety systems, and these devices
may or may not be located inside a rack.
When considering security, devices such as
electronicdoorlocks,closed-circuitcameras
and communication equipment (routers
and switches) must be reviewed. The final
consideration is convenience, which may
pertain to AV and automation systems,
unless their purpose is specified as a
requirement. Remember, some things
should never be backed up, such as
equipment with electrical motors, HVAC.

Elsewhere in a facility, many control system
components need to be backed up due to

the sensitivity of those devices and the
potential loss of configuration information
upon reboot. (For more information on what
types of AV gear should and shouldn’t be
backed up by a UPS, please see the related
sidebar.)

In taking this piecemeal approach to battery
backup, several patterns will become
apparent, allowing for more efficient
determination of needs on subsequent
installations.

NEVER BACK IT UP:

What Types of Gear Equipment are not Allowed to be Plugged into the UPS?

Any device which exceeds the unit’s VA/ Watt rating should not be plugged into the outlets. High current draw
devices, medical equipment, and aquatic equipment also can void the unit’s warranty. Below is a list of other
devices that also void the warranty:

Copiers .
HVAC .

e Laser printers e Space Heaters . Paper Shredders

e Vacuums e Power Tools . Electric Motors

MIDDLE ATLANTIC PRODUCTS
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STEP TWO:

Identify
Maximum Load

Following the determination of which
pieces of equipment will require UPS
backup, it is necessary to establish the
total power needs (also known as current
draw, or load) represented by that
equipment. Several elements of
quantification go into determining power
requirements, and all must be
considered carefully to reduce the risk of
over-engineering a system and blowing a
budget instead of a power supply.

There are two basic methods for determining
the required UPS rating: Nameplate
calculation and the power measurement
method.

For the nameplate rating calculation
method, either the VA or Watt rating must
be determined for each piece of equipment
that will be connected to the UPS. The
fastest way to discover the maximum load
of individual pieces of equipment is to refer
to the manufacturer’s specifications, either
as documented by the equipment builder in
a user manual, or by checking the back of

UNDERSTANDING THE POWER FACTOR

A VA rating is Volts x Amps (in rms), and is referred to as Apparent Power

A Watt rating is VA x power factor, measured by a wattmeter, and is referred to as True Power

Why is there a difference in these ratings? The difference is due to something called the Power Factor,
which is a ratio of the True Power to the Apparent Power.

There are electronic techniques that can bring the power factor to unity, called Active Power Factor
Correction.

Power factor is a dimensionless number from 0 to 1. When the True Power and Apparent Power figures
are equal, the Power Factor will be 1.0 (called Unity Power Factor). This is the optimal Power Factor.

In general, unless the equipment is known to have Active Power Factor Correction, a good conservative
estimate is to assume a Power Factor of 0.6.

Here are some examples of typical power factors:

Resistive loads, like incandescent light bulbs, have a Power Factor of 1.0
Reactive loads, like transformers or motors, can have a Power Factor of much less than 1, typically about
0.5 (Note: Rackmount UPS systems are not designed to provide backup power to these types of loads)

Typical electronic equipment, including modems, wireless access points, AV gear, control systems and
computers, typically have Power Factors less than 1, ranging from about 0.6 to 0.9 depending on how
the equipment is designed

High-end servers, routers and storage systems are typically Active Power Factor Corrected, and will have
a power factor of about 1.0

hardware to look for a power rating sticker.

Power may be rated in Watts or Volt
Amperes (VA], or some combination of
those quantifiers. In order to size a UPS,
ratings for VA and Watts must both be
known. In cases where the VA is not listed,
but the label specifies the number of
volts and amps, those numbers can be
multiplied together to determine VA. For
example, the VA for a device specifying
120 Volts and 6 Amps can be determined
by multiplying 120 by 6, for a total of
720VA. For a device with a “wide range”
input rating, such as 100 - 240V,
the current draw shown is typically at the
lowest voltage, but as an approximation it
is acceptable consider the rating to be 120V.

In order to determine Watts in cases
where that rating is not specified, it's
possible to use a rule of thumb that
multiplies the VA by a factor of 0.6,
assuming the number of Watts is 60% of
the VA for any given piece of hardware. For
any equipment that is known to use Active

POWERING AV
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Power Factor Correction, the Watts and VA
numbers will be the same, and therefore the
VA does not need to be multiplied by 0.6 to
determine Watts. It's not always ideal to use

nameplate calculation when totaling
up power requirements, because the
current draw used by manufacturers to

calculate VA is typically an absolute
maximum value, and is unlikely to be the
current draw under normal use. The power
factor value of 0.6 used to find the Watt
rating is also typically a worst-case value.
Therefore the resulting UPS specification
may be larger, and therefore heavier and
more expensive than what is needed for a
project.

A more precise means of determining
maximum load is the power measurement
method. While more complicated than
simply utilizing the nameplate ratings, it
can reduce instances of “over-engineered”
UPS systems, and therefore be more cost
effective. To use this method, a digital
power quality analyzer, such as a Fluke
43B, is required in order to accurately
measure all of the parameters needed.
As an alternative, a true-rms digital
wattmeter can be used. This equipment
can be expensive, and requires an
experienced operator to use and set up.

MIDDLE ATLANTIC PRODUCTS

A more economical and still very specific
test method is to use an in-line energy
management device that is capable of
measuring voltage, current, power and
power factor and can be controlled by a
laptop. To perform the measurement, each
piece of equipment can be measured
individually under actual conditions and
their ratings can be summed for the
maximum load, or if the equipment is
powered by a vertical or horizontal power
distribution unit (PDU), the total VA and
Watts can be measured that way.

Once the individual power ratings for each
piece of equipment requiring UPS backup
are known, these can be summed to
determine the total power load. Power load
totals in either VA or Watts must be known
to verify the size of the UPS needed for a
system.

UPS hardware is rated with capacity in VA
and Watts, two separate factors, neither
of which can be exceeded by connected
hardware. For example, a UPS may have
capacity to output 1000 VA and 750 Watts.
If the attached power load exceeds either
the amount of VA or Watts handled by a
UPS, the device will drop the load and
backup will fail in the event of a transition
from AC to battery backup.

It is not sufficient to satisfy the Llimits
of just one of these ratings, either VA or
Watts. Both must be separately considered.
To elaborate with a hypothetical scenario,
if the UPS is listed at 1000 VA and 750
Watts, failure would result in a case
where total load requiring backup is 1200
VA and 750 Watts, or alternatively in a
case where the total VA requirements
are less than or a total of 1000 VA, but
Watts are exceeded with a total 900 Watts
drawing from the UPS. The total load
requiring backup cannot exceed 1000 VA or
750 Watts.

Once the load is determined for each
device requiring backup, and those
figures are added together to determine
the total load in both VA and Watts, it is
possible to have a good understanding
of the size of a UPS required, typically
expressed in VA and Watts. Using the Total
VA rating and the Total Watt rating, look for

a UPS that has the same or slightly greater
VA and Watt ratings to ensure that the
UPS will not be overloaded - a good rule of
thumb is to plan for a load no greater than
80% of the rating.

These factors can then be used in the next
step of sizing a UPS—determining run time.

DEFINE IT:

Dropping the Load vs.
Load Shedding

Dropping the Load

applies to a situation when the UPS is overloaded
upon transitioning to the battery and completely
shuts down. All equipment connected to a UPS
that “drops the load” loses power.

Load Shedding

is a UPS capability to preserve run time by
eliminating power to certain outlets based on
thresholds like time (e.g., after three minutes
on battery power, shut off bank number one)
or battery capacity (e.g., at 30% battery
capacity, shut off certain outlets/banks).

Not all UPS models feature the ability (via
software) to configure load shedding, but
where possible, it can extend battery power
for use by more critical devices.

For example, a DVD player may be shut down if
the power does not come back up in five minutes,
in order to ensure that a router/switch remain
functional. The idea is to eliminate non-critical
devices from the battery backup so that other
devices can remain powered during a sustained
power outage.

Llegrand’ | AV



For a real-world example of how to calculate

required run time, please refer to Appendix A.

STEP THREE:

Calculate Required
Run Time

When determining run time for a UPS, it is
important to understand the environment
in which the equipment is installed. First,
determine the minimum requirements
of the client or end-user. The type of
facility and its workflow will influence the
calculation of how long the equipment will
need to be up during the event of a power
outage when a UPS is running purely on
battery, with no line voltage connected.

Next, establish whether there is a backup
generator in the facility. If there is a backup
generator on site, find out which locations
are connected to the backup generator, and
how long power will remain out until the
backup generator begins to deliver power.

It's easy to overestimate how long battery
backup will be necessary. Remember,
the object of UPS backup is emergency or
missioncritical protection. The priority is
to keep equipment powered long enough
for automated or manual shutdown or until
generator power initiates, or provide
backup for mission-critical devices such as
modems and routers, and other equipment
deemed essential.

Required run time is a calculation of
the actual load versus the time required
for the system to be on backup power.
Equipment with a significant power
load will draw down the UPS faster, and
logically it follows that AV gear with a
smaller load will draw less power. As
stated in the first step of this white paper,
AV equipment with large power draws,
such as video displays or audio amplifiers,

typically do not require backup via UPS.
In most circumstances, equipment that

needs to stay online draws minimal
power, and therefore run time is extended.

Once load and required run time are
determined, the information can then be
applied to a UPS manufacturer’s calculator
or determine the best match using a “Load
Versus Run Time” chart.

When considering the specs of a UPS, it's
important to note there is a correlation
between VA and run time. Larger VA units
will typically offer longer run time for the
same loads than smaller VA units. As a
result, some customers go with larger
units to achieve desired run time. There
is a second, better option - expanded
battery packs. These batteries typically
measure 1U or 2U and can be daisy-chained
to a UPS in order to increase the run time
without additional cost of increased load
capacity or capabilities. There are a few
manufacturers who offer this option for
select products. Not all battery backups on
the market will accept extended run time
batteries.

POWERING AV
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STEP FOUR:

Knowing the load, runtime and size of the
UPS needed for a project leads to the next
choice in the selection of product, which
is topology. The topology of a UPS is its
fundamental configuration and operation
and determines how it interacts with
incoming power and what happens when
that power becomes unavailable. There are
a number of different UPS topologies, but
for this paper we’ll be discussing what are
considered to be the three primary types,
which are: Standby, Line Interactive and
Online. Each of these different designs has
its own set of benefits.

A Standby, or Offline, UPS is characterized
by its small size, short backup run time
and lack of any voltage regulation. This
type of UPS can also have a longer transfer
time—the time it takes to switch to battery
once AC power is not present. In general,
this type of UPS generates a square wave
output.

GENERATOR OR
UTILITY POWER

TRANSFER
A SWITCH
SURGE SUPPRESSION L ] LOAD/AV
AND/OR FILTERING '"\= EQUIPMENT
M CONTROL MODULE [
CHARGER DC/AC INVERTER
*when available
BATTERY
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A Line Interactive UPS is typically
rackmount, somewhat larger in size than
standby models and is differentiated by
the addition of Automatic Voltage
Regulation (AVR]. This feature allows for
minor corrections, up or down, in power
without switching directly to battery.
This is accomplished via a buck boost
transformer and is beneficial especially
in  circumstances when  brownouts
(undervoltage events) are common. It
prevents the UPS from switching over to
battery, which can help with longevity of the

internal battery packs. In addition to AVR,
Line Interactive UPS products generally
have a faster transfer time and could be
offered in two different waveform output
formats. These are Simulated Sine Wave
and Pure Sine Wave. We'll explain the
differences and applications of these
different types of wave forms later in the
paper.

AVR TRANSFORMER TRANSFER
n x SWITCH
GENERATOR OR SURGE SUPPRESSION o LOAD/AV
UTILITY POWER AND/OR FILTERING o | EQUIPMENT
BOOST - RAISE POWER
BUCK - LOWER POWER
CONTROL MODULE | + CHARGER +| AC/DCRECTIFIER |+ | DC/AC INVERTER
I
BATTERY
*when available
AVR is available as boost only or boost + buck
An Online, or Double Conversion, UPS Since this is the most complex type of UPS,
is unique in that it completely isolates the size of these units can range from larg-
output power from input power. By usingtwo  er rackmount all the way to freestanding
inverters, input power is converted to DC  systems that can be several whole racks or
and used to charge the batteries, then more depending on the application. This is
converted back to AC again for output to the most expensive type of UPS, however, it
devices. Because of this configuration, the does provide “mission-critical” level power
UPS has no transfer time and is always protection. Three caveats with the design
running on battery. The output is fully are the increased energy consumption due
regulated and is always a perfect 120V, to the constant charging and discharging of
60Hz wave, no matter what kind of input batteries, the decreased lifespan of batter-
power is present. Distortion of the output ies due to constant use and increased heat
waveform is very low, generally less than generation by the UPS.
3% even at full load regardless of what is
happening to the utility power.
BYPASS
BYPASS SWITCH
* °
GENERATOR OR SURGE SUPPRESSION AC/DC RECTIFIER DC/AC INVERTER ® @ LOAD/AV
UTILITY POWER AND/OR FILTERING EQUIPMENT
BATTERY

*when available

POWERING AV

middleatlantic.com

15



16

STEP FIVE:

Determine
Waveform Type

As noted in Step Four, different topologies
are associated with distinct waveforms.
There are three different types of
waveforms that a UPS can output
depending on its design: Square Wave,
Simulated (or Modified) Sine Wave or
Pure Sine Wave. Each waveform type has
a range of applications and advantages/
disadvantages.

The three waveform types are illustrated
below:

Time

Voltage
+170 —
0 = Pure Sine Wave
= Square Wave
~—— Simulated Sine Wave
-170 <

MIDDLE ATLANTIC PRODUCTS
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A square wave UPS is potentially the most compact in size and presents the most cost

effective way to provide backup power from a battery. There are several drawbacks to

this topology however that make it unsuitable for AV applications. First, note that the

peak of the square waveform is much lower than the sine waves. This lower peak, while

still providing 120Vrms, will not fully charge up the power supply capacitors in whatever

SQUARE WAVE OUTPUT is connected to the UPS, which could result in lower headroom and less power output

from audio amplifiers for example. Second, square waves contain a lot of third-order

[RED TRACE] harmonicswhich can cause inductive devices, such as transformers, to overheat. Third,

these high harmonics can wreak havoc with sensitive audio circuits. For these reasons,
square wave UPS topologies are not recommended for AV applications.

Modified/simulated (sometimes referred
to as pulse width modulated), sine waves
are similar to a stair-step and provide a
better waveform than a square wave,
since they more closely represent a true
sinusoidal signal like that which is output
from a typical wall outlet. As can be seen
in the graph, the peak of the simulated
sine wave is nearly equal to the peak
of the pure sine wave, which allows
the power supply filter capacitors in
connected equipment to charge to their
full voltage, thus ensuring optimal voltage
performance. As load demands change,
the output voltage of the UPS is regulated
by increasing or decreasing the width of
the peak of the simulated sine (hence pulse
width modulated), so this type of UPS can
maintain proper output voltage under
load when it is in battery backup mode.

Most power supplies within today’'s
electronics can accept a simulated sine
wave power signal without any issue, with
the exception of devices that have active
power factor correction.

Simulated sine wave UPS topologies also
should not be used with inductive loads
(motors, transformers, etc) or sensitive
audio electronics due to the high harmonic
content of the waveform.

POWERING AV middleatlantic.com 17
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PURE SINE WAVE
(BLUE TRACE)

MIDDLE ATLANTIC PRODUCTS

A pure sine wave output UPS provides a
waveform that is usually better than the
waveform provided by utility companies,
and is in fact what every power supply is
designed to accept. It's the best possible
output waveform that a UPS can have and
it ensures that when operating on battery,
even the most sensitive type of equipment
will operate without issue. The design
of a UPS with this type of output is more
complex and comes with a higher price
point. The very low harmonic distortion of
the power makes this an excellent choice
for demanding audio and video systems,
and it is the only type of output waveform
that is compatible with power factor
corrected power supplies.

So how does the choice of topologies and
their associated waveforms apply to AV
equipment? There are several
implications. If a UPS is protecting
extremely expensive and sensitive
equipment, it may be advisable to use an
online/double conversion topology UPS,
because it will present less wear and
tear on equipment and ensure that power
supplies work in connected equipment
power range.

Most modern power supplies are designed
around IT equipment power supplies that
can work on simulated sine wave just
as well as on pure sine wave. However,
to ensure that equipment will work well
on simulated sine wave, it is important
to establish whether any of the attached
equipment is analog or utilizes PFC
(Power Factor Corrected) power supplies.
That information can be found as easily as
by looking at the product description, or
might be as difficult as digging deep into
manuals to find the relevant details.

The most common analog equipmentin AV
applications are preamps and equalizers,
so pay special attention to these pieces
of equipment. Not only might it be
important during initial commissioning,
butalsoyou maywant toadd analog equip-
ment in the future. Specifying a pure sine
wave UPS is an easy way to ensure the best
performance. However if you are sure
that you will not be using analog devices,
then you will be perfectly suited with
simulated sine wave, which is typically only
available on line interactive and double

SINE WAVE APPLICATIONS

When to Choose
Pure vs. Simulated

Pure Sine Wave

e Best for audio amplifiers and analog
processors, high-end video, network
servers, and devices with power factor
corrected power supplies

Recommended for all electronic equipment

Automatically corrects over-voltage
and under-voltage conditions

Simulated Sine Wave

o Best for digital AV gear, computers
[non-power factor corrected), control
systems, modems, cable boxes

Automatically boosts low line voltage
(brown out) conditions

CONNECTED
EUIPMENT SIMULATED
DIGITAL AV GEAR * *
CONTROL SYSTEMS * *
MODEMS * *
CABLE BOXES * *
COMPUTERS N N
(NON PFC SUPPLIES)
WALL WARTS * *
HIGH END AUDIO N
&VIDED
NETWORK SERVERS *
PFC POWER SUPPLY N
DEVICES
FEATURES SIMULATED PURE
PURE SINE WAVE .
0UTPUT
EXTENDED RUN TIME N
BATTERIES
P CONTROL OPTIONS * *
RS-232 CONTROL PORT *
BROWN 0UT
CORRECTION * *
(LOW VOLTAGE)
UNSTABLE LINE N
VOLTAGE

*NOTE: for reference only; consult manufacturer
for detailed specs.
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conversion battery back ups.

Based on the fact that the square waveform
offers lower quality than utility power, we
do not recommend using these models
for any AV applications. Constant under
voltage during the “on battery” time will
strain your equipment’s power supply and
might lead to premature failure. Not only
that, but during the operation the power
supplies will generate a lot of heat.

Typical Waveforms &
Topologies

SQUARE SIMULATED PURE

STAND BY N
OR OFFINE

LINE * *
INTERACTIVE

ONLINE OR DOUBLE *
CONVERSION

ADDITIONAL UPS PRODUCT REQUIREMENTS TO CONSIDER

Number of Receptacles on the UPS Unit

Not all of the equipment in an AV system will require battery backup, or have need to be plugged into
a UPS. It is important to determine how many devices are critical and will need receptacles that are
designated as “Battery Backup”. Keep in mind that not all UPS models offer battery backup on all of
the receptacles. Make sure to compare the exact specifications of the UPS to the number of critical
devices in a system to select the appropriate product.

Communication Capabilities

In some instances, there will be a requirement for the equipment connected to the UPS to be monitored
or controlled. Some UPS products enable this by including the ability to be networked connected
or controlled by an Ethernet or a serial (RS-232 or USB) port. These types of products typically have
individually switched or bank switched receptacles. They might also have such features such as
incoming power monitoring and power variable thresholds. This allows an integrator to monitor the
incoming power and physically set the limits where the unit will switch to battery. In some cases, this
can be useful when there is equipment that might be sensitive to fluctuations in voltage level.

Weight

UPS models tend to be very heavy. Whenever possible the cabinets need to be rated for high loads
and the UPS should be installed at the bottom of a cabinet to ensure better balance and structural
integrity. This is critical when the installation is in an active seismic zone.

Automatic Voltage Regulation

AVR is the key feature that makes a UPS line interactive, and it corrects for minor fluctuations of input
voltage without having to switch to battery. This is accomplished by using a special type of transformer
to either lower (buck) or raise (boost) the incoming voltage once it falls outside a predetermined
range, usually 120V (+/-variance dependent on manufacturer).

POWERING AV middleatlantic.com 19



Get the Right UPS

When great systems need the assurance of
reliable backup power, integrators have a

The Middle Atlantic UPS line offers a full
selection of solutions meeting varying

variety of options from Middle Atlantic. The price points, spacerequirements and
Premium and Select Series UPS Backup
Power Systems provide line interactive
backup for AV gear with small to medium
loads.

system capabilities.

The Premium Online Series UPS Backup
Power Systems are ideal for when failure
is not an option and the cleanest power is
required for mission critical, sensitive, and
high-end systems.

SELECT PREMIUM
\"4 \"4
Digital & Analog Equipment
All Select Applications, Plus:
Media & Storage Servers
AV Switching & Control
Home Automation Systems

Universal Compatibility
All Premium Line Interactive Applications, Plus:
Sensitive AV Equipment
Security Systems

Digital Equipment
Control Systems
Small Servers
Networking & IT Equipment

APPLICATIONS

TRANSFER
TIME

Simulated Sine Wave Pure Sine Wave Pure Sine Wave
OUTPUT
WAVEFORM I"I.Irll.l'nl.l

15A & 20A Receptacles 15A & 20A Receptacles 15A, 20A & 30A w/ twist-lock

NN
RECEPTACLES a
Bank Control & Individual

NUMBER OF
OUTLETS 6-8 8 7-8
BATTERY No Battery Upto 10 Upto 10
EXPANSION Expansion Extra Batteries Extra Batteries

DISPLAY

TYPE LED Indicators LCD Display

PRICE
Smaller loads when backup time Small to medium loads that may Medium sized loads up to 30A for critical
is not critical encounter longer disruptions in power applications or sensitive equipment is being used
%HSEE/ WHERE When there are disruptions but AV and/or security enclosures When/if the generator power is dirty

not long outages Backing up display walls, mobile media/

equipment carts or meeting spaces

Geographical locations where power fluctuations

Budget conscious projects and outages are common

MIDDLE ATLANTIC PRODUCTS
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APPENDIX A

UPS Run Time Estimation

Scenario:

Home or small business wireless
internet and NAS personal cloud
storage protection

This system consists of three digital
devices, a cable modem, a WiFi router and
a Network Attached Storage (NAS) device
with 16 Terabytes of storage. A site survey
has determined that the utility power
can be unstable with frequent brown-outs,
voltage surges and occasional service
interruptions. To protect sensitive data
stored on the NAS, it was determined that
a line-interactive UPS offered the best
protection and would allow the user to
set up the NAS to gracefully shut down in
the event of a total loss of utility power. A
second requirement was to maintain
connection to the internet for up to
30 minutes.

Looking at the equipment nameplate
ratings the following was noted:

e Cablemodem/router,115-240VAC0.5Amax
o WiFi router, 100-240VAC 0.8A max
o NAS device, 19VDC up to 6.32A

So we have a mix of data with AC current
ratings and DC voltage and current,

LOAD (VA)

LOAD (A)

ll‘360‘480‘600‘720‘840‘960
|2 fafefs]efr]o

‘120‘24
E

# OF

BATTERIES ESTIMATED RUNTIME (IN MINUTES)

however as we learned previously, to
specify a UPS we need to know the load
demand in Watts and VA. Some basic math
is required. Both the cable modem and
WiFi router are powered by external power
supplies, or wall warts. We will use a
line voltage of 120VAC and multiply that
number by the max current draw given
for each. Remember that we are just
multiplying volts and amperes, so the result
will be VA.

e Cable modem VA rating
=120V x 0.5A = 60VA

o WiFi router VA rating
=120V x 0.8A = 96VA

The data sheet for the NAS device only
tells us the DC power requirements, so an
‘additional calculation is required. The
power supply for this NAS is similar
to a typical laptop power “brick”, and
those types of power supplies can have
efficiencies up to 90%, meaning that only
10% of the power that is consumed from the
AC line is wasted as heat. With that in mind
we first calculate the DC power to be 19VDC
x 6.32A which equals 120 Watts (when
calculating power for DC current and
voltage, the result is always in watts,
not VAJ.

Now we know the load power, but to find
the AC power requirement we need to
account for efficiency so AC power =
DCpower/0.9 = 120W/0.9 = 133Watts AC
power. Since our load was calculated
in watts, our AC power remains in Watts.
We are left with two numbers in VA, and
one in Watts but remembering that we
must select a UPS based on both VA and

Watts some conversions are required.
The relationship between Watts and VA
is dependent upon the Power Factor that
each device presents to the AC line, and
a good rule of thumb is to use a Power
Factor of 0.6. Since Power Factor is the
ratio of Watts to VA (actual power to
apparent power) we can find whatever
quantity we don’t know as follows:

DEVICE WATTS VA
CABLE MODEM 36 60
WIFI ROUTER 57.6 96

NAS DEVICE 133 221.6
TOTAL 226.6 377.6

These are the estimated load demands in
both Watts and VA. For this example we
are going to select a Line Interactive UPS
that has automatic voltage regulation (AVR
buck and boost, to account for over-voltage
and under-voltage, respectively] and a
pure sine wave output voltage when in
battery mode.

The UPS manufacturer publishes the
following run time chart for a UPS rated at
1000VA/750W (on left side).

From the chart we can see that with a
load VA of 360 our run time would be 34
minutes, which is very close to our

requirement for a 30 minute run time. This
UPS would provide excellent protection for
the NAS device and allow the system to ride
out any line voltage disturbances for up to
30 minutes.

References:

1 561 283 190 143 M4 94 80 69

Pacific Gas and Electric Company. Uninterruptible Power Supply
1 1020 515 | 345 260 207 171 15 125 http://www.pge.com/includes/docs/pdfs/mybusiness/customerservice/energystatus/powerquality/ups.pdf
3 1479 747 801 377 300 249 211 181 Microchip. AN1279 Offline UPS Reference Design Using the dsPIC DSC
‘ o0 6T W 6 36 76 1% http://ww1.microchip.com/downloads/en/AppNotes/01279A.pdf

EETimes. Standby and uninterruptible power supply tutorial.
5 297 1 813 611 487 403 34T 294 http://www.eetimes.com/document.asp?doc_id=1273195
6 2856 | 1443 | 968 728 580 480 | 407 | 350 ON Semiconductor. Power Factor Correction (PFC) Handbook.
7 W5 1676 126 85 64 5T 4 06 http://www.onsemi.com/pub_Llink/Collateral/HBD853-D.PDF

Freescale. Single Phase On-Line UPS Using MC9S12E128 Designer Reference Manual.
8 37741908 | 1280 962 76T | 635 | 537 463 http://cache.freescale.com/files/microcontrollers/doc/ref_manual/DRMO0é4.pdf?fasp=1&WT_TYPE=Reference
9 4233 2140 1435 1079 860 712 | 603 519 %20Manuals&WT VENDOR=FREESCALE&WT_FILE_FORMAT=pdf&WT_ASSET=Documentation&fileExt=.pdf
10 W92 2372 1591 119 954 789 | 668 &T6 IEEE Std 1100-1999. IEEE Recommended Practice for Power and Grounding Electronic Equipment. Chapter 7

POWERING AV middleatlantic.com

21



WAIT.
WHAT'S A
WALL WART?

Most “wall warts” are called transformers because a
long, long time ago large “step down” transformers
were used to transform AC into a DC voltage.

Today most “wallwarts” are true switch-mode power
supplies. The heat is the biproduct of this conversion
of energy. The higher the wattage the higher the
heat generated becomes. Things like efficiency and
size can play a part in this as well. Shrinking a high
wattage power supply down to fit into a small plastic
enclosure is a great way to create a heater.

WALL WARTS: ———
THIE USUAL
SUSPECTS

See pg. 2 for the full line up of Usual Suspects.

MIDDLE ATLANTIC PRODUCTS

THE DC POWER DILEMMA:

Three Ways Wall Warts Are Killing an AV System

Without a doubt, direct current (DC) power
transformers serve one of the most vital
roles in electronics. Lovingly known in
the industry as a “wall wart” or “power
brick”, they are responsible for converting
alternating current (AC) power from the
wall into DC power for almost every small,
low-voltage device today.

In the AV industry, they have become more
and more prevalent as components shrink

in size. While they may be effective in
delivering the power that devices need to
operate, they are also a growing source of
AV system failures — for more than one
reason.

ONE PG. 23
Design

TWO PG. 24
Heat

THREE PG. 25

Reliability
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WALL WARTS:

THIZ USUAL SUSPECTS

-
2.5"—q

»

15

05"

NAME: CHARLIE CHARGER

NAME: SNOOP PLUGG

NAME: BARRY MIDICORD
AKA: SNEAK ATTACK
CRIMES: POWER BRICK
MID-CORD

NAME: TOMMY HILFLIPPER
AKA: THE FLIPPER
CRIMES: UNSTABLE
RETRACTABLE PLUG

AKA: CHUNK AKA: SWAP IT LIKE
CRIMES: IT'S HOT
OUTLET BLOCKING CRIMES:

PLUG SMUGGLING

You've done your part designing and installing the ultimate AV System yet you're still having reliability issues?

NAME: SALLY SIDEWARD

AKA: SIDE SWIPER

CRIMES: SIDEWAYS PLUG

Check out this line up of Usual Suspects. DC Power supplies aren’t just a nuisance- they’re a real problem.

PROBLEM:

One of the most obvious drawbacks of DC
power transformers is their size. They're
big, bulky, and unattractive. They block
outlets on a wall or on a power distribution
unit (PDU) — hence the moniker wall wart.

Believe it or not, this design approach
does serve an actual purpose. It keeps
equipment more compact and removes
power as point of failure internally.
Otherwise electronic components would
need to feature built-in power conversion,
making them much bigger, and taking up
more rack space, and threatening the life
of the device itself if the converter were to
fail. For one or two components, wall warts
aren’t the worst way to get power.

However, as more and more digital devices
are relying on DC power, integrators now
have to devote a considerable amount of
space in the AV enclosure for a half dozen
bricks in an array of sizes.

Aside from the size of the brick, the
cord lengths can pose additional
installation and on-going system reliability
challenges. The physical cord is hard wired
to the transformer at a predetermined
length. This leave installers left to solve
for cords that are too short by
repositioning gear within the rack, or too
long and trying to manage the extra slack of
cable horizontally or vertically in the rear or
side channel of the rack.

All this cable management takes time-
labor cost incurred by the integrator- and
as the extra cable bundles pile up, they
begin to block airflow - causing thermal
management constraints.

POWERING AV
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LET'S DO THE MATH. SPOILER ALERT: HEAT HURTS.

For every 50°F(10°C) that you are able to keep the power supply’s environment lower than 104°F(40°C), you
double the mean time between failures (MTBF). Conversely, for every 50°F(10°C),your power supply’s ambient

temperature increases, your MTBF cuts in half (that is, your power supply is half as reliable). Most power supply
failure mechanisms are related to temperature. This is due in part to the break- down of the materials used.

Most electrolytic capacitors have a set lifespan and the higher the temperatures the shorter that lifespan gets.
This is why you can expect to see a ‘minimalist approach’ to using electrolytic capacitors in Middle Atlantic’s
product design. Take Middle Atlantic’s Series Surge Protection for example, one of the biggest improvements
that we made in designing our circuitry vs. existing industry solutions is that our electrolytic capacitors are only
in-circuit during a surge event.

PROBLEM:
Heat

Even when a device isn't in operation,
those bricks are still consuming power.
This is  called “no-load”  power
consumption. New standards were
introduced in 2004 after experts in the 90s
calculated that external power supplies
would account for as much as 30 percent
of total energy consumption in less than 20
years.

New standards were introduced as a result
of that eye-opening statistic to significantly
reduce no-load power consumption.
Although the new standards are helping
drive efficiencies with the external power
supply consumption, approaching 90
percent, they are still putting out heat.

The more transformers stuffed into
an enclosure, the more heat is being
generated. This heat has nowhere to
go as these units are not designed to
provide passive or active heat exhaustion.

MIDDLE ATLANTIC PRODUCTS

Popular Commercial Devices
with DC Power Supplies

HDMI Extenders Cable boxes / Small AV devices like
Satellite Receivers Apple TV and other
content streamers

Control systems LCD screens used for
menu-boards/
digital displays
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PROBLEM:

Mass produced by multiple manufacturers,
wall warts are cheap and replaceable,
which  make them a convenient and
ubiquitous commodity for almost any
electronic device. Electronic manufacturers
simply select the most affordable and
appropriate transformer for the country
and their device. While there are standards
in place to meet safety and efficiencies,
there is no testing standard for quality. That
means the voltage range of transform-
ers can be all over the spectrum. Most AV
components can only operate in specific
voltage range before they are fried from
over-voltage, or conversely, lock up from
under-voltage.

Reliability goes beyond their internal
capabilities as their unwieldy size and
substantial weight makes wall warts
susceptible to falling out of the outlet they
are plugged into, especially in countries
with larger plug sizes, such as the U.K. Any
rack vibration or work inside the rack can
loosen things over time. Even worse when
they're located in a hard to reach place in
the rack, plugging it back in or replacing a
burned-out unit with a new one may require
considerable time and money.

POWERING AV
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SOLUTION:

Solving these fatal problems isn't
about simply redesigning the DC power
transformer, instead, reimagine DC power
from the ground up. Middle Atlantic’s
engineering and product development team
took years in research, development, and
testing to create the DC Power Distribution
Series. It's the only solution designed to
address all the areas where DC power
transformers threaten AV components.
Truly universal, the DC Power Distribution
series completely eliminates wall warts
and other power clutter such as power
strips from AV enclosures while providing
maximum power to support a multitude
of devices, including extenders, scalers,
converters, and media players.

Providing the most comprehensive solution
from the enclosure, application, and
voltage requirements, the series is available
in a multi-voltage 45W DC compact and
125W DC 1RU systems and in four high-
voltage models that are designed to fit
anywhere — including typical rack units,
small enclosures, and wall boxes. The
High-Power series includes 200W and
300W options, offering high-current

capacity to an industry-leading quantity
of outputs — up to 24 devices. All models
offer a flexible approach to component
voltage needs in a single unit: 5V, 12V, or
24V, or splitting between 12/24V while
keeping voltage in check with LED indicator

MIDDLE ATLANTIC PRODUCTS

lights show activity on each output and alert
users to maximum capacity on each voltage

bank. Its color-coded screw terminal
connector platform and polarity labeling
make installation intuitive. Integrators
simply trim leads to length for efficient
cable management. The robust solutions
deliver reliable multilevel protection
on both AC input and DC outputs with
individual redundancy built-in to ensure

maximum reliability. With options that
support an input voltage range of
100-240VAC, 50/60 Hz, even global

applications can be supported without
bulky barrel plugs consuming outlet real
estate and blocking airflow.

Middle Atlantic’'s DC Power Distribution
powers up to 27 DC devices

Every decision in the design of a system
impacts its cost, performance, and
reliability. That now includes DC power. It is
no longer necessary to leave the decision
of managing DC power challenges to the
end of the installation and risk system
reliability. Designed around industry best
practices for widespread safe, efficient, and
dependable power, DC Power Distribution
remove multiple points of potential failure,
so every component operates efficiently
each and every time and delivers the best
user experience.

PART # WATTS VOLTAGE MIX TOTAL TERMINALS
PD-DC-300-24V 300w 1y 2
PD-DC-300-12-24V 300w 12V, 24V 2
PD-DC-300-12V 300w i 2
PD-DC-200-5V 200W 5 2
PD-DC-45 LW AN 12
PD-DC-125R 126W 5Y. 12V, 18V, 24V 2
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