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Selective laser sintering SLS is an additive manufacturing AM technique that uses a laser as the
power source to sinter powdered material typically nylon or polyamide , aiming the laser
automatically at points in space defined by a 3D model , binding the material together to create
a solid structure. It is similar to selective laser melting ; the two are instantiations of the same
concept but differ in technical details. SLS as well as the other mentioned AM techniques is a
relatively new technology that so far has mainly been used for rapid prototyping and for
low-volume production of component parts. Production roles are expanding as the
commercialization of AM technology improves. Selective laser sintering SLS was developed and
patented by Dr. Carl Deckard and academic adviser, Dr. A similar process was patented without
being commercialized by R. Housholder in As SLS requires the use of high-powered lasers it is
often too expensive, not to mention possibly too dangerous, to use in the home. An additive
manufacturing layer technology, SLS involves the use of a high power laser for example, a
carbon dioxide laser to fuse small particles of plastic , metal , ceramic , or glass powders into a
mass that has a desired three-dimensional shape. The laser selectively fuses powdered material
by scanning cross-sections generated from a 3-D digital description of the part for example
from a CAD file or scan data on the surface of a powder bed. After each cross-section is
scanned, the powder bed is lowered by one layer thickness, a new layer of material is applied
on top, and the process is repeated until the part is completed. Because finished part density
depends on peak laser power, rather than laser duration, a SLS machine typically uses a pulsed
laser. The SLS machine preheats the bulk powder material in the powder bed somewhat below
its melting point, to make it easier for the laser to raise the temperature of the selected regions
the rest of the way to the melting point. In contrast with some other additive manufacturing
processes, such as stereolithography SLA and fused deposition modeling FDM , which most
often require special support structures to fabricate overhanging designs, SLS does not need a
separate feeder for support material because the part being constructed is surrounded by
unsintered powder at all times, this allows for the construction of previously impossible
geometries. Also, since the machine's chamber is always filled with powder material the
fabrication of multiple parts has a far lower impact on the overall difficulty and price of the
design because through a technique known as ' Nesting ' multiple parts can be positioned to fit
within the boundaries of the machine. One design aspect which should be observed however is
that with SLS it is 'impossible' to fabricate a hollow but fully enclosed element. This is because
the unsintered powder within the element could not be drained. The quality of printed structures
depends on the various factors include powder properties such as particle size and shape,
density, roughness, and porosity. Powder particles are typically produced by cryogenic
grinding in a ball mill at temperatures well below the glass transition temperature of the
material, which can be reached by running the grinding process with added cryogenic materials
such as dry ice dry grinding , or mixtures of liquid nitrogen and organic solvents wet grinding.
Sintering in SLS primarily occurs in the liquid state when the powder particles forms a
micro-melt layer at the surface, resulting in a reduction in viscosity and the formation of a
concave radial bridge between particles, known as necking, [13] due to the material's response
to lower its surface energy. In the case of coated powders, the purpose of the laser is to melt
the surface coating which will act as a binder. Solid state sintering is also a contributing factor,
albeit with a much reduced influence, and occurs at temperatures below the melting
temperature of the material. The principal driving force behind the process is again the
material's response to lower its free energy state resulting in diffusion of molecules across
particles. SLS technology is in wide use at many industries around the world due to its ability to
easily make complex geometries with little to no added manufacturing effort. Its most common
application is in prototype parts early in the design cycle such as for investment casting
patterns, automotive hardware, and wind tunnel models. SLS is also increasingly being used in
limited-run manufacturing to produce end-use parts for aerospace, military, medical, and
electronics hardware. On a shop floor, SLS can be used for rapid manufacturing of tooling, jigs ,
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as PDF Printable version. This heavy-lift booster will carry humans farther than they've ever
been, to an asteroid, Mars and beyond. NASA's upcoming mission to the Jupiter ocean moon
Europa is out of rocket limbo, and it now has a launch window. It's only natural for humankind
to want to know more about Mars, our dearest planetary neighbor. The core stage of NASA's
giant Space Launch System moon rocket is in good shape despite its early shutdown during a
crucial test this past weekend, agency officials said. NASA says it's ready to proceed with the
next stage of testing the megarocket that will send the uncrewed Artemis 1 mission to the moon
in November. NASA is choosing between human missions to the moon and a robotic mission to
Jupiter's icy moon Europa as the agency manages its limited supply of megarockets in the
coming years. The Orionid meteor shower is peaks in the early morning of Tuesday, Oct.
NASA's new Space Launch System megarocket and associated ground infrastructure have
soared past original cost estimates to a degree that requires the agency to notify Congress.
Earth has been sending probes to Mars for decades, and some missions are especially
awe-inspiring. Please deactivate your ad blocker in order to see our subscription offer. Sign Up
for e-mail newsletters. Get breaking space news and the latest updates on rocket launches,
skywatching events and more! Contact me with news and offers from other Future brands.
Receive email from us on behalf of our trusted partners or sponsors. Thank you for signing up
to Space. You will receive a verification email shortly. There was a problem. Please refresh the
page and try again. More from Space It has been planned to become the primary launch vehicle
of NASA's deep space exploration plans throughout the s, [22] [23] including the planned
crewed lunar flights of the Artemis program and a possible follow-on human mission to Mars.
Following the cancellation of the Constellation program , the NASA Authorization Act of
envisioned a single launch vehicle usable for both crew and cargo. In , SLS was projected to
possibly be the most capable super-heavy lift vehicle ever built. As of [update] SLS was planned
to have the world's highest-ever total LEO payload capability, [33] [34] but not the world's
highest ever injection mass. The rocket's first launch is currently scheduled for November The
SLS is a Space Shuttle-derived launch vehicle, with the first stage of the rocket being powered
by one central core stage and two outboard boosters. The upper stage is being developed from
the Block 1 variant to a Block 1B and 2 variant , the Exploration Upper Stage. The core stage is
fabricated at NASA 's Michoud Assembly Facility [42] and is common across all currently
planned evolutions of the SLS to avoid the need for redesigns to meet varying requirements.
These new SRBs are derived from the four-segment Space Shuttle Solid Rocket Boosters , with
the addition of a center booster segment, new avionics, and lighter insulation. The stock of SLS
boosters is limited by the number of casings left over from the Shuttle program, since they
modify flown boosters to add an additional segment. There are enough to last through eight
flights of the SLS, but a replacement will be required for further flights. These boosters would
be derived from the composite-casing SRBs in development for the OmegA launch vehicle, and
are projected to increase Block 1B's payload to TLI by 3â€”4 tonnes, which is still 1 ton below
the payload capacity of Block 2. ICPS will then perform an orbital insertion burn at apogee and a
subsequent translunar injection burn to send Orion towards the Moon. The SLS is planned to
have the ability to tolerate a minimum of 13 tanking cycles due to launch scrubs and other

launch delays before launch. The assembled rocket is to be able to remain at the launch pad for
at least days and can remain in a stacked configuration for at least days. However, this
competition was planned for a development plan in which Block 1A would be followed by Block
2A, with upgraded boosters. This decision was vindicated as a later study found that the
advanced booster would have resulted in unsuitably high acceleration. It was therefore
uncertain whether these future variants of SLS will be developed, but congressional action
restored this funding in the passed budget. The Block 1B will be used mainly for co-manifested
crew transfers and logistical needs rather than constructing the Gateway. An uncrewed Block
1B is planned to launch the Lunar Surface Asset in , the first lunar outpost of the Artemis
program. Block 2 development will most likely start in the late s after NASA is regularly visiting
the lunar surface and shifts focus towards Mars. Blue Origin submitted a proposal to replace
the Exploration Upper Stage with an alternative to be designed and fabricated by the company,
but it was rejected by NASA in November on multiple grounds. These included lower
performance compared to the existing EUS design, unsuitability of the proposal to current
ground infrastructure, and unacceptable acceleration in regards to Orion components. The per
launch costs for SLS have varied widely, partly due to uncertainty over how much the program
will expend during development and testing before the operational launches begin, and partly
due to various agencies using differing cost measures for example, a marginal cost per one
additional launch, which ignores development and annual recurring fixed costs vs. Cost per
launch is not a straightforward figure to estimate as it depends heavily on how many launches
occur per year. Oversight bodies both internal and external to NASA disagreed with this
requirement. From to , three full-duration static fire tests of five-segment SRBs were conducted
under the Constellation Program, including tests at low and high core temperatures, to validate
performance at extreme temperatures. During the early development of the SLS a number of
configurations were considered, including a Block 0 variant with three main engines, [38] a
Block 1A variant with upgraded boosters instead of the improved second stage, [38] and a
Block 2 with five main engines and the Earth Departure Stage , with up to three J-2X engines.
On 14 September , NASA announced the new launch system, [] which is intended to take the
agency's astronauts farther into space than ever before and provide the cornerstone for future
U. The review included not only the rocket and boosters but also ground support and logistical
arrangements. The analysis was based on a second-stage usable propellant load of metric tons,
and compared stages with four RL10 engines, two RL60 engines, or one J-2X engine.
Qualification Motor 1 QM-1 was tested on 10 March A test article build for the core stage began
on 5 January and was expected to be completed in late January The first core stage left
Michoud for comprehensive testing at Stennis in January The reason for the early shutdown
was later reported to be because of conservative test commit criteria on the thrust vector
control system, specific only for ground testing and not for flight. If this scenario occurred
during a flight, the rocket would have continued to fly normally. There was no sign of damage to
the core stage or the engines, contrary to initial concerns. The intended uncrewed first flight of
SLS has slipped multiple times: originally from late [] [] [] to October , [] then to November , []
then to , [] then to June , [] then to April , [] and most recently to November The SLS has been
criticized on the basis of program cost, lack of commercial involvement, and the
non-competitive nature of a vehicle legislated to use Space Shuttle components. Representative
Dana Rohrabacher and others proposed that an orbital propellant depot should be developed
and the Commercial Crew Development program accelerated instead. The lack of competition in
the SLS design was highlighted. Reusability is claimed to allow the lowest-cost super-heavy
launcher ever made. In , Rep. As of [update] , the maiden launch of SLS was expected in They
critically commented that for the cost of just one engine, six more powerful RD engines could
be purchased, or nearly an entire Falcon Heavy launch with two thirds of the SLS lift capacity.
Bolden said that the "SLS will go away because at some point commercial entities are going to
catch up". Bolden further stated "commercial entities are really going to build a heavy-lift
launch vehicle sort of like SLS that they will be able to fly for a much cheaper price than NASA
can do SLS". From Wikipedia, the free encyclopedia. This article is about the NASA rocket
family. Play media. This section is empty. You can help by adding to it. February This section
needs expansion with: what quantities of these billions are going to whom? Which NASA
center? Which large US corporations?. Main article: List of Space Launch System launches.
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Wikimedia Commons has media related to Space Launch System. Future missions indicated in
italics. Boeing people and products have powered giant leaps in human space exploration over
the past five decades. What NASA and its commercial and international partners learn on and
around the moon will enable astronauts to take the next giant leap â€” all the way to Mars.
Boeing is the prime contractor for the design, development, test and production of the launch
vehicle core stage and upper stages, as well as development of the flight avionics suite. All the
other elements have been delivered to Kennedy Space Center in Florida and are being prepared
for integration. Launched on SLS, the Orion spacecraft will serve as the exploration vehicle that
will carry up to four crew members to space, provide emergency abort capability, sustain the
crew during multiweek missions and provide a safe reentry to Earth from deep space return
velocities. It separates the core stage from the second stage that includes astronauts in the
Orion crew vehicle. The cone-shaped adapter is roughly 30 feet in diameter by 30 feet tall. The
LVSA consists of 16 aluminum-lithium alloy panels. As the brains of SLS, the forward skirt is
responsible for the rocket reaching its destination. It houses flight computers, cameras and
avionics â€” the routers, processors, power, other boxes and software that control stage
functions and communications. Along with the liquid oxygen tank and the intertank, it makes up
the top half of the core stage. The liquid oxygen LOX tank holds , gallons , liters of liquid
oxygen cooled to minus degrees Fahrenheit. Its thermal foam coating protects it from extreme
temperatures â€” the cold of the propellants and the heat of friction. Joining the LH2 and LOX
tanks, the intertank houses avionics and electronics that will control the rocket in flight. It also
anchors two massive solid rocket boosters. The avionics units on the SLS core stage work with
the flight software to perform various functions during the first eight minutes of flight. Some
control the navigation, some communicate with the Orion spacecraft and some control how the
engines perform. The intertank makes up the top half of the core stage, along with the LOX tank
and forward skirt. The largest human-rated solid rocket boosters ever built for flight, the SLS
twin boosters stand 17 stories tall and burn about six tons of propellant every second. Each
booster generates more thrust than 14 four-engine jumbo commercial airliners. The liquid
hydrogen LH2 tank comprises two-thirds of the core stage, weighs , pounds 68, kilograms and
holds , gallons 2 million liters of liquid hydrogen cooled to minus degrees Fahrenheit. Thermal
foam keeps the LH2 at the right temperature and pressure. In addition to its miles of cabling and
hundreds of sensors, the engine section is a crucial attachment point for the four RS engines
that work with two solid rocket boosters to produce a combined 8. Avionics here steer the
engines, too. It was built vertically and flipped to horizontally to connect with the LH2 tank. Four
RS engines will deliver more than 2 million pounds of thrust at altitude. Combined with two
five-segment solid rocket boosters, the propulsion system will give SLS about 8. An RS variant
is under production for Artemis missions past the first four. Longer-duration engine firing will
collect additional data to certify first and future rocket stages. Post-test analysis and visual
inspection reveal SLS core stage and test hardware in excellent condition. Successful
propellant loading and unloading plus data review clear program to prep for Green Run hot-fire
test this month. Space Launch System Test and Evaluation manager Paul Wright applies
technical and organizational skills to two exciting pursuits. After a valve repair, the Space
Launch System core stage is moving forward to wet dress rehearsal and hot fire. This latest
Space Launch System test will be followed by two more, fueling and hot-fire, to complete the
series. The final pressure test of a Space Launch System liquid oxygen tank this week
completed the SLS core stage structural qualification test campaign. Boeing and NASA test
team members send shock waves through the foot SLS core stage to confirm engineering
models and pave the way for hot-fire testing later this year. NASA and Boeing prepare for a
giant leap toward returning humans to the moon and beyond. Innovation is built into the Space
Launch System from the ground up, as technicians and engineers work together to improve the
rocket by incorporating ideas from the shop floor into future design and build plans, making
each rocket core stage come together faster, and more efficiently. Production of the first Space
Launch System core stage approaches final join as teams prep the engine section using new
tooling and a new maneuver. Space Launch System liquid oxygen and liquid hydrogen tanks
undergo testing at Marshall Space Flight Center to ensure the rocket can withstand launch and
ascent. As Boeing prepares for final element join on the first Space Launch System core stage,
the second core stage of the advanced launch system is underway, and the design of a
powerful Exploration Upper Stage is taking shape. NASA is setting its eyes on the exploration of
Mars, an over two year-long journey that will make history. Today's children will be the first
explorers of our neighboring planet with help from Boeing technology to discover ground
humans humans have yet to see. Boeing has designed and built two composite liquid-hydrogen
fuel tanks for heavy-lift launch vehicles that will propel future air and space missions. SLS will
launch a permanent human presence in deep space. Its flexibility and evolvability will support

diverse exploration, science and security missions. On the Artemis I test flight, SLS will launch
an uncrewed Orion spacecraft to the moon to test the performance of the integrated system.
View Green Run Status. Boeing Space Space Launch System. Rocket to the Moon, Mars and
Beyond. Built by Boeing Built by non-Boeing supplier. Orion Spacecraft Launched on SLS, the
Orion spacecraft will serve as the exploration vehicle that will carry up to four crew members to
space, provide emergency abort capability, sustain the crew during multiweek missions and
provide a safe reentry to Earth from deep space return velocities. Forward Skirt As the brains of
SLS, the forward skirt is responsible for the rocket reaching its destination. Intertank Joining
the LH2 and LOX tanks, the intertank houses avionics and electronics that will control the
rocket in flight. Solid Rocket Boosters The largest human-rated solid rocket boosters ever built
for flight, the SLS twin boosters stand 17 stories tall and burn about six tons of propellant every
second. LH2 Tank The liquid hydrogen LH2 tank comprises two-thirds of the core stage, weighs
, pounds 68, kilograms and holds , gallons 2 million liters of liquid hydrogen cooled to minus
degrees Fahrenheit. Engine Section In addition to its miles of cabling and hundreds of sensors,
the engine section is a crucial attachment point for the four RS engines that work with two solid
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