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SPACE TRAVEL IS ABOUT TO CHANGE. Ever since Yuri Gagarin’s pioneering flight in 1961, only spacecraft

built by nation states have carried humans into orbit. But sometime soon, as early as next year, the

world’s first private, crewed spaceship will take off from Kennedy Space Center in Florida and head for

the International Space Station.

For many, the most important aspect
of that first flight will be the long-awaited
resumption of human spaceflight from
U.S. soil. It will mark the end of a painful
hiatus since the last space shuttle mis-
sion in 2011, during which American
astronauts have had to hitch rides aboard
Russian spacecraft. But independence
from Russian launch schedules is not
the only thing Americans will have to

celebrate. With the first launch in its
Commercial Crew Program, NASA is
trying something new: opening space
exploration to private corporations
and astronauts. The 21st century space
race begins not as a contest between

global superpowers butasa competition
between companies. Boeing and SpaceX
are the first rivals, building spacecraft
to fly six crewed NASA missions each
to the ISS.

Aslongastheirspaceships meet NASA

Opposite, from left: Astronauts Doug Hurley, Eric Boe, Bob Behnken, and Suni
Williams have worked with SpaceX and Boeing to create space taxis. Below: A
former space shuttle facility bears a mural of Boeing’s shuttle replacement.
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requirements, the companies have had
free rein to design and manufacture
them however they want, within a fixed
government budget. Critically, Boeing
and SpaceX will own and operate their
spacecraft themselves, free to sell flights
toother countries, companies, and even
individuals.

Although the spacecraft will fly
on proven rockets—a United Launch
Alliance Atlas V for Boeing’s CST-100
Starliner and an in-house Falcon 9 for
SpaceX’s Crew Dragon—virtually every-
thing else about the two capsules is
brand new. Heat shields, abort systems,
parachutes, seats, controls, and displays
have allbeen developed by teams at each
company. Even the spacesuits the astro-
nauts will wear for launch and reentry
are either Boeing or SpaceX brand.

Attheintersectionof NASA'sambitions
and the private companies’ commer-
cial goals stand four people. Since 2015,
astronauts Eric Boe, Bob Behnken, Suni
Williams, and Doug Hurley have worked
with and trained on both spacecraft. Now
theirtraining programs will diverge. Boe
and Williams will continue to train for
the Starliner; Behnken and Hurley, for
Crew Dragon.

Altogethernine astronauts have been
assigned to the first two flights for each
spacecraft. Three are rookies from the

2013 astronaut class: Nicole Aunapu
Mann, a former Marine F/A-18 pilot,
willfly on the maiden flight of Starliner;
Josh Cassada, a physics Ph.D. and Navy
P-3 Orion commander, will join Suni
Williams on the second Starliner mission;

Behnken, Boe, and Hurley complete a training exercise in Johnson Space Center’s
Starliner simulator in early May. Blue suits are from Boeing; from SpaceX, white.
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and Navy F/A-18 pilot Victor Glover will
fly on the second SpaceX mission, along
with veteran astronaut Mike Hopkins.

Joining astronauts Boe and Mann on
the Starliner’s first voyage is Boeing’s own
director of crew and mission operations,
Chris Ferguson. Ferguson, who spent 13
yearsat NASA, gained spaceflight experi-
ence on three shuttle missions, including
as commander of the final mission to
the station, STS-135. He'd like to be the
first one back. But STS-135 pilot Doug
Hurley shares that ambition. The race
between Boeing and SpaceX to be the
first U.S. spacecraft to carry Americans
to the station has become in a sense a
race between these two men.

Earlier this year in Houston, I spoke
with the four original commercial crew
astronauts about their experiences work-
ing with Boeing and SpaceX.

AUTOPILOTINTO ORBIT

As Isqueeze myself into a mock-up of
Boeing’s Starliner capsule at Johnson
Space Center, the spartan functionality
ofspaceflight hits home. Despite its sci-fi
name, the Starliner feels light years less
futuristic than theiconic 1970s-era space
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shuttle. The capsule is a small, cramped,
tin can of a spaceship, the spiritual heir
to the Apollo Command/Service Module
of half a century ago. Boeing says the
cubic-footage of the Starliner is propri-
etary but that it’s designed to seat seven
plus cargo; Apollo, with avolume of 218
cubic feet, had space for only three.

Whereas the shuttle landed precisely
on runways before cheering crowds, the
commercial capsules will float down on
parachutes to oceans or lonely desert
sands. Inasecond indignity to pilots, the
highly automated spacecraft are designed
to operate without human control, from
theirlaunch in Florida to the cracking of
their hatches after returning to Earth.

“It’'s your Uber ride to space!” says
KavyaManyapu, a flight crew operations
and test engineer for Boeing, as she guides
me into the Starliner commander’s seat.
Above me is a surprisingly small bank
of buttons and dials. “The vehicle flies
autonomously, so the control panel is
onadiet when compared to the shuttle,”
says Manyapu.

Starliner’s 21st century diet includes
Samsung tablets in place of the shut-
tle’s library of procedural books, while

SpaceX’s Crew Dragon test module
completes its first structural load test
at Kennedy Space Center, June 2016.

SpaceX’s Dragon boasts expansive touch-
screens that would not look out of place
on the dashboard of a Tesla. One of my
firstquestionsto the astronaut cadre—all
former military test pilots and shuttle
crew—is whether this shift to automa-
tion diminishes their role.

“We're transitioning to allow humans
to do things that they're good at, like
recognizing when something’s not quite
right,” says Behnken, veteran of two
shuttle flights. “What we’re not good at s
menitoring one parameter for hoursand
hourstomake sure it's perfect. Computers
are betterat that. The challenge is ensur-
ing you have human intervention capa-
bility at the right place.”

Both spacecraft will have manual con-
trolstoallow the astronauts to take over
operations, like docking with the space
station, if the spacecraft’s automated
systems fail at the last minute.

“Automation is good, but it’s nice to
know what it's doing,” says Williams,
the astronaut from this group with the
most time in orbit, 322 days,and the only
one who has flown on Soyuz as well as
the shuttle. We “should be
part of the system,” she says.
“That’s obvious for Boeing
because that’s the way they've
done thingsin the past. Idon’t
think it’s the goal of SpaceX,
just because their satellite
[launches]and cargo vehicles
have been automated.”

Automating some aspects
of flight to the ISS could be
a blessing to astronauts.
Depending on the orbital
mechanics, the journey can be
asbrief assix hours or as long
as48. Williamssays the longer
flights afford astronauts the
opportunity to unlatch from

Behnken exits the Crew
Dragon capsule being

built in 2017 at SpaceX
headquarters in California.
He and Hurley will be the first
to ride the Dragon to orbit.

their seats and stretch their legs—both
SpaceX and Boeing’s designs give the
crew of four enough space to do so. But
it’s only on the flights that span a full
day orlongerthat astronauts would have
enough time to complete their menu of
systems checks and then close their eyes
and try to relax.

Williamsexpects the in-flight protocol
on both new spacecraft will be similar to
what she experienced flying on Soyuz
in 2012. “Whenever there’s [an engine|
burn, they don't really want youmoving
around,” Williams says. Soyuz flights
used only ground-side communication,
so there were periods when communi-
cation was interrupted. That won’t be
an issue on the new spacecraft unless
there’s a problem—they’ll use satellite
relays to keep in touch, just as the space
shuttle did.

There’s generally a buddy system
in place for when crew members wish
to take their suits off. Only one person
starts taking a suit off at a time, and at
least one person stays in communica-
tion with ground control at all times via
theirin-suitradio. Open channelsin the
cockpit resultinanoisy echo, like when
people phoning into a radio talk show
leave their radios turned up at home, so
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generally the crew will not switch on the
cabin speakers until all astronauts have
taken theirsuits off, assuming the flight
is long enough to permit that.

Taking the suit offand putting it back
on is a cumbersome, time-consuming
procedure, so on a shorter flight, the
entire crew might remain strapped in
for the duration. When an astronaut is
wearing asuit, the umbilical line to feed
theinternal air conditioning system must
stay attached. “It's a pressure suit, so it
doesn’t breathe so well,” Williams says.

The Soyuz crew consists of a com-
mander and flight engineer. (The com-
mander will typically have done the
otherjob ona prior mission.) On shuttle
flights, the terminology was different—
commander and pilot—but the division
of chores was similar: The pilot (or flight
engineer) monitored the guidance sys-
tems and navigation controls, and the
commander ran checks on the systems,
including the docking system. (The com-
mander also landed the space shuttle.)

Williams believes the crew responsi-
bilities will be similar on the two com-
mercial spacecraft the four astronauts
have been working with. Even though
SpaceX founder and CEO Elon Musk has
made no secret of his plans for lofting
inexperienced passengers into space,
either as tourists on jaunts around the
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moon or colonists on a one-way trip
to Mars, Williams speculates that even
those passengers would likely require
at least some rudimentary training; cer-
tainly something more robust than the
short safety briefing airline passengers
often ignore. Otherwise, she points out,
another member of the flight crew would
be obliged to keep tabs on them.

Musk’s enthusiasm for turning space-
flight into a tourist enterprise contrasts
starkly with Boeing’s decades of work as
a contractor on almost every major U.S.
space program. “When we go to SpaceX,
we're the oldest people in the room, by 20
years in some cases,” says Doug Hurley.
“And the pace that they move at! I've
never seen anything like it. That'sa good
thing and maybe not such a great thing
at times. Whereas at NASA and Boeing,
it’s a little bit more of a measured pace.”

“SpaceX ismore likea dot-com,” agrees
Williams. “They’re awesome and inno-
vative and unencumbered and can come
up with interesting new ways of thinking
about solving problems. [But] sometimes
they don't know what they don't know
because of trying to be more innovative
and shutting out experience.”

The cultural disconnect can be
mutual. In May, Elon Musk told report-
ers, “Sometimes, to be totally frank, just
like a friend that really cares, [NASA] can

be a pain in the ass—but I love NASA
so much.”

All four astronauts insist that they
have no preference for either spaceship
and that both companies have been
responsive to their comments and sug-
gestions during the development process.
“They're very different in a lot of ways,”
saysBoe,a pilot on two shuttle missions.
“But as time goes on, I see the companies
getting closer to each other.”

Williamssaysshe didn't spend much
time mulling over whethershe’d preferto
fly Team Crew Dragon or Team Starliner.
Whatshehasbeen thinking aboutis that,
now that assignments have been made,
she’ll be saying good-bye to (roughly)
half the people she’s gotten to know at
work over the last three years.

One thing both companies have in
common is that they are working to
reduce risk in an enterprise inherently
risky. “One of the reasons why we’re at
the companies is so that they can put
a face to the person who's going in the
spacecraft,” says Williams. “I hope that
makes people throttle back a second and
make sure they're crossing the ‘T’s and
dotting the T's.”

For the first time ever, NASA will
evaluate commercial craft according
to the likelihood that the crew could
be lost. If the companies cannot get the

At Langley Research Centerin
Hampton, Virginia last summer, a
Starliner mock-up (left) completes a
landing qualification test. Below: Air
Force para-jumpers practice water-
landing recovery techniques on the
Crew Dragon trainer in the Indian River
Lagoon near Kennedy Space Center.
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odds of afatal incident below one in 270,
the agency could refuse to certify their
spacecraft for human spaceflight.

Both providers still have work to do
tomake NASA comfortable. The agency
has pointed out concerns to SpaceX about
the Falcon 9 rocket relating to a fuel pres-
sure vessel that led to adramatic launch
pad explosion in 2016, as well as cracks
in the engine turbines spotted during
testing. SpaceX redesigned the rocket
and successfully launched it in early
May, but NASA wants to see at least seven
launches of the redesigned Falcon before
it will consider allowing astronauts to
travel on it. The space agency has also
expressed unease about SpaceX’s planto
fuel the Falcon 9 after the astronauts are
already on board, and has asked SpaceX
tosimilarly demonstrate five successful
fueling runs before the astronauts fly.

Boeing has hurdlesto clear too. NASA
simulations suggest that an abort system
intended to pull the crew capsule to
safety in the event of an accident could
tumble dangerously. The Government
Accountability Office has also cited
concerns that the Starliner’s heat shield
might damage the capsule’s parachute
system during reentry. Rebecca Regan,

a Boeing spokesperson, says the compa-
ny's analysis indicates a small chance
of contact between the heat shield and
part of the parachute system only if the
chute on the forward heat shield does
not deploy. Boeing believes this contact
would not harm the vessel or the crew,
and itsongoing testing is geared toward
showing “that any potential contact is
non-detrimental,” Regan says.

The Crew Dragon spacecraft has been
delivered to Cape Canaveral since com-
pleting testing at NASA’s Plum Brook
Station in Ohio last July.

“Oneof the hardest thingsischaracter-
izing risk,” says Boe. “When my class of
astronauts in 2000 showed up at NASA,
they said that the shuttle’s loss of vehicle
risk was one in 400. We’d already had
Challenger,and then Columbia happened,
and the number changed pretty quickly
to one in 50. The [commercial program]|
numbers are more for building in the
right direction so you get asafer vehicle.
The actual one in 270 is like throwing a
dartat a board.”

“I'm not that worried about the stuff
that’s at the top of the worry charts,”
says Hurley. “It’s the other stuff, the little
things, the unknown unknowns [where]

As Boeing techs assist and take notes,
Eric Boe tests his ability to maneuver
within the Starliner cabin while wearing
his spacecraft-specific spacesuit.

you just have to trust that everybody’s
doing their job right.”

Williams says confidence in one’s
colleagues is what allows an astronaut
topush aside thoughts of the enormous
physical risks they're taking. “Space is
awesome,” she says. “I wouldn’t trade
it for anything. But it’s absolutely dan-
gerous. You put high pressure helium
tanks inside liquid oxygen-—what are
you, crazy? Those are huge risks, but I
feel so comfortable with the people at
both companies and at NASA.”

LOOSE LIPS SINK SPACESHIPS

While dealing with risk has always
been part of being an astronaut, the
Commercial Crew Program introduced
something unfamiliarto NASA—secrecy.
A knowledge firewall exists between
SpaceX and Boeing, with the astronauts
strictly forbidden from discussing one
company’s technology with the other.
“The hardest part is not sharing between
the two,” says Boe. “If you're talking about
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one suit, you have to be careful you
don't talk about the other one, which is
proprietary.”

The astronauts are free to share expe-
riences from their past work and from
the Orion program, a larger spacecraft
being designed by NASA for deep-space
missions. But sensitive details do occa-
sionally slip out, says Williams: “It has
happened in the program before. I find
myself sometimes being a little more
quiet than Thave been on other training
programs just because L have to remem-
ber whose [technology] it is.”

Another novelty for the astronauts is
having to consider finances. The space
shuttle costover $1.5 billion per launch,
because, in part, NASA and its contractors
worked under “cost plus” contracts that
allowed both sides to keep tacking on
features as the program evolved. SpaceX
and Boeing have nosuch luxury. They are
constrained tobetween $500 million and
$800 million foreach of theirsix missions.
“You can go in and say, ‘lley we want to
do this, but there are some realities that
everyone has to face because it’s a fixed-
price contract,” says Boe.

The origins of the Commercial Crew
Program stretch back over a decade, to
a conversation between NASA’s head of
human exploration, Bill Gerstenmaier,
and Kathy Lueders, then in charge of
transportation to the ISS. “That was when
wereally started todream about what we
wanted the ISSto be, how it could be used
and then how that impacted our cargo
requirements,” says Lueders. NASA kicked
off a commercial cargo program with
SpaceX and Orbital Sciences, awarding
fixed-price contracts for two-way cargo
missions to the ISS. The agency also
handed over reams of data from Apollo
relating to high-speed capsule reentry.

“The two providers didn’t even have
proven launch vehicles [at the time],”
says Lueders. “It was a huge, huge leap for
us, but look at what we've reaped from
a national perspective! It created that
market and set [us] up for CCP.”

Although the Commercial Crew
Program issimilarto the cargo program,
it adds a certification phase to reduce
risk for astronauts. The program made
cash awards to six American companies
starting in 2010 before finally settling on
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Boeing and SpaceX in 2014. “We learned
from cargo that competition is super
important,” says Lueders, who is now
the CCP program manager. “It's about
getting them both to stand on their own

two feet and fly successfully. That’s what
enables a commercial market.”

Not that NASA has given up develop-
ing its own capabilities. Orion will be the
agency’s primary vehicle for future moon
and possibly Mars missions, launched
atop NASA’'s own Space Launch System
(SLS). Orion, another space capsule, was
announced in 2004—four years before
the first SpaceX rocket reached orbit—
and should have its own first crewed
launch by the end of 2023.

That extended development process
produced lessons, particularly around
displays, interfaces,and parachutes, that
benefited both SpaceX and Boeing, says
Behnken: “We've really leveraged Orion

tomake both providers more successful,
just by understanding another vehicle.”

That is not to say that the crew pro-
gram is immune from NASA’s infamous
delays. The two companies were initially
required to provide NASA with all the
evidence (including test flights) needed
to certify their spacecraft by 2017. The
GAO reportreleased in July highlighted
the likelihood that certification might
slipinto 2020 or later and recommended
NASA explore some way of ensuring con-



SPACEX

tinued ISSaccess once its agreement with
the Russians runs out next year.
“We can stretch out increments to

probably push that out to some degree,”
says Hurley. “You don't want to have the

recover an American flag left there in
2011 by Chris Ferguson when he com-
manded the final shuttle flight.

“Both companies would like to be the
first to fly,” says Lueders. “That would

The no-cockpit interior of the Crew Dragon shows how automation will change
spaceflight. ISS commuters can steer if needed, but will often be along for the ride.

1SS dependent on [the commercial crew’s]
early flights. If you get put in that posi-
tion, that's one thing, but you certainly
want to try to avoid that.”

Either way, the race to fly a new
American spacecraft back to the ISS is
now entering its final stretch. Plans call
for the first U.S. crew to make it back to
the space station on a U.S. spacecraft to

be a big deal for them.” But she adds,
“They realize that they both need to be
successful. ltdoesn't do Boeing any good
forSpaceX to have failures, because it just
points fingers to the market asa whole.”

NASA is already thinking of missions
beyond the Commercial Crew Program.
The current plan is for direct federal
funding of the ISS to stop in 2024, at

which point the station’s future is unclear.
NASA has been tasked with exploring
the possibility of selling the station to a
private company, but the likelihood of
any private entity taking on the cost of
its upkeep seems small. “Once we certify
their spaceships, Boeing and SpaceX will
goout to talk to other countries, compa-
nies, and individuals,” says Boe, adding
that this shift will “probably happen
sooner rather than later.”

While the high-tech Starliner and
Crew Dragon might not dramatically
change therole of the astronauts whoride
in them, the Commercial Crew Program
is changing NASA. [fthe programis suc-
cessful, there will be no turning back. A
proven ability to develop safe spacecraft
cheaper and faster than a traditional
NASA program will not be ignored.
Already, new NASA administrator Jim
Bridenstine has said, “The model [for the
commercialization of low-Earth orbit]
can be extended to and around the moon
and deeper into space, including Mars.”

“Leveraging commercial to conduct
the whole mission opens our aperture on
the ability to then do even more difficult
missions,” agrees Lueders. “For us to go
to the moon or Mars, we know that it
can’'t just be SLS and Orion. It’s got to be
SLSand Orion and other launch vehicles
and other capabilities and lots of other
companies out there with theirideas.”

Unlike the agency’s international col-
laborations on the ISS, the Commercial
Crew Program is a domestic effort, one
that has become a symbol of a resurgent
national identity. Its success will be mea-
sured by the number of U.S. companies
sparking new commerce in orbit.

“A lot of people think that NASA
doesn’t even have astronauts in space,”
says Boe. “Seeing [launches] in Florida
again and being able to watch and be a
part of it will bring back the excitement.
It's awesome. | pinch myself every day
when I get up.”

Although a capsule atop a rocket
might not be as glorious a sight as a
space shuttle launch, the resumption
of blastoffs from the cape will generate
excitement. But about what, exactly?

Until the astronauts and the public
become familiar with two new space-
ships, no one knows for sure. =4
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