Three - Two - One - Liftoff! - Photo Out Takes

In early 2007 | had the once in a lifetime opportunity (actually this was my
second trip) to go behind the scenes at the Kennedy Space Center in
Florida and take a look at what it takes to launch the shuttle. Doug
Govan and Mike Milbert of KSC were gracious hosts and just about gave
me the run of the entire place. - Where’s the launch button?

An article detailing the trip was published in the October 2007 issue of
the NEC Digest and is included here. However, only a handful of photos
that were taken made it into the article so | included a few more photos
(the outtakes) here. The Photography is by Shawn Wood of

www. Studio7photography.com

Enjoy!

-Jim

|, & With Kennedy Space Center /

! 1 # KSC Friends on the deck
over the wing of Orbiter
“‘Atlantis”.
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Underneath the Atlantis with
KSC friends. The nose
wheel is behind my head.



The mobile launch
platform, also known as
the “MLP” is where the
shuttle is assembled and
launched from. The
“crawler” goes underneath
and takes the entire
assembly on a slow ride to
the pad.

Inside the MLP. Pretty
amazing place. The
guys in all these
photos are among the
thousands in the
NASA Family that
make it all happen.
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To buffer the switchgear from
some of the shock caused by the
shuttle being directly overhead
during the launch, the switchgear
is mounted on large springs.

The ultimate “shock absorbers”

In front of what will be
one of the modules or
“‘elements” as they are
known, that will
become part of the
International Space

Station. Three - Two - One -Liftoff
Photography Out Takes
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Recognizable from anywhere — the very
large and very orange main fuel tank

The “business end” of the orbiter.
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In front of the pad — Where it
all happens!

With the photographer on top of the tower —
Hey who’s taking the picture?



FEATURE/STORY

Liffoff!

With those famous words, all eyes turned towards the
space shuttle Atlantis and its crew of seven astronauts headed
for the International Space Station. An STS-117 news video
from June 8, 2007, shows the main engines as they ignite
and the massive steam cloud that envelopes the launch pad.
What it doesn’t show are the thousands of people
behind the scenes and what it takes fo make such a mission possible.

JIM PHILLIPS, P.E.

ike many kids growing up in the 1960s, I was obsessed with

America’s space program. I would watch launches and ultimately

the moon landing on television, and build and fly model rockets

and dream about what it would be like to be out in space. Earlier
this year, I had the opportunity to go behind the scenes at the Kennedy
Space Center (KSC) in Florida and actually see what it takes to make it
all happen. I was given access to everything, from the launch pad and
tower to the Orbiter Processing Facility, the solid rocket boosters, sec-
tions of the space station, and more. And I even became familiar with
many of NASAs famous Three Letter Acronyms (TLAs)!

The NASA “family” at KSC is made up of approximately 2,500 NASA
employees working side by side with another 10,000 to 12,000 contrac-
tors and consultants. Each individual is on his or her own special mission
to achieve the common goal of space flight with a dedication and sense
of urgency and commitment that is unparalleled.
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THREE, TWO, ONE, LIFTOFF!

Powering KSC
Powering the 6,000-acre Kennedy Space Center
requires two of Florida Power and Lights 115 kV
transmission lines to serve the two main substa-
tions. One unit serves the North campus, known as
the LC-39 area, which is used for shuttle processing,
including launch and landing. The other provides
power to the South campus, known as the Indus-
trial Area, where payloads and International Space
Station (ISS) elements are processed, along with
various support areas. From here, power is distrib-
uted throughout the site with miles of 13.8/13.2 kV
distribution lines and more than 150 substations. Each
shuttle launch pad alone requires nine substations
with three 13.8 kV primary feeders.

To provide adequate power and allow a safe shut-
down when the shuttle is on the pad, five 2,350 kVA
-13.8 kV emergency generators are used in the event
of a utility outage. Each generator, located at the main
LC-39 area substation, is individually low-resistance
grounded to limit potentially damaging ground-fault
currents.

The mobile launch platform

What many people outside of NASA refer to as the
Shuttle is actually called the orbiter. The term “shuttle”
refers to the entire assembly: orbiter, solid rocket
boosters (SRB), and main external fuel tank. The
shuttle is assembled, transported, and launched with
the mobile launch platform (MLP). This two-story
structure has a top speed of 1 mile per hour when
carried by the crawler transporter. When carrying
the 3-million-pound Shuttle and the 9-million-pound
MLP, it travels at about 0.8 mile per hour and takes
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about 6 hours to make the journey to the launch pad.

Powering the MLP requires a 13.8kV - 277Y/480V
double-ended substation, two 480V 100-Amp UPS
feeders, and a 225-Amp emergency power feeder.
Locating a double-ended substation inside the MLP
directly below the shuttle during launch presents two
unique problems. The first is the extreme vibration
the engines cause during the launch. Fixed equipment
inside the platform can see vibration levels upwards of
7 G RMS. The switchgear can vibrate and shake, pos-
sibly causing unwanted tripping. The solution was to
locate the switchgear on a specially designed tubular
steel frame supported by springs and shocks that
dampen the vibration levels and bring them within
the equipment manufacturers’ specification levels.

The second unique problem is how do you get the
equipment inside the MLP? The doors are similar to
the heavy hatches found on many ships. These hatches
are large enough for people to enter but not equip-
ment. The answer is another set of larger hatches
some measuring 10 feet x 8 feet on the top deck of the
MLP. All equipment contained inside the MLP has to
be lowered through these hatches, making equipment
size a very important issue. Proper planning is needed
to ensure that the components are lowered into the
MLP in the correct order since space to move around
is limited.

During the 6-hour journey to the pad, electrical



power is provided by three 350kW generators on the
upper deck, with two generators running and one

on standby. The generators feed a portable purge

unit (PPU) supplying conditioned air to the Shuttle.
They also backfeed the MLP switchgear through a
400-Amp receptacle to provide power to critical loads,
such as lighting and ground instrumentation systems
used to monitor vibration levels on the shuttle.

Not your typical equipment application
Let’s face it. Most power distribution equipment is
not designed for launch pads. Millions of pounds of
thrust, heat, shock, and vibration can push even the
best equipment to its limit. The NASA team must
always be thinking “what if?”

As an example, many automatic transfer switches
(ATS) have a neutral position in addition to the
normal and alternate positions. The ATS is used to
automatically switch a load from the normal utility
source to the emergency source upon loss of utility
power. The neutral position removes all power, which
is not good for a launch pad. NASA has to answer the
question, “What if the vibration during launch was
enough to knock an ATS to the neutral position?”
This hasn't happened, but it is just one of the count-
less questions the team must consider. Ultimately, the
ATS was tested under extreme vibration conditions
and the results confirmed their worry. It did vibrate

into the neutral position, requiring NASA to select an
alternate ATS.

Even though countless “what if” scenarios are
considered, the unexpected still happens occasionally.
A few years ago a major outage was caused by a very
unlikely source: a large bird that “left its mark” as it
flew directly over the LC-39 area’s main substation.
The bird scored a direct hit on a 115 kV insulator at
the substation, creating a short circuit and tripping
the bus differential protection. As unusual as this
event seemed, Florida Power and Light says that it has
happened at other locations.

Many important buildings

There are many buildings at KSC, and each one plays
an important role. The Orbiter Processing Facility
(OPF) is where the orbiter is taken shortly after it
completes its mission to begin preparations for the
next launch. The OPF is equipped with a 30-ton
bridge crane, emergency exhaust systems, commu-
nications, and fire protection systems. It is powered
by several unit substations and fed from the 13.8kV
distribution system.

Modules, known as elements, of the International
Space Station are prepared at the Space Station Pro-
cessing Facility (SSPF). Three stories tall and occupy-
ing 457,000 square feet, it houses elements from many
different countries waiting to be processed before
their trip aboard the shuttle to their final destination
aboard the International Space Station (ISS).

The Vehicle Assembly Building (VAB) is the
unmistakable landmark of KSC. Its footprint covers
about 8 acres, and, at 525 feet tall, it can be seem from
miles away. With a volume of 129,482,000 cubic feet,
it is one of the largest buildings in the world. Every
foot of this building is needed because this is where
the Shuttle’s solid rocket boosters, orbiter, and external
fuel tank are stacked and assembled on the MLP.

A building of this size can consume a lot of energy,
but many conservation measures have been imple-
mented. For example, T5 high output lamps replace 400
W HID lights, creating a significant savings. Because
overall demand has been reduced, only 24 of the origi-
nal 30 substations are needed to power the VAB.

Launch Pads 39A and 39B

At the launch pad, the fixed service structure (FSS) is
the most widely recognized feature. It stands 347 feet
from the ground to the top of the lightning mast and
has 12 floors and three swing arms to provide services
and access to the Shuttle. At the top of the FSS is what
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many refer to as the “candlestick”” Officially known as
the lightning mast, it supports a 1-inch stainless steel
lightning intercept cable. The cable is anchored to the
ground 1,100 feet south of the pad and rises to the top
of the 80-foot fiberglass candlestick and heading 1,100
feet to the north. On top of the mast, a lightning rod
4 feet high is connected to the cable. This system
provides a “cone of protection” If lightning strikes the
cable, the energy is directed to the ground system pro-
tecting the Shuttle and structure. According to NASA,
the cable intercepts lightning with an average current
of 40,000 Amps approximately 5 times a year.

The rotating service structure (RSS) can rotate
around the shuttle after it arrives at the pad, provid-
ing protection as well as access to the orbiter. The RSS
contains an environmentally controlled area known
as the payload change-out room, which is used to
process and deliver payloads to the shuttle. The RSS
has a rotation of 143° and can rotate away from the
shuttle to allow the MLP to be parked in place.

The orbiter’s thermal protection system’s heat tiles
are sensitive to impact from debris, known as foreign
object debris or FOD. Before launch, teams of people
inspect the launch pad from top to bottom looking
for anything that could become a projectile from the
force of the shuttle’s engines. Loose parts, fixtures,
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loose signs, cable clamps—anything can become FOD.

The launch

When you watch video of a Shuttle launch, the view
is usually looking up at the main engines. About ten
seconds before the launch, or T-10 seconds as they
say at NASA, the first image you see is a large spray of
sparks. This is not the engine ignition. Shortly before
main engine ignites, pockets of hydrogen vapors that
could create a small explosion form in the engine bell.
To prevent damage to the engines, hydrogen burn-off
pre-igniters shower the area with sparks to burn off
any hydrogen before the main engines ignite.

At T-6.6 seconds, the orbiter’s main engines ignite.
The orbiter does not rest directly on the launch plat-
form but instead is attached to the external fuel tank,
which is supported by the two solid rocket boosters
that sit on the platform. The ignition of the orbiter’s
main engines pushes the entire stack off center. This
is called “twang,” like twanging a guitar string. By the
time the launch count reaches T-0, the stack is back
in position, and the SRBs are ignited, developing 7.5
million pounds of thrust each.

Since the SRBs are all that actually make contact
with the launch platform, four very important bolts
torqued to 1 million foot-pounds each hold each
SRB to the platform. Yes, only eight bolts holding the
Shuttle to the platform. Two explosive charges inside
each bolt cause them to break away on command.

When the orbiter’s main engines ignite at T-6.6
seconds, the eight bolts are holding the shuttle on the
platform. At T-40 milliseconds, just before the SRBs




ignite, each of the bolt’s two charges blow simultane-
ously. The pyro charges are ignited by pyro squibs and
controlled by pyro initiator cards that provide 36.8
volts, delivering around 240 milijoules of energy. The
same type of charges also separates other structural
components from the shuttle.

It is amazing that power arrives at KSC at 115,000
volts, and one of the final events at launch requires
only 36.8 volts and 240 milijoules of energy.

Sound-suppression system
When the SRBs first ignite, they produce a shockwave
of acoustical energy that could damage the shuttle’s
payload and thermal protection system if it were not
reduced. To dampen the shockwave, a sound suppres-
sion system made of various subsystems, including
the ignition overpressure system, is used. This system
was developed to flood the launch pad and MLP as
well as the SRB and main engine penetrations (termed
“engine holes”) with water. Water is sprayed into the
orbiter main engine hole at approximately 90,000
gallons per minute (gpm) and into each of the two
SRB holes at 100,000 gpm. Water is also sprayed at the
main flame deflector, located 50 feet below the SRB
nozzles, at a rate of 300,000 gpm. When the orbiter
main engines ignite, much of the white cloud that is
seen is steam from the sound-suppression water.
During the Shuttle’s climb, between approximately
T + 5 to T+ 9 seconds, it has drifted away from the
engine penetrations and is now over a flat portion of
the MLP’s deck. This could reflect acoustical energy
directly back towards the vehicle so at T-0, six big
nozzles on the MLP, referred to as “rainbirds,” begin
to flood this area with water reaching a flow rate
of 450,000 gpm just after T + 5 seconds. The water
reduces the acoustical level inside the orbiter’s payload
bay to around 142 decibels, which is below the design
requirement of 145 decibels. The sound-suppression
water is gravity-fed from a water tower next to the
pad that can hold 300,000 gallons. An additional
100,000 gallons is contained in the tank’s 114-inch-
diameter riser.

Arc fiash program

Safety is a top priority throughout NASA. The public
hears about the steps taken for the safety of the
Shuttle crew, but they never hear about the steps
taken to ensure the safety of the rest of the NASA
family. One of KSC’s consultants, Emerson Process
Management, has been conducting a detailed arc flash
study, helping KSC take electrical safety to a whole

new level. The study results include calculations of
incident energy levels, personal protective equipment
(PPE) requirements and various approach boundar-
ies. In addition, recommendations are provided for
simple, low-cost changes that could lower the incident
energy and possible arc flash hazard.

Preserving the planet

In December 1968, Apollo 8 carried three astronauts
to orbit the moon for the first time in history. As the
astronauts emerged from the dark side of the moon,
they took a photo of our fragile little globe known as
Earth. Apollo 8 astronaut Bill Anders was quoted as
saying, “We came all this way to explore the moon,
and the most important thing is that we discovered
the Earth” This was the first time photos were ever
taken of the entire planet from the moon’s perspective,
and it has been described as the most influential envi-
ronmental photograph ever taken, helping to ignite
the environmental movement.

KSC is always looking for ways to reduce energy
consumption. Energy management programs have
resulted in a steady decline in electricity use. In 1994,
the total energy used was 225,000 megawatt-hours,
and it has steadily declined to around 161,248 MWH
in 2005, despite the addition of new buildings. KSC
is located on the Merritt Island National Wildlife
Refuge, which covers 140,000 acres, but KSC only
uses 6,000 acres. While the NASA family continues
to explore beyond the boundaries of our little planet,
they do it while helping to preserve it. €2

1 would like to thank the many people at NASA’s KSC, includ-
ing DOUGLAS GOVAN of NASA Shuttle Ground System’s
Branch and MICHAEL MILBERT of NASA KSC Facilities
System Design for the privilege of going behind the scenes.
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