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Date: February
Mission: Expedition 50 Undocking and 
Landing
Description: NASA astronaut Shane 
Kimbrough and cosmonauts Sergey Ryzhikov 
and Andrey Borisenko of the Russian space 
agency Roscosmos undock their Soyuz 
MS-02 spacecraft from the International 
Space Station’s Poisk module and land in 
Kazakhstan.
http://go.nasa.gov/2gMg3PR 

Date: March
Mission: Expedition 51 Launch
Description: Expedition 51/52 crew 
members NASA astronaut Jack Fischer and 
cosmonaut Fyodor Yurchikhin of the Russian 
space agency Roscosmos launch to the 
International Space Station. Yurchikhin will be 
the Expedition 52 commander.
http://go.nasa.gov/2gMfdmx 

Want to see a launch?
All expendable vehicles launched in Central 
Florida begin their journeys on the launch 
pads of Cape Canaveral Air Force Station, 
next door to Kennedy Space Center. Launch 
Transportation Tickets are available for some, 
but not all, of these launches. Call the KSC 
Visitor Complex at (321) 449-4444 for 
information on purchasing tickets.
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IN REMEMBRANCE
John H. Glenn Jr. — The Quintessential American Hero

John H. Glenn Jr. was the quintessential 
American hero. He died Dec. 8 at the age of 

95.
As a member of the Original Seven Mercury 

astronauts, he was a frequent visitor to Florida’s 
Space Coast becoming the first American to orbit 
the Earth. After serving more than 24 years in the 
U.S. Senate, Glenn returned to space a member of 
the crew of the space shuttle Discovery. 

Born in Cambridge, Ohio, Glenn served in 
the U.S. Marine Corps flying 59 combat missions 
in World War II. During the Korean conflict, he 
few another 90. In the last nine days of fighting 
in Korea, Glenn downed three MIG’s fighters in 
combat along the Yalu River.

When NASA was formed in 1958, one of 
its first tasks was to select pilots to serve as the 
nation’s first astronauts. During the April 9, 1959 
news conference that introduced the Mercury 
astronauts, the seven military pilots discussed 
their views on the fledgling space program.

Responding to a reporter’s question, Glenn 
compared Project Mercury to the Wright 
Brothers’ first powered aircraft flight in North 
Carolina in 1903.

“My feelings are that this whole project 
with regard to space is like the Wright Brothers 
standing at Kitty Hawk about fifty years ago, with 
Orville and Wilbur pitching a coin to see who was 
going to shove the other one off the hill,” he said. 
“I think we stand on the verge of something as big 
and as expansive as that.”

Astronaut John H. Glenn in the cockpit of a T-106 preparing for training exercises in flight proficiency. 
Photo credit: NASA  
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In February 1962, Astronaut John H. Glenn Jr. looks into a globe, technically the “Celestial Training Device” at the Aeromedical Laboratory at Cape Canaveral, Florida.  
Photo credit: NASA 
.
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On Feb. 20. 1962, millions of Americans 
watched as Glenn was strapped into the couch 
of the spacecraft he named Friendship 7. As the 
sun rose over Cape Canaveral Air Force Station’s 
Launch Complex 14, flight controllers worked 
through last-minute problems leading to lift-off of 
the Mercury Atlas-6 mission. 

During the four-hour, 55-minute mission, 
Glenn orbited the Earth three times, splashing 
down in the Atlantic before sundown. His 
comments aboard the recovery ship typically 
understated the historic event.

“I don’t know what you could say about a day 
in which you have seen four beautiful sunrises and 
sunsets,” he said.

Three days later, Glenn returned to a hero’s 
welcome at the Cape. Ceremonies included 
President John F. Kennedy presenting him NASA’s 
Distinguished Service Medal.

Glenn resigned from NASA on Jan. 16, 1964. 
A decade later he was elected to the U.S. Senate 
from his home state of Ohio. Glenn’s time in the 
Senate included a bid for the presidency in 1984.

Glenn announced that he would not seek 
re-election in the 1998 fall campaign. Instead, 
he was given an opportunity to return to orbit as 
a payload specialist with the STS-95 crew of the 
shuttle Discovery.

On Oct. 29, 1998, Glenn launched as part of 
a seven-person crew including astronauts from the 
United States, Japan and Spain. At the age of 77, 
he was the oldest person to date to fly in space.

Glenn’s flight provided NASA with an 
opportunity to gain valuable data on the effects of 
weightlessness on a person 36 years apart. It easily 
was the longest length of time between flights by 
the same person. Medical data also was gathered 
on the effects of spaceflight and weightlessness on 
the elderly.

Over the years, Glenn collected many awards 
and accolades. In May 1990, he and the other six 
Mercury astronauts became the charter class of the 
U.S. Astronaut Hall of Fame. During a ceremony 
at the White House on May 29, 2012, President 
Barack Obama awarded Glenn the Presidential 
Medal of Freedom.

On Feb. 20, 1962, at 9:47 am EST, Glenn launched from Cape Canaveral’s Launch Complex 14 to become the 
first American to orbit the Earth. In this image, Glenn enters his Friendship 7 capsule with assistance from 
technicians to begin his historic flight. Photo credit: NASA

A camera aboard the “Friendship 7” Mercury spacecraft photographs astronaut John H. Glenn Jr. during his 
historic flight on Feb. 20, 1962. Photo credit: NASA Photo credit: NASA.
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Portrait of STS-95 Payload Specialist Glenn wearing the orange partial-pressure launch and entry suit. Photo credit: NASA
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Glenn’s last visit to the Space Coast took place in February 2012. He was joined by fellow Mercury astronaut, Scott Carpenter, the 
second American in orbit. They came to NASA’s Kennedy Space Center to celebrate the 50th anniversary of the nation’s first orbital 
spaceflights.

Looking back on the early days of human spaceflight, Glenn explained that preparation was the key to success.
“You became the best-trained person you could be and that’s what we did,” he said.
Glenn noted that the challenge of spaceflight continues to depend on today’s designers and engineers to keep making strides along with 

the thousands of individuals working as a team in the America’s space program.
“These things depend on people,” Glenn said. “Nothing’s going to happen unless you have the people to do it.”

U.S. Sen. John H. Glenn Jr. gives the thumbs up from the cockpit of a training aircraft as he prepares for his return to space on the shuttle Discovery’s STS-95 mission in 1998. 
Photo credit: NASA



J A N U A R Y

Y E A R  I N  R E V I E W

First flower grown inside Veggie facility  
blooms inside International Space Station 

On Jan. 16, Expedition 46 Commander Scott Kelly shared 
photographs of a blooming zinnia flower in the Veggie plant growth 
system aboard the International Space Station. Kelly wrote, “Yes, 
there are other life forms in space! #SpaceFlower #YearInSpace”

This flowering crop experiment began Nov. 16, 2015, when 
NASA astronaut Kjell Lindgren activated the Veggie system and its 
rooting “pillows” containing zinnia seeds. This helped scientists on 
Earth to better understand how plants grow in microgravity, and for 
astronauts to practice doing what they’ll be tasked with on a deep 
space mission: autonomous gardening

The plant growth system called “Veggie” was tested at Kennedy 
Space Center.

Kennedy’s first female launch director chosen 
to oversee first flight of Space Launch System

NASA started 2016 by naming the launch director of the 
first flight of a Space Launch System, or SLS, rocket carrying the 
Orion spacecraft on an unpiloted mission to lunar orbit. Veteran 
spaceflight engineer Charlie Blackwell-Thompson was chosen to 
helm the launch team at Kennedy Space Center for the first flight 
test of a space system designed to carry astronauts into deep space 
before making a landmark Journey to Mars. Her selection as launch 
director means she will be the first woman to oversee a NASA liftoff 
and launch team.

“A couple of firsts here all make me smile,” Blackwell-Thompson 
said. “First launch director for the world’s most powerful rocket — 
that’s humbling. And I am honored to be the first female launch 
director at Kennedy Space Center. So many amazing women that 
have contributed to human spaceflight, and they blazed the trail for 
all of us. I feel extremely blessed.”
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J A N U A R Y F E B R U A R Y

Orion crew module arrives, begins processing
for Exploration Mission 1 in 2018

The Orion crew module arrived at Kennedy’s Shuttle Landing 
Facility on Feb. 1 aboard NASA’s Super Guppy aircraft from 
the Michoud Assembly Facility in New Orleans. It began being 
processed for its first mission atop the Space Launch System (SLS) 
rocket. Orion eventually will take NASA on a Journey to Mars, but 
first the spacecraft is being prepared for a mission past the moon 
during Exploration Mission 1 (EM-1) in 2018.

The pressure vessel is the module’s underlying structure and is 
being processed while secured in a test stand called the “birdcage” 
inside the Neil Armstrong Operations and Checkout Building 
(O&C) high bay.

“The arrival of Orion is very exciting for us,” said Scott Wilson, 
NASA Orion production manager. “This is the first mission where 
the Orion spacecraft will be integrated with the large Space Launch 
System rocket.”

NASA’s James Webb Space Telescope final
primary mirror segment fully assembled

The 18th and final primary mirror segment is installed on what 
will be the biggest and most powerful space telescope ever launched. 
The final mirror installation Feb. 3 at NASA’s Goddard Space Flight 
Center in Greenbelt, Maryland, marks an important milestone in 
the assembly of the agency’s James Webb Space Telescope.

Using a robotic arm reminiscent of a claw machine, the team 
meticulously installed all of Webb’s primary mirror segments onto 
the telescope structure. Each of the hexagonal-shaped mirror 
segments measures just over 4.2 feet across — about the size of a 
coffee table — and weighs about 88 pounds. Once in space and 
fully deployed, the 18 primary mirror segments will work together 
as one large 21.3-foot diameter (6.5-meter) mirror.

While the primary mirror installation may be finished on the 
tennis court-sized infrared observatory, there still is much work to be 
done.

SPACEPORT Magazine 9



M A R C H

Scott Kelly, Mikhail Kornienko return to Earth
after historic ‘Year in Space’ mission

NASA astronaut and Expedition 46 Commander Scott Kelly and 
his Russian counterpart Mikhail Kornienko returned to Earth on 
March 1 after an historic 340-day mission aboard the International 
Space Station. The unprecedented mission continues as scientists 
assess and apply the data to advance NASA’s understanding and 
preparations for long-duration human spaceflight on the Journey to 
Mars.

The International Space Station is the world’s premier orbiting 
laboratory, where humans continuously conduct critical research to 
demonstrate new technologies and provide benefits to Earth. Most 
recently, astronaut Peggy Whitson joined the space station crew; in 
February she will become the first woman to command the orbiting 
outpost twice. 

Orbital ATK Cygnus cargo ship heads to space
station on a United Launch Alliance Atlas V

More than 3½ tons of science experiments, flight equipment and 
supplies headed toward the International Space Station following the 
March 22 liftoff of a United Launch Alliance Atlas V rocket from 
Cape Canaveral Air Force Station in Florida carrying an Orbital 
ATK Cygnus spacecraft.

The experiments are critical to the station’s mission to carry 
out research that benefits everyone on Earth in a wide variety of 
disciplines. 

Astronauts on the station also perform scientific examinations 
aimed at deciphering solutions for the challenges crews of deep-
space missions will face on a journey to Mars. The international 
crews of Expeditions 47 and 48 will conduct about 250 scientific 
studies during their work on the station, dozens of them supported 
by the equipment carried on the Cygnus.
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M A R C H A P R I L

NASA, first lady plant Veg-03 seeds in the
White House Kitchen Garden

Space-age plant seeds prepared by research scientists at Kennedy 
Space Center were planted in first lady Michelle Obama’s White 
House Kitchen Garden on April 5. The seeds are from the same 
lot of ‘Tokyo Bekana’ Chinese cabbage seeds for the Veg-03 plant 
experiment in the International Space Station.

The Chinese cabbage and some red romaine lettuce seeds were 
prepared inside a laboratory at Kennedy Space Center’s Space Station 
Processing Facility and shipped to the White House in March.

The first lady, NASA Deputy Administrator Dava Newman, and 
astronaut Cady Coleman participated in the event. Brad Carpenter, 
chief scientist for Space Life and Physical Sciences at NASA and 
Gioia Massa, NASA Veg-03 science team lead at Kennedy, also 
helped plant the seedlings with the kids.

Bigelow Expandable Activity Module delivered 
by SpaceX to International Space Station

The Bigelow Expandable Activity Module, or BEAM, was one of 
the technology demonstrations delivered to the International Space 
Station in April by SpaceX on Commercial Resupply Mission 8. 
BEAM became fully expanded in May. BEAM inflates to roughly 
13 feet long and 10.5 feet in diameter. During the two-year test 
mission of BEAM to determine whether astronauts could use such 
structures for deep space missions, astronauts will enter the module 
for a few hours several times each year to retrieve sensor data and 
assess conditions.

These “expandables” (commonly also called “inflatables”) are 
lightweight and require minimal payload volume on a rocket, 
but expand after being deployed in space to potentially provide a 
comfortable area for astronauts to live and work. They also protect 
from solar and cosmic radiation, space debris, atomic oxygen, 
ultraviolet radiation and other elements of the space environment.
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M A Y

Magnetospheric Multiscale helps NASA directly
observe fundamental process of nature 

Like sending sensors up into a hurricane, NASA announced 
in May it had successfully flown for the first time the four 
Magnetospheric Multiscale, or MMS, spacecraft through an invisible 
maelstrom in space, called magnetic reconnection. MMS now also 
holds the Guinness World Record for highest altitude fix of a GPS 
signal at 43,500 miles above the surface.

Magnetic reconnection is one of the prime drivers of space 
radiation and so it is a key factor in the quest to learn more about 
our space environment and protect our spacecraft and astronauts as 
we explore farther and farther from our home planet.

Space is a better vacuum than any we can create on Earth, 
but it does contain some particles. It overflows with energy and a 
complex system of magnetic fields. The research shows that magnetic 
reconnection is dominated by the physics of electrons.

Kepler mission verifies 1,284 new planets,
the largest single collection found to date

NASA’s Kepler mission has verified 1,284 new planets — the 
single largest finding of planets to date.

Analysis was performed on the Kepler space telescope’s July 2015 
planet candidate catalog, which identified 4,302 potential planets. 
For 1,284 of the candidates, the probability of being a planet is 
greater than 99 percent — the minimum required to earn the status 
of “planet.” An additional 1,327 candidates are more likely than not 
to be actual planets, but they do not meet the 99 percent threshold 
and will require additional study. The remaining 707 are more 
likely to be some other astrophysical phenomena. This analysis also 
validated 984 candidates previously verified by other techniques.

Kepler captures the discrete signals of distant planets – decreases 
in brightness that occur when planets pass in front of, or transit, 
their stars – much like the May 9 Mercury transit of our sun. 
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M A Y J U N E

Astronauts provide vital feedback  
for new commercial spacecraft

In June, NASA astronauts worked closely with commercial 
partners Boeing and SpaceX to analyze designs, try out spacecraft 
simulators and prepare for missions to the International Space 
Station. Bob Behnken, Eric Boe, Doug Hurley and Suni Williams, 
the four astronauts selected to train for Commercial Crew Program 
flight tests, visited Kennedy Space Center along with other facilities 
across the country to examine progress up-close and practice all 
aspects of a mission to the station.

The commercial crew astronauts work side by side with Boeing 
and SpaceX engineers to evaluate their systems and trainers as they 
each prepare to return launches to the International Space Station 
from American soil. They have performed fit checks in mock-up 
spacecraft and assessed the spacecraft’s display panel and controls 
among numerous other systems.

Space Launch System booster passes 
major milestone on Journey to Mars

A booster for the most powerful rocket in the world, NASA’s 
Space Launch System (SLS), successfully fired up June 28 for its 
second qualification ground test at Orbital ATK’s test facilities in 
Promontory, Utah. This was the last full-scale test for the booster 
before SLS’s first uncrewed test flight with NASA’s Orion spacecraft 
in late 2018, a key milestone on the agency’s Journey to Mars.

The booster was tested at a cold motor conditioning target of 
40 degrees Fahrenheit — the colder end of its accepted propellant 
temperature range. When ignited, temperatures inside the booster 
reached nearly 6,000 degrees. The two-minute, full-duration 
ground qualification test provided NASA with critical data on 82 
qualification objectives that will support certification of the booster 
for flight. Engineers now will evaluate these data, captured by more 
than 530 instrumentation channels on the booster.
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J U L Y

Juno arrives at Jupiter, prepares to
orbit, learn its origin, evolution

NASA’s Juno mission, launched aboard an Atlas V rocket from 
Cape Canaveral Air Force Station, Florida, on Aug. 5, 2011, reached 
Jupiter July 4 and began the steps to orbit around the giant planet.

To protect sensitive spacecraft electronics, Juno carried the first 
radiation shielded electronics vault, a critical feature for enabling 
sustained exploration in such a heavy radiation environment. 
This feature of the mission is relevant to NASA’s Vision for Space 
Exploration, which addresses the need for protection against harsh 
radiation in space environments beyond low-Earth orbit.

Juno uses a spinning solar-powered spacecraft in a highly 
elliptical polar orbit that avoids most of Jupiter’s high radiation 
regions. 

The spacecraft will orbit Jupiter 32 times, skimming to within 
3,100 miles above the planet’s cloud tops, for about one year.

More than two tons of new equipment 
head for station following nighttime liftoff

Astronauts aboard the International Space Station received 
5,000 pounds of new hardware and experiments following the July 
18 early-morning liftoff of a SpaceX Falcon 9 rocket and Dragon 
spacecraft. 

Packed tightly inside the unpiloted Dragon spacecraft were a 
host of supplies for the station crew, along with critical materials for 
dozens of the more than 250 scientific investigations

Dragon also carried a component for the station that will set 
it up for a new era of human spaceflight: an international docking 
adapter, or IDA (at left). The hardware is a ring weighing more than 
1,000 pounds that will provide a standardized connection point to 
the station for visiting spacecraft, including the Boeing CST-100 
Starliner and SpaceX Crew Dragon, both now in development in 
partnership with NASA’s Commercial Crew Program.
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J U L Y A U G U S T

Orion heat shield arrives at Kennedy
for Exploration Mission 1 in 2018

The Orion heat shield, which will protect the Orion crew 
module during re-entry after the spacecraft’s first uncrewed flight 
test with NASA’s Space Launch System rocket, arrived at Kennedy 
Space Center in August. It was transported to the Shuttle Landing 
Facility, which is managed and operated by Space Florida, aboard 
NASA’s Super Guppy aircraft.

The heat shield was designed by the Lockheed Martin and NASA 
Orion team and built at the Lockheed Martin manufacturing facility 
near Denver. It is 16.4 feet wide in diameter, making it the largest of 
its kind. 

The titanium truss structure has a composite substrate 
surrounding it. The heat shield will be capable of withstanding 
temperatures of up to 5,000 degrees F during Orion’s re-entry into 
Earth’s atmosphere.

Crew access arm installed for  
CST-100 Starliner missions

The Crew Access Arm for a new generation of spacecraft was 
lifted into place Aug. 15 at Space Launch Complex 41 where 
workers modified the launch pad to give astronauts access to 
Boeing’s CST-100 Starliner on launch day.

The 50-foot-long, 90,000-pound arm will form a bridge between 
the newly built Crew Access Tower and the hatch of the spacecraft. 
Astronauts will walk across the arm to climb inside the Starliner for 
flight. Poised to begin a mission, the Starliner will sit on top of a 
United Launch Alliance Atlas V rocket.

The arm also holds the White Room, an enclosed area big 
enough for astronauts to make final adjustments to their suits before 
climbing aboard the spacecraft.
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S E P T E M B E R

Launch catapults OSIRIS-REx toward 
encounter with asteroid Bennu

The Sept. 8 launch of NASA’s first asteroid sampling mission 
began a journey that could revolutionize our understanding of 
the early solar system. Called the Origins, Spectral Interpretation, 
Resource Identification, Security-Regolith Explorer (OSIRIS-REx), 
the spacecraft is designed to rendezvous with and study the asteroid 
Bennu.

T﻿he rocket’s launch was timed to put the OSIRIS-REx 
spacecraft, short for Origins, Spectral Interpretation, Resource 
Identification, Security-Regolith Explorer, on an exact course to 
reach the asteroid Bennu in August 2018 and then return a sample 
of it to Earth in 2023.

OSIRIS-REx will make a swing by Earth this year to gain a 
gravity assist that will accelerate it even faster to reach Bennu, where 
it eventually will go into orbit. Once orbiting the asteroid, OSIRIS-
REx will spend two years surveying it in unprecedented detail. 

Second half of Platform D installed inside  
VAB for NASA’s Space Launch System

A heavy-lift crane lowered the second half of the D-level work 
platforms, D north, for NASA’s Space Launch System (SLS) rocket, 
into position Sept. 9 for installation in High Bay 3 in the Vehicle 
Assembly Building at Kennedy Space Center. The platform will 
be installed on the north side of the high bay. The D platforms 
are the seventh of 10 levels of work platforms that will surround 
and provide access to the SLS rocket and Orion spacecraft for 
Exploration Mission 1. 

The first half of the D-level work platforms, D south, arrived in 
June.

The Ground Systems Development and Operations Program is 
overseeing upgrades and modifications to VAB High Bay 3. A total 
of 10 levels of new platforms, 20 platform halves altogether, will 
surround the SLS rocket and Orion spacecraft and provide access for 
testing and processing to prepare for EM-1.
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S E P T E M B E R O C T O B E R

Kennedy Space Center escapes major
damage from Hurricane Matthew

Hurricane Matthew churned past Kennedy Space Center on 
Oct. 7.

Just as Matthew approached the coast, the storm was 
downgraded from a Category 4 to a Category 3 storm. The 
hurricane’s eye passed just 20 to 25 miles east of Cape Canaveral 
Air Force Station, with Kennedy’s Launch Pad 39B near the western 
eyewall, experiencing peak gusts of 107-mile-per-hour winds.

The center received some isolated roof damage, damaged support 
buildings, a few downed power lines, and limited water intrusion. 
Beach erosion also occurred, although the storm surge was less than 
expected. 

Each morning, forecasters with the U.S. Air Force’s 45th 
Weather Squadron provided a briefing on the predicted conditions 
for that day and the rest of the week, including storm models and 
probabilities. 

Orion Service Module Umbilical testing  
ends in Launch Equipment Test Facility

Testing of the Orion Service Module Umbilical (OSMU) was 
completed in October at the Launch Equipment Test Facility at 
Kennedy Space Center. A series of tests, called regressions tests, 
were performed on the umbilical’s design modifications to validate 
it for installation on the mobile launcher. The tests were conducted 
by Kennedy’s Engineering Directorate for the Ground Systems 
Development and Operations Program.

The OSMU will connect from the mobile launcher tower to the 
Orion service module. Before launch, the umbilical will transfer 
liquid coolant for the electronics and air for the environmental 
control system to the Orion service module that houses these critical 
systems to support the spacecraft. The OSMU also will provide 
purge air and gaseous nitrogen for environmental control to the 
Launch Abort System located atop the spacecraft. The OSMU will 
release and tilt back, away from the service module, before launch.
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N O V E M B E R

Heroes and Legends attraction honors
legendary pioneers of spaceflight

The Kennedy Space Center Visitor Complex in Florida 
opened its doors Nov. 11 to the Heroes and Legends attraction 
that includes the new home of the U.S. Astronaut Hall of Fame. 
In addition to displays honoring the 93 Americans currently 
enshrined in the hall, the facility looks back to the pioneering 
efforts of Mercury, Gemini and Apollo. It provides the background 
and context for space exploration and the legendary men and 
women who pioneered the nation’s journey into space.

Falcon’s Treehouse, an Orlando-based design firm, began 
construction on the 37,000-square-foot Heroes and Legends 
facility in the fall of 2015. 

A sweeping ramp entrance is designed to simulate the journey 
to space.

NASA successfully launches NOAA’s 
advanced geostationary weather satellite

NASA successfully launched for the National Oceanic and 
Atmospheric Administration (NOAA) the first in a series of highly 
advanced geostationary weather satellites Nov. 19 from Cape 
Canaveral Air Force Station in Florida.

NOAA’s Geostationary Operational Environmental Satellite-R 
(GOES-R) lifted off Nov. 19 on its way to boost the nation’s 
weather observation capabilities, leading to more accurate and 
timely forecasts, watches and warnings.

After reaching its destination a few weeks later, GOES-R was 
renamed GOES-16. The new satellite will become operational 
within a year, after undergoing a checkout and validation of its six 
new instruments, including the first operational lightning mapper in 
geostationary orbit.
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N O V E M B E R

Business innovation key to Commercial Crew Program’s success
BY STEVEN SICELOFF

NASA spacecraft have long pushed the envelope on technological 
achievement, whether they carried astronauts into the vacuum 

of space the first time or tailored a robotic rover to explore a distant 
world. The Commercial Crew Program maintains those traits 
while helping to produce a sustainable model for spaceflight that 
serves NASA’s needs while including elements such as production 
efficiency, reusability and life-cycle costs.

NASA’s Commercial Crew Program tailored requirements for 
a new generation of human-rated spacecraft to allow industry 
to create innovative design solutions, manufacturing processes, 
operational methods and engineering techniques. The result has 
been a series of components, systems and now spacecraft and 
rockets that will soon take astronauts to and from the International 
Space Station in a manner that is both cost-effective and reliable.

The work began in 2010 when NASA created initial 
developmental agreements with several companies to begin the 
design and testing of subsystems, such as life support equipment, 
launch abort systems and spacecraft. This was followed by a 
progressive series of Space Act Agreements and later contracts that 
became more detailed for larger and more complex spacecraft and 
launch vehicle systems. Today, NASA has contracts with Boeing and 
SpaceX to build and operate systems to transport astronauts to and 
from the International Space Station.

“We set out from the start to give industry as much of a 
clean sheet as possible so they could use their expertise to design 
spacecraft and launch vehicles for both our missions and for their 
own spaceflight plans,” said Kathy Lueders, manager of NASA’s 
Commercial Crew Program. “And from the outset we received very 
creative ideas and original approaches to development of individual 
systems along with new processes used to build several spacecraft 
in rapid succession. The companies painted for us an exciting 
picture of innovation and we’ve worked together to first refine our 
requirements and now to ensure that they are met as the crewed 
vehicles are taking shape.”

The systems reflect cutting-edge use of technology, including 
the processes used to manufacture the hardware and for the crew 
to interface with the systems. Examples of this innovation include 
touch screens to control the spacecraft, 3-D printed spacecraft 
engine components, advanced thermal protection systems and 
pusher escape launch abort systems.

“We are extremely proud to have worked with eight aerospace 
companies over the years through the Commercial Crew Program. 
It is exciting to work with Boeing and SpaceX as they prepare to 
carry our astronauts to the space station while simultaneously 
collaborating with Blue Origin and Sierra Nevada Corp. on their 
human spaceflight systems,” said Phil McAlister, NASA’s director 
of Commercial Spaceflight Development. “In the last decade, we 
have seen the commercial human spaceflight marketplace mature. I 
believe in the next three to five years we will see multiple companies 
carrying people, not just NASA astronauts to and from space. This 
is an exciting time to be in the space business.”

At the heart of the innovation is an approach that is new 
to NASA’s human spaceflight programs, which calls on private 
industry to design, build and operate spacecraft and rockets along 
with all their related ground systems, control centers, and support 
infrastructure.

“I believe in the next three to five years we 
will see multiple companies carrying people, 
not just NASA astronauts to and from space. 
This is an exciting time to be in the space 
business.”

Phil McAlister
NASA’s Director of Commercial  
Spaceflight Development
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WEATHER 
TOOL
Newly launched CYGNSS microsatellites 
to shed light on hurricane intensity
BY ANNA HEINEY

Orbital’s modified L-1011 aircraft, “Stargazer,” carries the three-stage Pegasus XL rocket before launch Dec. 15. Image credit: NASA

Earth 
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WEATHER 
TOOL
Newly launched CYGNSS microsatellites 
to shed light on hurricane intensity
BY ANNA HEINEY

Hurricane forecasters will soon have a 
new tool to better understand and 

forecast storm intensity. A constellation of 
eight microsatellites, called NASA’s Cyclone 
Global Navigation Satellite System mission, 
or CYGNSS, got a boost into Earth orbit 
at 8:37 a.m. EST today, Dec. 15, aboard an 
Orbital ATK Pegasus XL rocket.

The Stargazer L-1011 aircraft, with 
the Pegasus XL rocket clearly visible on its 
underside, cruises above the clouds.The 
unique, air-launched vehicle was carried 
aloft by Orbital’s modified L-1011 aircraft, 
“Stargazer,” which took off from the Skid 
Strip runway at Cape Canaveral Air Force 
Station in Florida and deployed the three-
stage Pegasus XL rocket at a predetermined 
drop point 39,000 feet above the Atlantic 
Ocean and about 110 nautical miles east-
northeast of Daytona Beach.

“The deployments looked great — right 
on time,” said John Scherrer, CYGNSS 
Project Manager at the Southwest Research 
Institute and today’s CYGNSS mission 
manager.

“We think everything looks really, really 
good. About three hours after launch we’ll 
attempt first contact, and after that, we’ll go 
through a series of four contacts where we 

hit two [observatories] each time, checking 
the health and status of each spacecraft,” 
Scherrer added.

Prelaunch activities went smoothly 
throughout the morning, aided by good 
weather and healthy vehicles, according to 
NASA Launch Manager Tim Dunn of the 
agency’s Launch Services Program.

A NASA F-18 chase plane from 
Armstrong Flight Research Center in 
California provided visual contact and 
video of the conjoined Stargazer aircraft and 
Pegasus XL rocket.

The chase plane took to the skies 
minutes before the Stargazer went airborne 
at 7:38 a.m.

“It’s a beautiful day, with gorgeous 
weather,” Dunn said. “We had a nominal 
flyout, and all three stages performed 

beautifully. We had no issues at all with 
launch vehicle performance.”

Only 13 minutes after launch, the first 
pair of CYGNSS microsatellites deployed, 
with the rest releasing in pairs every 30 
seconds.

“It’s a great event when you have a 
successful spacecraft separation — and with 
eight microsatellites, you get to multiply 
that times eight,” Dunn said.

“When the first two [observatories] 
came off, I started feeling good,” said 
CYGNSS Principal Investigator Chris Ruf 
of the University of Michigan. “When the 
last two came off, it felt fantastic. The orbit 
is right on the money of what we’ve been 
modeling.”

The team expects to begin getting 
science data next week, Ruf said. There will 
be a one- to two-month commissioning 
phase in which each microsatellite will be 
checked out and maneuvered into its final 
position.

The CYGNSS constellation is expected 
to be operational in time for the 2017 
hurricane season.

“Thanks, Pegasus and NASA, for a 
smooth ride,” Scherrer said.

“It’s a great event when you 
have a successful spacecraft 
separation — and with eight 
microsatellites, you get to 
multiply that times eight.”

Tim Dunn
NASA Launch Manager  

Launch of the Orbital ATK Pegasus XL rocket carrying NASA’s CYGNSS spacecraft. Image Credit: NASA TV

SPACEPORT Magazine 21



SPACEPORT Magazine22

Space gardener Shane 
Kimbrough enjoys 
multiple harvests
BY ANNA HEINEY

For a mid-afternoon snack, NASA astronaut Shane Kimbrough 
cut some of the “Outredgeous” red romaine lettuce leaves he 
nurtured in November aboard the International Space Station as 
part of a gardening harvest technique termed “cut-and-come-again.”

Kimbrough initiated the most recent round of the Veggie 
experiment on Oct. 25, and for the first time in space, all six lettuce 
plants are growing simultaneously. Kimbrough has taken on the 
part-time role of on-orbit gardener, working virtually autonomously 
to cultivate the crops, although gardeners on the ground at 
Kennedy Space Center provided help in the beginning.

“During their first week of life, the small seedlings were getting 
too much water,” said Veggie Project Manager Nicole Dufour. “This 
put the plants’ growth a bit behind schedule, but they recovered 
nicely after we instructed Kimbrough to use a fan to dry up some of 
the moisture.”

Cut-and-come-again is a repetitive harvest technique in which 

a selection of leaves can be harvested for a bit of fresh lettuce and 
possibly science samples. The remaining leaves and the core of the 
plant are left intact and will continue to grow and produce more 
leaves for subsequent harvests approximately every 10 days. The 
goal is to increase the on-orbit crop yield, as well as allow for more 
opportunities to supplement astronaut diets with fresh, nutritious 
food.

“Testing this method on orbit, after using it on the ground, is 
very exciting for us,” said Dufour. “A repetitive harvest allows us to 
provide more food for both the crew and for science, so it’s a win-
win. We are looking forward to hearing how Shane enjoys his first 
harvest!”

The first harvest was solely for crew consumption, and the plan 
is to have four harvests in total, with the final harvest targeted for 
the first of the new year. The yields from these harvests will be split 
between samples for science return and crew consumption. 

This experiment also is an important demonstration of how 
NASA applies science across disciplines — in this case Space 
Biology to grow a healthy crop and Human Research to ensure 
astronauts remain healthy — to enable human space exploration. 
NASA’s Space Life and Physical Sciences Research and Applications 
division integrates and funds such research.

A research scientist 
harvests a portion of the 
‘Outredgeous’ red romaine 
lettuce from the Veg-03 
ground control unit inside 
the ISS environmental 
simulator chamber room 
in the Space Station 
Processing Facility at 
Kennedy Space Center.  
Photo credit: NASA/ 
Cory Huston

ISS
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Charles Spern, a Veggie project engineer with the Engineering Services Contract, relays messages from the Kennedy Space Center Veggie team 
to assist the crew during the initial harvest. Photo credit: NASA

Six lettuce plants grow aboard the International Space Station as part of the Veg-03 experiment. 
At the rear of the chamber, a triangle plaque that crew members mounted this summer is visible. 
The plaque honors the memory and contributions of Thora Halstead and Ken Souza — both giants in the field of Space Biology, and reads: 
“Dedicated to the memory of space biology pioneers Thora Halstead and Ken Souza, for all they did to plant and nurture the seeds of biological 
research in space.” Photo credit: NASA
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A heavy-lift crane lowers the first half 
of the B-level work platforms, B south, 
for NASA’s Space Launch System (SLS) 
rocket, for installation Dec. 2 on the 
south side of High Bay 3 in the Vehicle 
Assembly Building (VAB) at Kennedy 
Space Center. Large Tandemloc bars have 
been attached to the platform to keep 
it level during lifting and installation. In 
view below are eight levels of previously 
installed platforms. The B platforms are 
the ninth of 10 levels of work platforms 
that will surround and provide access 
to the SLS rocket and Orion spacecraft 
for Exploration Mission 1. The Ground 
Systems Development and Operations 
Program is overseeing upgrades and 
modifications to VAB High Bay 3, including 
installation of the new work platforms, to 
prepare for NASA’s Journey to Mars. Photo 
credit: NASA/Dimitri Gerondidakis



COUNTDOWN TO EM-1
NASA team develops launch 
procedures for first flight of 
Space Launch System
BY LINDA HERRIDGE

Instructions usually come with something you have to put together. 
They can be simple or a little more involved. But the procedures for 
launching NASA’s Space Launch System (SLS) rocket are much more 
intricate and on a grander scale than what we would encounter during 
a normal daily routine. 

A team of NASA and contractor engineers are undertaking the 
challenging task of developing the launch procedures for the agency’s 
first uncrewed flight of the Orion spacecraft with the SLS rocket on 
Exploration Mission 1 (EM-1), currently targeted for 2018. The effort 
is being led by Kennedy Space Center and the NASA EM-1 Launch 
Director Charlie Blackwell-Thompson. 

“We are working on the launch commit criteria and how we’re 
going to configure the vehicle for launch,” Blackwell-Thompson said. 
“All of us are involved together in creating the procedures that we will 
follow for EM-1.” 

About 100 engineers and technical specialists from the Ground 
Systems Development and Operations Program, the Orion Program, 
the Space Launch System Program and NASA’s Exploration Systems 
Division are helping to put together the launch procedures. Also 
included in the group are representatives from NASA Headquarters, 
Johnson Space Center in Houston, Marshall Space Flight Center 
(MSFC) in Huntsville, Alabama, and Langley Research Center in 
Hampton, Virginia.

A computer-aided image of NASA’s 
Space Launch System rocket and Orion 
spacecraft lifting off from the mobile 
launcher at Launch Pad 39B at Kennedy 
Space Center. Image credit: NASA
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The group is very close to completing a launch countdown bar 
chart that includes a list of all of the preflight work, post-launch 
activities, and the timeline that will be followed. According to 
Blackwell-Thompson, the bar chart is a kind of blue print. It is 
a less detailed account of the actual procedures that will be more 
intricately written. 

“We want to make sure that when we put the launch countdown 
plan together we understand the requirements for each of the bar 

chart lines of work, and how they fit together for SLS, Orion and 
ground systems,” Blackwell-Thompson said. 

A detailed series of steps will be written for each line of the bar 
chart. A single line or section could easily translate into hundreds 
of steps, depending on how complex they are. The procedures will 
include a substantial amount for Orion, SLS and ground support 
equipment.

For space shuttle launches, there were six volumes of 
procedures. Some were larger, some were smaller. Each of the books 
covered different aspects of a launch, including the countdown, 
contingencies and emergency instructions.

For EM-1, the books are called Integrated Launch Countdown, 
or INT-LCD. There are individual books for systems, nominal 
launch countdown operations, scrub turn-around activities, 
contingencies and emergency instructions. The launch countdown 
procedures will be broken down to include call to stations (Launch 
Control Center Firing Room 1 and other designated facilities), 

mobile launcher/Pad 39B final configuration for launch, vehicle 
configuration for flight, tanking and tanking replenish, and terminal 
countdown.

“These are all new procedures, and we are being very intentional 
about the way that we group them together,” Blackwell-Thompson 
said. “From stacking boosters, to integrating the launch vehicle and 
spacecraft. These are all new.” 

The launch countdown book will cover events beginning with 

call to stations, all the way to T-0. Examples include ground systems 
configurations, the kinds of walkdowns needed and when, the 
tanking sequence, and many other procedures that will be required 
to get to T-0 and a successful launch. 

“The tanking sequence will be different. It will take longer 
because we will be loading two stages of the SLS rocket with two 
different commodities,” Blackwell-Thompson said.  “The loading 
operations are also staggered. For space shuttle, we had one stage 
and we loaded both liquid hydrogen and liquid oxygen commodities 
at the same time.” 

The contingency book will contain the launch commit criteria 
(LCC) preplans. In the event that there is an LCC violation, the 
book will include the steps needed to figure out if they are okay 
to launch or if it is a no-go situation. The book also will include 
weather-specific launch commit criteria, and systems criteria for 
SLS, Orion and the ground systems. 

For EM-1, the actual launch countdown will start about two 

“I can’t wait to come to Firing Room 1 
on launch day and feel the energy in the 
Launch Control Center and look out the 
windows and see the Orion spacecraft 
with the Space Launch System rocket 
atop the mobile launcher on  
Launch Pad 39B, ready for flight.” 

	 – Charlie Blackwell-Thompson
	     NASA EM-1 Launch Director 

Charlie Blackwell-Thompson, NASA launch director for Exploration Mission 
1 (EM-1), stands in Firing Room 1 in the Launch Control Center at Kennedy 
Space Center. The launch team will be in Firing Room 1 on launch day for  
EM-1. Photo credit: NASA/Kim Shiflett
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days prior to launch. The launch countdown will be about 45 hours 
and 40 minutes. That’s about one day shorter than a space shuttle 
launch countdown.

EM-1 will have two planned holds during countdown. One 
90-minute hold will be at T-7:10 (7 hours and 10 minutes), just 
before tanking; a second will be at T-10 minutes. At that time, the 
launch director will poll the team for a “go” or “no-go” status.

There are eight planned terminal countdown simulations 
to train and prepare the launch team. As the launch procedure 
books are developed, the simulations will become more complex 
and integrated. Four of the launch simulations will integrate the 
Kennedy team with the flight control team in the Mission Control 
Center and the support launch teams from the SLS and Orion 
Programs located at the SLS Engineering Support Center and the 
Orion Mission Evaluation Room, respectively. 

“We haven’t launched a vehicle from Kennedy in a few years. 
There are a lot of pieces to training the launch team. We need to 
practice,” Blackwell-Thompson said. “We need to make sure that we 
all know how to do what it is we’re expected to do on launch day. 
It’s a pretty big job.”

Blackwell-Thompson said current plans are to go paperless 
or quasi-paperless in the firing room. The EM-1 launch team, 
comprised of approximately 91 people, will be able to access all of 
the launch procedure books on computer. 

A mature set of launch procedures will be ready in mid-2018. 
But experience tells Blackwell-Thompson that with a new program 
they are likely to have changes as they test the flight hardware and 
the ground systems and put them together for the first time.

The team could have paper changes throughout, even through 
the flow, and during launch day. 

Referred to by Blackwell-Thompson as the building block 
approach, the team will build on EM-1 launch procedures for 
the second flight of the SLS rocket. They will take the things that 
worked really well and reuse them for EM-2. 

“What we are putting in place for launch countdown procedures 
may be reshaped over time. But I believe the cornerstones we are 
putting in place today will not only get NASA to EM-1 and enable 
EM-2 and beyond, but when the agency gets to the journey to 
Mars, the fingerprints of the folks that launched EM-1 will remain 
on those launch procedures and processes,” Blackwell-Thompson 
said. 

Blackwell-Thompson said she is excited to be part of this team, 
with a group of very talented and dedicated people that are making 
this happen. She is looking forward to seeing the hardware arrive at 
Kennedy. 

“I can’t wait to come to Firing Room 1 on launch day and feel 
the energy in the Launch Control Center and look out the windows 
and see the Orion spacecraft with the Space Launch System rocket 
atop the mobile launcher on Launch Pad 39B, ready for flight,” 
Blackwell-Thompson said.

“We haven’t launched a vehicle 
from Kennedy in a few years. 
There are a lot of pieces to 
training the launch team. We 
need to practice.” 

	 – Charlie Blackwell-Thompson
	     NASA EM-1 Launch Director 

A computer-aided image of NASA’s Space Launch System rocket and Orion spacecraft 
lifting off from the mobile launcher at Launch Pad 39B at Kennedy Space Center. 
Image credit: NASA
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A heavy-lift crane lifts the second half of the C-level work platforms, C north, for NASA’s Space 
Launch System rocket, high up from the transfer aisle of the Vehicle Assembly Building at Kennedy 
Space Center on Nov. 10. The C platform was moved into High Bay 3 for installation on the north 
side of High Bay 3. The C platforms are the eighth of 10 levels of work platforms that will surround 
and provide access to the SLS rocket and Orion spacecraft for Exploration Mission 1. In view below 
Platform C are several of the previously installed platforms. Photo credit: NASA/Daniel Casper
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Technicians prep Space Launch System booster structures for 
first deep space mission 
BY LINDA HERRIDGE

When NASA’s new heavy-lift rocket, 
the Space Launch System (SLS), 

soars from its launch pad at Kennedy 
Space Center in 2018 with the Orion 
spacecraft, its powerful solid rocket boosters 
will generate more than 75 percent of the 
thrust at liftoff to help the massive launch 
vehicle escape Earth’s gravity. Several major 
structures of the five-segment solid rocket 
boosters — the largest ever built for flight 
— are being prepared for the rocket’s first 
mission with Orion. 

SLS booster prime contractor Orbital 
ATK is performing the work for the first 
flight of the rocket at the Hangar AF 
complex at Cape Canaveral Air Force 
Station in Florida, as well as at several other 
specialized facilities at the Kennedy Space 

Center. The large hangar and several support 
buildings provide the capabilities required 
to reuse previously flown booster flight 
hardware. 

“Processing hardware for the first SLS 
flight is incredibly exciting and rewarding,” 
said Rick Serfozo, Orbital ATK Florida 
Operations site director. “Every day, the 
team is hands-on, meeting challenges and 
solving technical problems.”

The first launch of an uncrewed Orion 
spacecraft atop the SLS rocket is targeted 
for late 2018. The test mission will soar 
into space from Launch Pad 39B at the 
agency’s Kennedy Space Center. Parts of the 
right and left booster structures for the SLS 
rocket currently are being readied for this 
first flight. 

Technicians started by working on the 
bottom parts of the boosters, known as the 
aft skirts. These contain the system that 
steers the boosters, the motors that separate 
them from the rocket, and other controls. 

A paint technician with Orbital ATK, prime contractor for the Space Launch System (SLS) Booster, uses an air gun to apply paint to the right hand aft skirt for NASA’s SLS rocket inside 
a support building at Hangar AF at Cape Canaveral Air Force Station. The space shuttle-era aft skirt, was inspected and resurfaced to prepare it for primer and paint.  
Photo credit: NASA/Dan Casper

The right-hand aft skirt for NASA’s Space Launch System 
(SLS) rocket has been refurbished, was painted Oct. 31, 
and is in a drying cell in a support building at Hangar 
AF at Cape Canaveral Air Force Station in Florida. Photo 
credit: NASA/Kim Shiflett
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These aft skirts, and other booster structures 
stored in the hangar and the Booster 
Fabrication Facility, were used on space 
shuttle missions. 

Orbital ATK engineers, technicians and 
quality assurance personnel all have roles in 
helping to prepare some of the SLS booster 
structures for its mission. The SLS Program 
then “hands over” the booster structures 
to the Ground Systems Development and 
Operations Program at Kennedy, which 
is responsible for integrating the booster 
assemblies and then stacking, or building 
up, the entire rocket.

Inside another specialized facility, the 
Multi-Media Blast Facility, each aft skirt 
was blasted with tiny plastic and glass beads 
to remove old paint, primer and sealants 
in order to expose bare metal. Technicians 
used non-destructive evaluation techniques, 

including X-ray, ultrasonic and eddy-current 
testing, to painstakingly inspect the aft skirts 
for defects. If found, defects were marked 
and repaired.

Inside the Surface Prep Facility, the aft 
skirts went through a thorough cleaning 
and surface preparation process prior to 
receiving primer and topcoat paint. One at 
a time, the skirts were transferred to a paint 
booth where skilled technicians precisely 
applied primer and then polyurethane-based 
paint.     

After the paint was cured and tested, the 
left aft skirt was transported to the Booster 
Fabrication Facility to begin the assembly 
process. The right aft skirt soon followed.

The forward skirts, frustums and 
associated hardware also will be refurbished 
at the hangar. These structures comprise 
the top portion, or forward assembly, of 

the solid rocket boosters. The frustums, 
along with the nose cones, serve as the 
aerodynamic fairing for the boosters. 
All of the smaller parts, such as brackets 
and support frames required to assemble 
the booster subsystems, also are being 
refurbished in a similar manner within 
facilities at the hangar.

“Our Orbital ATK team is both honored 
and excited to support NASA in our 
country’s next steps in human deep space 
exploration with NASA’s Space Launch 
System as we look forward to the first 
launch of SLS and Orion,” Serfozo said. 
“Some of the next steps on NASA’s Journey 
to Mars are beginning right here on Florida’s 
Space Coast with Orbital ATK’s work on 
the SLS solid rocket boosters.”

Technicians with Orbital ATK, prime contractor for the Space Launch System (SLS) Booster, prepare the right-hand aft skirt for NASA’s SLS rocket for primer and painting Oct. 28 inside 
a support building at the Hangar AF facility at Cape Canaveral Air Force Station in Florida. The space shuttle-era aft skirt, was inspected and resurfaced and will be primed and painted 
for use on the right-hand booster of the SLS rocket for Exploration Mission 1 (EM-1). NASA is preparing for EM-1, deep-space missions, and the Journey to Mars. Photo credit: NASA/
Daniel Casper
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DONE!DONE!
Team celebrates success of Orion Underway Recovery Test 5  

The Orion Underway Recovery Test 5 (URT-5) team recently celebrated the completion of the test during a gathering hosted by the 
Ground Systems Development and Operations Program (GSDO) and the Engineering Directorate at Kennedy Space Center.

URT-5 team members included NASA’s GSDO, Kennedy’s Engineering Directorate, contractors with the Test and Operations Support 
Contract and Engineering Services Contract, Orion representatives, the team from the Neutral Buoyancy Laboratory at Johnson Space 
Center in Houston, and U.S. Air Force Detachment 3 from the 45th Space Wing at nearby Patrick Air Force Base.

During URT-5 in October, the team practiced recovering a test version of the Orion crew module in the Pacific Ocean, off the coast of 
California, and guiding it into the well deck of the USS San Diego. Over several days, the team demonstrated and evaluated new recovery 
processes, procedures, hardware and personnel that will be necessary to recover Orion after its first flight test on NASA’s Space Launch 
System (SLS) rocket.

“URT-5 proved to be a really valuable test for us as we evolve our ground support equipment and recovery procedures to one day safely 
recover our astronauts and crew module from deep space,” said Mike Bolger, GSDO Program manager. “It is a complex procedure and the 
conditions on the Pacific Ocean can be daunting. But this team performed flawlessly.”

Landing and Recovery Director Melissa Jones, with GSDO, thanked the team for countless hours of hard work and hundreds of newly 
developed parts that contributed to the success of the test. 

“This test was the first time the Landing and Recovery Team has been able to consistently demonstrate control of the test capsule in the 
well deck of the ship,” Jones said.

The team will fine-tune their strategy, make some equipment adjustments and return to the open water for another test late next year.  
NASA’s Orion spacecraft is scheduled to launch atop the SLS on Exploration Mission 1 in late 2018. EM-1 will send Orion on a path 

thousands of miles beyond the moon over a course of three weeks, farther into space than human spaceflight has ever traveled before. The 
spacecraft will return to Earth and safely splash down in the Pacific Ocean. The mission will advance and validate capabilities required for 
the Journey to Mars.

The Orion Underway Recovery Test 5 (URT-5) 
team celebrates a successful test during a 
gathering hosted by the Ground Systems 
Development and Operations Program and 
the Engineering Directorate at Kennedy Space 
Center. At far left is Melissa Jones, Orion 
Landing and Recovery director.  
Photo credit: NASA/Ben Smegelsky

SPACEPORT Magazine32



A heavy-lift crane lowers the first half of the B-level work platforms, B south, for NASA’s Space Launch System (SLS) rocket, for installation Dec. 2 on the south side of High Bay 3 in 
the Vehicle Assembly Building (VAB) at Kennedy Space Center. Large Tandemloc bars have been attached to the platform to keep it level during lifting and installation. In view below 
are eight levels of previously installed platforms. The B platforms are the ninth of 10 levels of work platforms that will surround and provide access to the SLS rocket and Orion 
spacecraft for Exploration Mission 1. The Ground Systems Development and Operations Program is overseeing upgrades and modifications to VAB High Bay 3, including installation of 
the new work platforms, to prepare for NASA’s Journey to Mars. Photo credit: NASA/Dimitri Gerondidakis
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Steven Larsen
Lead Design Engineer, Interim Cryogenic Propulsion Stage Umbilical

My name is Steven Larsen, and I am the lead design engineer for 
the Interim Cryogenic Propulsion Stage Umbilical (ICPSU) for 

the Ground Systems Development and Operations (GSDO) Program 
at NASA’s Kennedy Space Center in Florida. I am a mechanical 
engineer in the Engineering Directorate supporting GSDO.

My main responsibilities include designing the ICPSU system to 
meet program requirements. The design process includes working 
with all of the engineering disciplines (mechanical, electrical, 
cryogenics, pneumatics and hydraulics) to create an integrated design 
model and drawings. When the design was complete, we put the 
drawing package out for fabrication.

I served as the NASA technical representative for the fabrication 
contract. The ICPSU was built by Coastal Steel in Cocoa, Florida, 
and the main portion of the umbilical arm was delivered to the 
Launch Equipment Test Facility (LETF) at Kennedy in September 
2015 for testing.  

I have worked at Kennedy for 10 years and have always been in 
the Engineering Directorate.

The accomplishment I’m most proud of so far is seeing the 
delivery of the ICPSU arm to the LETF, and seeing years of hard 
work come together into a large system that will support the first 
integrated launch of the agency’s Space Launch System rocket and 

Orion spacecraft as well as NASA’s Journey to Mars.
The coolest part of my job is getting to design mechanisms for the 

mobile launcher umbilical systems. For the ICPSU, I was the design 
engineer for all of the release mechanisms. Some of the mechanisms 
were an innovative DC hub motor winch system, a pneumatic 
secondary system, and a solenoid release rope retraction device. Seeing 
this work come together into real hardware and then testing it to see if 
our ideas and calculations really worked is exciting.

I first became interested in space when I was young. My father 
was an aerospace engineer in the Air Force. We built model rockets 
and helicopters together which taught me the fundamentals of 
engineering. Unfortunately, we were much better at building them 
than flying them. When I was eight, we spent all Christmas day 
building a three-foot-long Apache helicopter, only to crash it the next 
day.

For students who are interested in a career in engineering, I 
would advise them to get involved in a club at school that designs 
and builds a cool product. Some examples would be Formula SAE 
(Society of Automotive Engineers), Baja, and NASA’s Robotic Mining 
Competition.

My hometown is Merritt Island, Florida. I earned a Bachelor’s of 
Science in mechanical engineering from Georgia Tech in 2006.
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Ultra-Cold Storage
Liquid hydrogen may be fuel of the future
BY AMANDA GRIFFIN AND LINDA HERRIDGE

When NASA saved a shuttle-era storage facility at Kennedy 
Space Center from demolition five years ago, engineers 

already had the future in mind for what to do with the building. 
Some three years later, NASA transformed the hangar and installed 
test equipment at an adjacent field for testing a new ground 
operations demo unit for liquid hydrogen. The testing has come to a 
successful conclusion after 1.5 years.

The system is comprised of a 33,000-gallon liquid hydrogen 
storage tank recycled from the Titan Centaur program, with an 
internal cold heat exchanger supplied from a cryogenic refrigerator. 
The refrigerator, chiller and associated controls are housed in a 
metal storage container for insulation and to protect them from the 
corrosive sand and salt environment. 

The system was designed, installed and tested by a team of 
civil servants and contractors from the center’s Cryogenic Test 
Laboratory, with key support from engineers at NASA’s Glenn 
Research Center in Cleveland and Stennis Space Center in 
Mississippi.

Testing was done in three phases over 18 months between 
April 2015 and September 2016. The system was put through its 
paces using an increasing amount of stored hydrogen — 30, 60 
and 90 percent, respectively. The system was tested for three main 
objectives: zero boil-off, liquefaction and propellant densification. 

According to Bill Notardonato, the demo unit’s principal 
investigator in the Exploration Research and Technology Directorate 

at Kennedy, a zero boil-off capability is a prime candidate for use 
by the Ground Systems Development and Operations Program 
(GSDO) at the center, potentially saving NASA millions of dollars 
compared to previous operations.

Notardonato’s team is consulting with GSDO on the design of 
the new pad B liquid hydrogen tank and future launch pad systems.

“For Space Launch System launches, GSDO will fill the rocket’s 
core stage and interim cryogenic upper stage with hundreds of 
thousands of gallons of liquid hydrogen,” said Shawn Quinn, 
GSDO assistant program manager. “An important feature of the 
new zero boil-off technology is the potential to reduce long-term 
energy costs and liquid hydrogen commodity costs.”

Kennedy is preparing for the first integrated launch of NASA’s 
Space Launch System and Orion spacecraft. Upgrades to Launch 
Pad 39B, where the rocket and Orion will launch on a test flight 
in late 2018, include a 1.4-million-gallon hydrogen tank. That’s 50 
percent larger than the current tank.

“The goal would be to integrate the unit’s heat exchange system 
into the new tank, saving GSDO money by eliminating the loss of 
hydrogen,” Notardonato said. “By accomplishing zero boil-off of 
liquid hydrogen, we could save one dollar in hydrogen for every 20 
cents spent on electricity to keep it cooled.”

The new unit contains a cooling system that removes heat and 
vents it into the atmosphere. What is left is super-cooled hydrogen 
that is stored at minus 423 degrees Fahrenheit.

Engineers complete a test of the Ground Operations Demo Unit for liquid hydrogen at Kennedy Space Center. The system includes a 33,000-gallon liquid hydrogen 
storage tank with an internal cold heat exchanger supplied from a cryogenic refrigerator. The primary goal of the testing is to achieve a liquid hydrogen zero boil-off 
capability. The system was designed, installed and tested by a team of civil servants and contractors from the center’s Cryogenic Test Laboratory, with support from 
engineers at NASA’s Glenn Research Center in Cleveland and Stennis Space Center in Mississippi. It may be applicable for use by the Ground Systems Development 
and Operations Program at Launch Pad 39B. Photo credit: NASA/Cory Huston
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Liquefaction takes gaseous hydrogen and turns it into a liquid. 
Instead of the usual method of compression and expansion, the 
hydrogen is flowed into the tank and cooled down using helium 
refrigerant from a cryogenic refrigerator. 

Notardonato said helium refrigerant is a good choice, because 
it is a common refrigerant that can meet the needs of an in-situ 
resource utilization process in deep space. 

Propellant densification, or cooling a liquid below its normal 
boiling point to increase the storage density, was the most 

challenging objective. The new system performed flawlessly, 
transforming the liquid hydrogen into the world’s largest volume of 
hydrogen slush at minus 435 degrees Fahrenheit.

Some commercial companies are using densified oxygen for 
their rockets, enabling cost-effective reusability of their core 
stages. Densifying oxygen is much easier than hydrogen, but the 
benefits of densified hydrogen could be far greater, according to 
Notardonato.

Notardonato said the next goal is to take the portable liquid 
hydrogen system to another center for densified hydrogen engine 
testing that could be used for a future commercial launch vehicle, 
helping to curb the cost of access to space. In parallel, the results 
are being shared with the GSDO Program and in-situ resource 
utilization mission planners to increase awareness of this new 
capability.

“It’s an exciting new technology that will benefit NASA’s 
Journey to Mars and has the potential to also benefit the nation’s 
efforts to establish alternative energy sources,” Quinn said.

“By accomplishing zero boil-off of liquid 
hydrogen, we could save one dollar in 
hydrogen for every 20 cents spent on 
electricity to keep it cooled.”

Bill Notardonato
Principal Investigator
Ground Operations Demo Unit for Liquid Hydrogen
Exploration Research and Technology Directorate

Technicians with Praxair pressurize the hydrogen trailer before offloading liquid hydrogen during a test of the Ground Operations Demo Unit for liquid hydrogen at Kennedy Space 
Center. The system includes a 33,000-gallon liquid hydrogen storage tank with an internal cold heat exchanger supplied from a cryogenic refrigerator. The primary goal of the testing 
is to achieve a liquid hydrogen zero boil-off capability. The system was designed, installed and tested by a team of civil servants and contractors from the center’s Cryogenic Test 
Laboratory, with support from engineers at NASA’s Glenn Research Center in Cleveland and Stennis Space Center in Mississippi. It may be applicable for use by the Ground Systems 
Development and Operations Program at Launch Pad 39B. Photo credit: NASA/Cory Huston
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Emergency response team competes in  
34th annual SWAT Round-up International
BY LINDA HERRIDGE

Kennedy Space Center’s Emergency Response Team members prepare to compete in the 34th Annual SWAT Round-up International at the Lawson Lamar Firearms and Tactical Training 
Center in Orlando, Florida. The competition was held Nov. 15 to 18, and featured five different competition categories. Kennedy’s ERT members exchanged best practices and competed 
with 60 teams from the U.S. and around the world. Photo credit: NASA/Kim Shiflett
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The safety of each worker is the most 
important priority at Kennedy Space Center. 

The center’s world-class Emergency Response Team 
(ERT), part of the center’s Protective Services, 
continually upgrade its skills in order to provide the 
greatest protection to the workforce and assets at 
the premier spaceport. 

ERT members train on a regular basis to keep 
their skills current. They also recently competed in 
the 34th Annual SWAT Round-up International at 
the Lawson Lamar Firearms and Tactical Training 
Center in Orlando. Eight of Kennedy’s ERT 
members competed in five tactical challenges that 
were physically and mentally demanding. They 
competed with 60 teams from the U.S. and around 
the world. Some of the international competitors 
included teams from Hungary, Brazil, Jamaica and 
St. Maarten.

“Preparing for and competing in the events 
helps to build skills and camaraderie among 
our team members,” said William Young, ERT 
commander with Chenega Infinity LLC. “But the 
most valuable aspect of the seven-day event is the 
relationships that are built with the other teams.”

Kennedy’s ERT members placed third and 
received awards for their finish in two of the five 
events: the “Officer Rescue” and “Tower Scramble.” 
The team also engaged in specialized training and 
operational debriefs, met to discuss common issues 
and challenges facing law enforcement, compared 
training and operational methods, and built 
relationships with neighboring agencies that can 
support each other during real-life critical incidents. 

“Our team is very competitive in the events 
and, even more importantly, supportive of the other 
teams, especially those that we work and meet with 
regularly from the central Florida region,” Young 
said.

Kennedy Space Center’s Emergency Response Team members compete in the 34th Annual 
SWAT Round-up International at the Lawson Lamar Firearms and Tactical Training Center in 
Orlando, Florida. The competition was held Nov. 15 to 18, and featured five different competition 
categories. Photo credit: NASA/Kim Shiflett

NASA Kennedy Space Center’s Emergency Response Team members scale a wall during the 
34th Annual SWAT Round-up International at the Lawson Lamar Firearms and Tactical Training 
Center in Orlando, Florida. The competition was held Nov. 15 to 18, and featured five different 
competition categories. Kennedy’s ERT members exchanged best practices and competed with 
60 teams from the U.S. and around the world. Photo credit: NASA/Kim Shiflett

A member of NASA Kennedy Space Center’s Emergency Response Team competes in the 34th 
Annual SWAT Round-up International at the Lawson Lamar Firearms and Tactical Training 
Center in Orlando, Florida. The competition was held Nov. 15 to 18, and featured five different 
competition categories. Kennedy’s ERT members exchanged best practices and competed with 
60 teams from the U.S. and around the world. Photo credit: NASA/Kim Shiflett
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IN REMEMBRANCE 

Apollo 1 and her crew
BY BOB GRANATH
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Above: The sun comes up behind what remains of the pad at Launch Complex 34 on Cape Canaveral Air Force 
Station in Florida. On Jan. 27, 1967, a fire erupted in the spacecraft during a preflight test, taking the lives of the 
Apollo 1 crew, NASA astronauts Gus Grissom, Ed White and Roger Chaffee. Photo credit: NASA/Ben Smegelsky

Opposite: Astronauts, from the left, Gus Grissom, Ed White and Roger Chaffee stand near Cape Kennedy’s 
Launch Complex 34 during training for Apollo 1 in January 1967. Photo credit: NASA
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The highly successful Gemini Program 
concluded in 1966 with the nation anticipating 
the start of piloted Apollo missions at the 
beginning of the following year. Apollo 1 was 
already being prepared and three NASA astronauts 
were getting ready to launch the effort to land on 
the moon before the end of the decade.

Gus Grissom, a veteran of Mercury and 
Gemini, was selected as commander. Senior pilot 
was Ed White, the first American to walk in space. 
Rounding out the crew was first-time flyer Roger 
Chaffee, a member of the third group of NASA 
astronauts. Liftoff was scheduled for Feb. 21, 
1967.

On the afternoon of Jan. 27, 1967, the Apollo 
1 crew arrived at Cape Kennedy (now Cape 
Canaveral) Air Force Station’s Launch Complex 
34 where the spacecraft was perched atop a Saturn 
1B rocket. This was to be a launch countdown 
rehearsal.

At 6:31 p.m. EST the launch team in the pad 
blockhouse heard an astronaut say, “We’ve got a 
fire in the cockpit.”

While ground crews worked valiantly to open 
the complex, two-layer hatch, the crew perished 
before the hatch could be removed.

A few days later, Dr. Kurt Debus, director of 
the Kennedy Space Center, spoke of the hazards of 
spaceflight.

“The tragic accident underscores the ever-
present risk involved in space exploration — even 
on ground testing,” he said. “It is a terrible price 
to pay and an unforgettable reminder as we go 
forward with unrelenting concentration on very 
critical detail.”

An exhaustive investigation of the accident 
followed and extensive redesigns of the Apollo 
command module delayed piloted flights until 
Apollo 7, flew in October 1968.

Less than a month before the Apollo 1 
accident, Grissom completed the first draft 
manuscript for a book titled “Gemini” about the 
program that bridged Project Mercury to Apollo. 
On the last page he wrote about the hazards of 
human spaceflight.

“There will be risks, as there are in any 
experimental program,” he said. “But I hope the 
American people won’t feel it’s too high a price for 
our space program.”

In August 1966, the crew for Apollo 1 check out the couch installation on the Apollo command 
module at North American’s facility in Downey, California. From the left are Gus Grissom, Roger 
Chaffee and Ed White. Photo credit: NASA

At Cape Canaveral Air Force Stations’ Launch Complex 34, the Apollo 1 astronauts walk across 
the crew access arm to the white room. They then boarded the command module for a launch 
rehearsal test on Jan. 27, 1967. Photo credit: NASA



SPACEPORT Magazine 43

Virgil “Gus” Ivan Grissom

Edward Higgins White, II

Roger Bruce Chaffee

APOLLO 1
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Although there are no seasons in space, this cosmic vista invokes thoughts of a frosty winter landscape. It is, in fact, a region called 
NGC 6357 where radiation from hot, young stars is energizing the cooler gas in the cloud that surrounds them. Photo credit: NASA


