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Foreword by John Glenn

The Hubble Space Telescope, with its probing pictures, has rewritten the book on astronomy. Impressive as deep space may be, the Hubble’s ability to capture its magnificence did not happen by chance. That ability came from the combination of many different engineering and scientific inputs, and the dedication of many individuals going back to the earliest days of the American manned space program. Over the decades, the increased skill in spacecraft rendezvous, satellite development, astronaut “spacewalking,” and photographic capability—one flight building on another—contributed to the realization of these spectacular Hubble pictures and the science that underlies them.

I took the first sunrise pictures in space with a hand-held camera from the Friendship 7 capsule in 1962. Comparing those first photos to the enormous reach and clarity of the Hubble’s deep-space images illustrates just how far we have come in optics, satellite engineering, and on-orbit servicing of equipment by astronauts.

The artful photographs in this book also give deserved attention to a few of the many thousands of people who worked on the Space Shuttle and Hubble Space Telescope programs. They have been and continue to be a tremendous asset for our country, and contributed greatly to the exploration of the wonders of our universe.

Curiosity about the unknown is at the heart of all progress. With the Hubble and other exploration missions within or even beyond our solar system, we will start to fill in the blanks in our knowledge of the universe that lies well beyond our existence here on Earth, creating a better future for all.


JOHN GLENN, UNITED STATES SENATOR, RETIRED; NASA ASTRONAUT, RETIRED; COLONEL, UNITED STATES MARINE CORPS, RETIRED


Columbus, Ohio, March 2014
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 Prologue

Transcendence in Time and Distance
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In an evolving and expanding universe, the X-ray light of the ancient galaxy 3C295, captured by NASA’s Earth-orbiting Chandra X-ray Observatory, originated some 4.7 billion years ago . . .
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. . . about the time that the third rocky planet of a ubiquitous yellow star in a spiral spur of the Milky Way galaxy was evolving into a water world.
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The visible light from these four ancient galaxy clusters, captured by the Earth-orbiting Hubble Space Telescope, has been traveling outward through the universe for four billion years . . .
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. . . dating from about the time that alkaline hydrothermal vents—similar to these vents discovered near the deep trenches at the bottom of the Atlantic Ocean—may have provided the chemical building blocks and thermodynamic energy that possibly drove the emergence of life in Earth’s early oceans.
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In the constellation Indus, visible in the southern sky, the light from a gamma-ray burst in the galaxy GRB 060614 (upper right) originated 1.6 billion years ago . . .
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. . . at about the same time that the Vishnu Basement Rocks were forming the very lowest layers of the Grand Canyon during the Precambrian geologic era.
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The light from Barnard’s Galaxy, located in the constellation Sagittarius, has been traveling toward Earth for 1.6 million years . . .
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. . . beginning its journey at approximately the time during the Oldowan era that early Homo erectus
 began using sharp-edged “chopper” stones as tools.
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Light left the ancient globular cluster Palomar 5, located in an outer spiral arm of our galaxy, and began traveling toward Earth some seventy-five thousand years ago . . .
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. . . at about the same time that humans were engraving carefully incised, complex geometric patterns on red ochre in Blombos Cave on the southern coast of South Africa.
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The light from the ancient globular star cluster NGC 1851, discovered May 29, 1826, in the constellation Columbia, began traveling approximately forty thousand years ago . . .









 [image: Images]
. . . at about the time that early humans or Neanderthals were creating disks and hand stencils by blowing or spitting red powdered pigment over their open hands on the walls of the El Castillo Cave in Spain.
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Within our galaxy, the light emitted by the Cepheid variable star RS Puppis (top) travels for 6,500 years before it reaches Earth. The light traveling from the NGC 6188 nebula (bottom) takes 4,000 years.
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Somewhere within that time frame—at least five thousand years ago—Aborigines in the Kimberley region of northwest Australia painted Gwion Gwion abstractions of themselves and their method of transportation.
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The light from an area of the sky known as NGC 2264, encompassing both the Christmas Tree star cluster and the Cone Nebula, began traveling toward Earth three thousand years ago . . .
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. . . at around the same time as the creation of the “Nimrud lens,” a polished quartz rock crystal that may have been a crude magnifying glass or could simply have been an element of decorative glass.
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The light from the star-forming region of the Orion Nebula takes some 1,600 years to reach Earth . . .
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. . . meaning that the light we see was emitted during the pre-Columbian era, just about the same time that the Mesoamerican Pyramid of the Sun in Teotihuacán, Mexico, was completed.
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Located within the Milky Way, not far from our solar system, the star-forming region around the star R Coronae Australis emits light that takes four hundred years to reach us . . .
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. . . meaning it began its journey at about the time the Italian astronomer Galileo Galilei published Sidereus Nuncius
 in 1610—the first book ever printed with drawings of the phases of Earth’s moon and the motion of Jupiter’s moons, based on his observations using the lens-and-tube system known as the telescope.
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The X-ray spectrum emitted from TW Hydrae takes 180 years to reach Earth . . .
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. . . about the length of time since the first true “permanently fixed” photograph, an eight-hour exposure, was taken in France by Joseph Nicéphore Niépce in 1826.
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Algol, a bright-blue star with a radius four times larger than that of our Sun and a luminosity ninety-eight times as bright, is part of a three-star system whose light travels for ninety-two years before reaching Earth . . .
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. . . beginning its trip at about the time in 1929 when the astronomer Edwin Hubble, using the newly built one-hundred-inch Hooker Telescope at the Mount Wilson Observatory, discovered that the universe is expanding.
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If the light from the yellow-white dwarf star Tau Boötis, located 50.9 light years away in the constellation Boötis, began traveling toward Earth at around the time of the inauguration of President John F. Kennedy in January 1961, then . . .
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. . . the light observed from Tau Boötis in February 2012 marked the fiftieth anniversary of the first American to orbit the Earth in 1962. During that historic four-and-a-half-hour spaceflight, John Glenn became the first human to photograph, with an over-the-counter 35mm camera, a sunrise observed from space.
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In 759.9 seconds, the light from our yellow star of a sun, here being eclipsed by the Earth’s moon, travels 135 million miles . . .
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. . . to cast shadows from Curiosity, a car-sized NASA robotic rover exploring and analyzing Mars’s Gale Crater to determine whether that Martian environment once had the habitability potential to foster microbial life. In just 499 seconds . . .
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. . . the light from our sun-star travels ninety-three million miles to illuminate the surfaces of the Earth–moon system . . .
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. . . where once it cast fleeting shadows from the first humans to walk on the surface of the moon. However, unlike the relative permanence of cave art on Earth, Neil Armstrong’s photographic image of his shadow reflects a conscious moment in time that revealed not only evidence of the self but also evidence of mankind’s presence on the surface of a celestial sphere orbiting a rocky water-world that is itself orbiting a ubiquitous yellow star in the Orion spiral of the Milky Way galaxy.
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 CHAPTER ONE
 ON EARTH



For humans to learn to work in space, they need to train on Earth in water.
 For nearly a half century, voyages into space have typically begun with training in a large, deep pool. For NASA astronauts, that training takes place within a high-security industrial-modern landscape bordered by parking lots. In the pool, balanced with weights on their space-suited bodies, astronauts can float “neutrally”—neither sinking nor rising—to learn how to orient themselves and work with hand tools in an environment that feels as close to the microgravity of space as it is possible to achieve on Earth.
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Working in deep water—an environment that essentially lacks an up or down or sideways—helps an astronaut acclimate to the sensation of working with tools in space while still on Earth. For the crew tasked with repairing the ailing Hubble Space Telescope, that training experience required five-day run-throughs of each of the five EVA space walking days, stretched over eighteen months at NASA’s Neutral Buoyancy Laboratory (NBL) in Houston, Texas.
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MICHAEL J. MASSIMINO


Mission Specialist, STS-125

Mission Specialist, STS-109







 Michael J. Massimino, PhD


Water



 I considered myself the luckiest rookie space flyer since Alan Bean. On Alan’s first spaceflight he got to walk on the moon. On my first spaceflight I got to spacewalk around the Hubble Space Telescope, the first rookie to be given that opportunity. That was on STS-109 in March 2002, my first visit to Hubble and my first experience of viewing our planet from 350 miles up. From that altitude I could see the curvature of the Earth and view it as a complete planet. It was so beautiful that it brought me to tears, which immediately caused terror, as I was concerned about introducing water into my space suit, creating some kind of problem, and having to admit during the ensuing investigation that I had cried. My astronaut colleagues never did let me live that one down. The experience of working with the Hubble team on one of the greatest scientific instruments ever built made me long to do it again, no matter what the cost would be in terms of sacrifice, hard work, or personal risk; I wanted to go back so bad it hurt to even think about it.

A lot of that hard work (and joy) would come preparing for the space walks of STS-125. Spacewalking
 is a 1960s “race to space” term that means working in a space suit out in the vacuum of space. It’s like playing in the World Series without ever practicing on an actual baseball field; there is no way to truly practice before you’re up there. So we astronauts rely on facilities and simulators on the ground to get us ready for our Hubble walks. The facility our five-person crew used the most was the Neutral Buoyancy Laboratory (NBL), located a few miles from NASA’s Johnson Space Center in Houston, Texas. The NBL, officially known as the Sonny Carter Training Facility, is the largest pool in the world, at 202 feet long, 102 feet wide, and 40 feet deep. It is like a lake filled with clear, chlorinated water (and no fish).

There were five walks scheduled for our spaceflight, and we would practice them in the NBL over a five-day week once a month before we launched, working out to about fifteen rehearsals for each walk—each lasting approximately seven hours. Most space walks, like those intended for missions to the International Space Station (ISS), were practiced at an NBL-to-space ratio of 7:1, versus our Hubble Space Telescope (HST) ratio of 15:1. Our instructors told us we needed that much training because our space walks were very complicated. Our colleagues flying to the ISS told us we needed that much training because we were slow learners.

Those days training in the NBL were among the best days of my life. Although I spent hundreds of hours in 
 the water and thousands more in the building training for those HST flights, I sometimes find it hard to believe that it ever happened at all. It was like a dream come true to be part of that HST family during my career as an astronaut, a truly extraordinary experience that, for me, had its roots on Long Island, New York. As a six-year-old boy growing up in Franklin Square, I watched Neil Armstrong take those first moon steps on the black-and-white television set in my living room. Even at that young age, I realized that being an astronaut was the best job anyone could have.

[image: Images]


For a typical ISS NBL training run, there were two or three instructors and engineers helping with the run-through. However, for a typical Hubble training run, we had a small army show up: between twenty and thirty people supporting all aspects of each of the five planned Extra-Vehicular Activities (EVAs). These people made up the HST family. They came mainly from NASA’s Goddard Space Flight Center in Greenbelt, Maryland, the center managing the servicing of the HST. Others came from Lockheed Martin in Sunnyvale, California, where the telescope was built, and from contractors around the country who made scientific instruments for the telescope and the tools and equipment we would use during the mission. Our lead instructors and flight controllers, Tomas Gonzalez-Torres and Christy Hansen, represented NASA’s Johnson Space Center (JSC). The dedication of these people to their jobs cannot be overstated; they were unfailingly passionate about what they did for a living.
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Perhaps my most memorable Hubble run at the NBL occurred in April 2009, several weeks before the launch of STS-125. It was the very last Hubble Space Telescope NBL training run ever. After six HST missions and thousands of hours of underwater training, it was all ending. There was more nostalgia than learning that day, as we were, by then, ready for launch. During the run, we reminisced with the team about the past decades of HST training runs, only a portion of which I had been involved in. Many astronauts contributed to the HST space walks by working out procedures at the NBL, even if they never flew a Hubble mission. It was an honor to be in the water for that final run, to represent all the astronauts who had contributed over the years. After the run, Ron Sheffield, an experienced HST engineer, mentor, and friend, presented me with a vial of water from the pool with a sticker that read “SM4 Final NBL Run, April 21, 2009.”


MICHAEL J. MASSIMINO


Houston, Texas, July 2013
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MARK JAROSZ


EVA Manager, Hubble Space Telescope Servicing Project, Goddard Space Flight Center







 Mark Jarosz


It’s Not About the Destination



 Over the span of my career in American space exploration, I’ve had the opportunity to work on some of NASA’s greatest challenges and accomplishments. They are seldom easy, and sometimes success is preceded by failure. Servicing the Hubble Space Telescope for the final time was no different.

I grew up in the blue-collar environment of Pittsburgh, Pennsylvania. I was always exposed to the image of the steelworker and the labor force that was the backbone of America. Growing up in the Iron City, I always had an interest in tearing things apart to understand how they worked, or in helping my brother work on his cars in the garage. Would I be a mechanic? Maybe a construction worker? My interests turned increasingly toward engineering and technology, and I soon recognized that becoming the doctor our mother wanted me to be just wasn’t going to happen. To some extent, it was the rebel in me that made me want to be different, to pursue different dreams. Engineering was a departure from the livelihoods of friends and family, but I needed it to be my life, my passion. Some consider me to be a risk taker, but I think life is all about the challenge! (That’s probably why I enjoy skiing double-black-diamond trails, scuba diving, and riding a Harley.)

As a member of this agency, I feel we choose to take on those challenges “not because they are easy, but because they are hard.” That famous John F. Kennedy quote challenged us to do what we as Americans do best. It is, I believe, our heritage, our culture. That is what I am a part of: that is what we do
 . This mission, repairing the Hubble, was no different; it was about the accomplishments of many and a telescope that continues to inspire people around the globe.

As NASA’s EVA manager, I was, over two and a half years, responsible for getting the astronaut crew of the space shuttle mission STS-125 trained and ready to perform each of the five space walks, or EVAs, in the cargo bay of the shuttle Atlantis
 . Much of that training took place in the Neutral Buoyancy Laboratory. This is the primary training facility for spacewalking, because neutral-buoyancy training in a pool is the closest you can get to the experience of the weightlessness of space here on Earth.

This mostly underwater training is used to fine-tune the minute-by-minute procedures developed both at the Goddard Space Flight Center (GSFC) and the JSC. The JSC EVA team was led by Tomas Gonzales-Torres and Christy Hansen. They worked with me and the Hubble managers 
 and engineers from GSFC, including Kevin Mathews and Ben Reed, just to name a few. The team was led by the father of spacecraft servicing, Frank Cepollina, otherwise known as “Cepi.” But we were only a small part of the larger team of engineers from across all of NASA and its contractor workforce assembled to pull this mission off.

We all know the story about how the Hubble was launched back in 1990 with bad eyesight. Well, we are all human. Grinding Hubble’s primary mirror to an almost perfect curvature—within one 1,800,000th of an inch—was quite a challenge in itself. But it was an optical problem that could be corrected
 , and in a triumph of imaginative engineering, it was. As engineers, we strive to understand why things work the way they do. Accepting the challenge of fixing the Hubble on each of the five servicing missions was a testament to the 1950s dream of human and robotic spaceflight.

Compared to other NASA missions, the Hubble Space Telescope Servicing Missions had extensive astronaut involvement. The goal for SM4, the fifth and final servicing mission for the HST, was an exciting but daunting task: leave the telescope in better shape than it has ever been, because this was going to be the last time humans would repair the Hubble from a space shuttle.

We spent some two and a half years training, planning, and revising for SM4. And just when we thought we had it finalized, Hubble seemed to have a mind of its own. Like a human growing old, the Hubble’s parts tended to fail or degrade without warning. After all, it had been on orbit above the Earth for close to twenty years, and it had been about seven and a half years since the last repair and servicing mission.

From my perspective, SM4 preparation was a constant blur of trial-and-error crew training, innovative space tool development, crew briefings, and, of course, hours and hours of underwater training on the Hubble mock-ups at the NBL. These mock-ups were developed by a team of Lockheed and NASA engineers led by Peter Leung, Ken Olson, Kelly Scharman, and Brian Woodworth. A typical day featured two hours of setup and pre-briefings, six and a half hours of underwater training with the crew, and several more hours of removing hardware from the water and getting ready for the next day. Each training day would be just like an EVA day on-orbit. The schedule usually ran to between one and one and a half weeks of training per month for the five EVA days. We did this for twenty-eight months.

•  •  •

Many members of the current team were not around for the early days of the Hubble project. So to help understand the engineering nuances and prepare for the unexpected, we augmented the team with legacy: some of the so-called graybeards. Lockheed engineers Ron Sheffield and Roger Phillips helped build Hubble and supported all the previous servicing missions. Russ Werneth was the previous EVA manager for Goddard Space Flight Center. We even had astronaut Joe Tanner help us in training for the mission. Joe performed space walks to repair the HST during SM2. Their review, support, guidance, expertise, and knowledge base were incredible resources during the mission. Remember, we didn’t have a minute of EVA time to lose, so firsthand knowledge was very valuable.

To give a sense of scale, the main scientific instruments that needed repair were about the size of a phone booth (for those of us who remember what a phone booth is). There was simply no room in the space shuttle’s cargo bay for replacements. So the NASA engineering teams proposed creative ways to fix the instruments on-orbit without removing them wholesale from the telescope. Training the crew to repair the two failed instruments, install two new ones along with new batteries and gyros, 
 and perform other upgrades was my two-and-a-half-year focus and challenge.

Over those years, I often felt that my home away from home was Houston. I didn’t mind it, though, as I knew this mission was special and I had a golden opportunity to be part of it. Hubble has become a household name, and over the last twenty years almost everyone has seen its images. This last mission had the potential to change how we understand the cosmological forces at work in the universe. It also had ramifications in the evolution of human and robotic spaceflight.

There was no I
 , you
 , or me
 . It was always “How do we
 do this?”
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 During the final weeks before launch day, after all the training was completed in Texas and Maryland, launch fever was epidemic in Florida. Launch fever
 is the excitement that starts to build as you get close to launch. It’s a fine line that you have to carefully manage to make sure that you don’t launch before everything is ready. I compare it to running faster when you see the finish line. It’s always breathtaking to see a space shuttle launch. It never gets old. And it takes on more meaning when seven astronauts are on board whom you consider not only friends but also family. As I watched Atlantis
 soar into the skies that May afternoon, I realized that this was only the beginning. I was then off to Houston to be part of the EVA team supporting the mission from the consoles of Mission Control for a thirteen-day flight with five EVA days scripted to the minute to save the Hubble. The rest is history.

Harley riders have a saying: “It’s not about the destination, it’s about the journey.” Well, working for NASA and the team on Hubble Servicing Mission 4 was one hell of a ride! What a journey. And it’s still not over.

MARK JAROSZ

Denver, Colorado, April 2013
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Located midway along Florida’s Atlantic coast and adjacent to a nature preserve, NASA’s Kennedy Space Center incorporates acres of industrial-looking buildings, miles of asphalt and river-rock-coated roads, steel towers, concrete launchpads, fuel lines, barbed-wire fencing, and innumerable security gates and parking lots. Its village-sized labor force not only assembles, transports, tests, programs, and prepares the space shuttles for their missions, including the shuttle destined for the Hubble—workers must also be on the lookout for birds that could damage the exterior of the fuel tank.
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I started out at the Space Center in 2000 and spent the next eleven years with the United Space Alliance. One of my first jobs inside the aft compartment was to mate the critical electrical connections between the orbiter and the external fuel tank. These connections enabled the shuttle to communicate with the solid rocket boosters, the external fuel tank, and ground control. Inside the aft we also had to prepare all the systems; for example, we attached external hydraulic hoses and ran tests and leak checks on the shuttle engines and flight control surface hydraulic actuators (flight control surfaces are the rudder/speed brake, body flaps, and elevons; hydraulic actuators are devices used to control these components’ movements).

Those were only some of the things I did. It was a totally amazing job that I wish I could have continued for the rest of my life, but I was one of the eight thousand workers who were laid off after the last shuttle flight in July 2011.

—JAMES DELIE JUNE 2013
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GREGORY CECIL


Middle school science teacher since 2012

Paramedic/Emergency Medical Technician, 22 years







 Gregory Cecil


Only Time Will Tell



 When I started my second career and went to work on the Space Shuttle Program, one assumption I had about what it would be like to work at Kennedy Space Center was so wrong: I expected to see people in white coats working on the ship, and instead found everyday people wearing boots, jeans, T-shirts, and baseball caps. As Wayne Hale, former director of the Space Shuttle Program, once said about the shuttle workforce, “They are ordinary people doing extraordinary things.” He was spot-on. The workforce came from all walks of life and all parts of the nation: space nuts, yuppies, golfers, boaters; some young, but mostly older (over forty-five) men and women; and all races.

It was truly a melting pot of America in the workforce, all with the same pride in the shuttle program and the same goal of ensuring successful and safe missions over and over again. To us, our work was not only professional but also personal. These beautiful ships didn’t belong to the astronauts but to us, the technicians and engineers who worked on the fleet every day. Most astronauts understood this and frequently thanked us for allowing them to “borrow” the birds for a couple of weeks.

Being part of the shuttle workforce included taking multiple classes every year. Classes were either safety-oriented (a religion here) or certification/training-oriented. During my first year at the Kennedy Space Center (KSC), I spent more time in a classroom than I did in my shop. Even after completing that first year, I think the average aero-composite technician (more commonly known as a “tile tech”) still spent about two months in class every year. To perform any task on the shuttle or orbiter, I almost always had to hold a “cert,” or certification, for that task, and that, of course, required a class. “Certs” also had to be renewed annually or biannually by attending a recertification class.

A typical day during a “flow”—the period between when a shuttle lands and the time it is launched again—had a loose routine to it for someone working in Thermal Protection Systems (TPS). It all started during the commute to work. There are only three major car routes into KSC, one of them being State Route 3. At the edge of the property I had to drive up to a guarded gate and have my ID checked, and pm;u then was allowed to proceed forward. Then it was sort of like a “Gentlemen, start your engines!” moment, because we all would shoot out of those gates as if we were driving our own rockets launched straight toward the parking area around the Vehicle Assembly Building (VAB), ten miles away. More than one race involving dozens of employees would erupt, each driver keeping a watchful eye out for KSC security, who monitored speeds with radar guns.

The three Orbiter Processing Facilities (OPFs) were windowless, hangar-like buildings located around the VAB, near the mobile launch platforms and crawler yard. I would enter OPF 3 by going through another security checkpoint. This was a turnstile that went from the ground up to above your head. The only way to access the turnstile was to swipe my badge through a reader. If I did not have the “numbers” on my badge that granted me access to this area, my card would not work, and security would soon visit, wanting to know why I had tried to gain access to an area I wasn’t authorized to enter.

Once the morning department meeting was over, I headed toward my shop in the high bay. Before entering, there were safety protocols we had to follow. Since all doors and windows on a shuttle orbiter have “pyros” (explosives that are used to blow the portal open for the crew to escape through in case the shuttle crashes), no transmitting electrical devices were allowed in unless they had been tested and cleared by safety officials. I had to drop off my cell phone, my key fob, and any other electrical device into one of a series of stacked cubbyholes located just outside the high bay door. We also had to empty our pockets of anything that could potentially wind up as FOD, Foreign Object Debris (in addition to electronic devices, nonessential objects such as keys, untethered pens, loose change, and hair clips are potential hazards in and around the spacecraft). Everything else had to be taped or tethered; for example, we had to tape our watches to our wrists and keep our glasses tethered around our necks.


 Working in the high bay, I was exposed to many sounds: frequent announcements from the PA system, the constant hissing of the air vents that circulated cool air throughout the building, other employees at work, cranes operating overhead, and the shuttle’s landing gear being raised or lowered for testing. I frequently heard employees whistling while they worked. “If I Only Had a Brain” from The Wizard of Oz
 was a favorite. The constant noise seemed to bombard me, yet was comforting to hear.

Once I got to my shop, the lead supervisor would hand out our assignments for the day. Some days I worked with a team or a partner; some days I worked by myself. The job or jobs varied every day. I could be removing a tile, fitting a tile, or bonding a tile onto the ship. I could be repairing a slightly damaged tile or sewing up small tears in the thermal blankets. Gap fillers were also removed or installed on a regular basis. Gap fillers were bits of material we placed in certain spaces between tiles to prevent hot plasma from harming the ship during reentry.

After I had been given my job assignment in the form of a Work Authorization Document (WAD), I would grab my tool bag and my book of processes, called the ML-6011-9024 binder, or the 9024 for short. A WAD is a type of work order written by an engineer giving authorization to do certain work on the ship. No work can be done without one. The WAD had to be with me at all times, along with my four-inch-thick binder of processes. It was required that all employees have that book opened up to the appropriate process while the job was being performed. We actually had inspectors whose sole job was to come around and verify these things.

I then put in a request for a Quality Assurance person, or QA.

The QA was, in a way, your wingman. They were a separate set of eyes that watched my work and ensured that I followed the process. When I first started, I was uncomfortable having someone watch me work, but in time I learned to value having a QA not only ensuring that the proper procedure was followed but also watching my back. Between the two of us, we kept the level of the work high and consistent. Any of us working on an orbiter wouldn’t have it any other way.

Once on the job, I would open my tool bag and take out the tools I needed. My tool bag was just a regular red or black tool bag that you could pick up at Sears for ten bucks. It contained some heat-resistant fabric we taped around each repair site during a tile repair so that nothing would be damaged by our heat lamps, plus some plastic ties, plastic shims used for adjusting the spacing between tiles, magnifying glasses, glass tape, and a tool wrap with dental picks, a box cutter, spatulas, screwdrivers, and a shim pack. Many of my jobs involved tile repairs, and my primary tools were my magnifying glasses and dental picks. No high-tech, out-of-this-world space tools—just a simple dental pick and my eyeballs.

Once in a while I got to be on the team that followed the orbiter as it rolled over to the VAB or out to Launch Complex (LC) 39A or B. Working in those areas was a bit different than in the OPF. The VAB was not climate controlled, but I loved working over there because it was dripping with history. Apollo, Skylab, Apollo-Soyuz, and, of course, the shuttles had all been assembled there. I walked the same hallways as the giants of our past, such as Alan B. Shepard, Neil A. Armstrong, and Gene Cernan. Launch Complex 39A had the elevator that the Apollo astronauts rode while ascending the launch tower. I took that elevator whenever possible. Conditions were more extreme at times at the LC 39 facilities: mosquitoes by the billions (Mosquito Lagoon is right next door), heat, cold, lightning storms, and even some massive alligators.

There are certain perks to working at the Kennedy Space Center. One of those perks was the privilege of assisting on VIP tours. VIPs would frequently come to tour the high bay, especially prior to a launch. Many of the VIPs were politicians; they were not, however, looked upon very highly by the workforce, since their visits tended to be all about them and not the shuttles. Movie stars and other celebrities acted overwhelmed and humbled by what they saw. They were actually quiet and attentive during their visits, not striving to be the center of attention. Some VIP guests were families of both current mission astronauts and past astronauts. The saddest tour I ever participated in was the one on which I gave a TPS presentation to the family members of the last crew of Columbia
 five years after the tragedy. That was a tough day.
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Astronaut visits were the best. They were there to see the workforce, and always exhibited an honest curiosity about each of us and what we were doing. There is nothing false about them or their attitude, and they were a joy to interact with. I actually had one astronaut spend an hour with me once while I worked, asking about my paramedic days and how I handled different scenarios, much to the irritation of his NASA handler. I could see why he was asking, since all astronauts have to be ready to serve as paramedics on a mission if something happens. Astronauts have been and always will be lifelong learners.

But the biggest perk of working on the Space Shuttle Program was being part of something bigger than myself. I was serving my nation and the human race. Not many people could say that their day consisted of working on a $2 billion space shuttle. It was a wonderful privilege and opportunity. I helped to make history in my small way.

I knew, though, when I was hired in 2004, that the Space Shuttle Program was going to end. After my first year at work, I enrolled at Embry-Riddle Aeronautical University and earned three more degrees, including my master’s, all within a four-and-a-half-year period. It was my hope to become part of the follow-on program, Constellation, and help our nation return to the moon and eventually go to Mars. But I was laid off in October 2009, just five months after the last Hubble servicing mission launch of Atlantis
 ; six months later, Constellation was canceled.

Nearly ten thousand members of the space shuttle workforce were unemployed after Atlantis
 last flew in 2011. New space exploration and travel companies, such as SpaceX, seemed to show little interest in hiring any space shuttle workers. Some left to join Boeing in South Carolina, some went to Colorado to work for Lockheed, and far too many others left aerospace altogether, resulting in a major drain of knowledge and skills. As of this writing, many of my former brothers and sisters are still unemployed and facing bleak prospects.


 I have learned that in order for our nation to have a successful human spaceflight program, there must be a way to keep politicians out of the process as much as possible. I have met far too many of them who couldn’t tell the aft of the space shuttle from the nose, let alone understand or conceive of adequately funding a long-term plan. NASA is the only government program that not only inspires people but also pays dividends that far outweigh the investment of only a half cent of every taxpayer dollar. NASA needs to have its budget removed from the discretionary spending category, increased to one cent per taxpayer dollar, and guaranteed for a ten-year term with specific missions to be accomplished within that ten year period.

As for me, after spending two years and four months among the ranks of the unemployed, I changed careers again, becoming a middle school science teacher. It is my hope to inspire the next generation to pick up from where our leaders have chosen to walk away. During my first two years of teaching, I have had my students launch “eggonauts” on self-built rockets, send their self-designed experiments to the edge of space with high altitude balloons, study the history of human spaceflight (both American and Russian), and spend a night under Atlantis
 , and have helped them increase their overall science scores.

Is there a future rocket engineer, planetary scientist, or aerospace technician in my classes? Who knows? But if a small-town West Virginia boy can grow up and one day shake the hand of Neil Armstrong, share a laugh with him, and get up each day eager to go “work on my spaceship,” then who knows what my students will accomplish? Remember, someone has to be an astronaut, someone has to be an engineer, and someone has to be a technician . . . so why can’t it be them?

Only time will tell.

GREGORY CECIL

Clearwater, Florida, March 2014
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SCOTT “SCOOTER” ALTMAN


Commander, STS-125, STS-109

Pilot, STS-106, STS-90







 Scott “Scooter” Altman


We Flew
 Atlantis to Hubble



 We flew Atlantis
 to Hubble: five short and simple words that encompass the tremendous efforts of thousands of people and the millions of hours and dollars spent to take a ship with a crew of seven into orbit, find a relatively small target moving at phenomenal speeds, and rendezvous with it in order to make five extremely challenging space walks to refurbish, repair, and reinvent this incredible scientific instrument.

Just as President Kennedy challenged the nation at the dawn of the space age in 1962 to “choose to do the hard things,” NASA challenged itself to service the Hubble one last time and expand the “art of the possible” through new techniques and instruments that reinvented the HST once more—and to do it safely while establishing options for repair or rescue in keeping with our post-Columbia
 knowledge of the dangers to the shuttle.

As a result of the Columbia
 accident, the final Hubble servicing flight by the space shuttle was deemed too risky and was canceled in favor of a robotic servicing option. After a determination that the robotic mission was unlikely to succeed was made, a change of leadership at NASA and public outcry over the potential loss of the Hubble prompted planning for a space shuttle mission to the HST to begin anew. But before that mission could be announced, a plan for detecting damage to the shuttle, repairing any damage discovered, and, in the event of the discovery of nonrepairable damage, rescuing the crew had to be developed and discussed. Once the details were worked out and the plan was approved by the NASA administrator, the mission and the crew were announced to the public.

Our initial assignment contained five days of planned space walks that were already packed with repairs to the Hubble when the HST threw us an unexpected curve: the Advanced Camera for Surveys (ACS) failed. Based on the work we had done to prepare for a repair of the Space Telescope Imaging Spectrograph (STIS), we had a head start on figuring out how to repair this incredible instrument, which had just been installed on the previous servicing mission—but then more problems cropped up: a major hurricane hit the Gulf Coast near Houston, forcing evacuations that curtailed training by two weeks and severely damaged two of my crew’s homes, and, a month before our scheduled launch date, the Hubble’s Science Instrument Command & Data Handler (SIC&DH)’s Side A (the primary data link between the telescope and the ground) failed, leaving only a backup system functioning. The decision was made to postpone the launch more than six months in order to add another repair to our mission manifest. Clearly, we now had more on our plate than we could expect to accomplish. Prior to launch, Charlie Bolden (then head of an Independent Review Team, now NASA administrator) pulled me aside to advise me on how to deal with failure, since there was seemingly no way we could get everything done on our mission. After working with engineers, trainers, and my crew for over two years at that point, I was confident that our team could get the work done, but I realized from previous servicing missions that the Hubble—as we would soon verify in real time during our mission—could sometimes surprise you.
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On top of all that, our flight was almost canceled once again. A scenario straight out of the movies (Gravity
 , anyone?) occurred when a defunct Russian satellite collided with an Iridium Communications satellite on-orbit. Coupled with the debris cloud that had resulted from the Chinese shooting down one of their satellites, this dramatically raised the probability of a catastrophic debris strike while on-orbit to a level well above what NASA was willing to accept. By working with our Orbital Analysis team, we were able to figure out a way to change our flight orbital profile to enable us to spend a minimal amount of time at the high-threat, high-altitude orbit, thereby lowering the calculated risk of a catastrophic debris impact event.

Our mission depended on us having new instruments ready to be installed on the Hubble—and on the team at the Goddard Space Flight Center training us and designing the tools we needed to get the job done successfully. We also relied on trainers in Houston who put us through the wringer in simulations until we (and they!) were confident we could handle any emergencies on-orbit, and, of course, Mission Control, who worked with us and watched over us every step of the way. It was a crowded flight deck! We were all part of a long chain, every piece of which was required to perform optimally if we were to have any chance to accomplish our tasks. And every link in that chain was an individual with a story.

•  •  •

My story begins with watching Sky King
 reruns on the floor of my family’s living room when I was three years old. Sky King
 was an old TV series about a World War II naval aviator turned rancher named Schuyler “Sky” King, who flies his twin-engine Cessna high above the Arizona plains to solve crimes and help out other ranchers. Somehow the flying on that show really captured my imagination. I turned to my parents and said, “I’m going to be a pilot!”

From the very first, my parents encouraged me, telling me I could do anything if I worked hard and never gave up. Flying was my dream, but I did not have an easy or straightforward path to the air. After studying hard, getting good grades, and playing basketball in high school, I received an appointment to the Air Force Academy. However, when I took the preinduction physical, it was discovered that my sitting height was too tall for their standards. So I went to the University of Illinois and studied aeronautical engineering, figuring I could still design aircraft even if I couldn’t fly them. While at Illinois, I found out that the Navy had different standards; I could become a Navy pilot! I joined up and flew off aircraft carriers in an F-14, which was an incredible experience. I loved that jet—and the catapult shots off the deck were my first experiences in being launched into the air! I loved flying low over the water, accelerating to just short of Mach 1, and pulling back on the stick until the aircraft was zooming straight up, then rolling to an inverted position and letting the aircraft float so that I could experience zero gs as the nose slowly dropped to the horizon. When I was going through the Navy’s Test Pilot School, my class took a field trip to Houston to meet with some Navy astronauts. From that point on, I knew what I wanted to do. I applied during the next astronaut selection cycle and was fortunate enough to receive an invitation to come to Houston to interview. Out of a group of roughly 2,000 highly qualified applicants, NASA selected 120 to interview for one of the twenty available class spots. After my interview, the call came through: no, try again next time. So I returned to the fleet and was on cruise in the Persian Gulf when I was again invited to Houston for an interview. This time, the answer was yes! I was finally on my way to NASA to fly on the space shuttle.

At NASA, I flew three shuttle flights (two as pilot, one as commander of the previous Hubble servicing mission) prior to being selected commander for the final Hubble servicing flight. We knew that this was going to be the last servicing mission, so anything we did not accomplish would never be finished—not a feeling I’d had on any of my previous missions. All of us on the crew for the final mission to the Hubble felt that responsibility keenly. I also knew that this was going to be my final flight as well. NASA had decided to retire the shuttle at the end of 2010, with the replacement vehicle still on the drawing boards. Since I did not fit in the Soyuz due to my height, that meant I would no longer have a ride to space. I wanted this final mission to accomplish something special, and was thrilled to be going back to Hubble—the last time for both of us.

•  •  •

The Hubble’s voyage of exploration really began in 1609, when Galileo first turned a telescope toward the heavens. The Hubble Space Telescope continues that voyage by bringing the stars and galaxies across the universe to us, setting targets for future voyages of discovery and inspiring dreams of what we can do. The images the HST captures of our amazing universe remind me of summer nights on my uncle’s farm spent looking up at the stars—and also of that July night in 1969 when I looked up at the moon, knowing man was there, and realizing that anything was possible.
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I look back on how much we owe to the previous generation for giving us a foundation to build on, and look forward to the next generation to take up the torch and send us farther than we have even imagined. We look to the next generation of scientists and engineers, who haven’t yet been told what we can’t do, to continue to echo JFK’s call by asking, “Why not?” and mastering things we believe are impossible today. The Hubble is our only current transport to far-flung galaxies, but for us it opens a window to our incredible universe and helps us to understand that we really can reach for the stars.

SCOTT D. ALTMAN

Washington, DC, October 2013
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The commander of the Atlantis
 for STS-125 was Scott Altman. The mission was Scooter’s fourth trip into space and his second to the HST. Altman is one of a distinguished group of former military jet pilots who flew the space shuttle between 1981 and 2011. His crew for STS-125 was a combination of three veteran and four rookie astronauts; after training together for nearly three years, they became an exacting team, not only in the quality of their training and purpose but also in the humanity they each brought to the mission.
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FRANK CEPOLLINA


Deputy Associate Director, Hubble Space Telescope Development Office, Goddard Space Flight Center







 Frank Cepollina


Fix It . . .



 After a fifty-year career at NASA, I would have to sum it up in two phrases: guidance from the Creator, and pure luck. And I am confident, after fifty-four years as an engineer, that the two are totally interconnected. Interconnected because for some reason, some nagging desire told me I needed to invent or design something new or make existing hardware better.

The motivation probably came more from World War II than from anything else. The farm I grew up on happened to sit near the landing field of Moffett Naval Air Station, located south of San Francisco, California, near what is today Silicon Valley, and many a day I could see and hear those big bombers and fighters coming in low and slow for landings. The most impressive to me was the six-engine B-36. At age nine, I started building model airplanes, and then later equipped them with small gas-powered engines and attempted to fly them on open patches of farmland. Most would crash, and I would have to fix them or start over again. Nonetheless, it gave me my first lessons in aerodynamics, flight control, and propeller design and propulsion.

When I look back on all these hands-on hobbies and experiences I had, the one great thing that stands out is that I could always experiment, try to make things better or different, let my imagination and mind think outside of the existing frame of reference. Many, many times I was unsuccessful, but I was always filled with ideas. By the time World War II had ended, I had pretty much figured out how internal combustion engines and power-assisted equipment worked. At ten years old, I was the go-to guy for fixing and operating the tractors. Believe me, this was the much more pleasant choice over using a weeding hoe or picking fruit or manually irrigating a field! Beyond the farm, my first significant understanding of the larger world and universe came when my parents took me and my sister to the Morrison Planetarium in San Francisco.

My ability to fix and reassemble complex mechanical machines and to handle the hard work and narrow concentration of study did a lot to propel me into engineering, even though everyone warned me it would be tough. I was not a brilliant student at the Santa Clara University School of Engineering, but I had great professors who would take the time to guide me through some of the rougher topics, advise me on their ideas, and detail professional disciplines in mechanical engineering. One of those people, Dr. Richard Pefley, was my thesis advisor, and he took me to my first aerospace symposium in 1958 to see if I might be interested in rocket propulsion and the new aerospace industry that was emerging during the Cold War. I was very, very intrigued by rocket engine combustion ideas, and thermodynamics became my field of interest.

As a result of my thesis on small-rocket propulsion, it became clear in my mind that I wanted to get into rocketry, and I accepted a job with Aerojet General upon graduation. This caused my parents some consternation, as they felt that IBM was a much more stable, long-term company. “After all, who knows how long these rockets and missiles will stay around?”

Back in the early ’60s, the Goddard Space Flight Center (GSFC) in Greenbelt, Maryland, was building up staff, so I went to work for them. In my first four years at the GSFC, working on designing new spacecraft meant to last several years in space was truly challenging and pioneering. Some projects ended up as gut-wrenching failures after only a few hours in orbit. Others blew up just after launch, and still others would not separate from their launch vehicles and ended up falling into the ocean. But through it all we learned to keep on trucking, learning from our mistakes. Our mantra was, “Try, try again, until you get it right.” Later I remember changing this mantra to, “Test, test, and retest; train, train, and retrain.”

•  •  •

Certainly the most influential leader and mentor during my early years at Goddard was Joe Purcell, the project manager for the first forty-inch-diameter telescope put into space, the Orbiting Astronomical Observatory (OAO), and the study manager for the Large Space Telescope (LST, the forerunner to the Hubble Space Telescope). Joe anticipated the direction future NASA spacecraft design would take in the 1980s and ’90s. In these concepts, modularity of spacecraft and scientific instruments became key for cost containment, satellite servicing, and upgrades in orbit.

His approach to cost containment as a function of modular spacecraft architectures, which could have their modules placed around a mission-type telescope, became the baseline for sixteen NASA missions launched in those two decades. Each one of those systems avoided the need for a new spacecraft development effort. A lot can be said about this concept, but in the final analysis, one has only to look at the tremendous success in servicing the Hubble Space Telescope. Through Joe’s design efforts on the Large Space Telescope, the HST became modular and serviceable. After five servicing missions, the value of the Hubble to the nation and the world is readily apparent: over twelve thousand scientific papers incorporating data gleaned by the HST have been reviewed and published.


 I worked for Joe for almost ten years, and during this period, I learned the value and techniques of project management. His imaginative thinking and architectural concepts were my deep inspiration. Many times he was under pressure to fold on his concepts, but his strong-minded determination inspired his staff to press ahead and, when they had hit a wall, to “think outside of the box.”

During the conceptual design of the Large Space Telescope in the early 1970s, my job was to make sure that the capabilities of the space shuttle (which was in its initial design phase) would be sufficient to support the telescope in power, weight, and volume, and that the human (astronaut) services could support the launch and repair. On our way to lunch one day, I threw the concept of the space shuttle crew changing out the modules within the cargo bay (satellite servicing) at Joe. I know he thought I was nuts, nuts, NUTS! He responded by asking me how we could do this in space and still ensure that the replacement module would be electrically and mechanically connected.

“Show me,” he said.

That’s all I needed. Our team designed and demonstrated the entire system, including the functional mock-up of the LST, in Downy, California, using a full-scale shuttle mock-up. From that point forward, shuttle servicing became a reality, and the Canadians went on to develop the fifty-foot Remote Manipulator System (RMS) robotic arms that we used on all our servicing missions on the shuttle. Needless to say, the power and determination of the human innovative spirit at NASA was very, very strong. I became a project manager with a charter to go build a modular spacecraft that could be serviced by a space shuttle. We launched SolarMax in 1980 (on an expendable rocket). In 1984, it became the first spacecraft ever serviced within the cargo bay of the space shuttle by astronauts.

There were a total of ten more servicing missions (four for commercial spacecraft and six for NASA science missions, including the Hubble Space Telescope), each with its own unique challenges, but each tackling a spacecraft in desperate need of rescue. But every time, this nagging boyhood desire—to make it better or different or, most important of all, to “fix it”—was rekindled in me, and was probably the reason I stayed so long with NASA. It was a perpetual challenge and opportunity to come up with something new and out-of-the-box for each mission.

•  •  •

The Hubble Space Telescope repair missions represented the ultimate manifestation of my childhood dream. After Hubble’s launch in 1990, we at NASA had a severely flawed telescope, a damaged reputation, and a great, great opportunity to turn it all around. When offered the job of project manager for the HST Flight Systems and Servicing Project, it took me about thirty seconds to say yes, and half of that time was just to get over the shock. The project took on challenge after challenge, overcame adversity after adversity. And as a consequence we accomplished not only the most fantastic series of repair missions that the country has ever seen but improved the science-gathering capability of the Hubble in an astonishing way. “We fixed it! We made science better!”
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But the true credit for success goes to the fantastic staff of engineers, doers, and thinkers who came together to solve the thousands of human and technical problems that we faced. All of them, without a doubt, are type-A, can-do personalities with a very high degree of creativity and wisdom. Some people try to give me credit for putting them together and keeping them together. That is far from the truth. They are here because our servicing projects offered them the challenges they craved to work and think outside the box, and did not hold them back from exercising creativity and accepting new challenges. One thing I’ve learned about people and spaceflight is to never say never. Always offer your people an alternative.

My job is to keep them forever challenged, to keep them thinking outside of the box. I hope I can keep it up. As my grandmother would have said (in Italian), “Say a prayer.”


Prego
 .

FRANK CEPOLLINA,

Annapolis, Maryland, May 2013
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In use since the dawn of space exploration, multilayer insulation (MLI) thermal blankets protect space hardware and onboard instruments against the extreme temperature swings in the vacuum of space. Typically composed of seventeen layers, these blankets measure less than one-tenth of an inch thick when laid flat. Technicians such as Alison Ragland in the Goddard Space Flight Center’s Thermal Systems Support department precisely measure, cut, and sew pieces of MLI to safely cover and insulate each of the four Hubble carriers and equipment containers that the EVA crew will work from in Atlantis
 ’s cargo bay.
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Each of the primary astronomical instruments destined for the Hubble Space Telescope is a one-of-a-kind, self-contained modular system. Like the Wide Field Camera 3, they are all precise, hand-tooled and assembled, and some are reminiscent of Richard Serra sculptures.







 
 [image: Images]





 
 [image: Images]

MARK TURCZYN


Senior Systems Engineer, Hubble Space Telescope Servicing Project, Goddard Space Flight Center







 Mark Turczyn


Every Time We Ran Out of Time . . . We Created More



 Born and raised in Detroit, I watched man’s first orbits around the Earth and footsteps on the moon along with the rest of the world. The gulf between spectatorship and the thought that I wanted to be part of that was just too wide. My life goals were modest, my view of the world narrow. I wanted to be a mechanic or an electrician, to work with my hands like my dad, who was an electrician and helped build automotive and power plants. When contemplating a college degree, my blue-collar mind-set vectored my endgame as working for the auto industry or another industry that produced commonly known products; an aerospace job would have had to fall into my lap before I would ever see myself there.

My dad challenged me to go to college for at least a year, and surprisingly I did very well, leaving after four years with a keen interest in how objects behaved differently in motion than they did sitting statically. This interest led me to a job in a government test facility outside of Washington, DC, and then to another research facility. In the course of my work I had to rent computer time from NASA’s Goddard Space Flight Center in Greenbelt, Maryland. A few years later the manager I worked with to rent the computer time called and offered me a job.

When I connect the dots, in retrospect I can see how each job prepared me for the next, so by the time I was asked to join NASA at the GSFC, I actually had some skills that the agency needed. After working on a number of instrument-build and on-orbit experiment programs such as the Broad Band X-ray Telescope (BBXRT) and the Superfluid Helium On-Orbit Transfer (SHOOT) experiment for shuttle missions, and then on robotics for the International Space Station, I was asked to join the small team that designed and built the Corrective Optics Space Telescope Axial Replacement (COSTAR), the instrument that corrected the Hubble Space Telescope’s spherical aberration. It was the
 job that allowed me to finally label myself an engineer, culminating in twenty years spent working on the HST program. That first mission in December 1993 (on which COSTAR was installed) and our last one in May 2009 are the ones I will always hold dear.

“Senior Systems Engineer” was the last title I had above my name on our organization chart. It implies different things depending upon who is looking at the chart.

To members of our team it meant that I had to do jobs they were glad not to have to deal with: writing design requirements for the flight hardware; outlining the flight hardware verification and test programs—which often involved measuring what almost could not be measured on Earth; performing design trade studies; creating error budgets; performing risk analyses of the design, test, launch, and operational programs; and doing a great deal of paperwork.

On the flip side, unique to HST, this position also came with a golden passkey allowing me to stick my nose anywhere in the program—to contribute, to learn, to force decisions. This was the joyful trade-off for doing the dry but important paperwork: being able to put my fingerprints on the flight hardware.

My primary responsibility was to ensure that all of the flight hardware we built would function as it was designed to once it was installed—and that it would cause no harm to the Hubble or the measurements it made as it scanned the universe.
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I stayed beyond that first mission for the endless challenges, and because for twenty straight years we built flight hardware—cutting-edge flight hardware! I could design hardware that actually went into space, create tools for the astronauts, solve impossible problems, stay up all night and find solutions, be part of an amazing team, be fully immersed in an adventure that at times could feel amazingly boring until I looked back in the retelling—all because I was welcomed by the team, perhaps even needed, and because I got to work with, and for, “Cepi,” Frank Cepollina.

My office was often the place where bucks would stop. Every day I would walk the halls and drop into offices to talk with all of the disciplined engineers, astronauts, designers, and machinists. I would track down issues, help solve technical and personal problems, cut off a design to send it in a different direction, listen to everyone’s opinion and give them my take, and force decisions to be made, even if they turned out to be wrong, because any decision is better than no decision. Anyone and everyone could come into my office and throw ideas onto the whiteboard. I was always helping the team to move forward, to keep on the path.

I would push each engineer to come at the design or analysis from angles different than those on which they were focused: Can we machine this? Can we simplify the design? Can we filter the data set differently? How can this tool be stored for launch? How can this help the astronaut do his job? If no joy in the current project could be found, I would often open my desk and present the engineers with a design I had machined up in my basement—something to start with, a challenge to them.

Every team member was brilliant, and I was just one member among equals. Managers, engineers, technicians in every discipline were all on top of their game, government employee or contractor both on the same “badgeless” team. Jim Corbo, our unflappable chief systems engineer, was the voice of the systems team during all EVA shifts for almost all of our missions; Rob Lyle, who had been part of the HST project from the beginning, knew every electrical function on the Hubble, and how to fix or work around them all; Bruce Kamen was our major interface with JSC personnel and was the Servicing Mission Manager on our last mission; Dr. Ed Cheng was the go-to guy for designing or troubleshooting complex electronic systems; Roger Chiei, Ben Reed, Dr. Art Whipple, Dennis Connolly, James Cooper, Hsiao Smith—the list goes on and on.

It was what we accomplished as a team that stands tall, most of which the public will never know. The stories—I think we cornered the market on rabbits coming out of hats during the stress-crazy years preparing for each mission and the many intense hours of each flight. Every time we ran out of time . . . we created more.

If I performed my job at a high level, it was because I was working with brilliant people who loved their work, and because we had Cepi as our lead team member.

Cepi is a man so knowledgeable, sharp, and intuitive that he would know when any “expert” on his team was insecure and covering up for it by blowing smoke. He was a leader who could and would push or question you, then tell you that he still did not believe your analysis. He forced you to defend yourself, to convince him. He could drive you to so much frustration that at times you would hear yourself using totally unacceptable language in front of other team members, who merely waited for this storm to pass—and it always would. Then we would all go to lunch.

To Cepi we all were family: no grudges, no egos, just a common goal. You would thrive working with Cepi, or leave. Many left, not understanding any of this. Many more stayed. A team formed that was so distilled, so on the same page, that every outside review panel that we spilled our guts in front of praised our cohesion during every debrief.

And it was fun
 .


 [image: Images]


Flat-out fun, stress, twelve- to seventeen-hour days; working weekends; seemingly endless days and nights strung together; wanting to quit but hanging in there. Over twenty years of memories blur as the stars do in movies when the hyperdrive is hit, yet salted throughout are pinpoint memories that are so solid it’s as if they’re on display under hot lights, made to be studied and marveled at: we did that?


MARK TURCZYN

Detroit, Michigan, April 2013
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The gowning of the human body in what is termed a “bunny suit” is another necessary ritual in the preparations for spaceflight. Similar to the dust- and dirt-free environments of a surgical operating room or a microprocessor manufacturing area, the “high bay” is a class-10,000–rated facility, where the testing, assembly, and training for all things Hubble have been done since 1990. Located in Building 9, between Nimbus, Mini Track, and Tiros roads at the Goddard Space Flight Center in Greenbelt, Maryland, the EVA crew of SM4 assembles with flight managers, senior engineers, and technicians for a crew familiarization, or “crew fam,” to become familiar with tools and equipment in instrument bays that are electrically identical to those found on the orbiting Hubble Space Telescope.
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JILL MCGUIRE


Manager, SM4 Crew Aids and Tools, Goddard Space Flight Center


JUSTIN CASSIDY


Systems Engineer, SM4 Crew Aids and Tools, Goddard Space Flight Center







 Jill McGuire


Persistence



 I will never forget my first day of work as a cooperative education student at NASA. I showed up dressed in a suit and wearing the best jewelry I could put together as a broke college student to start a six-month internship in the Composites Laboratory of the Manufacturing Branch at the Goddard Space Flight Center. As I walked through the machine shop, the men there looked at me like I was nuts, but fortunately they were willing to help a naïve Midwestern girl learn the intricacies of manufacturing spacecraft components. From that day forward, I traded in my suits (except on special occasions) for khakis and polo shirts. I quickly learned the best way to move forward in the business was to get my hands dirty by working with the skilled machinists and technicians in the branch to learn everything I could about how to fabricate the numerous composite components such as light shields, heat sinks, optical benches, and structural panels meant to withstand the extreme temperature environment of space.

As I gained experience in fabricating flight hardware for scientific instruments and satellites—Goddard’s primary business—I kept looking for opportunities to get more exposure to human spaceflight work, fueled by my desire to become an astronaut. The HST Servicing Mission was one of the few projects that had any interaction with human spaceflight at the Johnson Space Center, so it seemed like the best fit for me. After many attempts, I finally convinced my supervisor in the Manufacturing Branch to let me take a one-week course on human spaceflight at NASA’s Wallops Flight Facility. One of the wonderful people that I met there introduced me to Frank Cepollina, or “Cepi,” as many people call him. He is generally considered the father of satellite servicing.

Convincing Cepi to give me a chance was a challenge. Cepi is a person who does not take no for an answer, and he likes to surround himself with people who share the same trait. He calls it “fire in the belly.” Luckily, from the moment I met Cepi, he felt I had the fire, since I did not back down from any of his questions and would not leave his office until he agreed to give me a chance.

That fire began in a small town in central Minnesota where my parents had a modest home on the outskirts of town. Many of my friends used to joke about whether we had running water and electricity. We always felt fortunate that there were cornfields around us to give our home that small-town feel. Some of my best memories were of the nights I spent lying on the front lawn, looking up at the stars and wondering what it would be like to travel and work in space, or to go to the moon or even Mars. Being away from the glare of city lights made the vastness of the swaths of stars against the darkness of space awe-inspiring. Those nights kick-started my dream of becoming an astronaut, and I set out on a journey to do whatever I could to make that dream a reality.
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My journey continued on the Hubble Space Telescope Project, where I got my feet wet leading a team in the design and fabrication of an athermal optical bench (OB) for the Hubble’s state-of-the-art Wide Field Camera 3 (WFC3). An OB provides a stable platform for the optics and detectors in the instrument, to allow them to capture images regardless of temperature extremes. In addition to leading the optical bench effort, I also worked with the EVA crew members and support team to brief them on the WFC3 EVA interfaces, including the latch system and handholds, that they would encounter during their space walk. Once the optical bench was completed, I was transferred to the HST EVA group to lead a team to develop the Crew Aids and Tools (CATs) that the astronauts would use to service the HST during the final servicing mission. These tools ranged from tether hooks to major power tools, including the Pistol Grip Tool (PGT) and the Mini Power Tool (MPT).

The tools for servicing the HST needed to be highly customized; thus we had a specialized engineering team that worked very closely with the SM4 EVA crew during the design phase to test, test, and retest prototypes. The majority of the training took place in the water at the Neutral Buoyancy Laboratory (NBL) at the JSC. Many of us had the pleasure of scuba diving in the NBL with the crew so that we could evaluate, up close, how they were using the tools. After the training sessions, many hours were spent discussing how the tool designs could be optimized for each task. Working closely with the SM4 crew was very inspiring, because it allowed us the opportunity to understand the use of the tools from their unique perspective. It also contributed to a better understanding of what it would take for me to become an astronaut.

We were well into the final stages of the development cycle of the tools for the final scheduled servicing mission when the Columbia
 accident occurred in February 2003. The next few years of my life were a complete whirlwind. There was so much uncertainty and speculation about the future of manned spaceflight that our jobs were all up in the air. I will never forget the day in 2004 when NASA administrator Sean O’Keefe met with the HST Servicing Team at Goddard to tell us he was canceling the last planned shuttle servicing mission. There was a lot of sadness and despair. But I will also never forget the day nearly three years later when Senator Barbara Mikulski and new NASA administrator Michael Griffin came to Goddard to announce that the shuttle servicing mission was back on! There was only exuberance and excitement.

The final servicing mission to the HST required the development and preparation of over 180 CATs. Due to the size of the effort, an independent review team was assembled to oversee the development and processing of the tools, since it was believed that what we were trying to accomplish was nearly impossible in the time we were given. Our tool team set out to prove them wrong, and through persistence we got all the tools ready in time to make the May 2009 launch schedule. It was a crazy time, but finally, six years after the Columbia
 disaster, we were ready to complete the final shuttle servicing mission to the Hubble. I remember standing with my family at the Kennedy Space Center, holding my infant son and watching as space shuttle Atlantis
 left the launchpad with the SM4 astronaut crew and our hardware aboard. I could not stop the tears. I remember thinking, Just be safe, please be safe
  . . .


 Once on-orbit, all we could do was watch patiently as each of the space walks was completed. My heart pounded every step of the way. At times I found it hard to breathe while watching the astronauts meticulously using the tools we had provided. There is really no way to explain what it feels like to accomplish the seemingly impossible. Although I have since given up on my dream to become an astronaut (unless they will still take me at my age), I will always be thankful for having been one small cog in a big wheel that made this last-ever servicing mission by a space shuttle happen. I am grateful to all of the talented tool engineers whom I had the pleasure to work with. Next to giving birth to my three children, leading the CAT effort for the final HST servicing mission was the most rewarding experience of my life.
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Now a mother to three young boys, I have decided that teaching them the importance of persistence and offering them adventurous opportunities while guiding them as they grow into young men is the most fulfilling experience I will ever have. Not a day goes by when I do not think about my dream and wonder what it would be like to live and work in space. I have high hopes that one day one of my boys will want to follow my dream of going to the moon, Mars, or beyond, and I will be a proud mom anxiously watching from the wings wherever their dreams take them.

I am sure I will find it hard to breathe then as well.

JILL MCGUIRE

Stevensville, Maryland, May 2013



 Justin Cassidy


Up on a Hill



 It was on a black-and-white TV in my parents’ living room in Beacon Hill, a community located in Port Washington, New York, where I first discovered my passion for engineering and space. I was too young to know which Apollo mission I was watching, but that July I was in awe as I stared at NASA astronauts walking on the moon only four feet in front of me. I felt a deep curiosity and need to understand how they were able to walk on the moon and then, hopefully, come back to Earth. Summer vacations were spent at the Jersey Shore and in the Hamptons, far away from the city lights, and I did not have to pretend that I was in space . . . it was so close, in front of me, all around me. I was struck by the beauty and vastness of the blackened sky full of bright stars and the brilliant, crystal-clear moon. Even when I was at home, I would go to the highest point in my house and stare at the Manhattan lights in the distance, the twinkling lights reminding me of stars.
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From a young age I was a tinkerer. My father’s wall-mounted workbench in our garage was a throne of neat tools, gadgets, epoxies, and paint thinners. This workbench originally belonged to my grandfather, the prior owner of the house I grew up in, and featured an array of Hellmann’s mayonnaise jar lids attached to the bottom of the top shelf to allow a treasure trove of glass jars full of small odds and ends to hang like stalactites. These parts, once integral pieces of some assembly, were fascinating to me; they sparked my craving to figure out where they once belonged. I was compelled to take things apart and understand how they operated. I wanted to comprehend why something could fail, identify the cause for that failure, and figure out a solution.

In many cases, it did not matter whether something was broken or needed repair; I would take it apart and then reassemble it—much to the dismay of my mother when she saw that there was an “extra” part remaining. Television shows sparked my technical interest. The character Barney on Mission: Impossible
 devised clever tools to execute the team’s mission. The Professor on Gilligan’s Island
 designed, constructed, and repaired electrical or mechanical devices to improve the group’s chances of being rescued from the lost island. The bionic parts of astronaut Steve Austin on The Six Million Dollar Man
 fused human and robotic capabilities. As I got older, I found myself glued to the commentary of Christopher Glenn, who reported on space news for CBS. Even when I was working at NASA, my favorite weekly show was CNN’s Science and Technology Week
 , hosted by Miles O’Brien.

Engineering was a natural choice for my college major, and I could not get enough of the lab courses that enabled hands-on thinking and problem solving. It was in a senior robotics course that my class was invited to visit NASA’s Goddard Space Flight Center’s robotics lab—my first visit to NASA. While the lab was clearly high-tech, I still felt that sense of being at home—being comfortable among the tools, as if I were once again in front of my father’s workbench. After graduation, I worked for years as part of NASA’s systems engineering group, assigned to the team that created specialized tools for astronauts in space. As a result of my experience designing tools, I was invited to a meeting at Ball Aerospace in Colorado to discuss the failure of the Space Telescope Imaging Spectrograph (STIS), one of the Hubble Space Telescope’s scientific instruments. At that meeting, the engineering experts from Ball and GSFC were able to determine exactly what had failed inside the instrument and that, if a replacement electronics board could be installed, the STIS was recoverable. Such a task would require an astronaut, in the vacuum of space, to take apart the instrument (which was the size of a telephone booth) while it was still installed in the HST and orbiting the Earth at 17,500 mph.

HST servicing missions consisted of many tasks, including repairs, upgrades, and improvements. This STIS repair was just one of the many planned tasks, and more EVA time spent on this one would mean less available for other just-as-important tasks. To complicate matters more, the Hubble Space Telescope Servicing Mission 4 was going to be the last servicing mission before NASA’s orbiters were retired, ending the ability of astronauts to visit and service the HST.

Years before, the Tools team had developed the Pistol Grip Tool, a rotating power tool that is capable of sixty revolutions per minute. To this day, the PGT is the workhorse of the astronaut corps and can typically be seen attached to an astronaut on most EVA space walks. It provides the precision rotary force required during most EVA activities that involve turning bolts.

Because of the time constraints of an EVA and the large number of fasteners that needed to be removed, the STIS repair required an entirely new tool that could accomplish the mission safely in the shortest amount of time. To meet these requirements, the team needed to develop an entirely new custom tool, the Mini Power Tool, capable of two hundred revolutions per minute and small enough to function in the confined space of the Hubble’s interior with a remote battery pack and an array of LEDs to illuminate the work area. In addition to the MPT, we had to design and develop an entirely new suite of unique tools for each task, and so I orchestrated an STIS repair task decomposition, breaking every aspect of an astronaut’s repair activities into small components. We had to design, engineer, develop, and test prototype after prototype. With feedback from the astronauts testing the tools, each iteration of the tool suite got better and better. I felt a huge sense of accomplishment when the suite reached its final revision, meaning that the design was frozen and we could proceed to build the tools for flight.


 [image: Images]


In preparation for SM4, a team of engineers, tool designers, divers, and astronauts had to train for months in the 6.2 million gallon pool at NASA’s Neutral Buoyancy Lab. I was often assigned to be one of the scuba divers who watched an astronaut’s every move while he or she performed all the tasks required for a repair or upgrade. Astronaut Mike Massimino was assigned to be the primary crew member responsible for the STIS repair, and his task was to open up the STIS and replace the failed electronics board. While we were training, we received news that a second HST instrument had a board failure. The Advanced Camera for Surveys (ACS) is another phone booth–sized instrument located diagonally across from the STIS inside the Hubble. The part going “poof” had been measured on the HST’s sensors; it felt itself fail.

I was assigned to the team tasked with figuring out how the repair of the ACS could be accomplished. I recall putting on the “bunny suit” clean room attire with Jill McGuire, the Tool team’s manager, and entering the twelve-by-fourteen-foot HST instrument simulator, where four large-axial high-fidelity instruments were installed. Getting to the ACS’s removable panels to access the internal electronics was impossible, because they were blocked by other equipment. After Jill and I reviewed and discussed all the repair assessment options, our consensus was that we could not return to the ACS repair team with a “No, it can’t be done.” We were eventually able to come up with a few accessibility options that we brought back to the repair team.

While Mike Massimino was assigned to repair the STIS, veteran astronaut John Grunsfeld was assigned to repair the ACS. During one of the early NBL underwater training runs in Houston, I configured the ACS repair worksite for John Grunsfeld and Mike Massimino to make an assessment of how they each could access a panel with an angular surface tucked alongside the HST’s internal optical structural beams. We arrived at a solution: not removing or repositioning the instrument but optimizing each astronaut’s position for the task. We liked this answer because it could be replicated inside the HST instrument simulator at the GSFC during astronaut crew training events, which are conducted in many facilities using various simulators to allow the astronauts to practice their tasks in many different environments. Since our team had invested two years in the development of tools for the STIS repair, we were able to use those tools’ architecture and convert the form factors to be used for repairing the ACS.

Servicing Mission 4, the final Hubble servicing mission, used approximately 175 individual primary and contingency astronaut tools—the most ever delivered to support an HST servicing mission. I attribute that success to the deep pride, dedication, and sacrifice of my teammates and I—long work hours, week after week over four years, that took us away from our families for extended stretches of time. Over fifteen years spent supporting four repair missions (SM2, SM3A, SM3B, and SM4), I had fine-tuned my ability to transform the architecture and design of unique tools with a hundred “must-haves” into a tangible tool with dedicated crew procedures for the sole purpose of regaining, enhancing, and extending the abilities of the HST to unlock the mysteries of the universe. It is astonishing to see the contributions that the Hubble has made to astrophysics, and it is humbling to know that my teammates and I played a pivotal part in this.


 Since the final HST mission, I have focused my satellite servicing efforts on an appointed astronaut surrogate—a robot. In 2011, our Satellite Servicing team created a suite of robotic tools that were launched aboard the last space shuttle mission (STS-135), flying to the International Space Station. The purpose of these tools was to demonstrate that robots are capable of conducting maintenance and repair tasks on satellites. I believe it is important to recognize that by using a combination of humans and robots in space, other satellites, such as telecommunications or weather satellites, can be serviced, repurposed, or repositioned to suit our needs on Earth. This will be difficult, because at present there is no commercial satellite-servicing infrastructure. But the current state of space robotics and the demonstrations made on the ISS clearly show that the possibility of commercial satellite servicing is viable.

Forty years after first watching astronauts walk on the moon, I have followed my destiny to a career in designing and engineering some of the most interesting tools developed for space missions. All the present and future Hubble images, discoveries, and advances in astronomy are possible because of the two instruments our servicing mission tool team helped bring back online during the final servicing mission. I feel honored to have had the opportunity to contribute to the capabilities of the HST, which will, for years to come, provide us with some of the most magnificent glimpses of the universe ever seen. Not too bad for a kid who grew up on a hill from which he could see the lights of Manhattan twinkling in the distance as though they were stars in the sky.

JUSTIN CASSIDY

Bethesda, Maryland, May 2013 and March 2014
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The Torque Set Capture Tool,


used during EVA day three to release the #10 fasteners during the grid removal on the Hubble’s Advanced Camera for Surveys.








[image: Images]

The Space Telescope Imaging Spectrograph Fastener Capture Plate (STIS FCP),


used by astronaut Mike Massimino (assisted by Mike “Bueno” Good) during EVA day four to remove and capture in place 111 fasteners from a panel to the STIS.
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The Mini Power Drill Tool,


a low-torque, high-speed drill (capable of up to 300 rpm) used by spacewalkers on EVA days three and four.
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The Portable Foot Restraint (PFR)


provides a stable platform in the weightlessness of space that allows astronauts to firmly anchor themselves into any number of strategically placed receptacles on the Hubble Telescope.
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The Power Grip Tool


is the primary computer-controlled hand tool used by astronauts on the Hubble Space Telescope and at the International Space Station.
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The New Outer Blanket Layer (NOBL) roller assembly,


used by astronauts John Grunsfeld and Drew Feustel toward the end of EVA day five to adhere a series of NOBLs over various equipment bay doors on the Hubble that were damaged as a result of the harsh thermal environment of space.
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The lubricant applicator,


used during various EVAs to apply lubricant to exposed bolt threads on the Hubble’s aft shroud and radial bay door latches.
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The Indexing Card Extraction Tool (ICET),


used by John Grunsfeld and Drew Feustel during EVA day three to extract damaged electronic circuit boards inside the Hubble’s Advanced Camera for Surveys.
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The High Torque Connector (HTC)


with inventory label. The HTC was used for removing and mating electrical connectors inside the Hubble Space Telescope.
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The ACS Fastener Capture Plate


was used by John Grunsfeld to capture thirty-two #4 fasteners on the Advanced Camera for Surveys during EVA day three.
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Guide studs, placed before flight on Wide Field Camera 3,


enabled Drew Feustel during EVA day one to secure the large handhold needed to remove WFC3 from the Super Lightweight Interchangeable Carrier (SLIC) in the cargo bay and position it inside the Hubble, where WFC2 had been for sixteen years.
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CHRISTY HANSEN


EVA Task Lead, STS-100, STS-116, STS-125, Johnson Space Center







 
 Christy Hansen


What If, What If . . . ?


I have an almost overwhelming drive to never let anyone down. It’s what gets me to work early, keeps me at work late, and allows me to give out my cell phone number for folks to call me at any time. On top of that, I never want to waste anyone’s time. In effect, this causes me to spend my free time preparing, studying, and practicing, so that when an astronaut crew class starts—in this case, the STS-125 crew class—my EVA coworker Tomas Gonzalez-Torres and I are ready to go. Being dependable, reliable, and accurate is of utmost importance to me, and I have a hard time tolerating mediocrity and laziness. When it comes to preparing an astronaut EVA team to perform dexterous work in a microgravity environment, in a vacuum, with limited time and consumables, there is no room for giving anything less than 110 percent.

I’m still not sure how or why, but my earliest memories are my dreams of flying in space. I’ve always been fascinated by spaceflight: What is it like to work in space? How does one do things differently in a weightless environment? I was amazed by the beauty and complexity of space, the challenge of the unknown. I was born and raised in Philadelphia with my fraternal twin sister. While she pursued counseling and law enforcement, I wanted books on astronomy and planets. I wanted to go to space camp. I wondered how rockets worked. I studied as much math and science as I could; I even remember getting special permission to take a Physics 2 course in high school from the guidance counselor. That early on, I wasn’t yet aware of the stereotypes governing what boys and girls were “supposed” to study. I just knew what I liked and that I was driven to pursue it. Luckily, I had a great support system of family, teachers, and coaches who encouraged me to follow my dreams. I was athletic, and I think that helped me to build confidence and learn both how to be a leader and how to be a team member. However, as I grew older, I encountered a few boundaries that still rankle me.

I was once told that I “don’t look like an engineer” and that maybe I should “study communications or something that would allow me to have more free time.” Another good one came when I wanted to take an AP Physics class in high school and needed special permission; there were a few meetings with the guidance counselor and a condescending discussion along the lines of, “Now, Christy, this is going to be very difficult. You really need to think about this decision . . .” I also learned that “women can be distractions to the guys in the classroom.” I think that one was my favorite. Though they were very 
 frustrating, those hurdles would not be enough to stop me from pursuing my dreams. In fact, they drove me forward. I graduated from Villanova University with a BS in comprehensive science with a minor in physics and women’s studies, earned while playing Division I volleyball as a walk-on. Then I got a master’s degree in space studies from the University of North Dakota.

But how did I get from Philly to Grand Forks, North Dakota, and then all the way down to the Johnson Space Center? A JSC employee who happened to work in the Extra-Vehicular Activity Tools and Engineering group had watched me in one of the classroom lecture videos sent to distance students. Based on what she saw in the video, she contacted me and asked if I would be interested in working on a project at the JSC—specifically in the EVA operations group. She said the EVA group was looking for young, driven, energetic employees to start building the International Space Station and to write the on-orbit procedures, train the astronauts to work with tools and space-station hardware in microgravity, and to work in real-time operations as a flight controller in Mission Control as the expert in EVAs. I remember thinking, Say what?
 With that offer, I was on my way to Houston in the hot, humid summer of 1999. I did not even glance at any other job opportunities.

Nearly a decade later, I found myself working on the Hubble with the STS-125 crew; it was more than just a job, it was a personal investment, and I took it as such. The years the seven of us spent training together essentially became my life. It needed to be that way so that I would never lose consistency. I needed to be there for my teammates.

Since Tomas and I were task trained, we both understood the details, and because we had worked and trained together for years, during the flight our minds were always in the same place, knowing exactly where to go and what to do for any contingency as it might happen, anytime during the EVAs. Pretty amazing. We knew which crew member had trained on what, what their preferences were, and how they might respond to any situation, and we could share that with very little verbiage.

The planning phase for a mission includes absorbing every detail on the mechanical attachment aspects of space hardware. For example, in order to write procedures and train the crew on how one might install a new axial science instrument in the telescope, I needed to know things like the number and types of bolts, torques and turns required, whether the bolt torques out when installed, what the failure torque of the bolts is, the torqueing sequence, whether there is a soft dock that holds the instrument in place prior to torqueing, if there are alignment guides to help install the instrument prior to torqueing, what parts of the instrument can be touched without causing damage, the mass and center of gravity of the instrument, the mass of the payload, and so on. A science instrument in space will respond to the force a crew member applies; if the force is applied to the center of gravity, the instrument should not pitch, yaw, or rotate, and should translate, or move, directly in the direction it is pushed. This is important when trying to align things during installation.

An understanding of the mission priorities and the way in which each of the Hubble tasks can be fitted into the five six-and-a-half-hour space walks with the mechanical details described above must be incorporated into procedures compliant with the hard rules you must operate within while working in space. You need to know how and where tools are able to be carried on the space suit in order to comply with loading and/or temperature limits; the speed at which an EVA crew member is allowed to move; the limits of space suit consumables and life-support systems; how to establish a path for the crew 
 member to a worksite that is free of hazards such as sharp objects or radiating hardware; how to ensure that the crew member contacts only very specific pieces of the instrument so as not to inadvertently damage it; and, most important, how to ensure that the crew member remains safely tethered to a structure.

For nearly two years before a mission, I would train the astronauts on the hardware and procedures they were to use and the choreography and order of tasks for each EVA, factoring in task priorities, task length, efficiencies that can be gained, and whether tasks can be performed on the robotic arm versus by a free-floating crew member to ensure that they do not interfere with each other’s movement within the payload. In addition, it was my responsibility to train the EVA crew on how to work in a microgravity environment, how to control their bodies in relation to the space hardware each of them must maneuver around, and finally on communications protocol and nomenclature. The various training platforms that my team and I would use included a computer simulator that enabled the crew to don special headsets that projected a realistic, 3-D space environment, the Neutral Buoyancy Laboratory’s underwater mock-ups, classroom settings, partial-gravity simulators, and mass handling simulators.

It is likely that I edited and updated our procedures at least once every day for almost the whole of the two years. On some days there were several updates, while on others there were only minor changes—but one thing is certain, and that is that they were a constant. By training for a task twelve times in a row, you have a chance to identify most hazards, snags, and inefficiencies. The moment you deviate from the known, planned activity, you introduce a wealth of untested unknowns that almost certainly lead to problems. If one plans well, one can predict and try to minimize contingencies and problems by avoiding them in the first place.

Over the nearly three years this mission required, the astronaut crew and the support team looked out for each other and spent long hours conversing in the evenings and on weekends about EVA planning, what-if scenarios, training objectives, and so on. After a few months together, team members could anticipate one another’s thinking and how each of us would respond to any given challenge. Each team member knew well his or her part in the final goal of repairing and upgrading an orbiting telescope. I knew which tool John, Drew, Mass, and Bueno would select for a given task, how they would use it, and where they would stow it, and it was my job to capture every detail of our EVA tasks and be able to respond immediately to every question during real-time operations.
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I learned very early in my career that the expression “hindsight is twenty-twenty” means that one didn’t plan well enough. If I planned appropriately, foresight would be twenty-twenty; I learned to always look ahead, early and often, and see failures before they happened. I was trained to anticipate contingencies early and to be ready to address them preemptively. I have learned to expect the worst. I ask myself, “What if, what if . . . ?” I work hard at being a great planner and communicator, and I try never to make assumptions. I would rather tell someone something twice than falsely assume that he or 
 she knows something. I set clear expectations for those I work with, as well as understanding my role and personal responsibility. In training this and other crews, I have learned to lead, and to be led. To study hard, be dependable, and to never be afraid to ask questions.

I bought roses for the team at the end of our last EVA day on the Hubble—a very small gesture, but I wanted the team to know how much I respected and cared about them. Meeting everyone at the Outpost (our watering hole), I hugged each and every person on the Goddard and Johnson team. I felt overwhelmed, relieved, happy, and sad all at the same time on that final day we were together. I remember trying to comprehend my part, my contribution to the final Hubble space walks, amid such a large, great team. The Hubble telescope had brought all of us together, people who would never otherwise have gotten to know each other. A telescope, of all things, not only unlocked secrets of the universe but also created amazing, unique friendships across scientific, engineering, and operational disciplines, cultures, and NASA centers. And to this day, I still feel tremendous loyalty to the men and women I worked with on that final Hubble servicing mission; we have a sort of magical bond that won’t ever be erased. Because we did this amazing thing together, under stress, amid laughter, tears, happiness, sadness, drive, and technical prowess, I still feel that loyalty I had to my Hubble crew, my Goddard friends, and, of course, my JSC friends. I cannot imagine that there will ever be anything like it again.

•  •  •

Some four years later, here I am, flying low at 1,500 feet on NASA’s P-3 four-engine turboprop airplane through a remote glacial valley in southwestern Greenland. I am project manager on a NASA Earth Science Airborne project called Operation IceBridge; we collect geophysical data on Earth’s changing ice sheets, glaciers, and sea ice. As I stare out one of the few windows on this mighty Orion aircraft, I feel as though I can reach out and scrape the ice with my hand, and I swear we are only a few feet above the ice sheet. I find myself lulled into deep thought by the deafening, low-frequency heartbeat of our polar research aircraft, as the propellers power through the Arctic’s turbulent air. In this brief moment of time, I find myself reflecting on what my life means, what my purpose is. I think about where I’ve been, why I’m on this plane, and where I’m going. I want my life to matter. My thoughts are suddenly interrupted by a call from our pilot up in the cockpit, who I can hear via our communications headsets: “Hansen, how’s the McMurdo Antarctica planning coming along? And by the way, do you have any chocolate?”

And my next thought is, I love this.


CHRISTY HANSEN,

Thule Air Base, Greenland, and Ellicott City, Maryland, May/June 2013
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Dim lighting; bands of Velcro; emergency procedure notes; the staccato bleat of caution and warning tones; the hum of ventilation fans; flight training manuals for launch, entry, and landing; and a bag of carrots, hummus, and pita: crew simulation flight training in Building 5, off of Gamma Link and 4th Street at the Johnson Space Center.
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In a distant corner of the Kennedy Space Center’s industrial area, toward the end of E Avenue SE and not too far from an alligator-filled marsh, is the Payload Hazardous Servicing Facility (PHSF). A several-hundred-foot-high windowless, air-conditioned, high-security building that provides the requisite dust-free clean-room environment for engineers and technicians to process spacecraft and hardware destined for space. Among the instruments that have passed beneath the yellow glow of the high bay’s high-pressure sodium lighting are the Saturn-bound Cassini-Huygens probe, the Mars-bound rovers Spirit and Opportunity, and the Pluto-bound New Horizons probe. Also inspected are crew EVA tools such as the STIS Fastener Capture Plate and the four carriers destined for the cargo bay of the Atlantis
 . A month out from launch, John, Drew, Mass, Bueno, and some twenty-five SM4 engineers and managers don blue bunny suits to take one last opportunity to inspect the equipment before it is shipped to the launching pad. After this final look, technicians shut off the yellow lights and perform a black-light contamination inspection on every container, wiping away any dust particles or fingerprints with isopropyl alcohol.








 [image: Images]




 
 [image: Images]



 
 [image: Images]



 
 [image: Images]




 
 [image: Images]





 
 [image: Images]
Looking like pieces by the environmental artist Christo, two of the cleared-for-flight SM4 carriers (the Orbital Replacement Unit Carrier and the Super Lightweight Interchangeable Carrier) are wrapped in a gray protective polyimide film called Llumalloy. The equipment is then positioned in a temperature-controlled payload canister, exactly as it will be in the cargo bay of Atlantis
 . It is then transported upright some ten miles over four hours on a twenty-four-independently-steerable-tire transporter to Launchpad 39A, where it will be hoisted up to the Payload Changing Room (PCR) in the shuttle’s rotating service structure for installation in Atlantis
 ’s cargo bay.
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With the shadow of the Columbia
 disaster hanging over American spaceflight, the unavailability of the International Space Station as a “safe haven,” and the possibility of spent rocket boosters and exploded satellite debris orbiting at the same altitude as the shuttle, the final Hubble Space Telescope servicing mission was approved on the condition that an additional “Launch on Need” (LON) shuttle be standing at the ready in the event the Atlantis
 couldn’t return her seven-person crew safely to Earth. Although the STS-125 crew was being trained for external repairs on the shuttle in the event of an MMOD (Micro Meteoroid and Orbital Debris) hit, a second crew, under the command of Chris Ferguson, was in rescue training. The STS-400 Endeavour
 was ready if needed to launch from Launchpad 39B and rendezvous with Atlantis
 —cargo bay to cargo bay—which would allow the seven-member crew to safely spacewalk from the disabled orbiter to the rescue ship.
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While the launching of a shuttle rescue mission was contingent upon emergency conditions arising on-orbit, the crew also had to prepare for emergencies that could happen while the fully fueled space shuttle was still on the launchpad. Here, J. Charlie Blackwell-Thompson, the NASA Test Director (NTD) for STS-125, briefs the crew on various emergency scenarios in the white room. In an emergency, the crew would need to quickly and safely exit the vehicle cabin—fully suited—and continue through the white room to a series of escape gondolas that would speed them down guy wires to a fortified concrete bunker 1,200 feet from the launchpad. Robert Parks, a technical training instructor since 1992, talks with the crew about the realities of emergency egress training in the bunker.
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BOB MULLEN


Aircraft Crew Chief, Ellington Field







 
 Bob Mullen


I Wanted to Work on Airplanes


On June 3, 1966—the day NASA launched Gemini 9 with Tom Stafford and Gene Cernan aboard—I was hired as an aircraft crew chief on the T-33 flight line at Ellington Field, NASA’s Aerospace Operation Division at the Johnson Space Center in Houston, Texas. There were only about twenty-five or thirty astronauts at that time, including all of the original Mercury seven except John Glenn, who had already left.

My responsibilities included preflight, postflight, aircraft unscheduled maintenance, launching, and recovering aircraft from flights. The astronauts put a lot of trust in the crew chiefs to provide them with the safest aircraft possible.

One day in 1967, I launched astronauts Edward White and Roger Chaffee in my Lockheed T-33 training aircraft to the Cape. The very next day Gus Grissom, Ed White, and Roger Chaffee were killed in the Apollo 1 fire. This was a very sad day and a real setback, but NASA undertook a redesign and fixed a very dangerous environmental problem in the Apollo cabin. Everyone I worked with was really excited about going to the moon, and soon after there was even talk of a space shuttle. Back then it seemed that as soon as NASA completed one program, they would start another. It was such an exciting time for anyone working in any capacity for NASA.

Unlike most high school graduates, I knew what I wanted to do, which was go into the Air Force like my father, who spent twenty-eight years in the Army Air Corps and then the Air Force from 1928 until his retirement in 1956. When I was a kid, he would take me to work with him, and one day at San Antonio’s Kelly Field he gave me a tour of a B-36—a then secret six-piston, four-turboprop jet engine bomber. I knew then I wanted to work on and learn everything I could about jet engines. So in 1961 I joined the Air Force, and the first aircraft I worked on (after jet engine tech school) was the Convair F-106 Delta Dart with a J75 engine. This was at the time a new aircraft for the Air Defense Command at McChord Air Force Base in Tacoma, Washington. This aircraft still holds the single-engine speed record of 1,526 mph. After four years in the Air Force, during which I had operated a J57 engine test cell and worked on C-130 aircraft with T56 turboprop engines at Naha Air Base in Okinawa, Japan, I returned to Tacoma and got married to my wife, Linda. But I missed working on aircraft and engines, and after I heard about NASA’s Johnson Space Center going strong in Houston, I really wanted to move back home and be a part of it.


 •  •  •

When the Apollo and Skylab programs were completed in 1975, we at NASA started right in on the Space Shuttle Program. While the shuttle was being built, I spent a year at the Grumman Aircraft Engineering Corporation on Long Island. There I worked on the T-38 twin-engine chase aircraft (the successor to the T-33) for flight testing, along with the two highly modified Gulfstream II Shuttle Training Aircraft. The G-II STA was created to perform like a space shuttle so the astronaut pilots could practice runway approach and landing. The T-38s have been the astronaut training jets from the late ’60s to the present day. By maintaining rigorous inspections and upgrading the planes’ avionics (electronic systems) and engines, they became training aircraft astronauts could trust.

Once a space shuttle prototype was built in 1977, I was assigned to Edwards Air Force Base in California for the flight tests by the first space shuttle, Enterprise
 (named after the Star Trek
 spaceship). Since the shuttle was also a glider, engineers needed to know how it performed when landing like an airplane. I was responsible for a chase team of six T-38 aircraft. Anytime you test an experimental aircraft, you have three chase planes flying alongside to study its flight dynamics. I witnessed the first separation of the Enterprise
 —piloted by Fred Haise and Gordon Fullerton—from the 747 carry plane and then the shuttle’s first landing on the dry lake bed at Edwards. I took part in all five shuttle test flights. It was exciting beyond belief.

When the first space shuttle was set to launch in 1981, I had a choice of being with the T-38s for the launch at the Cape or with the T-38s for the landing. Well, I wanted to see the first landing.

I was so lucky to be a part of STS-1 and Columbia
 ’s first landing at Edwards Air Force Base, piloted by Apollo-era astronauts John Young and Bob Crippen. I was there to see the landing along with two hundred thousand other Americans who had camped out on the dry lake bed to watch; what a proud day that was. The lake bed at Edwards was chosen as a landing site because engineers did not know how far the shuttle would need to roll out to a complete stop on returning from Earth orbit. This first flight started the longest and most complex program NASA has ever attempted.

I retired on June 3, 2010, as the T-38 flight line chief, running the daily flight schedules and assigning all astronaut aircraft and all the maintenance on those aircraft. For forty-four years (from 1966 to 2010), I was fortunate to have had an exciting job that I loved so much, repairing aircraft and being a part of over one hundred shuttle launches and landings and so many practice and training missions that I lost count. But the best part was working and traveling all over the United States with famous astronauts, whom I felt were very brave to do what they did for the space program and our country: the military crews, colonels and generals who were all the cream of the crop like Gus Grissom, Al Shepard, Neil Armstrong, and Pete Conrad; all the Apollo crews, Kevin Chilton, Bob Stewart, Tom Stafford, Bob Crippen, and John Young; right up to pilots like Mark and Scott Kelly, Eileen Collins, Pam Melroy, Greg “Ray J” Johnson, Scott Altman, and Alan Poindexter. There were also the NASA test pilots who trained all the astronauts in the shuttle training aircraft, such as Charlie Hayes, Roger Zwieg, Ken Baker, Dick Clark, Dave Mumme, and Bruce Arnold.
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One day while on a trip to the Cape, I saw a crew unload the Hubble Space Telescope from a C-5 aircraft to be placed in the cargo bay of the space shuttle Discovery
 . I was amazed by the size of the Hubble. On April 24, 1990, STS-31 was launched. This was a very historic mission for NASA, one that has rewarded mankind in so many ways with its wondrous images. Over the years, the 
 Hubble has required repairs and upgrades, but none so important as those performed on STS-125, which saved the Hubble prior to the shuttle fleet being retired. Hopefully the Hubble will return a wealth of information to Earth for years to come.

Not long after my retirement in 2010, the astronaut office arranged for me to go back out to Ellington. Greg Johnson (Ray J), who had been a staff pilot before being selected as an astronaut, presented me with a special photograph of the shuttle docked to the space station during STS-125, signed by about thirty astronauts.

This country owes a great deal of gratitude to all the brave men and women of the astronaut corps, the countless men and women in support roles, and, most important, to the brave astronauts who lost their lives to accomplish so much for the American space program.

BOB MULLEN

Houston, Texas, March 2014
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CHAPTER TWO
 ON ORBIT AROUND EARTH



Since the earliest days of human spaceflight, launch day reveals a spectrum of
 guarded and unguarded emotion. Spaceflight veterans call it launch fever. Up on the third floor of the Kennedy Space Center’s Operations & Checkout facility, about fourteen miles from the spaceship poised on the launchpad, there is a kind of solemnity coexisting with anticipation amid technicians, medical physicians, armed security, the Chief of the Astronaut Office, and of course the crew. For Scooter, John, and Mass, it’s been seven years since their last Hubble servicing mission aboard the Columbia
 . For Ray J, Megan, Bueno, and Drew, it is their first launch. In the glare of the suit-up room’s fluorescent lighting, and now less than five hours before T minus zero they, like all their predecessors since the era of Apollo, ritually don their flight suits preparing to enter space.
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A few years after the Challenger
 accident in 1986, the crew’s children began a tradition of drawing a mural. Beginning with the STS-26 return to flight, Launch Director Bob Sieck and his staff developed the “family collage” to keep the kids occupied for a few hours before heading up to the roof of the LCC to watch the launch. Over time, the mural became known as the “Kid Pic”—and through the end of the shuttle era, it was a means of expression for each child whose parent was about to engage in the risky business of spaceflight.
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With only the crew left to follow, suit-up technicians leave the historic room for the third-floor elevator with the crew’s space helmets and related backup gear. Once the techs have left, the crew assembles around the commander and plays a ritual game of Fargo Possum (low-handed poker). Then, with less than four hours to launch, they follow the same path as have all crews before them: to the elevator and down to the ground floor; out through the familiar double doors; down the inclined walkway between two cement pillars to the lights and crowds of KSC employees and media waving, taking photographs, and wishing the crew a safe journey; then left to board the Astro Van (since 1984, a modified Airstream motor home) for the twenty-minute ride to the launchpad, where the white room close-out crew will strap them into their seats in the shuttle crew cabin.
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On the way to the pad on launch day, I always like to stop for a moment and look up at our spaceship. It is the first time we can see Atlantis
 with the rotating service structure pulled away. You can hear the vehicle breathing as the cryogenic fuel tank vents; she seems as anxious to go as we are.

—SCOTT ALTMAN, COMMANDER, STS-125
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Up at the 195–foot level of the service structure, about three hours before launch, I am the first to be strapped into the flight deck’s left seat. Drew is next in the mid-deck right seat, then pilot Greg “Ray J” Johnson in the flight deck’s right seat, followed by John in the mid-deck left seat, Mike “Bueno” Good in the flight deck’s rear right seat, Mike “Mass” Massimino in the mid-deck’s middle seat, and Megan McArthur in the flight deck’s rear left seat. Once the cabin hatch is closed, you can almost convince yourself you are back in the simulator for one more practice run.

—SCOTT ALTMAN
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RENÉ ARRIËNS


Advanced Systems Technician, Orbiter Vehicle Crew Chief, United Space Alliance, Kennedy Space Center







 
 René Arriëns


The “Great Ugh-Knowns”


Imagine, if you will, a standard office cubicle, except not in a corporate tower. The entrance to my office is called the white room, and although it looks big on TV, it’s not. It is fifteen feet long by seven feet wide, perched 195 feet above the shuttle’s Apollo-era launchpad, and it—along with the cockpit of the space shuttle—was my office for twenty-plus years. The white room is where my colleagues and I prepare an astronaut crew for their launch into space. The door to my inner office is the circular crew hatch that opens into the shuttle’s cabin. Inside the cabin we strap each of the crew into their seats just before launch.

Everything at the launchpad is of gargantuan proportions. The shuttle vehicle weighs 4.5 million pounds and is bolted to the Mobile Launch Platform (MLP), which is about the size of a baseball diamond. High-energy rocket systems abound. The two white Solid Rocket Boosters (which support the orange external fuel tank) are attached to the pad with eight twenty-eight-inch-by-three-and-a-half-inch-diameter explosive bolts. Those few hundred-pound bolts hold the entire multimillion-pound space shuttle upright. In stormy conditions, you can feel the ship sway under you as though it were a tree branch. We worked in close proximity to the thousands of gallons of extremely toxic, immensely volatile hypergolic fuel and gaseous nitrogen that were contained inside the steering thrusters and tanks of the orbiter, which were mere feet above the entrance hatch to the shuttle and had the potential to suddenly burp fumes. Should that happen, it was on with the emergency breathing gear, because if we breathed those fumes, they could burn our lungs, or they could displace all the oxygen in the white room and the orbiter. But thanks to NASA’s continual training and maintenance, all of these systems were safe, reliable, and fully operational when it was time to fly. During my tenure, none of those systems ever had a significant mishap, thanks to everyone doing their part with absolute precision and dedication. Lives depended on it. The teamwork was like no other ever on the planet in proportion, scope, and accuracy, except maybe for that of the Apollo program.

Both of my parents were part of sending men to the moon. My mother was an illustrator for launchpad construction, and my father (a Belgian immigrant) was an expert in logistics. I had been witness to the Saturn and Gemini launches in the 1960s and ’70s. I remember watching in amazement from my house (located twelve miles from the launchpad), my body and the ground 
 shaking, as a Saturn V Apollo moon machine ascended with unimaginable power. It made my knees weak and my eyes well up with pride, especially when we actually landed and humans became extraterrestrials on the moon. I didn’t know it at that time, but being a witness to these events left a huge mark on my destiny. I could never have imagined what lay ahead.

Many decades later, I often thought about how lucky I was to be there in the shuttle white room. A combination of a can-do attitude and a great deal of study of launchpad systems took me from being a humble electrician to working with astronaut teams. I learned many lessons along the way from engineers and technicians, the most important being to always look out for what we spacecraft operators called “Great Ugh-Knowns.”

An “Ugh-Known” was when something unexpected occurred and we, the test team, would collectively say, “Ugh,” roll our eyes, and search for a way to fix the issue. Ugh-Knowns usually happened when procedures were complicated, the pressure was on, and we were straying from protocol. Big things could happen very fast—such as having an out-of-place platform in the payload bay that bumps into your very expensive orbiter!

Our group, the Forward Shop, had the responsibility of maintaining, testing, and stowing eleven thousand pounds of equipment that we had to move through the shuttle orbiter’s thirty-four-inch-diameter hatch opening. All systems from the payload bay bulkhead forward were our direct responsibility. The interior of the orbiter, with all the gear stowed on the flight deck and mid-deck, was about the size of a thirty-foot boat.

On the pad the shuttle is vertical, its nose pointed to the sky. Inside the cockpit (my office), the seats were oriented toward the sky, so we always moved with forethought and had to learn to read the overhead panels upside down in order to operate the orbiter system switches with absolute accuracy. Bumping my head was a daily occurrence. I spent many hours on quiet nights lying on my back, working through very long and slow test procedures. Sometimes I would imagine being weightless in orbit and having to work through a problem as an astronaut would; then my mind would yank me back to reality and I would say to myself, I’m really in a spaceship. Wow!
 I couldn’t spend too much time daydreaming, because the work demanded all of my attention.

I got to know the very first close-out crew person late in his life. Günter Wendt was among the large group of rocket engineers and technicians who came over to America with Wernher von Braun at the end of World War II. He was the close-out crew chief for all the Mercury, Gemini, and Apollo astronauts. They trusted him implicitly. Günter set the bar very high. One of his lessons was “Give your people time to think.” His fingerprints were all over the procedures I used as I entered a spacecraft to prepare the crew for flight.

I was fortunate to have been able to work shoulder-to-shoulder with Carl F. Bernhardt, Jr., and Richard Welty, who were some of my mentors. They educated me on how to effectively communicate the technical intricacies of this vast piece of space hardware to the test team. They taught me about the close-out crew and the multidiscipline rocket testing that included hundreds of engineers and managers, and imparted some very hard lessons about preparing spaceships for flight, which resulted in my learning how to manage the Great Ugh-Knowns. Sometimes when things got very busy, I had to tell myself to slow down and communicate the right information in shorthand so that the right decisions could be made. Sometimes just one well-worded question could do the trick.

Launch countdowns happened with regularity in the shuttle program, and the repetitive tasks became easy. That’s 
 when my colleagues and I had to be careful and not let our guard down. The smallest thing could snowball in a matter of minutes, and there was no room for ego. This is a very hard concept to grasp for the uninitiated when working with a multidisciplined test team over a large communication system via a headset. When uh-ohs happened, making information clear as soon as possible was mandatory, because a whole chain of events would immediately start taking place. This was typically led by the Orbiter Test Conductor (OTC), who orchestrated all testing for the orbiter from the launch control room, where the launch director, Mike Leinbach, oversaw the entire shuttle launch. For example, if we were working outside of our procedures, the OTC’s decisions would guide us to safe conclusions. There was no room for ifs, ands, or buts. If I or any of my colleagues didn’t cut it, the engineers or the OTC would quickly let us know. They wanted facts. It was all so very complicated, fluid, and dynamic, particularly in the seventy-two hours before launch. The task of configuring and testing the orbiter’s systems had the potential to overwhelm any of us in the blink of an eye.

I had to mentally prepare myself every time I worked a procedure. Concentration was the only course, because the Great Ugh-Knowns awaited to swallow me or any of us whole!

On launch day the flight deck got very cramped. There was a specific order to the loading in of the flight crew, and we were very careful to not inadvertently throw a switch or turn a dial in the cockpit.

The astronauts arrived together at the 195-foot level of the launch tower. But given the small size of the white room, we had to take them individually, and the first in was the commander—who, in the case of STS-125 to the Hubble, was Scott Altman. We like to get the astronauts on the cooling system first to manage their heat load, since they are dressed in the orange launch and entry flight suits. All of us on the close-out crew understand what it’s like to be in a flight suit because of our yearly training at the Johnson Space Center in Houston, which we call Astronaut Appreciation. Wearing actual L&E flight suits, we practice emergency egress from the cabin and launch tower. Thanks to this training, we understand the restrictions the suits place on movement and how quickly a crew member can get overheated. So once the cooling hose was connected to Commander Altman’s L&E suit, we laid out his parachute on the white room floor so he could carefully step into the harness. The routine continued as we made sure the straps didn’t have pinch points that would make the parachute pack uncomfortable. As we zip up the chest panel, we always ask the astronauts to turn their head to the side so we do not accidentally strike them in the face with our hand while trying to get the last little bit zipped. We leave the adjustment of the leg straps to the crew to be sure of a snug fit. We then remove the overshoe protectors, which are worn outside so that no dirt will be tracked into the ship. To enter the flight cabin, the commander crawls headfirst through the hatch and then slides feetfirst through the 
 interdeck access port that allows entry to the flight deck. The commander climbs onto the seat in front of him and stands up, grabbing an overhead bar to help lift himself up and over onto the left seat, settling into the reclined position. We help him on with his gloves, then his helmet. After all the cables and cooling hoses are connected, we perform a communications and pressure check (just as is done during suit-up) to assure the L&E suit is sealed and the commander can talk to ground control.
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As we complete strapping in the commander, another astronaut begins the process. We then seat the balance of the crew on both the mid-deck and flight deck until the remaining five seats are filled. Once the strapping-in is completed, all nonflight hardware, such as platforms, emergency rescue gear, and switch guards, is removed. Then, with an okay from the NASA test director, we prepare to close the hatch and secure the white room for launch configuration.

From about the time of STS-125, Atlantis
 ’s mission to the HST in May 2009, we knew that the end of the shuttle era was near. We didn’t want to lose the wealth of knowledge that we had gleaned from the graybeards—but then I began to realize, as did my team members, that we
 were now the graybeards. We began to document some of the procedures that we had changed over the years, many of them coming about because of the large amount of work we had done after the Columbia
 tragedy in February 2003, when we had walked through the Texas forest in the rain, sleet, and snow, retrieving much of the debris. That experience drove home our conviction and determination to fly as safely as we could, so our mantra became “Document, document, document all changes!” Because, as Rick Welty reminded us, it’s the little things that the Great Ugh-Knowns feed on.

During the STS-102 launch close-out, Rick and I had a white-hot Great Ugh-Known experience. As we got off the elevator at the 195-foot level, we smelled a strong electrical burning odor coming from the white room and orbiter. We dressed in fire-retardant bunny suits and reported the situation to the OTC, who immediately sent the fire rescue team and a group of engineers up to the white room. Since there are thousands of electrical connections in the cockpit of the orbiter, none of us had a clue where to look. With six engineers on headsets on six different channels, we began to troubleshoot, trying not to make matters worse. More fire rescue personnel and engineers joined us, but still there was no joy. After three hours of this, Rick and I asked the OTC to go off protocol and do something that had never been done before: to let the spacecraft operators (us!) do a survey of which systems were energized and troubleshoot from there. We had thought it through
 , as Günter once said. More than twelve hours after we had arrived, we and the engineer we were working with found the problem: a transformer connected to the commander’s overhead light. For persevering and finding the problem, we were honored by the astronauts, the test team, and Mike Leinbach. In fact, while we were still in our white close-out uniforms, we were recognized by Dan Golden, the NASA administrator at the time, in a launch-day ceremony (broadcast agency-wide) for our teamwork and troubleshooting procedure. What a day!

The graybeards had told us, “These are the good old days. Enjoy them and smile.”

I still do.

RENÉ ARRIËNS

Cape Canaveral, Florida, May 2013
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Spaceflight is inherently risky. Imagine sitting on 4.5 million pounds of explosive fuel, the chemical energy of which will be converted to the kinetic energy required to send the space shuttle flying around the Earth at 17,500 mph. It’s risky to go out in a cloth space suit into a vacuum that’s lethal to humans. So why do we take these risks? Why do I
 take these risks? I take these risks because I think that space exploration, and the science that the Hubble Space Telescope does, is incredibly important to humanity.

—JOHN M. GRUNSFELD, ASTRONAUT, STS-67, STS-81, STS-103, STS-109, STS-125
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 MICHAEL LEINBACH


Space Shuttle Launch Director, Kennedy Space Center, 2000–2011







 Michael Leinbach


Ready? Gut Check—the Ultimate Gut Check . . .


I became the seventh space shuttle launch director (LD) in August 2000 and stayed in that position through STS-135, the very last shuttle flight. My goal going into the job was twofold: to be the best launch director I could possibly be, and to become, as I called it to my wife, “the People’s Launch Director.” Some of those going before me in the shuttle years were cut from the early mold of launch directors dating back to the Mercury and Gemini days—hard, demanding, aloof, intelligent, and impeccably trained and knowledgeable. Their leadership style evolved over the years, much as it did in most other professions in America. But with those attributes of the earlier years came an air of untouchability. I wanted to change that and establish a relationship between the head of the launch team and the workforce built on mutual respect and collaboration, not fear and distance. Not exactly friendship per se, but a tone that allowed true teamwork to not only exist but to thrive. My view was that that was a much better model for success. No retribution for mistakes; no hiding them, either. One of my predecessor’s most important lessons for me during my training days was a simple line to be used when faced with an issue on launch day or in any other situation: “We are where we are. Let’s figure it out, fix it, and move on. We’ll figure out ‘who shot John’ later.”

The shuttle launch team was patterned after the launch teams of so many of the earlier programs because the system worked. It was one of hierarchical reporting and responsibility, along with negative reporting. Negative reporting meant that if a particular system or element has no problems, it is assumed to be a go; if, however, a system develops an issue that falls outside expected parameters, the engineer in charge of that system speaks up and states the problem and makes a recommendation to either resolve it or to scrub the launch.

The hierarchy of the team essentially divides responsibilities between numerous engineers and managers, each reporting to a particular test conductor (Orbiter Test Conductor, External Tank Test Conductor, etc.). Test conductors then report to a NASA test director, who ultimately reports to me, the shuttle launch director, who has the final responsibility and authority to approve launching the vehicle and crew.

There were approximately 180 members of the Prime Launch Team, an equal number on a backup team at the Kennedy Space Center, about fifty managers of various levels and responsibilities, and five remote sites (Johnson Space Center, transoceanic abort landing sites, worldwide communications systems, the Eastern Range, and landing 
 sites in the contiguous United States), all of whom must also be verified ready to support every launch.

America’s space shuttle is the most versatile, capable, and complex space vehicle ever built. Verifying that this machine was ready to fly was a complex system unto itself. It was a system of technical requirements, constantly checked throughout the time between missions and culminating on launch day. As such, it needed a tremendous amount of testing, repair, and upgrading. All this work contributed to the high cost of the system, but also to the safety of the brave astronauts who chose to take the risk on behalf and for the betterment of all of us. Hundreds of thousands of man-hours were required to make it as perfect as possible, maximizing the chance of mission success and the safety of the crew. System by system, element by element, site by site, tests were made and checked off during the normal four-month span between the missions of a single orbiter, be it Atlantis
 , Discovery
 , or Endeavour
 , or, before their loss, Challenger
 or Columbia
 .

Launch day itself is the third day in the three-day launch countdown process (LCD). Entering LCD happens only after numerous reviews by various levels of NASA management have assured that all is ready to head toward launch. The major phases of launch day are the loading of liquid oxygen and hydrogen into the external fuel tank, the astronauts boarding the shuttle, numerous system checks, clearing the launchpad, and finally the terminal count, wherein the high-energy systems are brought to life and committed to flight. Only after manual and computerized checks were passed were the space shuttle main engines allowed to start 6.6 seconds before liftoff, and then ignition of the solid rocket boosters at exactly the time of liftoff—T-0.

Along the way on launch day were a series of polls in which the various system engineers, safety professionals, and managers at the different levels of authority were asked whether they were go or no-go. This ritual dates to the very earliest days of the space program in the 1960s and served as positive affirmation that the people responsible for a particular system or set of technical requirements were ready to launch. Simply affirming this by computer program was not enough. We always
 needed the human to commit. This was due less to the possibility that an unforeseen issue could come up during the launch countdown and more to the desire to look the team in the eye and ask them that tough question. The human element should never
 be taken out of the launch decision making process.

I launched the shuttle the final thirty-seven times of its 135-mission life span, and no two countdowns were identical; there were always different problems, different crew members, different weather, different payloads, etc. All looked alike, but all were different.

Technical requirements that need to be verified on launch day are called, cleverly, launch commit criteria. There are just over twenty thousand parameters that need to be in spec in order to launch. Those twenty thousand parameters—voltages, pressures, capacities, communications, etc.—are divided between the test conductors to make them more manageable. There are also numerous other factors that need to be met for the launch director to give the final go. An elaborate and extensive security procedure was enacted after 9/11, with Department of Defense authorities reporting directly to the LD. Other factors the launch director needs to check are the local weather, the overall safety posture of the launch, and the readiness of the payload.

The final hours of launch countdown contain built-in holds. Also a throwback to the early days, these periods are interspersed throughout the count and are intended to be “no work” periods. That is, the countdown clock is not ticking down and no work is planned; they are breather 
 periods for the launch team, times in which work that may be behind schedule can be done in order to catch up to the clock. There are certain tasks that must
 be done on time and “by the clock,” and others that can be done regardless of the time on the clock. There are also discretionary hold points available for the team to use if an issue arises and is serious enough that continuing the countdown is not wise. In that case, the team would proceed toward launch but hold at one of the hold points to resolve the issue before proceeding. These discretionary hold points are particularly important in the final nine minutes of the countdown.

If no issues are being tracked and all systems report go at the hold at T-9 minutes, the clock is restarted from a built-in hold and continues to launch or until a problem arises. It is during the hold at T-9 minutes that the final poll is conducted by the test conductors, test director, and the launch director. It is also during this hold that I bid farewell to the astronauts with the traditional “Good luck, Godspeed, and have a little fun up there.” I added the “fun” clause early in my eleven-year career as LD as a way to make it more personal and to take a little of the tension out of it. It worked well. The mission commander would then reciprocate with some nice words of his or her own to the team, and then I would instruct the test director to continue the count. It was at this point that I would reflect on the enormity of what was about to happen and ask myself if we were really ready to launch. My job was to not launch the shuttle unless all was ready, and that included a gut check by myself. I was the final authority. If my heart was not in it, we would not launch. Again, the human element must
 remain part of the process.

How did I ultimately decide whether to launch or to scrub? After all, the risk to life is real. For me, it was necessary to look out my window in the control room toward the launchpad and think about my seven friends on top of that rocket. Was I ready to commit them to the most risky thing NASA does? It was never “Would I go?” strangely enough. I would always go. It was always “Am I ready to commit seven friends to it?” They were real people with real families, real children, real lives. Ready? Gut check—the ultimate gut check.
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What would happen if everyone was go but me? Simple: that day we would not launch. NASA might have a new LD the next day, but that day the shuttle would stay on the ground and the crew would be safe. “It’s safe not to launch” was my overarching mantra.

I was the launch director at the time of the Columbia
 accident. It was another devastating example of how close to disaster every spaceflight is. For those of us close to the astronauts, it was crushing. I often used this line after the accident: “Even doing your absolute best isn’t always good enough.” Hardly original, but absolutely true.
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Thousands contributed to the success of the shuttle missions. I wish they could all have been publicly recognized. One particularly telling manifestation of how well the shuttle launch team worked together is engraved on the doors of the control room from which the vehicle is launched: “The greatest launch team in the world enters through these doors.” If I said it once, I said it dozens of times in my eleven years as LD: the doors should read “The greatest team
 in the world enters through these doors.” The greatest team, period. We built a team unlike any other in the thirty-plus years of the shuttle program. It was an absolute honor to be part of it, and glorious to watch everyone succeed.

[image: Images]


I was eight years old at the time of America’s 
 first manned space mission and fifty-eight years old at the time of my retirement from that amazing agency: twenty-seven years spent at NASA with a career was a wish I never could have dreamed would come true for a boy from Virginia.

Some of the wisdom I’ve gained from launching the space shuttle:

Never take the human element out of the process. There are too many unknowns to trust all decisions to computer software. Always remember, astronauts are real people with real families, kids, parents . . .

Machines break. Do the absolute best you can and expect the absolute best from everyone else. Accept nothing less.

Complacency will inevitably work its way into a long-term, multimission program. It will cloud decisions. Recognizing and admitting complacency is the first step toward getting rid of it. Don’t rely on past success as a rationale for current problem resolution or decisions. Deal with all problems as if they are new. Previously accepted practice may or may not be applicable to the current issue.

Ground workers are just as important as astronauts. Safety is not a slogan.

Never say “never.” Never say “always.”

A final thought: My wish is for future policy makers to adopt a long-term, sustainable goal for manned spaceflight. In my mind, that means colonization of another body—the moon first, then Mars, then elsewhere. Accept no long gaps in manned spaceflight missions, such as the one we are experiencing now. The team dynamic is lost; the people move on. To rebuild a team on paper is easy, but to make it happen in real life takes years. The shuttle launch team was together for thirty years. The relationships established, the trust built, the in-depth knowledge of the hardware gained, and the earned efficiency of the team cannot be dictated. It is nourished and sharpened over years. That is all gone from manned spaceflight right now. The policy makers made selfish decisions, and as a result America’s manned spaceflight program is in a hiatus that grows longer and longer. Sad.

MICHAEL LEINBACH

Scottsmoor, Florida, November 2013
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 Charlie Blackwell Thompson (NASA Technical Director):


Attention on the net, this is the NTD performing the launch status sects, verify ready to resume count and go for launch . . . OTC?


OTC go.


TBC?


TBC’s go.


TPC?


TPC is a go.


LPS?


LPS is go.


Houston flight?


Houston flight is go.


MILA?


MILA is go.


STM?


STM is go.


Safety council?


Safety council is go.


SPE?


SPE is go.


LRD?


LRD is go.


SRO?


SRO is go; you have a range clear launch.


And . . . CDR?


CDR and entire crew is go.


Copy that . . . Launch director, NTD.



Mike Leinbach (Launch Director): Launch Director . . .



NTD:
 Yes sir, our launch team is ready to proceed, we are tracking no constraints.



 LD:
 I copy that, I’ll do my poll at this time. KSC processing engineer, verify a no constraints to launch.


No constraints, Mike.


Thank you, Steve. KC safety and mission assurance?


KC and mission assurance is go.


Copy. Tailor launch manager?


Mike, Hubble program and the Hubble team process are go for launch.


Copy that. Thank you, Bill. Range weather?


Weather has no constraints for launch.


Thank you, Cathy. And OP’s manager?


Mike, we’ve cleared our issues—the MFT isn’t tracking anything else, everything looks good here; go to launch.


Okay, thank you, Mike.
 Atlantis, launch director.


NASA TD: Atlantis
 is ready to copy, launch director.


Okay Scooter, [looks like] it’s a great day to go fly . . . on behalf of the KSC processing launch team, I’d like to wish you, your crew, and the whole Hubble Space Telescope team a great mission. Good luck, Godspeed, we’ll see you back here in about eleven days.


STS-125 Shuttle Commander (CDR): From the whole crew, Mike, I just want to say thank you. All I can really think is: at last our launch has come along; it’s been a long time coming. I know it took the work of the entire team, across our entire agency, to bring us to this point. Looking back, it’s been fifty years since President Kennedy challenged us to do the other thing, not because it was easy but because it was hard. Getting to this point has been challenging, but your team, the whole team, everyone has pulled together, we’re taking a little piece of all of us into space, and at this point all I got left to say is let’s launch Atlantis
 . Thanks so much.


Thank you, Scooter, and enjoy the ride, pal. NTD launch director, you’re clear to launch
 Atlantis.

PRP adjust in brightness across the board.


Copy. EPD?


This is EPD.


Copy.


Connect essential buffers to fuel cells for your checklist.


OTC POP in work



T minus seven minutes, thirty seconds . . .
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 RETRACTING ORBITER ACCESS ARM.

OTC POP connect essential buffers to fuel cell is complete.


Copy.


Fuel is go for orbiter access arm retract.

Atlantis OTC, best of luck upgrading the HST to increase our knowledge for light years to come.

OTC
 Atlantis copies, we’re looking forward to it and we’ll give it our best . . .


This is TRCS . . . display recorder, recorders are running.


TLT, perform AP prestart.


OTC, PRP got it. Okay, it’s three coming to low. And OTC, POP three gray pack backs.


Copy, POP.


ORBITER AUXILIARY POWERING UNITS.


T minus five minutes and counting . . .


ORBITER IS IN START.


PRP, perform AC start.


OTC, POP in org.


CDR, reconfigure heaters . . .



CDR, reconfigure one . . .


OTC, CDR heater reconfig complete.


Copy.


And OTC, PLP is pretty good APU’s.


Copy.



Green light is go for a per sequence four.


STEERING CHECK OF THE MAIN ENGINES.


Three minutes and counting . . .



LO2 pressurization.



TLT clear caution warning memory, verify no expected errors.


OTC, POP in work.

OXYGEN VENT ARM NOW BEING RETRACTED.

Atlantis, close and lock your visors and initiate O2 flow . . .



And
 Atlantis has visors coming closed and locked and O2 coming on, we are ready.



Go for ET LH2 pressurization.



One minute, thirty seconds . . .


WATER SOUND SUPPRESSION SYSTEM ARMED.


 Forty-eight seconds . . .


CLOSE LOX AND LH2 OUTBOARD FILL AND DRAIN VALVES—DEACTIVATE SRB JOINT HEATERS.


Thirty-one seconds . . .


GO FOR AUTO SEQUENCE START.


Twenty seconds . . .


SRB NOZZLE CHECK.

VERIFY LH2 HIGH POINT BLEED VALVE CLOSED.

TERMINATE MPS HELIUM FILL.

FIRING OF THE H2 BURN IGNITERS INITIATED.

REMOVE ET/SRB RANGE SAFETY INHIBITS.


T minus ten . . .



Nine . . .



Eight . . .



Seven . . .



Six . . .
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The pomp and ceremony that surround a launch make it a very noble occasion. We see throngs of people gathering with great anticipation to witness history. The pre-launch rituals of the crew meal, space suit checkout, crew walk-out, procession to the pad, and white room goodbyes and close-out are all filled with both joy and solemnity as the countdown clock takes us closer to launch. The astronauts, decked out in full space-suit regalia, are our noble heroes and we salute them for their bravery and courage as they embark on a risk-filled adventure called human spaceflight. The fire and smoke that follow are tremendous. Those of us that remain on Earth look upward, celebrating this magnificent accomplishment of sending these human explorers beyond our home planet, all the while praying for their safe return . . .

—KELVIN MANNING, ASSOCIATE DIRECTOR, KENNEDY SPACE CENTER; FORMER FLOW DIRECTOR, ATLANTIS
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Now that we are safely on orbit, our task is to reconfigure the orbiter and find the Hubble so we can actually begin our mission. Using ground uplinks, onboard radar, and a handheld laser range finder, we move closer to the Hubble via a series of orbital burns. We hand-fly the final approach from the aft flight deck control station. We stop the shuttle when the Hubble seems to be floating inches away from us—flying formation with the telescope at 17,500 mph, or five miles per second! Megan reaches out with our robotic arm to grapple the Hubble, slowly settling it into the turntable fixture in the payload bay of Atlantis
 . Now our focus turns to five straight days of back-to-back space walks.

—SCOTT ALTMAN
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 KATHRYN MEGAN MCARTHUR


STS-125—Mission Specialist 2/Robotic Arm Operator 1/Ascent and Entry Flight Engineer







 Kathryn Megan McArthur, PhD


“Anything Can Happen”


It’s a beautiful October morning in Houston, but I am grumpy and bleary-eyed as I make my way into Mission Control. I’ve just come off a string of Orbit 1 shifts (midnight to 0800) working as CAPCOM in the International Space Station Mission Control Center. (CAPCOM is the call sign for the astronaut on the ground who speaks to the crews that are in space.) Now I’ve slam-shifted back to daylight hours to work as CAPCOM during a simulation of the rendezvous planned for an upcoming shuttle mission. I see my friend Ray J in the parking lot, and he waves me over. Ray J is a pilot in the astronaut class ahead of mine. We’ve flown dozens of training flights together in the T-38, and he is a good friend and mentor. And he is always smiling, even at 0645. We chat for a minute, which mainly involves me complaining about my schedule, and then he asks, “So, have you talked to Scooter lately?” I raise my eyebrows at him. Scooter is way senior to me, a flown guy, a space shuttle commander. Of course I haven’t talked to Scooter. Scooter sometimes stops by the office I share with Mike Massimino because they flew on the last Hubble mission together, but it’s not like he’s coming there to shoot the breeze with me. So I say, “No. Why do you ask?” “Oh,” says Ray J nonchalantly, “I was just wondering how he’s doing.”


That was weird
 , I think as I head into Mission Control. But then I forget all about it and spend the next ten hours working the simulation. That evening, as I’m propped up on the couch at home trying to stay awake until a reasonable bedtime, my phone rings. It’s Steve Lindsey, the chief of the Astronaut Office. This is definitely weird. Why is he calling me at home? This can’t be good.

He says to me, “I’ve been trying to reach you, but you haven’t been at your desk for the last four days.” Feeling a little indignant, I mention that I’ve been living inside Mission Control all week. “Well,” he says, “how would you like to be the flight engineer and robotic arm operator for the final Hubble mission?” And then I just start laughing. Chalk it up to sleep deprivation, or maybe sheer giddiness at finally getting a flight assignment after six years in the Astronaut Office, but I couldn’t help it. Steve says, “I guess that’s a yes!” and proceeds to tell me who else is on the crew. Scooter is the commander, of course; Ray J is the pilot; Mike Massimino and John Grunsfeld are the two veteran spacewalkers; and two of my classmates, Drew Feustel and Mike Good, round out the space-walking team. And then there is me, the last to know. But that’s okay—I’m not complaining!

The next week NASA makes the big announcement. Our crew (now I’m on a 
 crew!) gathers around the television in Scooter’s office to watch. Previously, the final servicing mission to the HST had been canceled, but now Mike Griffin, our NASA administrator at the time, details his reasons for adding the mission back to the flight manifest, and then proceeds to introduce the crew. He reads a brief but glowing bio for each crew member, but by the end he has run out of steam. “Megan McArthur will be the robotic arm operator and will, um, perform other tasks as needed.” Oh boy. Just call me “other tasks as needed.” But I’m still not complaining. Formerly an oceanographer, I am now the flight engineer and robotic arm operator on the final servicing mission to the Hubble Space Telescope—a telescope that has forever altered mankind’s view of the universe and our place within it. I am thrilled.

•  •  •

After all these years, training for an actual mission is incredible. And what a mission: launch in a space shuttle, rendezvous with another free-flying spacecraft in orbit around the Earth, grab that spacecraft and load it into the space shuttle’s payload bay, conduct five space walks in five days, let the spacecraft go, come home. I can hardly believe I get to be a part of all this. I can hardly believe I’m the one who has to capture the telescope! It’s not like I’m the first person to ever grab the Hubble. But it will still be the first time I’ve
 done it, right?

Well, yes and no. A large part of my training is spent learning how to capture the HST in every scenario my instructor, Linda Snider, can imagine. The telescope attitude control might be broken, so the telescope is spinning rather than stable. The robotic arm might be partially broken, so it can only move a single joint at a time. So many things can go wrong, and I have to learn how to respond to all of them. The first time I sit down with Linda to grab the telescope, we use a desktop simulator. I break into a cold sweat and squeeze the hand controllers so hard it’s a wonder that I don’t crush them. When I finally get a capture, I look at Linda and say with a grimace, “Well, that was fun.” And she dryly replies, “And that’s as easy as it’s ever going to be.” Linda and I spend hundreds of hours in a simulator we call the Dome, where we simulate the rendezvous-and-capture portion of our flight. The Dome consists of a mock-up of the rear portion of the shuttle flight deck and a large curved screen (hence the name). As you look out the rear and overhead windows of the shuttle mock-up, you see an image projected onto the curved screen that represents what you would see out the real orbiter’s windows during flight. Think of the space shuttle as an extended-cab pickup truck. Take the backseats out of the cab and look out the rear windows into the bed of the truck and you’ll get an idea of the setup. By the time I get through eighteen months of training, I’ve captured hundreds of virtual Hubble Space Telescopes with the virtual robotic arm and placed them in the virtual bed of our space pickup truck. Telescope upside down or spinning, robotic arm busted—you name it, and thanks to Linda, I can do it.

Now that it’s time to launch—at last!—I’m feeling pretty confident, or as confident as you ever want to feel before messing with a $10 billion piece of government hardware. But whenever a journalist asks me, “How do you think you’ll feel when it’s time to catch the telescope? Nervous? Excited?” in a preflight interview, my answer is always, “I have no idea.” There’s just no guessing how it will feel when the moment arrives. Anything can happen.

•  •  •

It’s now the third day of the mission, and the moment of truth is upon me.

In order to capture the Hubble, the space shuttle has to be in a very specific position relative to the telescope so that the robotic arm can reach the grapple fixture, a 
 structure on the side of the telescope that allows us to grab hold of it. Throughout the day, Scooter and Ray J have been expertly maneuvering Atlantis
 into position. Near the very end of the rendezvous, due to a problem with ground commanding, we have to execute a final maneuver, a delicate pas de deux with the Hubble sitting 150 feet from the shuttle while both vehicles are moving at 17,500 miles per hour in orbit around the Earth. No problem. Scooter continues to fire jets to slow Atlantis
 down as we get closer and closer to the telescope. I am using the camera on the end of the robotic arm to tell him when I think the shuttle is in the right position.
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I know we have five space walks to conduct over the next five days. Drew, John, Bueno, and Mass will perform impossibly hard, never-before-attempted “brain surgery” on this one-of-a-kind telescope, a telescope that will help unlock the secrets of the universe. But first I have to grab it.

As it turns out, I feel absolutely calm. Out the window, the telescope is—finally!—exactly where it is supposed to be. Scooter has flown a flawless approach. The robotic arm is in perfect working order. Thanks to my instructors, I know exactly what to do. So I do it. And then I exhale. And then I laugh.

How do I feel?

I feel good
 .


KATHRYN MEGAN MCARTHUR


Houston, Texas, December 2013
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Time and distance: transiting the sun, the space shuttle Atlantis
 as it rendezvouses with the Hubble Space Telescope, and—within about the same hour as this exposure—Scooter aboard the Atlantis
 as he oversees the Hubble Space Telescope being lowered into the cargo bay.
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Via a direct communications link to the payload officer at Mission Control in Houston, Pete Pataro and his operations support team in the Space Telescope Operations Control Center (STOCC) at the Goddard Space Flight Center oversee every aspect of the Hubble’s flight plan as scores of engineers and technicians monitor its onboard electrical and communications systems. At the same time, 360 miles above the Earth, the crew of Atlantis
 navigates the capture and maneuvering of the Hubble onto the Flight Support System (FSS) in the shuttle’s cargo bay. Less than twenty-four hours later, John Grunsfeld and Drew Feustel exit through the cabin airlock into space.
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John Grunsfeld: “This is fantastic. You’re going to love it, Drew.”

Drew Feustel: “Too cool.”
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 JOHN MACE GRUNSFELD


Mission Specialist, STS-67, STS-81, STS-103, STS-109, STS-125







 John Mace Grunsfeld, PhD


Climbing Mountains


Descending in a small aircraft over the Kahiltna Glacier on the flanks of Denali (Mt. McKinley) in 2004, I began to feel the power of the mountains, and a fair amount of trepidation over the task ahead. In this sublime world of rock, snow, and ice, I was to lead a group of climbers to the top of Denali. I could appreciate the wonder that Brad Washburn (a noted explorer and geographer) must have felt decades earlier on seeing this terrain for the first time and documenting it with his aerial camera while hanging out the door of a 1940s aircraft. After landing on the glacier, I gazed up at the summit of Denali and felt a familiar combination of awe and respect for the challenges ahead. Our route up the mountain followed the path pioneered by Washburn in 1951. He once wrote that if he were a young man today, he might well have been an astronaut, capturing images of the Earth from space.

Heading out of the airlock of space shuttle Atlantis
 just five years later, I felt that same sense of awe, but this time the challenge was to install the new Wide Field Camera 3 on the Hubble Space Telescope and upgrade some of Hubble’s other electronics. Much like my experience in the mountains, I felt a familiar sense of anticipation about the challenges ahead. This was my third trip to the Hubble and my fifth flying on a space shuttle, but no space mission is routine, and with my spacewalking partner Drew Feustel I floated into the payload bay to begin our task of installing the camera, which would help “unravel the mysteries of the universe.” By the end of the day, we had completed all our tasks, but not without some trouble and drama. The bolt that held the old camera inside the Hubble was stuck, and we had struggled to remove it.

I grew up on the South Side of Chicago, far from the mountains or the space activity of Florida, Virginia, or Texas. My window onto the world of exploration came from the pages of National Geographic
 magazine and the explorers who would visit our local community center to narrate 16mm movies of their exciting exploits. My imagination would combine these inputs with my own exploration of the Adler Planetarium or the Museum of Science and Industry, both on the shore of Lake Michigan, where I would search for fossils from the Paleozoic era. On snowy winter days I would convert my world to that of another planet, me all bundled up in winter coat and pants for a space suit, where I would build tunnels and survive in the harsh environment.

When my family moved to the suburbs, new worlds emerged. When I entered middle school I discovered the science fiction section of my school library. The first book 
 I read was Have Space Suit, Will Travel
 by Robert Heinlein. I became a voracious reader of not just science fiction but also real science and math books. Living away from the bright lights of Chicago, I also discovered the night sky, mountaineering, and photography. I would spend hours lying on the lawn in summer or bundled up in winter, gazing at the stars and wondering which ones had solar systems or planets harboring life. I used a small telescope to study Jupiter, Saturn, Mars, and the moon. In high school I worked on the school newspaper, taking pictures of school events and using the school darkroom. On weekends I would join the Sierra Club on outings to Wisconsin to learn rock climbing. All along the way, images of astronauts leaving planet Earth and landing on the moon appeared on our television sets and burrowed into my imagination. I dreamed of a day when I, too, would venture out into space, walk on the moon as the astronauts of the day were doing, or build a telescope in space to explore the cosmos.

My interest in science and space exploration drove me to study astrophysics at MIT and the University of Chicago. While I dreamed of becoming an astronaut, my first love was science and exploration. After getting my PhD and becoming a postdoctoral researcher, I applied to NASA for the chance to become an astronaut. In 1992 I was selected into the fourteenth group of astronauts to begin training in Houston. Soon I would have a space suit, and would travel in ways I could never have imagined.

After just three years of training I found myself on orbit on space shuttle Endeavour
 with a suite of ultraviolet telescopes for two weeks of space astronomy. It seemed to me that I had reached nirvana. Two years later I was visiting the Russian Mir space station. But the best was yet to come: my missions to the Hubble Space Telescope, and especially the STS-125 mission.

On this final space shuttle mission to the Hubble, after five space walks to upgrade and repair the telescope, our crew of seven astronauts completed all our tasks and a little more. On each of the space walks we encountered difficulties that we had to work out as a team, including the scientists and engineers on the ground, who were with us vicariously via the communication links and downlinked video. We had to bring all of our training and experience to bear in order to solve technical and mechanical problems, all while constantly recognizing that we were working in the hostile environment of space.

Our success was not an accident. It was a result of hundreds of hours of training, tool development, testing, and more testing. We had only one shot at our mission, so we had to make the difficult routine and the near-impossible just difficult. This was accomplished through a combination of practice runs in the Neutral Buoyancy Laboratory and hardware testing at the Goddard Space Flight Center. The goal was to develop new tools for the job, to make sure all the specialized tools worked, and to train to use the tools in a space suit. In particular, the replacement of the Advanced Camera for Surveys’ electronics board demanded attention above and beyond anything we had previously done in space.

We had tools meant for cutting through the aluminum cover, capturing the tiny screws, and pulling the electronics card out with the strength of an elephant, all of which had to be operated while wearing EVA gloves similar to an extra-thick pair of winter gloves. These tools were developed by an expert team of mechanical and electrical engineers led by the incomparable inventor and leader Frank Cepollina, from GSFC. Known as “Cepi,” Frank has the well-earned reputation of being able to accomplish the impossible with respect to space servicing. During the buildup to flight I would travel to GSFC about once a month to help refine the tool designs and to practice the ACS repair on a high-fidelity simulator in a clean room while wearing EVA gloves. At GSFC I would learn 
 the subtleties of the ACS repair task, and, more important, all the things that could go wrong with the repair. Better to be forewarned than surprised in the space business.

The real testing of the ACS task, as well as all the other tasks on the mission, occurred in the NBL. Over the course of a couple of weeks, we would simulate all of the space walks on the mission, underwater and wearing full space suits, on a submerged mock-up of the Hubble. Our training team had two Hubble veterans in the lead, Tomas Gonzalez-Torres and Christy Hansen. We spent hours in preparation, climbing around on the mock-ups in shirtsleeves to become familiar with the tasks and tools before the NBL events. Beginning early in the morning on the day of an NBL run, we would prepare our tools, prebrief the test, and then spend nearly six hours underwater in practice space suits performing the tasks we would perform on a space walk on orbit. After this physically grueling event, we spent hours debriefing the results of the test to make sure we captured details about what went well and what went wrong. Luck favors the prepared spacewalker. This sequence would be repeated day after day and month after month until we had simulated our mission ten times over.

•  •  •

After coming into the airlock with Drew Feustel at the end of EVA 5, the final space walk, which marked over fifty-eight total hours of spacewalking time for me, I felt exhausted and elated that we had completed our job. Before the flight I had wondered if I would be sad leaving the Hubble, knowing it would be the last visit by a space shuttle. In the end, I had a feeling of true joy, knowing that we had provided the observatory with new tools that would enable scientists on Earth to explore the mysteries of the cosmos.

Who could have imagined when I was growing up in Chicago, climbing the quartzite cliffs in Wisconsin, and reading science fiction that I would someday take a space suit for a jaunt in Earth orbit? As a young scientist dreaming of a future in which astronauts would build telescopes in space, my destiny seemed to be a natural consequence of the advance of technology and the innate human drive to explore. Occasionally dreams do come true.
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It is the nature of exploration to head out into the unknown, seeking to achieve a worthy goal. On STS-125, we achieved our task of giving the Hubble Space Telescope a new lease on its long journey of discovery. The depth of my satisfaction at reaching these great heights in the service of science strongly parallels my feelings of achievement when climbing mountains, seeing amazing landscapes, and returning safely. The Hubble Space Telescope, though, is the ultimate explorer, revealing to all of us the wonders of the universe.
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From its tenuous perch orbiting six hundred kilometers above the Earth, our intrepid robotic Hubble Space Telescope can gaze across the universe to reveal to us the history of stars and galaxies, and provides us a view of the planets in our solar system in amazing detail. But we will not be content to only remotely sense our neighboring worlds with robotic explorers. The young dreamers of today will have space suits, too, and will travel to the moon and Mars. Someday in the not too distant future we will discover a planet around a nearby star that looks a lot like our Earth. This will inevitably drive the inventors of that time to enable future explorers to leave our solar system and call that planet home.

JOHN MACE GRUNSFELD

April 2014
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The first EVA was thought to be fairly straightforward. We would be replacing the old Wide Field Planetary Camera 2 with the new, more advanced Wide Field Planetary Camera 3—both of which were the size of a baby grand piano. In order to remove the WFPC2, Drew Feustel had to release a single drive bolt that held the system in place within the telescope.

—TOMAS GONZALEZ-TORRES, LEAD EVA OFFICER
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 FLIGHT DAY FOUR—EVA 1
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John Grunsfeld: “[The bolt has] been in there for sixteen years, Drew, and it didn’t want to come out.”







7 HOURS, 20 MINUTES
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Mike Massimino: “Drew, do you have any other suggestions before I check with Houston?”
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Drew Feustel: “No, I’m afraid I don’t. I’m out . . .”
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Drew Feustel: “I just want to understand how far we can go with this. What are the implications if I over-torque and break the bolt?”







FLIGHT DAY FOUR—EVA 1
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Mike Massimino: “The crib sheet says if we don’t get it to break here, we’re going to reconnect the ground strap and blind mate connector. So I guess Drew’s just wondering how hard he should try on this A latch. If you have any words for us, we’d appreciate them.”







7 HOURS, 20 MINUTES
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Dan Burbank/CAPCOM: “Atlantis
 , Houston, we copy that. And thanks for asking. There’s actually no issue with taking the latch all the way to the failure point. The instrument should still function.”








[image: Images]
Dan Burbank: “So Drew can have at it, and you’re correct, if we get to that point, we will need to reconnect the ground strap and blind mate connector, and we’ll just leave it as it is.”







FLIGHT DAY FOUR—EVA 1




 [image: Images]
John Grunsfeld: “Okay, but I think we understand if it breaks, then Wide Field stays in.”

Dan Burbank: “What John said is correct.”








[image: Images]
Drew Feustel: “Okay, here we go . . .”







7 HOURS, 20 MINUTES
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Drew Feustel: “I think I got it! It turned, it definitely turned. And it’s turning easily now . . . Woo-hoo! It’s moving out!”
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[image: Images]
Mike Massimino: “That’s great news. That’s awesome.”







FLIGHT DAY FOUR—EVA 1
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Dan Burbank: “And Houston, for EVA . . . Good news: aliveness test on Wide Field 3 is good.”
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Mike Massimino: “That’s awesome news, Dan, thanks. John and Drew did a great job, and we appreciate all the great support we got from the ground getting Wide Field in to unlock the secrets of the universe.”







7 HOURS, 20 MINUTES
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John Grunsfeld: “More of the secrets . . .”
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 TOMAS GONZALEZ-TORRES


Lead EVA Officer, STS-125—Hubble SM4







 Tomas Gonzalez-Torres


Lightning Flight


“The rocket ship soars through the clouds . . .” Kyan, my first (and only, at that time) nephew, who lives in Iowa, was around two years old when he made this drawing. He sent it to me as a good luck charm to keep on my console in Mission Control during the five EVAs scheduled to be executed on the final Hubble Space Telescope servicing mission (SM4). It definitely came in handy, because we were able to accomplish all of our mission objectives; but getting there, for me and the team, was no easy task.

For this final HST mission, I was the lead EVA officer. This placed the responsibility of being the overall lead for the coordination and integration of the EVAs, training of the EVA crew members, and real-time execution of the EVAs once the crew was in orbit with the Hubble on my shoulders.

Before executing the five HST EVAs from the EVA Front Control Room (FCR) position, I had been assigned to other space shuttle and International Space Station missions, including three EVAs during the second return-to-flight mission, after the Columbia
 accident, and four EVAs during ISS Increment 16. Every mission and EVA I led had unique tasks, different crew members, and unique challenges. The Hubble missions were unique because instead of being based out of the Johnson Space Center like the Space Station Program management, the Hubble Program personnel are stationed at NASA’s Goddard Space Flight Center in Greenbelt, Maryland.

I was born in Puerto Rico but moved away at the age of three, and my immediate family would travel back every other year to visit family members. The majority of my family, apart from my parents and my sister and I, still lived there. I vividly remember one summer when my cousins discovered the art of building model airplanes. They got me hooked. Along with my preexisting fascination with space travel, due I’m sure in no small part to Star Trek
 , I started building model airplanes as soon as I returned home from that trip, and continued to do so for years after.

Putting together my interests in space and engineering, which I felt was in my blood due to my grandfathers being very mechanically inclined (one was a foreman and the other a civil engineer), I entered the aerospace engineering program at Iowa State University. The one thing that sealed the deal for me about attending ISU was their cooperative education program, which extended to students the opportunity to work for NASA while still working toward their degree.

When I began the aerospace engineering program my 
 sophomore year, I immediately hunted down the faculty member who was in charge of the co-op program. I was rejected twice, but the third time was the charm, and during the summer of 1994 I became the first co-op from ISU to intern at the Johnson Space Center. After multiple co-op tours, I graduated from ISU and was hired permanently into the EVA group, where I had spent the majority of my intern time. It took many NASA certifications over five years, but I achieved the highest console position within the EVA group. This was the EVA Lead and Front Control Room console position, which I held for the final Hubble Space Telescope servicing mission. From that EVA FCR console position, I led a team of four other personnel, including On-Job Training (OJT) people and my two main leads: space suit expert and Extravehicular Mobility Unit Lead Ed Tom, and Task Lead Christy Hansen. Together we helped train the crew and worked to lead them during the EVAs, the three of us in lockstep during the mission. However, the ultimate responsibility for the success of the EVAs was mine, and I (like everyone else in the Mission Control room) answered to the lead flight director, who for this Hubble mission was Tony Ceccacci.

To get into the Mission Control Center (MCC), special badge access is required. When I arrive at Building 30 on the JSC campus, I scan my badge to gain access to the MCC. Special additional access is required to enter the Flight Control Room (FCR). There are multiple MCCs, in order to allow a shuttle mission to occur while also supporting the ISS; other MCCs are used for training purposes.

The first time I walked into the Mission Control room, the lights were dim, and the layout of and glow from all the computer monitors definitely made me feel like I was stepping into some futuristic room. When I stepped into the FCR for the Hubble mission, I was just as excited, but had a lot more experience. This time, everyone knew it would be the last mission to service the HST with crew EVAs performed from a space shuttle. We had to make it count. But right off the bat we had a major problem during the first EVA when we were trying to replace the old Wide Field Planetary Camera 2 with the more advanced WFPC3.

We solved that issue, but ahead of us lay the fourth EVA, which was one of the most complex of the mission. This required Mass (Mike Massimino) and Bueno (Mike Good) to replace an electronics board, similar to what you have in a computer at home—and you have probably seen how delicate those cards are. This was no different, except for a few things—okay, a lot of things! The card was, of course, not designed to be replaced while in space, because it was located behind a panel of one of the Hubble’s scientific instruments, the Space Telescope Imaging Spectrograph. This panel was held in place by 111 noncaptive screws of varying sizes. These screws were each about a quarter of an inch tall, and most of them also had noncaptive washers. The main problem with screws and washers not being captive is that if even one of them was dropped inside the telescope during the repair, it would not drop to the floor as it would on Earth, but would float off somewhere into the depths of the telescope and possibly end up obstructing the lens of any one of the many cameras inside. To protect against this, a specially designed cover was built that allowed Massimino to access and release the screws but would not allow them to float away. Oh, and did I mention that there was also a handlebar across the panel that needed to be removed before the panel with the 111 screws could be accessed? This handlebar turned out to be a lot of fun to deal with.

While Mass was releasing the fasteners that held the infamous handle in place, the head from one of the four fasteners became stripped. At this point, if we didn’t get that handle off, we might as well end the EVA, because 
 we would not be able to remove the panel and change out the computer card. This was one of those unplanned moments when I had to have many very focused conversations over a very short period of time—in this case, those conversations were about what we could do to remove the handle. I will never forget Tony Ceccacci walking over to my EVA console and saying, “Why don’t we just break it off?” Immediately, my reaction was, “We can’t
 break it off. This is really expensive space stuff. There has to be some elegant solution to the problem.” We continued to talk about it, and eventually came full circle. I informed Mr. Ceccacci that we would be asking Mass to do exactly what he had suggested: break off the handle.

Tony just smiled at me.

EVA crew members have helmet-mounted cameras that allow us to see everything they are doing, as long as we have good satellite coverage. During this specific time we had good audio communication with the crew, but the video coverage went away a few seconds before Mike yanked off that handle. At the time, we were really wishing that we could see him pull it off, but the other side of me was equally glad that we could not. However, the video is recorded on the shuttle, so I did get a chance to see it after the mission. It confirmed my suspicions, and I was indeed glad that we were not able to see him break it off; it probably would have given some folks a heart attack!

Finally, John and Drew, the crew members who performed the fifth EVA, came back inside the shuttle for the last time. The final EVA on the final Hubble servicing mission had been completed with all mission objectives met. This was also to be my last mission as EVA lead officer, since a few months prior to the Hubble mission I had been promoted to a management position over the EVA group. In this new managerial position I would be able to help the group continue to achieve their goals and help mentor the newer personnel to become the best they could be, but I would also have to pass the baton on to others as far as working in Mission Control was concerned.

•  •  •

As it turned out, that was not to be my last time sitting on-console. I had applied to the Flight Director Office, and in the fall of 2011 I was one of three people who were honored with the responsibility of being selected flight directors. I now hold the position previously held by such noted individuals as Christopher Kraft (the first flight director), Gene Kranz, and, of course, Tony Ceccacci, my flight director during the last Hubble mission.

[image: Images]


As a flight director, I was assigned to a long and detailed certification process during which I learned about every system on a specific vehicle. In my case, the Space Shuttle Program had just recently ended, so I had been selected as a flight director for the International Space Station. As a ritual, each flight director selects their flight director name. This is kind of like a call sign. The early flight director team names were colors and gemstones, and then they expanded to incorporate planets, constellations, and even ideals. When selecting a flight director name, each person tries to select something that represents his or her ideals or that has personal meaning to them. Just as every flight director had told me, this was a very difficult decision. Some names sounded really cool but had no personal meaning. Other names had personal meaning but didn’t have a good ring to them.

I had narrowed it down to a few options that I thought I wanted, but one day on my drive home I came up with something completely different: Lightning. I had 
 always loved watching videos of lightning storms from space. From a personal perspective, Lightning was the name of a movie character who was a favorite of my oldest son, who was almost three years old at that time. So it was that I became Lightning Flight.

[image: Images]


As I write this, my nephew Kyan is almost seven, and has a younger brother, Kamden, who is almost five and is exactly two months older than my oldest son, TJ (Tomas Jonas). I was also blessed with twin boys ten months ago (Jaxston and Tyden), and my latest nephew, Barrett, is only three months old. Yep, all boys, and they all love to play together—well, I’m sure Barrett will love it when he gets a little older. My wife, Heather, knows how much NASA and space have meant to me my whole life, and she has been incredible in actively exposing our three boys to all things space-related. TJ has space decorations all over his room, and very often tells me that he wants to work at NASA someday with his daddy.

[image: Images]


I have now been working for NASA for twenty years, and have had the privilege of being part of some incredible things, from shuttle launches to saving the Hubble Space Telescope to the retirement of the Space Shuttle Program to the completion of the International Space Station, with its focus on science and continued long-duration living in space. NASA continues to develop new vehicles to fly into space, and soon we will again be able to say, “The rocket ship soars through the clouds . . .”

TOMAS GONZALEZ-TORRES

Houston, Texas, March 2014
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 FLIGHT DAY FIVE—EVA 2



[image: Images]
Mass and Bueno replaced all three Rate Sensing Units, each containing two state-of-the-art gyroscopes that stabilize the accuracy of the Hubble while it makes multihour exposures, and replaced a 460–pound Battery Module Unit essential to powering the telescope when orbiting the night side of Earth.







 7 HOURS, 56 MINUTES
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Scooter: “Mass and Bueno, my friend Leonidas has a couple of words for you guys that are appropriate right now . . . ‘Remember this day, men, for it will be yours for all time.’ ”







 FLIGHT DAY SIX—EVA 3
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EVA 3 provided the opportunity to showcase servicing extremes within the aft shroud of the Hubble, which is the wider-diameter segment that protects the spacecraft’s optics and houses the axial science instruments. John and Drew demonstrated the Hubble’s modular design approach by removing the Corrective Optics Space Telescope Axial Replacement (COSTAR) and replacing it with the Cosmic Origins Spectrograph (COS).

—ED REZAC, EVA SYSTEMS ENGINEER, SM4







 6 HOURS, 36 MINUTES
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Grunsfeld: Just an unbelievable view . . . I’ve got you and COSTAR riding the arm—the Earth’s limb in view, the curvature of the beautiful blue Earth and a half moon setting.”







 FLIGHT DAY SEVEN—EVA 4


[image: Images]
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With no replacement possible for the failed ACS, the second task of their space walk was the culmination of two years of out-of-the-box engineering and intense training to repair the delicate science instrument on-site, inside the dark and cramped workspace of the Hubble. For the first time in the history of human spaceflight, four failed computer boards were removed and replaced with a state-of-the-art electronics box. The astronauts were, as we nervously observed among ourselves, “performing surgery while wearing oven mitts . . . in the dark.”

—ED REZAC







 8 HOURS, 2 MINUTES (SIXTH LONGEST SPACEWALK IN HISTORY)
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 FLIGHT DAY SEVEN—EVA 4



[image: Images]
Mike Massimino: “I don’t think [the STIS handrail is] coming out, Drew.”

Scooter Altman: “Just tell me what your hand placement plan is and what you think about managing the sharp edges after it breaks. Do you want to try to rock it to fatigue it or just go for a straight pull?”








[image: Images]
Mike Massimino: “I don’t know. I think maybe rock it a little bit and then pull it off. You know, I can feel it now starting to come away. I’m not going to have a big death grip on it, but I’ll do what I can to pull it off. Mike [Bueno], you handy with the disposal bag? If we’re lucky enough to break this thing?”








[image: Images]
Drew Feustel: “Easy, easy, Mike, just real easy, okay?”

Mike Massimino: “Here we go . . .”







 8 HOURS, 2 MINUTES (SIXTH LONGEST SPACEWALK IN HISTORY)
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Drew Feustel: “Mass, I didn’t get a good look at it, but it looked like it all stayed intact with the tape.”

Mike Massimino: “Yeah, it did; I don’t think we scattered any debris.”
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Dan Burbank: “Awesome job.”

Mike Massimino: “How are you guys doing inside the spaceship?”
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Drew Feustel: “It’s a nail-biter in here, buddy.”







 FLIGHT DAY SEVEN—EVA 4
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 8 HOURS, 2 MINUTES (SIXTH LONGEST SPACEWALK IN HISTORY)
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Once the handrail had been removed, Mass and Bueno worked together in removing all 111 fastners and washers from the Space Telescope Imaging Spectrograph (STIS) with the Mini Power Drill. Mass successfully removed the failed LVPS-2 circuit board, which was not designed to be exposed directly to the dynamic conditions of space, and installed a new one. The results from this challenging on-orbit repair restored the STIS to normal scientific operation after a six-year hiatus. In late 2013 the STIS contributed to confirming that Jupiter’s moon Europa is ejecting water vapor from its icy south polar surface.
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 FLIGHT DAY EIGHT—EVA 5



[image: Images]
Megan McArthur: “John, if you’re done monkeying around with the telescope, I’ll take you back to the airlock.”
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Scooter Altman: “John, remember, take a moment here. This is it. The last space walk on the Hubble, and maybe our last visit to space. So enjoy this. You earned it.”
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John Grunsfeld: “And, Drew, you’re an incredible space walking partner!”







 7 HOURS, 2 MINUTES
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 FLIGHT DAY EIGHT—EVA 5


John Grunsfeld: “This is a really tremendous adventure that we’ve been on . . . a very challenging mission. The Hubble isn’t just a satellite, it’s about humanity’s quest for knowledge. This mission in particular . . . as Arthur C. Clarke says, “The only way of finding the limits on the possible is by going beyond them into the impossible.” It’s really a sign of the great country we live in that we’re able to do things like this on a marvelous spaceship like the space shuttle Atlantis
 . And I’m convinced that if we can solve problems like repairing the Hubble, getting to space, and doing the servicing we do while traveling at 17,500 miles an hour around the Earth, that we can achieve other great things, like solving our energy problems and our climate problems, all things that are in the middle of NASA’s prime and core values.

“As Drew and I go into the airlock, I want to wish the Hubble its own set of adventures, and with the new set of instruments we’ve installed, that it may unlock further mysteries of the universe. Over to you, Scooter.”



7 HOURS, 2 MINUTES
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 CHAPTER THREE
 ON CAPTURING ANCIENT LIGHT


The science behind the visible light exploration of the universe has evolved dramatically since Edwin Hubble’s fifteen glass-plate exposures of the Andromeda galaxy. Those forty-five-minute exposures, made between 1923 and 1924, not only proved that Andromeda was extragalactic, they provided the means to time thirty-six nearby variable novae stars. Those results contributed the necessary evidence for Hubble to determine that the universe was expanding. Some eighty-five years later, the astrophysicist/astronaut John Grunsfeld carried a copy of one of those plates aboard the Atlantis
 during the last visit by a shuttle crew to the Hubble Space Telescope. As Hubble himself wrote in his Realm of the Nebulae
 : “With increasing distance, our knowledge fades, and fades rapidly. Eventually, we reach the dim boundary—the utmost limits of our telescopes. There, we measure shadows, and we search among ghostly errors of measurement for landmarks that are scarcely more substantial. The search will continue. Not until the empirical resources are exhausted, need we pass on to the dreamy realms of speculation.”
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“Almost twenty years ago, HST was launched to explore the vastness of our universe and maybe someday answer that infamous question, ‘Are we alone?’ After five servicing missions, she has inspired our children, rewritten textbooks, and brought a sense of awe and wonder to not only us as Americans, but to all mankind . . . And now Hubble can continue on its own, exploring the cosmos, and bringing it home to us as we head for home in a few days . . .”

—SCOTT ALTMAN, COMMANDER, STS-125 ATLANTIS
 , UPON THE RELEASE OF THE HUBBLE TO ITS DESTINY









 [image: Images]
The Hubble’s Advanced Camera for Surveys captured the backlit dust lanes from the stars in the halo of NGC 7049, located in the constellation Indus, 100 million light years from Earth.
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Located in the constellation of Scorpius, the butterfly planetary nebula NGC 6302 is 3,800 light years away from Earth.
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The Small Magellanic Cloud, located 180,000 light years away in the constellation Hydrus, is one of the closest galaxies to the Milky Way, and has 80 hours and 45 minutes of combined observation time between the Hubble, Chandra, and Spitzer space telescopes.









 [image: Images]
In a seven-hour exposure, the Hubble’s WFC3 captured the planetary nebula NGC 5189, located 1,800 to 3,000 light years away in the constellation Musca.
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DAVID LECKRONE


Senior Project Scientist, Hubble Space Telescope Project, Goddard Space Flight Center







 
 David Leckrone, PhD


A Small Step Along the Way


I sometimes wonder what life would have been like in a parallel universe in which the space shuttle never existed. As a scientist who had been working on the Hubble Space Telescope since 1976, I was a member of a large team of Hubble people who, in 1990, had to face the ignominy of the telescope’s original optical flaw, which prevented it from bringing images of planets, stars, and galaxies in the distant cosmos into sharp, clear focus. Shortly after launch, we discovered that Hubble’s image quality was seriously degraded by a simple, careless grinding error in its primary mirror, resulting in spherical aberration. Only the fact that NASA had built in the capability for astronauts on the shuttle to service the Hubble while in orbit spared the agency and the Hubble program from colossal, embarrassing failure.

Without the shuttle, the Hubble would have been launched into orbit atop a large expendable rocket. Without the shuttle, there would have been no way for space-walking astronauts to return to Hubble armed with new, optically corrected instruments to clean up the spherical aberration mess. How long would the public humiliation have lasted? How long would the satellite itself have continued to operate? How much time would have passed before NASA tried again to put a high-quality, large-aperture optical telescope into orbit, above the shimmer and glow of the Earth’s atmosphere—if it ever did? How far would our understanding of the universe and the forces at work within it have advanced without a Hubble Space Telescope operating at full capability for a long period of time?

Fortunately, this is a nightmare from which I can awaken! The shuttle did exist. Hubble was designed and built to undergo regular maintenance and refurbishment by highly trained and well-equipped crews of up to seven men and women, using the shuttle’s payload bay as a base of operations. After Servicing Mission 1 in 1993, Hubble’s “eyesight” was restored. As my colleague Jim Crocker (at the Lockheed Martin Space Systems Company) said at the time, “Hubble is as good as engineering can achieve and the laws of physics will allow.” Its scientific mission could finally proceed as planned.

In the decades following Servicing Mission 1, the Hubble Space Telescope became the flagship of a whole flotilla of modern telescopes both in orbit and on the tops of mountains. It revolutionized our understanding of the nature of the universe and of our place in it. It is one of the great achievements in human history. This would simply not have been possible without human beings learning “on the job” to work in space.

•  •  •


 In 1992 it was my privilege to be selected to serve as senior project scientist on the Hubble program at NASA’s Goddard Space Flight Center. From that vantage point, I provided scientific leadership to a large team of engineers, scientists, and managers from government, universities, and industry in defining, developing, and executing five fully successful shuttle servicing missions to Hubble between 1993 and 2009. After each mission, a refreshed and updated Hubble was a more powerful scientific tool, by a wide margin, than it had been before. What a fun job—the realization of a lifelong dream!

I decided at age ten that I wanted to be an astronomer. My father told me, “You’ll never make a dime doing that.” My family lived in an isolated rural area in southern Illinois. My father was a car salesman, my mother a traditional housewife. Neither was educated beyond high school.

I was passionate about anything having to do with science, airplanes, space, and space travel. The inspiration for this was surely a combination of exposure to the grandeur of the natural world around and above my home, regular overflights of fighter jets from a nearby Air Force base, and a healthy dose of youthful fantasy. My parents recognized and encouraged my enthusiasms.

The night sky seen from our backyard was awesomely dark. I spent countless nights out there, just looking up. My parents gave me a small telescope for Christmas one year, sufficient to see the craters and mountains on the moon, the phases of Venus, the four Galilean satellites of Jupiter, and the rings of Saturn. The Milky Way—the edge-on disk of our own spiral galaxy—was bright to my naked eyes. I devoured every science book I could check out of the public library. I had to see every Saturday matinee B-grade science fiction movie that came to our small town. Space Cadets
 and Space Patrol
 were de rigueur television viewing on Saturday mornings.

I could not have imagined at that time that my life and career would actually involve spaceships carrying humans to orbit. I’ve gotten to work with more than thirty courageous and skilled astronauts, who flew into space to service “my” astronomical observatory, and with hundreds more incredibly smart and creative people working on the ground to make that possible!

Of the people who contributed over the years to the complete success of the five Hubble servicing missions, one stands out above all others: Goddard’s Frank Cepollina, better known by his nickname, “Cepi.” Throughout his career, Cepi has been a visionary genius and simultaneously a pain in the neck to Goddard Center directors and managers at NASA headquarters alike because of his relentless drive to do new things and his unwillingness to take no for an answer. Cepi essentially invented the new technical engineering discipline of repairing and maintaining remotely operated spacecraft like the Hubble, first using the shuttle as a work platform for space-walking astronauts, then later in his career using robots. I do not believe the Hubble would have been successfully serviced were it not for Cepi.

I have had many high points during my career, but my greatest thrills have come while I was sitting at a console in Building 30 at NASA’s Johnson Space Center during each of our five servicing missions. There, embedded in this tense and stimulating human spaceflight mission environment, our Hubble team closely monitored each space walk and maintained constant communication with the shuttle mission team just down the hall. Often we had to make decisions that were critical to the welfare of the Hubble or to the success of the mission. It doesn’t get any better than working with a large team of really talented, highly motivated people, all pulling together day and night to execute the planned mission and to overcome any unexpected problems.


 Our final servicing mission in May of 2009, STS-125 (SM4), was remarkable in so many ways. In five grueling space walks, astronauts John Grunsfeld, Drew Feustel, Mike Massimino, and Mike Good—supported by Scott Altman, Megan McArthur, and Greg Johnson inside the shuttle cabin—successfully completed all the planned repairs and upgrades on the observatory. It was not easy; it was not smooth; it was sometimes traumatic; a few times things went wrong and the situation looked nearly hopeless. But the team persevered. In the end, SM4 was totally successful—110 percent successful, actually, in that it accomplished all its planned work plus a few bonus tasks that had been carried in the mission plan in case time permitted.

The STS-125 (SM4) mission left the Hubble Space Telescope substantially more capable and more powerful than ever before in its history. With the newly installed Wide Field Camera 3 and the newly repaired Advanced Camera for Surveys, astronomers have been able to push our view back to within about five hundred million years after the cosmic cataclysm from which the universe was born, the Big Bang, when the expanding universe was only about 4 percent of its present age. In those “deep field” images, we saw baby galaxies just coming out of their “cosmic nursery.” When I first went to work on the Hubble in 1976, no one believed that we would be able to do that, to see images of young galaxies so far away and so far back in time. Now, when I look at the most recent Hubble Extreme Deep Field images, I feel like I’m looking back at my own birth.

In perhaps the greatest achievement in astronomy in recent decades, Hubble observer Adam Riess (at the Space Telescope Science Institute and Johns Hopkins University), Brian Schmidt (at the Australian National University), and their team, collaborating with scientists at ground-based telescopes, found that the universe is not only expanding at the present time but that its rate of expansion is increasing. Saul Perlmutter (at the Lawrence Berkeley National Laboratory and University of California) and a large team of astronomers, using both the Hubble and ground-based telescopes, independently verified this result. This finding was completely contrary to our expectations. Based on our current understanding of how gravity works, astronomers believed that the expansion of the universe should be steadily slowing down under the mutual gravitational tug of all the matter within it. The driving force or energy source causing the expansion of the universe to accelerate is, today, a complete mystery. But it has been given a name: “dark energy.” Dark energy represents over 70 percent of the total mass/energy content of the universe. Riess, Schmidt, and Perlmutter were awarded the Nobel Prize in Physics in 2011 for their discovery.
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If we take into account the fact that the universe’s rate of expansion has been speeding up rather than slowing down for the past four to five billion years, we can calculate from Hubble observations that the universe—space itself—has been expanding out of the Big Bang for the past thirteen to fourteen billion years. Recent refinements in the theory of the evolution of stars produce calculated ages for the oldest stars in that same range. Finally, observations of the cosmic microwave background radiation, particularly with NASA’s Wilkinson Microwave Anisotropy Probe (WMAP) space mission and the European Space Agency’s Planck mission, yield an even more precise age measurement for the universe of 13.80 ± 0.04 billion years, starting with the Big Bang. So, at least three totally independent methods of measuring how old our universe is have produced the same answer! This is remarkable, considering that before the Hubble, many 
 astronomers believed that the universe was much older—perhaps as old as eighteen billion years. Today, Adam Riess and other researchers continue to use Wide Field Camera 3, installed during STS-125 (SM4), to pin down with even greater precision the current rate of growth of the universe, and its age. But their real goal is to use this information to learn more about the strength and nature of dark energy itself.
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The Cosmic Origins Spectrograph (COS) is the other superb new instrument the STS-125 (SM4) astronauts installed on the Hubble. It has been busy mapping the large-scale distribution of matter in our universe—both ordinary “baryonic” matter (made up of the familiar protons, electrons, and neutrons) and “dark matter.” We do not, as yet, understand the nature of dark matter. We do know that it exerts a gravitational force just like that produced by ordinary matter. But it doesn’t emit, absorb, or reflect light—hence the name dark matter.

[image: Images]


As space itself began to expand out of the Big Bang, the radiation and matter it contained was not uniform; there were tiny fluctuations of density and temperature from point to point. Over the eons, under the tug of gravity, these small fluctuations grew larger. Matter of all kinds, both ordinary and dark, was attracted gravitationally to other matter, forming larger and larger clumps. Eventually these clumps became dense enough for stars, galaxies, and clusters of galaxies to form within them. We know from studies with the Hubble and other observatories that for every gram of ordinary matter in the universe there are five to six grams of dark matter. So, dark matter exerted the dominant gravitational grip in the early universe, and it continues to do so today.

[image: Images]


Looking out over the universe today, we see that it is still not uniform; rather, it looks like a huge, three-dimensional web—the cosmic web—with large voids and filaments and rich congregations of galaxies at the places where filaments intersect. The underlying skeletal frame of the cosmic web is the gravitationally dominant dark matter. The luminous galaxies and clusters of galaxies are like lights on a Christmas tree, attached to an underlying framework of dark matter that we cannot see. The main job of the COS is to probe and map the cosmic web, to see what it’s made of and how its composition of ordinary matter has evolved over time, and perhaps (dare we hope?) to gain further insight into the nature of the underlying dark matter itself.

With each servicing mission (five in all from 1993 through 2009), we left the Hubble more advanced technologically and more powerful scientifically than it had been prior to that mission. Gains in observing capabilities of a factor of ten or more were common. The consequence was that scientific research that began early in the Hubble’s lifetime in the 1990s could be advanced further, step by step, after each servicing flight. Questions that were raised by Hubble observations at the end of the twentieth century could be addressed by more powerful versions of the Hubble in the first two decades of the twenty-first century.


 One of the great achievements of STS-125 (SM4) was the first-ever internal repair of failed Hubble instruments by space-suited astronauts. Two heavily used scientific instruments, the Advanced Camera for Surveys and the Space Telescope Imaging Spectrograph, had suffered major electrical failures in 2007 and 2004, respectively, that rendered them essentially useless. Cepi’s team developed truly ingenious techniques that would allow the EVA astronauts to attempt repairs. They had to wear bulky gloves, but with special tools designed by the team, they could still perform incredibly dexterous and delicate tasks. The crew replaced faulty circuit boards in both instruments, bringing both of them back to robust life.

Prior to their electrical failures, both the Advanced Camera for Surveys and the Space Telescope Imaging Spectrograph had made seminal discoveries about the discs and rings of gas and dust orbiting around many stars. It is in such environs that new planets form. Piecing together a series of observations made before and after the instruments were repaired, Hubble scientists for the first time directly imaged a planet orbiting another star, Fomalhaut, and tracked its orbital motion. Moreover, the repaired Space Telescope Imaging Spectrograph continues to probe the chemistry of the atmospheres of extra-solar planets. Never in our wildest fantasies did any of us working on the Hubble prior to its launch dream that this relatively small telescope would be able to make these kinds of observations of planets orbiting other stars, contributing to what has become one of the hottest fields of research in modern astronomy.

The Hubble is currently, and has been historically, NASA’s most successful and productive scientific mission. It is the only orbiting, remotely controlled satellite that was designed to be serviced by shuttle-based astronauts. The Hubble servicing missions have brought together the human and robotic space programs in a way that has greatly benefited both. I believe being bonded to the human spaceflight program is the primary explanation for Hubble’s enormous success relative to other robotic missions.

In the Hubble, NASA has provided the world a long-lived mountaintop observatory in space. The brainpower and scientific innovation needed to put Hubble to its very best use has come from the worldwide astronomical community, openly competing for observing time on the telescope. A remarkable consequence is that over half of the Hubble’s most significant scientific achievements have taken us by surprise. They answer questions, and raise new ones, that the pioneers who originally conceived the Hubble Space Telescope—Lyman Spitzer, John Bahcall, George Field, Bob O’Dell, Nancy Roman, and others—did not even know how to ask when they first envisioned the observatory.
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Over five thousand astronomers from around the world have observed the cosmos with the Hubble Space Telescope. Over ten thousand astronomers have used data from the Hubble archives. The demand for Hubble observing time greatly exceeds the amount of time available. Typically, the oversubscription rate is around five to one or six to one. However, the demand always grows much larger in the first year or two after new instruments are inserted or old instruments are repaired on a Hubble servicing mission. The era immediately following SM4 in 2009 was no exception: in the first full observing proposal submission cycle after the completion of the mission, Cycle Eighteen, beginning in 2010, astronomers submitted 1,051 proposals, the second-highest number ever, and the oversubscription rate of eleven to one was a new record.


 After twenty-three years of operation, the Hubble is still going strong. Five years after STS-125 (SM4), it has not experienced any significant failures. That degree of longevity is unprecedented; it’s a tribute to the remarkable work done by the entire team in preparing for and executing that mission. The Hubble shows no signs of letting up in terms of its importance for research to the scientific community, its scientific productivity, or the excellence of its research programs—dramatically extending the frontiers of knowledge on a regular basis.

At present no serviceable, remotely operated observatories in space are included in NASA’s long-term future plans. This is ironic, considering the Hubble has been one of NASA’s most successful missions of any kind, with an unprecedented record of scientific achievement, largely because it has been serviced. The entire agency has benefited immensely from the Hubble’s record of unparalleled public support. The HST has been NASA’s crown jewel for over two decades. One can only hope that the paradigm of serviceable, broadly capable, public-facility observatories in space will not die with the inevitable demise of the Hubble Space Telescope.

Hubble is now on its own in orbit. There will be no more servicing missions. Today, space shuttles are no longer being launched. Instead they serve as awe-inspiring exhibits in museums around the country. NASA hopes the Hubble will continue to produce cutting-edge science until at least 2018, with some overlap between it and the new James Webb Space Telescope (JWST). The Webb telescope will be the successor to the Hubble, but not a replacement for it. Each observatory has its own unique capabilities.

The primary mirror of the Webb telescope is 6.5 meters in diameter, compared to Hubble’s 2.4-meter mirror, so Webb will have about seven times the light collecting area of the Hubble and will be able to see objects that are significantly fainter than the Hubble can. The Hubble works best at near-infrared, visible, and ultraviolet wavelengths, while the Webb will work best farther into the infrared spectrum, where the Hubble can’t see. The Webb is optimized especially to probe farther back in time, closer to the Big Bang, than the Hubble. It is intended to study the earliest periods of star and galaxy formation. But the Webb won’t do very well at visible wavelengths, and it can’t see ultraviolet light at all. So the two observatories complement each other in some important respects.

There is one major drawback to the Webb mission: the observatory will be located in an orbit about one million miles away from Earth, in the direction opposite the sun. It is not designed to be serviced, either by astronauts or robots. To stay at its desired location, the Webb will need to use small rocket engines and propellant. The overall design life of the Webb is five years, with enough propellant to keep it going for ten or twelve. By 2018, the Hubble will have been at work on the frontiers of science for twenty-eight years, and hopefully it will still be going strong. I worry, however, that the community of astronomers using the James Webb Space Telescope will see its lifetime go by far too quickly.

Long ago, as a ten-year-old boy, I dreamed about flying into space—living there, working there. It will be centuries or possibly even millennia before humans are able to travel to other stars and their planetary systems, à la Space Patrol
 or Space Cadets
 . And that will require some major updates to the laws of physics, if we are to do it at all. But I’m satisfied that all of us working with the Hubble and the space shuttle have taken a small step along the way. Oh, and by the way, my dad was wrong—I did earn considerably more than a dime doing the work I’ve loved so much!

DAVID LECKRONE

January 2014
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Located in the constellation Cephelus, the Iris Nebula NGC 7023 is 1,400 light years from Earth and was photographed by the Advanced Camera for Surveys.
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The spiral galaxy M74 (also known as NGC 628), 32 million light years from Earth in the constellation Pisces, as captured in composite exposures from the Hubble’s ACS.
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Evidence of dark matter is revealed in a galaxy cluster five billion light years away in the constellation Pisces in this 14.5–hour exposure made with the Hubble’s ACS and WFC3.
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The Cepheid variable star RS Puppis, located 6,500 light years away in the constellation Puppis, as pictured in a thirty-five-minute exposure taken by the Hubble’s ACS.
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The Ring Nebula M57 (NGC 6720), located 2,300 light years from Earth in the constellation Lyra, as captured by the Hubble’s WFC3.
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One of the first images captured by Hubble’s WFC3 after the May 2009 servicing was this shot of the globular star cluster Omega Centauri (NGC 5139), located some 15,000 light years away in the constellation Centaurus.
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The blue dot of Earth, photographed by NASA’s Cassini spacecraft from an orbit around Saturn—898 million miles away.
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 CHAPTER FOUR
 ON THE END OF ONE ERA AND THE BEGINNING OF THE NEXT



The launch site for the fictionalized lunar journey of the three men in Jules Verne’s
 1865 novel De la terre à la lune
 was situated only a few miles away from what would, one hundred years later, become Cape Canaveral and the Kennedy Space Center. Since the early 1960s, the actual point of embarkation from Earth into space, where the time between blue and velvet black is some eight and a half minutes, has been a steel and cement structure located on a spur of land on the east coast of Florida between the Banana River and the Atlantic Ocean.
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A launchpad without a rocket, like 39A, could very well be described like a man without a heart, a family, or a country.

—RAVI MARGASAHAYAM, VIBROACOUSTICS ENGINEER
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While astronaut crews left evidence of their work on the surface of the moon or in low Earth orbit on the Hubble, the Earth-based labor force that prepared, tested, configured, fueled, and launched the space shuttle also left something: in a gesture the workers in Studs Terkel’s Working
 would approve of, roughly 7,350 shuttle workers over a two-year period each signed their name on 17 columns and 11 rows of concrete blocks located between high bays one and three in the transfer aisle of the Vehicle Assembly Building at the Kennedy Space Center. 
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RAVI N. MARGASAHAYAM


Aerospace Engineer—Safety & Mission Assurance, Kennedy Space Center







 
 Ravi N. Margasahayam, PhD


Pathfinder


Famous entertainers leave their handprints on the Walk of Fame, and astronauts left their footprints on the surface of the moon. Similarly, my name has been permanently etched on the concrete-block wall in the Vehicle Assembly Building at the Kennedy Space Center in Florida, from where mankind began its quest to explore the heavens. Though I was still a child in India during the glory days of NASA’s moon landings (1969–72), the legacy I leave through my own handwriting alongside that of my colleagues on the wall unequivocally reflects what this nation can do, what small groups of people can achieve, and what power even one ordinary person has to shape destiny.

The Space Shuttle Program team I joined after coming to NASA in 1989 was instrumental in exploring the universe through the Hubble Space Telescope, probes such as Magellan and Galileo, the Chandra Observatory, and missions to build the largest orbiting laboratory in history—the International Space Station, literally a castle in the sky for the benefit of all mankind.

As the next generation of scientists, engineers, and technicians stumble upon the many thousands of names on the VAB wall, they can only imagine the tenacity of these stalwarts who built and maintained the real chariot of the gods (as quoted in Indian mythology by Pushpak Vimanas around the fourth century BC), a totally reusable flying machine that launched on the back of a thunderous rocket yet could land as gracefully as a white swan. The signatures on this wall are really a challenge to the next cohort of Americans who pass through the VAB. By the stroke of a pen on this iconic wall, I feel that I will have touched and ignited the hearts and minds of millions of workers and visitors who will be following in our footsteps as NASA embarks on its future ventures.

As a ten-year-old kid growing up in Mumbai, India, I was awestruck by President John F. Kennedy’s ambitious goals for NASA because, at the time, the Indian subcontinent was my sphere of travel. A pathfinder in my own right by virtue of my last name—Margasahayam
 means path-helper or pathfinder—my fascination with space was triggered in 1964 upon seeing the classic Bollywood movie Sangam
 (which means a confluence of two or more rivers). The movie portrays an Air Force pilot and his love affair, and, more important, his passion for flying. My dream was to emulate him and become a pilot so that I, too, could travel around the world. Unfortunately, my family had neither the money nor the opportunity to fulfill those dreams in India. Even after coming to America 
 in 1975, my focus was on my education, and dreams of flying were left on the back burner. I seldom took the obvious path after coming to the USA, yet I ended up working for the world’s two best aerospace entities, Boeing and NASA.

After a brief stint in diverse industries such as railroads, mining, helicopters, and commercial airplanes, the Boeing Company relocated me to NASA’s Kennedy Space Center to work on the space shuttle program in the late 1980s. Within a decade after my graduation, I had moved from relatively low-technology work to space technology. I had goose bumps as I walked for the first time onto Launchpad 39A, from which man went to the moon. I was thrilled to find out that the entire Complex 39 area was on the US National Register of Historic Places, and I was lucky to tread the same path that many famous people, including presidents, dignitaries, and astronauts, had before me. Now it was my home, and these famous people were my guests.
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My early KSC research efforts involved measuring sound levels and vibrations on the launchpad during shuttle liftoffs. As a result, my knowledge of how to design and modify pad structures gave me a tremendous edge, and I became the structural systems engineer for pads 39A and B, all three Mobile Launch Platforms, and the two Crawlers. This was a fantastic responsibility, wherein I was part of the team that ensured proper integration and transportation of the space shuttle inside the VAB and onto the launchpad. In later years, my contributions to the Space Shuttle Program were in the area of safety and mission assurance, wherein I ensured the structural integrity and operational reliability of launchpad structures against damaging liftoff sound, vibration, and thermal loads, thereby guaranteeing a safe launch and a successful mission.

The launch of the space shuttle, while spectacular from a distance, generates extremely intense acoustic shockwaves in excess of 180 decibels (considered to be the highest level of continuous man-made sound). The sound generated by the space shuttle’s rocket engines is highly nonstationary and random in nature, meaning both the amplitude and the frequency composition of the sound energy continuously change. The ensuing vibration of launchpad structures can dramatically affect their useful life and make them nonusable, or lead to costly repairs. My colleagues and I embarked on this new field of study, called vibroacoustics, after NASA had already begun to launch space shuttles using solid rockets.

At liftoff, the exhaust emanating from the rocket engines is close to the boiling point of iron, or approximately half the surface temperature of the sun (4,500 degrees Fahrenheit), and traveling at speeds in excess of two thousand miles per hour. The rocket exhaust and acoustic shockwaves can bounce off the pad and hit the shuttle as it lifts off. During the STS-1 Columbia
 launch (in April 1981), these shockwaves damaged thermal protective tiles on the orbiter and cracked the thick structural steel on the Mobile Launch Platform.

To deal with these structural issues, NASA engineers created a unique sound-suppression system that floods the entire pad surface with fresh water at the rate of three hundred thousand gallons per minute through large-diameter water pipes and sprinkler heads called “rain birds.” The water absorbs some of the intense acoustic waves and reduces the chance of pad fires due to 
 superheated rocket exhaust. The giant white clouds that billow beneath the rocket engines and surround the pad are not smoke but water vapor clouds that are generated as the hot rocket exhaust boils away huge quantities of water from the sound-suppression system. Structures on the pad such as the Fixed Service Structure, the Mobile Launch Platform, and others are thermally protected by this layer of water, or else they would be damaged and require expensive post-launch repair.

Liftoff is so spectacular that even three and a half miles away from the launchpad (no one is allowed within a three-mile radius of the pad), the ground beneath my feet rumbles and I can hear a loud crackling that sounds like roaring thunder, which intensifies as the shuttle accelerates and rises majestically skyward. The shuttle seems as if it is riding the spreading plume of smoke and ash emanating from the hot rocket engine exhaust ports. As millions of people applaud and gaze amazedly at the spectacular sound and light show of the liftoff, vibroacoustics engineers like me wait for low-frequency sounds (with frequencies of twenty hertz or less, below the range of human hearing) to travel from the launchpad to our offices near the VAB to collide with our bodies and make them vibrate. Those vibrations tell my heart that I am also heading to the heavens in the chariot of the gods!

My team and I were focused on ensuring the safety, structural integrity, and reliability of launchpad structures for reuse. These were the same structures NASA had used to launch the Apollo missions to the moon between 1969 and 1972. Of particular significance is the infrastructure that is part of the flame trench just below the shuttle launch platform, through which the shuttle’s liquid-fuel and the Solid Rocket Boosters’ plume exhausts pass.
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The flame trench is made out of concrete and refractory bricks and bisects the pad at the ground level. Within the flame trench is the Main Flame Deflector (MFD), which is an Apollo-era inverted V
 -shaped steel and high-temperature-resistant cement structure that extends across the middle of the trench. Additionally, the side flame deflector (which ensures that the exhaust plumes go into the trench and not toward other pad structures) and the concrete walls of the Solid Rocket Booster/Space Shuttle Main Engines flame trench take the majority of the punishment from the harsh launch conditions. The Main Flame Deflector (on which I am standing in the photograph) deflects the Solid Rocket Booster exhaust plume and its related sound energy away from the rockets and their important payload during ignition and ascent. As I stood on the MFD, a momentous panorama of space history literally engulfed my senses. This very pad had, since the late 1960s, served as the backdrop for America’s most significant manned spaceflight endeavors—the Saturn V Apollo moon rocket, Skylab, Apollo-Soyuz, and, beginning in 1981, the space shuttle. It is a doorstep to the heavens paved by the true 
 grit of this nation’s best men and women in the Florida sand. I was humbled.

During the STS-124 launch on pad 39A, more than three thousand bricks lining the flame trench walls were blown out. Apollo-era bricks were not available, so NASA decided to make repairs with the same cement material traditionally used on the MFD. However, engineers disagreed on the design loads, since there were no measurements from inside the flame trench. As safety engineer, I required that NASA install sensors on the pad to validate the design loads required for modifications so that the repairs would withstand plume-induced loads and to ensure that there would not be a repeat of the problem on the next launch, the STS-125 Atlantis
 mission to the Hubble Space Telescope.

Shuttle launch preparations at the Kennedy Space Center typically start months before the actual launch day, heralding the spectacle of what is yet to come—a plethora of activities culminating in three days of events that end on the launch day, or T-0 day. These occasions reminded me of my childhood days attending wedding ceremonies in India, which were a hallmark of life. As at the weddings, we had many guests to welcome at the nearly ninety launches I was involved with. National and international dignitaries including kings, queens, presidents, and ambassadors visited the launch ceremonies for the two to three days prior to the day of the launch. Thanks to my special astronaut mentors Roy Bridges and Pamela Melroy, I became one of the KSC’s most requested VIP tour guides. During Dr. Kalpana Chawla’s first flight on STS-87 in 1997, I had the privilege of escorting her family and the Indian ambassador to the United States. In fact, I was instrumental in making arrangements for the Indian prime minister to speak with Kalpana in space after liftoff. He called her “a white swan among the heavens” and congratulated her on making the entire subcontinent proud of her achievements.

Ms. Chawla flew again on STS-107 in 2003. The day of Columbia
 ’s return journey will be etched in my memory forever. I was not at the KSC when the Challenger
 accident happened. Until the Columbia
 accident, we had not lost any astronauts during my stay at the KSC. This one event significantly affected me as a person, as a father, and, especially, as a NASA engineer. I paid her the final tribute at the shuttle landing facility. When the Blue Angels flew the missing man formation, my heart pounded fiercely and I wept not only for Ms. Chawla but also for all the other astronauts who have perished in the line of duty.

The end of the Space Shuttle Program has really let those astronauts, their colleagues on the shuttle labor force, and this nation down. I started at the KSC in 1989, just prior to Columbia
 ’s DOD mission (STS-28). Now, it is a little more than five years since Atlantis
 was launched to save the Hubble (STS-125), and the glory days of Pad 39A all but ended with the final launch of Atlantis
 in July 2011. The Launch Complex 39A area, which began as a Harvard graduate student winter clubhouse in the 1890s and stormed the international stage as the moon-shot pad in 1969, has left an unparalleled legacy in the annals of the space program. I am saddened whenever I see Pad 39A standing there, semi-abandoned, with the empty Mobile Launch Platform from the last launch.

A launchpad, like 39A, without a rocket could very well be described like a man without a heart, a family, or a country.

RAVI N. MARGASAHAYAM

Daytona Beach Shores, Florida, March 2014
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EDWARD J. REZAC


Hubble Space Telescope Extravehicular Activity Systems Engineer, Goddard Space Flight Center







 
 Edward J. Rezac


In the Blink of an Eye


There are so many perspectives through which to assess the Hubble Space Telescope Servicing Mission 4. Technically, scientifically, historically . . . The excitement and wonder of the Hubble Space Telescope continues today to touch us all. My ringside seat to the last Hubble servicing effort provided a close-up experience of the human side of the mission, and I found a familiar and common ground with my astronaut crew and my teammates on the ground. Growing up during the space race of the 1960s and ’70s was a great time for a boy who spent unsanctioned but lovingly overlooked bedtime hours under the covers with a flashlight and his Tom Swift books. Older boys were turning a mix of borrowed imaginings from Jules Verne and their own dreams into a reality endorsed by an American president. As part of a nation, I cheered them on as they left the Earth; as part of a planet, I mourned with them when they endured human tragedy; as part of the human family, I cheered again when they landed on a new world.

Decades pass in the blink of an eye, and here we are: the future is suddenly now, May 2009, and my colleagues and I are living a made-for-TV movie about a race against time to save an orbiting satellite that is arguably the most important machine ever built by man.

Another blink and I find myself in 2014, looking back on that time. Being a part of the STS-125/Hubble Space Telescope SM4 team was the highlight of a thirty-eight-year career for me. It was an opportunity for personal and professional reflection. Heroic effort had been expended by the scientific community, instrument developers and hardware providers, and management and support teams at multiple NASA centers to ensure that we flew the most complete and ambitious servicing mission to date. For many of my colleagues, this would be the last space shuttle mission they would fly; others weren’t sure whether they would work on another NASA program. But in the spring of 2009, we all understood that we would never have another opportunity to visit the Hubble with a space shuttle—and each team member was committed to doing his or her part to keep the dream alive.

A few days before Atlantis
 would lift off from Launch Complex 39A, I was walking the pad with other members of the HST team from Goddard when waves of nostalgia filled me. In the distance, about a mile away, I could see STS-400, the “launch on need” space shuttle Endeavour
 on the adjoining LC 39B launchpad. Standing next to the port-side Solid Rocket Booster of the STS-125 stack, 
 I closed my eyes, and a memory rose of a muggy airstrip and my first sight of OV-104, Atlantis
 .

It was April 1985. My wife, Jana, and I had been in Houston, Texas, for four years, both of us working at the Johnson Space Center. Our families back in Delaware were supportive of our blazing our own path, but never seemed to completely understand the desire and passion for what we did that kept us so far from home. My wife’s parents had come to visit, and we joined the crowd of onlookers at Ellington Field to catch a glimpse of the new space shuttle, which was scheduled to make a stop there on her initial ferried delivery to the Kennedy Space Center. After what seemed to be an eternity of standing in the sticky Houston weather on a treeless flight line, my wife in her third trimester with our first daughter, the 747 finally came into view. I remember my father-in-law’s excitement while he clicked off shot after shot on his 35mm camera as the shuttle carrier aircraft made a pass and landed, strutting by us with the glistening jewel on her back. Immaculate. Jana’s father finally pulled the camera away from his face, smiling just like the kid inside of me was, and when our eyes met, I knew he knew.
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Twenty-four years later, I stood beneath Atlantis
 a few days before her thirtieth launch, bound for the most intense Hubble servicing mission ever. She now bore the scars of twenty-nine previous launches and reentries, the black tiles on her belly streaked by the sun-like heat she endured while seeing 141 souls safely home through the Earth’s atmosphere. Her nose was bruised, the quilt of her thermal blankets several different shades of off-white. Knowing that seven of my colleagues—my friends—would be leaving the planet in this seemingly battle-worn spaceship to accomplish tasks that had never before been attempted in space, I found myself second-guessing and double-checking procedures and checklists I had carried and revised in my head for months: had we done everything we could to prepare them and to ensure their safety as well as mission success? My angst brought me back to the wonder of my boyhood; the youthful admiration I had felt for the dreamers and heroes from the 1960s filled my chest once again that May afternoon as I squinted upward and visualized the school-bus-sized telescope that would live in Atlantis
 ’s payload bay for six days as a dream-team crew brought our team’s multiyear efforts to fruition.

For this last servicing mission I was the HST EVA point of contact for two of the nine primary planned tasks—the repair of the Advanced Camera for Surveys to restore critical scientific functionality by replacing four circuit boards within the existing electronics bay and attaching a new power supply to the outside of the instrument, and the total replacement of the three Rate Sensing Units (RSUs), which use internal gyroscopes to measure the rate of motion as the Hubble is directed into position from the ground and help ensure that the telescope maintains accurate and steady pointing during observations. I was so very proud to be part of the Goddard HST team that included Marion Riley, Jackie Johnson, Russ Stein, Mark Jarosz, Kevin Mathews, Steve Schneider, Dan Motto, Matt Ashmore, Torchia Kelly, Kevin Eisenhower, Tim Horner, Tim Cole, Larry Green, and so many others. This expert group had poured its collective wealth of spaceflight experience into developing the specialized tools, techniques, tests, and training that would enable these astronauts to safely and efficiently do what many thought impossible. As payload commander, astronaut John M. Grunsfeld summed it up 
 succinctly: the SM4 crew would be “performing brain surgery in space.”

Astronauts Grunsfeld and Drew Feustel trained long and hard on the techniques and procedures for the ACS repair task and provided critical input to the design of unique tools that our team was developing specifically for that task. But by focusing on each detail, choreographing John and Drew’s teamwork, and training, training, training, we would not only do the impossible but do the impossible in one day of spacewalking instead of two.

Performing “surgery” in space requires time—years, actually. Years of commitment, determination, out-of-the-box engineering, testing, training, more testing, and more training . . . and, occasionally, a sense of humor.

Being the point of contact for this task required vigilance on my part each time the task was trained and practiced, because every time John ran the task he insisted that the fasteners that held the electronic boards in place be unscrewed, or backed out, a total of six turns to allow the boards to slide out more freely. Over his objections, we maintained the four-turn limit—that is, until the very last ACS training session a month before launch in the High Fidelity Mechanical Simulator (HFMS), a full-scale model of the HST aft shroud located in the world’s largest clean room at the Goddard Space Flight Center. I happily informed all three of my visitors (John, Drew, and Christy Hansen) that the engineers on the project had “sharpened their pencils” and determined that each fastener could safely be backed out six turns. I had expected John to be pleased, but instead he looked at me blankly and said, “I’ve been telling you that all along. I’ve been training with the four-turn limit for eighteen months now, and I won’t remember that change. Send me a reminder that I can put in my cuff checklist” (a quick reference to task details worn above the space suit glove).

After that long and intense day near the end of a year and a half of training and the monotonous drive home around the Washington, DC, beltway, I was feeling both beat and a little giddy. At home I opened my laptop to send John his turn-count reminder, and, knowing he had an appreciation for Monty Python, I couldn’t help having a little fun. In the e-mail subject line I wrote, “Six shall be the number thou shalt count,” and under the heading “ACS—The Full Monty (Python),” I borrowed the “Holy Hand Grenade of Antioch” scene from the movie Monty Python and the Holy Grail
 , changed the count from three to six, and rewrote the lines to fit our mission and the ACS task. I closed my computer and went to sleep laughing. After several days without a reply, I just assumed John did not think it was nearly as hilarious as I did. I forgot all about that e-mail reminder until during the actual third EVA on-orbit task, when I watched John from my console position in the Mission Control Center. Through the remote video camera located on his space helmet, I observed John flipping through his cuff checklist and heard him say, “I shall count to six; six shall be the number . . .”

I laughed out loud as my associates in Mission Control flipped through their own EVA procedures to catch up. That is a “wink and a nudge” I’ll hold on to for a very long time. Here was John, working in the most hostile environment known to man, accepting the risk to his life because he felt that the ultimate benefit to human knowledge warranted it, taking the time to let me know (in a manner he knew I would appreciate) that he was grateful for my small contribution.
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The twenty-third and final space walk to service the 
 Hubble Space Telescope was completed at 1922 UTC on May 18, 2009, after seven hours and two minutes of effort by our EVA crew to complete all the major objectives as well as a wish list of noncritical modifications. Those of us on the EVA team at Mission Control were now relieved of duty and, as tradition dictated, left our mission console positions for the last time to congregate at the famous Outpost Tavern. This friendly beer joint was located off NASA Road 1, just down from the Johnson Space Center, and for years had been the favorite watering hole of the thirsty NASA worker. As I looked around the room, taking in the walls covered with space memorabilia, I could not help thinking of all the cheers, tears, and beers that had been spilled there. I first walked through the swinging saloon doors shaped like bikini-clad silhouettes in 1981. Between then and this HST gathering, I had celebrated amazing human space exploration firsts and mourned personal tragedy with an eclectic mix of rocket scientists and welders, astronauts and local regulars, engineers and space geeks. I blinked my eyes, perhaps to chase away a tear, and took in my Hubble Hugger family savoring the accomplishment that many said could not be done. A familiar voice called out, “Hey, Rezac!” I turned to find Christy Hansen standing next to me with a handful of long-stemmed roses she had brought for the Johnson and Goddard gang in one hand, and in the other a single rose stretched out toward me. “Thanks, man.” And I blinked again.
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As I write this, the space shuttle era has ended, and history has recorded the success of STS-125. The current development of robotic systems for servicing other on-orbit satellites can be easily and directly traced to the legacy of developing one-of-a-kind tools and techniques for astronauts to service and repair the Hubble. But the astronomical and scientific results are, at least for me, framed with the challenge, the commitment, the love, and the dream that set this mission apart from other manned spaceflight efforts in which I have participated.

These results, known and some yet unknown, will be analyzed, studied, and communicated to all who seek knowledge of the unexplored universe. Combined, they are a baton to be passed to a child who will sneak in a few Hubble wonders by flashlight beneath the blankets after bedtime, or perhaps share its images with a parent on some faraway hill beneath a starry sky; a child who dreams of one day being part of something that will forever extend mankind’s reach into the cosmos even farther than we could have imagined in 2009. For the Hubble, in answering so many questions regarding our expanding universe, continues to stir our imaginations and challenge us with many more new mysteries. The legacy of human exploration, and of conquering the obstacles associated with it, has never been fresher than it is now. How we respond to the call, what we hand over to our children today, will help determine their paths and those of the feet that follow theirs.

This marvelous creation of man, this time machine that is the Hubble Space Telescope, points the way to new beginnings through a new understanding of where we come from, and lights the way for us to follow our natural inclination to climb the next mountain, cross the next ocean, and blaze the next trail. It is what we do. It is who we are.

Blink.

EDWARD J. REZAC

Sterling, Virginia, March 2014
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Conceived at the same time man first began walking on the moon, the space shuttle was the most complex machine ever designed, engineered, and built, even as Skylab, Apollo-Soyuz, Pioneer, Voyager, and Viking established their places in human and robotic space exploration history.

The shuttle’s configuration was unique. It consisted of an orbiter attached to the side of a fuel tank with two attendant Solid Rocket Boosters. It carried a crew of up to seven and lifted off as a rocket, jettisoned the fuel tank and rocket boosters and entered orbit as a spaceship/cargo carrier, and reentered the atmosphere as an unpowered glider, usually landing on a fifteen-thousand-foot high-friction grooved concrete runway amid the national wildlife reserve surrounding the Kennedy Space Center.
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Sic Transit Gloria Mundi


The end of the thirty-year space shuttle program in 2011—and to a greater extent the end of the first fifty years of American human spaceflight—brings to mind J. M. W. Turner’s 1839 painting The Fighting Temeraire
 : the sun sets as a majestic sailing ship is towed by a steam-powered tug to her final berth to be scrapped. Although the three remaining flown space shuttle orbiters—Discovery
 , Endeavour
 , and Atlantis
 —and the shuttle prototype Enterprise
 have not been sold for scrap, they have been divested of their flight avionics, rocket engines, thrusters, and hazardous fuel systems and transported to museums for permanent public display in Washington, DC, Los Angeles, New York, and the Kennedy Space Center.
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For nearly half a century, Launch Complex 39A at the Kennedy Space Center was the most recognizable industrial architecture that framed the human journey into space. Beneath the pad, however, the two concrete walls that form the sides of the flame trench hold a more mystical signature of manned spaceflight.

The flame trench’s walls and refractory brick flooring reveal layers upon layers of briefly melted frozen-in-the-moment abstractions, resulting from the combination of forty-seven years’ worth of water and 4,500–degree rocket flames that have shot down toward the inverted steel V
 of the flame deflector and been blown out between the walls at twice the speed of sound.

And as in the Paleolithic caves of Lascaux and Chauvet, there are also handpainted markings—lines, squares, circles, crosses, and ellipses on the walls, floor, and blast shield. Although the markings denote areas that required repair after a shuttle launch, their context is evident, particularly in the fading and peeling layers of flame residue from the Apollo-era moon launches—layers of embedded moments created from the flame exhausts of ascending Saturns and shuttles that unknowingly became the unique signatures from machines leaving Earth for space with man aboard . . .
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The first step on the moon was a step toward our sister planets and ultimately toward the stars. “A small step for a man,” was a statement of fact, “giant leap for mankind,” is a hope for the future. What this country does with the lessons of Apollo
 apply to domestic problems, and what we do in further space exploration programs will determine just how giant a leap we have taken.

—NEIL ARMSTRONG, BEFORE A JOINT SESSION OF CONGRESS, SEPTEMBER 16, 1969
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EPILOGUE
 
 TRANSCENDENCE



About a month before Apollo 16’s Young and Duke would become the seventh and eighth humans to
 land on and explore the moon’s surface, the space probe Pioneer X was launched in March 1972. It was the first interplanetary probe from Earth to navigate through the asteroid belt and successfully perform the first scientific reconnaissance of Jupiter. By 1983 the probe’s trajectory led it to exit out of the solar system through the orbital plane of the as yet unexplored planet Pluto.

In 2003, the last telemetry signal from NASA’s Pioneer X took some eleven hours and twenty minutes to travel 7.6 billion miles. Essentially a ghost ship now, Pioneer X is traveling through interstellar space on a trajectory that leads toward the constellation Taurus and the massive orange star Aldebaran.

Imaged from an orbit around the planet Saturn by the Cassini space probe, Aldebaran—meaning “the follower” in Arabic—is located, like our sun-star, in the Orion Spur of the Milky Way galaxy. The light from Aldebaran, as of Cassini’s exposure date, has been traveling since 1946—about the time Lyman Spitzer was writing “Astronomical Advantages of an Extra-Terrestrial Observatory,” the theoretical basis for the Hubble Space Telescope.

Attached to a pair of struts that support Pioneer X’s antenna is, in what could be likened to the late-twentieth-century counterpart to ancient cave wall paintings, a gold-anodized aluminum plaque engraved with a nonverbal message. Designed by the astronomers Carl Sagan and Frank Drake, the message is a line drawing depicting a man and a woman in scale to Pioneer’s antenna. The plaque also contains depictions of hydrogen and oxygen atoms and shows, using circles and lines of various sizes, our solar system in relation to neighboring star systems and the planet from which the probe originated.

Although Aldebaran is only sixty-eight light years away from Earth, it will take Pioneer X and its human message from our blue dot of a water-world approximately two million years to enter its space.
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 Michael Soluri


Time and Distance


Norman Mailer’s Of a Fire on the Moon
 , about Apollo 11, formed my first impressions not only of NASA’s vast infrastructure but also the labor force at work within it. Other than the NASA and news media photographs being published at that time, this was one of the only windows into the space program, and I felt it was the first artistic interpretation of human spaceflight. I loved it.

As heady as Mailer’s book was in seeking to make moral and philosophical sense of the first human landing on the moon, there was also a realistic portrayal of the NASA labor force and “NASA speak,” the emotionally disconnected engineering language that framed the Apollo program’s communication with the public. “At NASA,” Mailer wrote, “the elegance was in the design of the engineering systems rather than in the manners of the men.”

That line, among others, both fascinated and antagonized me. There is no doubt about the elegance in the Saturn moon-rocket (or space shuttle) being assembled in the cathedral-sized Vehical Assembly Building, or in their stance poised on a launchpad. But I disagreed with Mailer’s assertion that there was no elegance in the “manners of the men.” I felt that the very essence of the labor force not only had an elegance but also a hidden collective humanity that framed the evolving narrative of American spaceflight. I wanted to be a part of that. I wanted to discover and portray that humanity.

My journey as a photographer began, and many decades later, the result is Infinite Worlds.


I had once wanted to be a planetary geologist, but though I found it easy to visually interpret the sedimentary layering of rocks or the shapes of meandering rivers, the abstract intensity of mathematically quantifying these processes was less to my liking. I migrated more and more out of the silent sterility of a chem lab toward making photographs of people in interesting settings and discovering abstract ways of looking at the obvious.

An MFA program in photography at the Rochester Institute of Technology revealed, in addition to craft, the history of art and photography. Through frequent research trips to the George Eastman House and various museums, I discovered the work of a few of the twentieth century’s master photographers. I connected with unbelievable joy to the intellectual and aesthetic approaches that Henri Cartier-Bresson, August Sander, Irving Penn, Aaron Siskind, and Minor White used in capturing the humanity or essence of their subject matter. Eager to expose Mailer’s “elegance,” I garnered a press pass and was accredited by NASA to cover the launch of Apollo 16. I was finally going 
 to have a shot at experiencing and photographing not just the launch but also the Apollo labor force.

Since I was not exactly cut from the same cloth as newsprint photographers or network camera folks, I needed to figure out how to navigate among them. During one of my first photo experiences at KSC, I learned quickly if not competitively to angle for a better view in tight places. I began arriving early, which meant I had to stand around and wait for the Apollo crew to descend the ramp at the O&C building. Needing something to pass the time, I started photographing my shadow to give context to a significant place and moment in time.
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Flash forward three sons later, and I’m on the south blast shield of Launchpad 39A’s flame trench, capturing a fleeting moment that closes the time and distance between the era of Apollo and the end of the space shuttle program—a journey that had essentially begun for me as a kid not only with a telescope, but learning to draw the roadways and launchpads of Cape Canaveral.
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With the car windows open and the warm ocean breeze blowing in off the Atlantic, there I was driving on Samuel Phillips Parkway and Hangar Road on the way to an early morning meeting with the Hubble engineers and technicians who had been readying the hardware and EVA tools destined for the cargo bay of the shuttle Atlantis
 . A coffee from a local roadside diner in hand, I was commuting to the Kennedy Space Center amid the hundreds of members of the labor force, like René, Greg, Jim, Ravi, and Mike. I was finally able to be among those who were making spaceflight possible. The road taking me to the Hubble team hadn’t been easy, but if not for the unexpected announcement several years earlier of the final shuttle mission to the Hubble Space Telescope, it never would have begun at all.

Within weeks of NASA’s choosing the crew for that mission, I met with then Executive Editor Corey Powell at Discover
 magazine to discuss a story documenting the crew and the Hubble and shuttle labor force. Based on a just-published Discover
 story in which I had photographed the scientists, engineers, and technicians participating in NASA’s New Horizons reconnaissance
 mission to Pluto and its moons, I proposed that the magazine send me to the Johnson Space Center in Houston to meet the shuttle commander and a few of his crew to gain permission for a portrait session and to follow them through their training and launch.

At NASA’s Neutral Buoyancy Laboratory, I was introduced and presented a portfolio of my work to astronauts John Grunsfeld and Michael Massimino, veteran Hubble mission specialists assigned to Servicing Mission 4. Wearing a blue Mets T-shirt and standing six foot four to my five foot six, Mass proceeded to give me a personal tour of the NBL after our meeting.

At one point I asked him a question that I had waited decades to ask a flown astronaut, a question that opened up an emotional connection with him and later, I believe, with the rest of the crew. “Mass,” I said, standing a few steps up on a stairwell so that we were almost eye-to-eye, “what is the quality of light really
 like in space?” There followed a silent, reflective pause. He looked at me and said, “Could you teach us to take better photographs of our trip in space? 
 To better communicate our experiences and tell our story?”

In that instant I recognized that a special invitation was being extended, one I could have never anticipated, nor known where it would lead. Over the following months Mass was instrumental in coordinating with the Public Affairs Office to grant me access to conduct both an unprecedented three-hour portrait session in the Electronic Systems Test Laboratory and the first of several photo seminars with the crew in the Astronaut Office Building. Not long after that, Scott Altman’s extraordinary support allowed me to continue the seminars and to gain access to him and his crew during flight simulations, NBL, STS-400 rescue mission and DOME training, the Terminal Countdown Demonstration Test, and especially suit-up on launch day.

After familiarizing myself with the technical complexities presented by the microgravity of space, I designed a series of photography seminars that would complement the crew’s formal training and the range of photographic equipment available to them during flight. My goal was to help these seven astronauts respond to real-time moments of life and work in space and to teach them to recognize and appreciate the unique qualities of light and other visual elements they might encounter during their mission. We talked about the exquisite clarity of direct sunlight and the reflected Earthlight (which is often blue) that envelops the spacecraft and an astronaut participating in an EVA against the infinite black backdrop of space. Drawing from my experience taking shadow self-portraits, I showed the EVA crew how they could take advantage of the Hubble’s reflective surface.

Prior to their flight, I prepared a short list of suggested photographic opportunities and approaches for Scooter and the crew to reference. Yet again to my surprise, a few weeks from launch, Ray J (Greg Johnson) extended the privilege of e-mail access to he and the crew once they were on orbit. One of the most memorable messages came from John Grunsfeld the day after the fifth and final EVA. Taken from the Remote Manipulator System high above the shuttle, John framed the aft end of Atlantis
 from an angle that seemed to place him more out in space than over the cargo bay. His e-mail, sent to me several hours after the release of the Hubble, read, “I had the chance to take a number of EVA pics yesterday. There are a few good ones. Take a look.”

During those last minutes out in space, John had not only chosen to make those images, he made a series of photographs I did not see until after the flight. Still attached to the end of the RMS, he photographed his reflection on the Hubble’s silver surface, along with hints of the Earth and the aft end of the shuttle. It is to me an iconic image of time and place; because of his space suit, John is not recognizable as an individual astronaut but stands as an emissary of mankind reflected abstractly off of an Earth-orbiting telescope that captures the ancient light of the universe. This notion of time, distance, and light is the inspiration for this book’s prologue and epilogue. This framework not only provided me a humbling sense of the scale of our blue dot of a planet to the universe, it revealed the humanity of our being, from the first evidence of stone art to reflections, shadows, and inscriptions in space.
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In “Transcendence: Photographs by Space-Shuttle Astronauts,” an essay in Aperture
 magazine, I wrote: “The crew was inspired by images from the history of space flight. We looked at how some of the Apollo astronauts photographed their own shadows on the surface of the moon. . . . Although forty years separated Apollo 11 and this May 2009 space-shuttle mission, astronauts were still responding with apparent awe to the realization of the presence of the self in space.”


 John’s images reminded me of how I felt about the meaning of the six shadow photographs Neil Armstrong had taken while on the moon. I wondered whether the compositional placement of his shadow was intentional or merely accidental. Could his shadow be a visual equivalent for the words he spoke as the first human to walk on the surface of a celestial body? Thanks to the help of Walter Cunningham, who flew on Apollo 7, I had the opportunity to get an answer from Armstrong himself.

When I met Neil, I discovered that he was taller than I had thought. His eyes focused on mine, listening as I situated the Hubble mission in the context of John’s self-portrait and the self-expression of early man’s cave art. As I spoke, I was so concerned with holding Neil’s attention that I was waiting for him to say “Enough.” But he didn’t, so I asked, “In some of the last images you made by the East Crater, how conscious were you in placing your shadow in context with the surface?

He paused for a moment. “Probably wasn’t aware of that.” He quickly moved on to explain how he had come up with the idea of a post attached to the mid-chest area of his space suit so his Hasselblad camera could be attached and used hands-free.

I segued back to his having solved the handheld camera challenge, and John Glenn having to buy an over-the-counter camera for his mission. “What is it about Ohio boys?” I quipped. And he smiled. A long and sincere handshake followed. Then for some reason, probably my wanting to stay connected, I brought up having been in a shuttle simulator with Scooter as the master alarms kept going off, and how that had reminded me of the way the fuel alarm had gone off during the last seconds of the Apollo 11 Lunar Module’s descent.

“That’s a good thing,” he said, “but it’s an error if it all
 goes off.”

“You had, what?” I said, referring to the fuel alarms. “Something like sixteen seconds left?”

“Something like that,” Neil said. “Didn’t matter, did they?” He smiled, then, looking me directly in the eye, said, “Maybe those pictures I took weren’t an accident . . .”
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As I write this, five years to the day after John sent me that image from space, I realize it is just six days short of the fifty-third anniversary of John F. Kennedy’s “Not because it is easy, but because it is hard” speech about sending a man to the moon. A half century later, and I think of the elegant humanity that each of the individuals in this book has expressed. They are a few of the many whose manner has made human spaceflight possible. Their work, signatures, shadows and reflections are the most eloquent evidence of mankind in space.

MICHAEL SOLURI

May 2014
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338
 –339


Dusk on the planet Mars: The pale blue dot from the surface of the Gale crater, taken by NASA’s Curiosity
 rover.
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Aimed at a precise point in the constellation Fornax between July 2002 and September 2012, the Hubble Space Telescope’s WFC3 and ASC made, from 841 orbits, approximately six hundred hours of exposure time to reveal this comprehensive ultraviolet Hubble Ultra Deep Field image, containing some 10,000 galaxies that extend back in time to within a few hundred million years of the Big Bang.
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