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THE POWER OF SLS
FOUNDATION FOR A GENERATION OF DEEP SPACE EXPLORATION

Maximum Thrust 9.5 M lbs8.9 M lbs8.9 M lbs8.8 M lbs

** Not including Orion/Service
Module volume

Low Earth Orbit (LEO) represents 
a typical 200 km circular orbit at 
28.5 degrees inclination

Trans Lunar Injection (TLI) is a 
propulsive maneuver used to set a 
spacecraft on a trajectory that will 
cause it to arrive at the Moon. A 
spacecraft performs TLI to begin a 
lunar transfer from a low circular 
parking orbit around Earth. 

The numbers depicted here 
indicate the mass capability at the 
Trans-Lunar Injection point.

SLS Block 2 CargoSLS Block 1B CargoSLS Block 1B CrewSLS Block 1 
Crew

SLS Block 2 Crew

9.5 M lbs8.8 M lbs

SLS Block 1 
Cargo

Payload Volume 34,910 ft3 (988 m3)21,930 ft3 (621.1 m3)10,100 ft3 (286 m3)** 10,100 ft3 (286 m3)**8,118 ft3 (229.9 m3)

Payload to LEO 130 t (286.6k lbs) 105 t (231.4k lbs)105 t (231.4k lbs)95 t (209.4k lbs) 130 t (286.6k lbs) 95 t (209.4k lbs)

Payload to TLI/Moon >  46 t (101.4k lbs) 42 t (92.5k lbs)38 t (83.7k lbs)> 27 t (59.5k lbs) >  43 t (94.7k lbs) > 27 t (59.5k lbs)

516 ft3 (14.6 m3)
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Presenter Notes
Presentation Notes
This shows the SLS evolutionary path from greater capability than any existing launch vehicle, to unprecedented capability that changes how we explore.

FIRST 3 ARTEMIS MISSIONS WILL USE THE BLOCK 1 CREW CONFIGURATION.

Along the way, SLS will retain many common elements rather than a completely new vehicle design:
Orion/LAS remains the same
The Universal Stage Adapter remains common to B1B and B2
ICPS will evolve to EUS but will continue to use RL10 engines with EUS common to B1B and B2 (1 RL10 on ICPS vs 4 on EUS)
The Interstage remains common to B1 and B2
The core stage remains common across all 6 variants, although it’s expected to undergo prudent weight reduction as we learn more about its performance
All 6 variants will use the RS-25, while evolving from heritage SSMEs to new RS-25s designed to cost at least 30% less while increasing planned operational thrust. New production RS-25s to debut on Artemis V.
All 6 variants will use the side boosters, evolving from today’s booster to a new booster with more powerful propellant, composite vs. steel motor casing, improved TVC, new insulation and other improvements.  




Launch Abort System (LAS)

RS-25 Engine (4)
Aerojet Rocketdyne

Service Module (SM)

Spacecraft Adapter

5 Segment Solid Rocket Booster (2) 
Northrop Grumman Interim Cryogenic

Propulsion Stage (ICPS)
Boeing/United Launch Alliance

Encapsulated Service Module (ESM) Panels

Crew Module (CM)

Launch Vehicle Stage Adapter 
Teledyne Brown Engineering

Orion Stage Adapter

Core Stage & Avionics
Boeing

RL10 Engine
Aerojet Rocketdyne

Orion Multi-Purpose
Crew Vehicle

Lockheed Martin

BLOCK 1 CONFIGURATION

NASA’S SPACE LAUNCH SYSTEM
BACKBONE OF DEEP SPACE EXPLORATION
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Expanded view of Block 1
Visible are the major elements of the Artemis 1 vehicle – solid rocket boosters, core stage, (engine section, LH tank, intertank, LOX tank, forward skirt) LVSA and ICPS, OSA, and Orion/SM/LAS.

Block 1 will be more capable than any current launch vehicle, able to deliver >27 metric tons (59.5k lb) to the Moon.

On our first mission, Artemis I, will take the Orion crew vehicle farther into space than humans have ever ventured before.

Block 1 is just the first of larger and even more powerful and capable configurations that will take astronauts and cargo to Mars
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Video – Stacking, from boosters to Orion. [44 seconds, no sound]

Summary of progress toward Artemis I:
All elements manufactured, major testing complete, and all elements delivered to KSC. The core stage was lowered between the boosters and mated to them, then the LVSA was stacked on top of the core stage and mated to it. The ICPS was stacked on top of LVSA and mated to it. Then, as part of the Umbilical Release and Retract Test (URRT), crews at KSC retracted the 10 work platforms surrounding the Artemis rocket. Following that test, the Orion Stage Adapter (OSA) and Orion spacecraft were added to the rocket stack, and the rocket was rolled out of the VAB to the pad.  








INTEGRATED TEST AND CHECKOUT

Orion mass simulator for
integrated modal testing

OSA STA stacked on top of launch vehicle 
for modal testing

CubeSat payload 
integration complete

NEA Scout
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Presentation Notes
The modal test series sought to understand the vehicle’s natural frequencies to help ground computer models and improve the flight computers that will fly the rocket. The team placed hydraulic shakers at seven locations on the rocket and imparted forces. Additionally, a small hammer delivered calibrated taps near key parts of the navigation system to understand the dynamics local to those spots. A hammer on a dolly was also moved to different locations on the mobile launcher to impart further vibrations. In all, approximately 300 sensors attached to the rocket and mobile launcher detected, recorded, and transmitted the data to the engineers.
The test series was performed over multiple days, for 10 hours each day, during the overnight shift in the VAB when activity level in the building and surrounding areas is low. This quieter environment helped ensure a higher quality of data. The sensors remain on the vehicle and collected vibration data during rollout of the launch vehicle to Launch Pad 39B for WDR.
In addition to the modal tests, teams also completed a number of other tests, including the Interface Verification Test, the Communications End-to-End Test, the Umbilical Release and Retract Test, and the Countdown Sequence Test. They also uploaded the flight software that will fly the mission.
During one of the evaluations, which involved powering up the RS-25 engines, a problem was discovered with one of the engine controllers – the computers on the RS-25 engines. After analysis, the decision was made to remove and replace the engine controller – the first time this procedure has been done with SLS on the mobile launcher. The controller was sent to manufacturer Honeywell for further analysis, where the issue was tracked to a memory chip in the controller. Proper flight rationale has been developed, and the problem is not an issue for flight.
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We are currently completing our last big test campaign of the integrated vehicle before launch – the Integrated Test and Checkout
10 optimized tests in the VAB, during rollout and on the launch pad
Collecting operational data, engineering data and development data
Modal
Interface Verification
Communications End-to-end
Umbilical Release and Retract
VAB Project Specific Engineering
Countdown Sequence Test
Flight Safety System
Dynamic Rollout Test
Launch pad Project Specific Engineering Test
Wet Dress Rehearsal
While that’s in progress, we completed CubeSat integration for deployment during the mission.




ARTEMIS I VEHICLE ROLLED TO PAD
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The Artemis I stack atop the mobile launcher rolled out to Launch Complex 39B atop the crawler-transporter 2 for a wet dress rehearsal ahead of launch, March 17-18. There, it went through a series of tests (including Wet Dress Rehearsal) before launch.​
10 hour, 28 minutes to traverse the 4+ mile trip from the VAB to Launch Pad 39B; Activities included in rollout included the dynamic rollout test (DRT) that included moving the stack at different speeds, accelerations, and decelerations to capture dynamics data on the vehicle and ML to help further ground computer models. Normal rollout will take approximately 8 hours, but this took longer in part to test and collect data.​
A top speed of 0.82 mph (1.3 km/h) was reached.​
Once at the pad, the vehicle and ML were connected to launch pad commodities, and systems were prepared for testing
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WDR Overview Notes:
Testing at Launch Pad 39B, including RF testing, communications testing with the vehicle to the Launch Control Center at KSC, Mission Control in Houston, and the SLS Engineering Support Center at MSFC
Three WDR attempts were made with multiple objectives being met and successful use of the problem-solving trees to evaluate and continue progress, despite multiple challenges
Prior to the first tanking attempt, lightning strikes occurred on the lightning protection system that protects the vehicle, ML, and launch pad from lightning. While not part of the original test program, the strikes gave the teams the opportunity to practice the established protocols
During multiple tanking attempts, issues with the gaseous nitrogen supply and temperature issues with the LOX occurred, causing delays. The first WDR attempt was scrubbed due to positive pressure fans not operating properly.
The second attempt saw some LOX loaded into the core stage LOX tank, but the attempt was forced to be scrubbed when a vent valve control panel on the ML was not operating properly.
Following the second attempt, a problem with the ICPS helium check valve was discovered, and the plan was made to fill the core stage with its cryogenics and chilldown the ICPS lines and system to see if any leaks occurred. During the third attempt, a leak in the tail service mast umbilical’s LH2 line was detected, prompting a scrub.
The decision was made to bring the vehicle and ML back to the VAB to make necessary repairs was the GN2 supplier made necessary repairs and upgrades to support Artemis needs.




10/7/2021
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This mission map showcases Artemis I, the upcoming uncrewed integrated flight test of NASA’s Orion spacecraft and SLS.

The Artemis I mission will be the debut test flight of SLS and will launch the Orion spacecraft to a distant retrograde orbit (DRO) about the Moon. During the mission, Orion will travel approximately 40,000 miles (64,000 km) beyond the Moon – the farthest distance a spacecraft designed for humans has ever traveled. The highly elliptical lunar orbit will bring Orion as close as 62 miles (100 km) to the lunar surface. The mission duration is dependent on the exact launch date and will be between 25-42 days. The SRBs and core stage will inject the ICPS and Orion into an initial Earth orbit of 98 by 1,110 nm (157 by 1,776 km).
Following one revolutions, the ICPS will perform the trans-lunar injection burn approximately 2 hours after launch. Following spacecraft separation, the ICPS will deploy 10 secondary payload CubeSats at pre-determined times 
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• Lunar IceCube
(Morehead State University)

• LunaH-Map 
(Arizona State University) 

• OMOTENASHI (JAXA)
• LunIR (Lockheed Martin)
• EQUULEUS (JAXA)

MOON

SUN
• CuSP (Southwest 

Research Institute)

…AND MORE
• BioSentinel (NASA)
• Team Miles (Miles Space)

EARTH-MOON
• ArgoMoon (ESA/ASI)

ARTEMIS I CUBESATS HITCH A
RIDE TO SPACE

• NEA Scout (NASA)
ASTEROID
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Artemis 1 will also carry 10 6U CubeSats in the Orion Stage Adapter
SLS provided a secondary payload deployment system for the CubeSats, including a vibe isolation system, mounting brackets, cables and avionics unit
CubeSats will use a COTS dispenser
A couple highlights, CubeSats with the chance to return data that may be of use to Artemis program:

Searching for ice deposits and resources on the moon using a laser. 
• Lunar IceCube – Morehead State University, Kentucky 
Searching for water in all forms and other volatiles on the moon with an Infrared Spectrometer
• LunaH-Map – Arizona State University, Arizona 
Creating higher fidelity maps of near-surface hydrogen in craters and other permanently shadowed regions of the moon’s south pole with neutron spectrometers. 
• OMOTENASHI – JAXA/University of Tokyo 
Observing the radiation environment and soil mechanics of the moon. 
• LunIR – Lockheed Martin, Colorado 
Performing advanced infrared imaging of the lunar surface. 

Others in case you get a question
SUN 
• CuSP – Southwest Research Institute, Texas 
Measuring particles and magnetic fields as a space weather station. 

ASTEROID 
• NEA Scout – Marshall Space Flight Center, Alabama 
Traveling by solar sail to a near-Earth asteroid and taking pictures and other characterizations of its surface. 

EARTH 
• EQUULEUS – JAXA, University of Tokyo 
Imaging the earth’s plasmasphere for a better understanding of earth’s radiation environment. 

OTHER MISSIONS 
• BioSentinel – Ames Research Center, California 
Using single-celled yeast to detect, measure, and compare the impact of deep-space radiation on living organisms over a long period of time. 
• ArgoMoon – European Space Agency/ASI, ArgoTec, Italy 
Observing the Interim Cryogenic Propulsion Stage as it follows its disposal stage with advanced optics and software imaging system. 

CENTENNIAL CHALLENGES  
Team Miles – Miles Space will demonstrate evolutionary plasma thrusters




EQUULEUS from JAXA Lunar IceCube from 
Morehead State 

University

NEA Scout from Marshall Space 
Flight Center OMOTENASHI from JAXA

Team Miles

ARTEMIS I CUBESAT PAYLOAD INTEGRATION

0869
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While one team was stacking the rocket in the VAB, another team was installing small payloads in the Orion Stage Adapter (OSA) and getting them ready for their trip to deep space. Teams at KSC installed 10 CubeSats in the OSA. 
In the adapter that connects SLS to Orion, there was some unused space. NASA decided to give a ride to CubeSats, or small science missions and technology demonstrations. Each one is about the size of a toaster oven
Top left, the CubeSat from Team Miles is going to attempt to communicate from Earth from extremely far away and was developed by a group of citizen scientists
Center, two missions are being supplied from the Japanese space agency, JAXA. The bottom one, OMOTENASHI, will attempt to land on the Moon. If successful, it will set a record for being the smallest lunar lander yet and make Japan the fourth country to land on the moon
Bottom left, NEA Scout from Marshall and JPL will use a solar sail to cruise to an asteroid near Earth and take some measurements
Top right, Lunar IceCube from Morehead State University in Kentucky will travel to the moon and search for water ice and other volatiles at the lunar south pole




• Test Orion’s heat shield at lunar re-entry velocities 
– 24,500 mph or Mach 32 

– Re-entry will be as hot as 5,000°F – half as hot as the surface 
of the Sun! 

• Test all SLS, Orion systems in deep space environment

• Test recovery systems and retrieve Orion

• Test all ground processing and launch facilities

• Deploy secondary payloads (CubeSats)

Rigorous checkout prior to 
crewed flights

ARTEMIS I TEST OBJECTIVES
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Picture: During Underway Recovery Test-8, NASA's Landing and Recovery team from Exploration Ground Systems at Kennedy Space Center performed their first full mission profile test of the recovery procedures for Artemis I aboard the USS John P. Murtha in the Pacific Ocean. 

Artemis I is a test mission – it paves the way for other Artemis missions as well as a future of humans living and working in deep space. 
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Artemis II will be the first flight of SLS and Orion with crew.  The mission will send astronauts on a lunar flyby mission that will help lay the ground work for Artemis III and the first crewed landings.

An important aspect of the mission are the proximity operations that will be performed following Orion’s separation from the ICPS.  The crew will turn Orion around and maneuver the spacecraft relative to targets painted on the ICPS. These operations are vital for the Artemis III mission, which will have the first docking the program.  Following proximity operations, the ICPS will do a burn and enter an Earth-centric disposal orbit.
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SLS PROGRESS TOWARD ARTEMIS II

Orion Stage Adapter painted

RS-25 engines complete

ICPS in final processingBooster motor
segments complete

0936

Launch Vehicle Stage 
Adapter 

Four-fifths of Artemis II core stage assembled

Presenter Notes
Presentation Notes
Lots of progress toward Artemis II:
All booster motor segments complete and in storage for second flight
All four flight engines complete and stored in place; all controllers green run
Core Stage 2: All major components manufactured; the 4/5ths join (forward skirt, LOX tank, intertank, hydrogen tank) is complete
LVSA welding complete, foam application complete, LVSA moved to another building and has had the frangible joint installed 
Welds complete for OSA at MSFC, and OSA has been painted
ICPS is mostly complete and has shipped to ULA at Cape Canaveral for final work. It is currently being stored in the Horizontal Integration Facility (HIF) at the Cape and is in final processing. 
Also realizing production improvements in building CS-2:
Although we have prioritized our resources to complete CS-1, the Artemis 2 core stage production schedule currently is averaging 50% improvement in schedule over the Artemis 1 core stage
We have so far seen a 70% improvement in labor hours on the engine section and 33% improvement on the intertank.
To break that down further, for the engine section, the most complex section of the core stage, we have seen a significant improvement in manufacturing discrepancies, a 97% improvement in rework hours and an overall 70% improvement in baseline labor hours required
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Artemis III: NASA will land astronauts on the Moon by 2024 on the Artemis flight of SLS and Orion and about once a year thereafter.  Spend up to 6.5 days on lunar surface

Field geology, sample collection and return, and deployed experiments all are part of the necessary mix of work to advance a science program at the Moon. 

Artemis III has the potential to enable the science community to make significant progress on many of the identified priority science goals, including increasing our understanding of how the Moon formed and evolved, how it interacts with the Sun, and how water and other resources arrived at the Moon, are transported, and currently are preserved.
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Artemis III will feature the first crewed landing on the Moon since Apollo 17.  The mission will use an SLS Block 1 Crew to launch Orion and the crew to the Moon with an ultimate lunar orbit insertion in the near rectilinear halo orbit (NRHO), which will enable them to reach their landing site at the lunar south pole – an area of the Moon Apollo astronauts did not explore.
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Artemis III and FSB-2 
booster segments

Universal stage adapter manufacturing 
demonstration article

Pathfinder composite case

RL10 engines complete Artemis III RS-25 flight 
set processing

E2054

E2057

E204878%

50%

E2061

Artemis III core stage 
Liquid Hydrogen tank 

SLS PROGRESS TOWARD ARTEMIS III 
AND BEYOND

EUS Interstage weld confidence, 
development articles
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Significant progress toward third flight and B1B: 

Left: The Artemis III right-hand aft segments (horizontal) and the FSB-2 aft segment (vertical) undergo nondestructive evaluation after being cast with propellant. 
Top Center Top: Universal Stage Adapter development work.
Top Center: Five of 6 completed RL10 engines to support both ICPS and EUS. 
Top Right: Artemis III flight engine set progress.
Bottom 2nd from left: Artemis III core stage LH2 tank
Bottom 3rd from left: EUS weld confidence panels at MAF
Bottom right: Trial composite wound case for BOLE boosters
Not Shown: Planning underway for modifications at Michoud Assembly Facility to accommodate expanded core stage/EUS production.

So, as you can see, a lot of hardware in the pipeline. 



FSB-1 BOOSTER TEST
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VIDEO – 7 seconds with sound 

NASA completed a full-scale booster test for NASA’s Space Launch System rocket in Promontory, Utah, on Sept. 2. NASA and Northrop Grumman, the SLS booster lead contractor, will use data from the test to evaluate the motor’s performance using potential new materials and processes that can be incorporated into future boosters. NASA has a contract with Northrop Grumman to build boosters for future rocket flights.

NASA is preparing for another full-scale booster test at Northrop Grumman’s Utah test range later this year.
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VIDEO – with sound – one minute long

This test on the A-1 Test Stand was a “green run” test of an RS-25 flight controller. The test was part of the SLS Program's RS-25 affordability initiative – a collaborative effort between NASA and industry partner Aerojet Rocketdyne to reduce the engine's overall production costs by using new advanced manufacturing techniques while maintaining reliability and safety. Engineers were able to make the pogo accumulator with fewer welds using additive manufacturing, reducing the cost and time needed to make it. NASA is testing the RS-25 engines and controllers to help power the SLS rocket designed and send astronauts to deep-space destinations. The RS-25 engines for the initial SLS flights are leftover space shuttle main engines, modified to supply the added power needed for the larger, heavier SLS rocket.

Beginning with Artemis V, new-production RS-25 engines will be used. Aerojet Rocketdyne is building the first six of the new engines that will cost less to manufacture and will operate at 111 percent thrust compared with the current engines that will operate at 109 percent thrust. These new engines incorporate modern fabrication techniques, including 36 additively manufactured parts.

While new engines and engine components are being built, the Retrofit 3 test series is underway at SSC. The test series is focused on evaluating and qualifying the components and engines. In March, the first part of the test series, Retrofit 3a, was completed. The Retrofit 3a test series was comprised of five engine tests.







THIS IS AMERICA’S ROCKET

ORION
The only spacecraft capable of carrying and 
sustaining crew on missions to deep space, 
providing emergency abort capability, and 
safe re-entry from lunar return velocities

SLS
The only rocket with the power and 
capability required to carry astronauts to 
deep space onboard the Orion spacecraft

NATIONAL CAPABILITY
The SLS and Orion programs (including 
Exploration Ground Systems at Kennedy 
Space Center) leverages over 3,800 
suppliers and over 60,000 workers across 
all 50 states

SLS-
4096

Presenter Notes
Presentation Notes
NASA is building the most powerful rocket ever built, the Space Launch System.  

Built for America – in the public eye – for a new generation of space explorers. This is America’s rocket. 

SLS is the only exploration-class vehicle capable of sending humans to deep space along with the large systems necessary to live and work in deep space.

SLS has the power and capacity to lift large and complex payloads, reducing the number of launches needed to put hardware into space.

SLS stands at 322’ tall, weighing in at 5.75 million pounds and boasting 8.8m lbs of thrust.

With all that power and capability, SLS is the only rocket capable of fulfilling the missions of the Artemis program. 



nasa.gov
images.nasa.gov

@NASA_SLS

NASASLS

youtube.com/nasa

@NASAArtemis
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The best way to keep up to date with SLS news is to follow us on social media. 

For each step of completion of the upcoming stacking of Artemis I, we’re posting pictures on social media and the web page.

Any questions? 
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