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Abstract— The first flight of NASA’s new exploration-class 

launch vehicle, the Space Launch System (SLS), will test a 

myriad of systems designed to enable the next generation of deep 

space human spaceflight, and launch from Kennedy Space 

Center no earlier than December 2019. The initial Block 1 

configuration for EM-1 will be capable of lofting at least 70 

metric tons (t) of payload and send the Orion crew vehicle into 

a distant retrograde lunar orbit, paving the way for future crew 

missions to cislunar space and eventually Mars. A Block 1B 

version of SLS will lift at least 34 t to trans-lunar injection (TLI) 

in its crew configuration and at least 37 t to TLI in its cargo 

configuration no earlier than 2024. For Mars-class payloads, 

larger fairings and payload adapters for the Block 2 cargo 

vehicle are under consideration. For missions beyond the Earth-

Moon system, SLS offers greater characteristic energy (C3) 

than any other launch vehicle, enabling shorter transit times or 

heavier payloads with more robust science packages for 

missions to the outer solar system. Indeed, the unmatched 

combination of thrust, payload volume and departure energy 

that SLS provides opens new opportunities for human and 

robotic exploration of deep space. 

To support the delivery of infrastructure on all of these flights, 

a family of SLS Payload Adapters (PLA) is being developed to 

provide ELV class (1575mm, 2624mm, 4394mm) and larger 

spacecraft/payload interfaces for both crewed (Orion) and 

cargo (fairing) missions. These PLAs also provide the potential 

of accommodating various configurations of 6U, 12U and 27U 

Secondary Payloads (SPL). Work on demonstrating the 

manufacturing of these 8.4m diameter composite structures is 

already in progress at Marshall Space Flight Center in 

Huntsville, Alabama, which manages the SLS Program. 

Because of the many potential configurations required to 

support SLS missions ranging from sending Europa Clipper to 

Jovian space to establishing a lunar orbiting Gateway, there is a 

critical need for establishing the fewest PLA designs that can 

accommodate the most SLS payloads possible. This paper will 

summarize applications from a NASA Engineering and Safety 

Center (NESC) led Model Based Systems Engineering (MBSE) 

pathfinder activity to develop a “digital” PLA feasibility 

assessment approach. This approach will help potential users 

optimize their interface to SLS by providing analysts with the 

means to reduce PLA feasibility definition cycle time/effort by 

over 75%. This also allows more feasibility assessment “turns” 

available to single and multiple payload elements on a single 

SLS launch. This translates into providing users with options 

that allows them to optimize upmass available to payload versus 

being required for PLA structure.  

 

 

TABLE OF CONTENTS 

1. INTRODUCTION ....................................................... 1 
2. CORNERSTONE OF NASA’S DEEP SPACE 

EXPLORATION SYSTEM ............................................. 2 
3. SLS MISSION OPPORTUNITIES .............................. 2 
4. SLS PAYLOAD ACCOMMODATIONS ...................... 4 
5. MBSE PATHFINDER: SLS PAYLOAD ADAPTER 

DESIGN DEFINITION ................................................... 7 
6. NEXT STEPS ............................................................ 8 
7. SUMMARY ............................................................... 9 
REFERENCES .............................................................. 9 
BIOGRAPHY ................................................................ 9 

 

1. INTRODUCTION 

The first mission of the National Aeronautics and Space 

Administration’s (NASA’s) new super heavy-lift launch 

vehicle, the Space Launch System (SLS), and the Orion 

spacecraft, launching from revitalized facilities at Kennedy 
Space Center (KSC), will send the Orion crew vehicle into 

lunar distant retrograde orbit (DRO) on a flight test known as 

Exploration Mission-1 (EM-1) shown in Figure 1. This 

mission, scheduled to last about 25 days, will enable NASA 

to verify and validate new systems before sending astronauts 

Figure 1. NASA’s Space Launch System (SLS) and 

Orion spacecraft 

https://ntrs.nasa.gov/search.jsp?R=20190002144 2019-12-26T17:28:23+00:00Z
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to deep space on Exploration Mission-2 (EM-2). With these 

exploration missions, NASA will mark the return of its 

human exploration programs to cislunar space for the first 

time since Apollo 17 in 1972.  

NASA plans to use the SLS Block 1 crew vehicle for the first 

two exploration missions. The SLS Program, managed at 

Marshall Space Flight Center (MSFC) in Huntsville, 

Alabama, USA, and its prime contractors have made 

significant progress toward first launch, with several major 

components of the vehicle complete and delivered to the 

Exploration Ground Systems (EGS) Program at Kennedy 

Space Center (KSC), which has responsibility for integrating 

and launching the system.  

With a planned path forward of progressively more powerful 

vehicles available in both crew and cargo configurations, SLS 

will provide the lift capability, payload capacity, and 

departure energy to make the world’s most demanding 
missions a success. In fact, SLS offers power, volume and 

characteristic energy (C3) that haven’t been seen since the 
Saturn vehicles, opening options for transformative human 

exploration and science missions. 

 

2. CORNERSTONE OF NASA’S DEEP SPACE 

EXPLORATION SYSTEM 

 

SLS is not one launcher. Rather, it’s a system of launch 
vehicles suitable for a variety of super heavy-lift missions to 

a variety of destinations beyond low-Earth orbit (LEO). The 

major variants, Block 1, Block 1B and Block 2, provide 

incrementally improved lift capabilities and each block 

variant will be available in crew and cargo configurations. 

Cargo configurations will utilize payload fairings (PLFs) in a 

variety of sizes, from industry-standard 5-meter (m) diameter 

to 8.4-m diameter, with larger diameter fairings under 

evaluation.  

For all vehicles in the series, primary propulsion will be 

supplied by two boosters and four liquid hydrogen/liquid 

oxygen (LH2/LOX)-fueled RS-25 engines. For the first two 

variants, Block 1 and Block 1B, the boosters and engines are 

derived from the Space Shuttle Program but upgraded to meet 

more stringent SLS performance requirements and more 

extreme operating environments. An all-new core stage will 

house the propellant tanks, the four RS-25 engines, the flight 

computers and provide the attach points for the boosters. 

Towering 64.6 m, the SLS core stage is the largest rocket 

stage ever constructed in terms of volume and length and 

required the world’s largest spacecraft welding tool, the 
Vertical Assembly Center (VAC), for joining the sections. 

The VAC was installed at NASA’s historic Michoud 

Assembly Facility near New Orleans, Louisiana, USA, and 

the friction-stir welding tool has produced a series of test and 

flight hardware for the first two missions. The upper stage 

and payload sections of the vehicles, in addition to required 

adapters, will vary according to block configuration and will 

be discussed below. To meet its ultimate lift capability of at 

least 45 t to TLI, Block 2 will feature upgraded boosters for 

maximum performance (see Figure 2).  

 

 

3. SLS MISSION OPPORTUNITIES 

SLS offers substantial benefits to spacecraft designers and 

mission planners in terms of greater mass, volume and 

departure energy than Expendable Launch Vehicles (ELV) 

can provide. These primary benefits make possible a variety 

of secondary benefits too. For example, greater payload 

volume and mass can decrease the need for miniaturization 

and origami-like deployments, thus simplifying the 

spacecraft design cycle, as well as complexity and risk.  

Figure 2. The evolutionary block upgrade path for SLS 
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Reducing transit time by enabling a direct trajectory without 

gravitational assists reduces mission risk and operational  

cost, and can eliminate the need to design for inner solar 

system conditions.  

Program managers envision an eventual flight processing 

throughput capacity of two to three SLS flights per year, 

making flight opportunities available to NASA mission 

directorates, international partners, private industry, 

academia and other government agencies. SLS can 

accommodate Primary Payload (PPL), Co-manifested 

Payload (CPL), and Secondary Payload (SPL) and is actively 

engaged with the science community to understand demand 

and provide information on the unique capabilities of the 

evolvable system. The SLS Program has a Mission Planner’s 
Guide available in a downloadable PDF format, to provide 

basic technical details on the system: 

https://ntrs.nasa.gov/archive/nasa/casi.ntrs.nasa.gov/201700

05323.pdf 

While the primary purpose of SLS is to enable human 

exploration of the solar system with the Moon as a 

foundational proving ground, a myriad of mission types will 

benefit from the mass, volume and departure energy that SLS 

provides, including planetary science, astrophysics, 

heliophysics, planetary defense, and commercial endeavors.  

Lunar Missions 

 NASA’s Human Exploration & Operations Mission 
Directorate (HEOMD) has outlined plans for a new lunar 

orbiting science outpost, the Gateway, to be constructed in 

the 2020s. The Gateway will serve as a proving ground for 

technology and science missions to both better understand the 

Earth-Moon system and inform future missions to Mars and 

deeper into the solar system. The superior lift and payload 

volume abilities of SLS Block 1B will enable the Agency to 

send Orion and a CPL, such as a habitat module or a reusable 

lunar lander for astronauts, to the Gateway in a single launch, 

simplifying mission design (see Figure 3).  

Opportunities for international collaboration on Gateway 

components that will go to the outpost as CPLs will enhance 

peaceful international cooperation while commercial 

vehicles have a role to play providing logistics flights and 

delivery of other elements. For deploying more massive 

Gateway infrastructure, Block 1B cargo flights featuring the 

8.4 m fairing in varying lengths will be available by the mid 

2020s. The super heavy-lift capability of SLS may yield a 

significant mass margin that can be used to carry additional 

consumables or secondary payloads in 6U, 12U or larger 

sizes.  

Mars Missions 

With the construction of the lunar Gateway and proving out 

deep space technologies as an intermediate step, Mars 

remains an Agency – and international – horizon goal. In 

addition to sending astronauts to the Moon to expand 

knowledge of working in deep space environments, SLS may 

be used to launch future missions to Mars from the Gateway 

using a fully evolved Block 2 SLS vehicle. 

Missions to the Outer Planets 

SM-1, the Europa Clipper mission currently launching on the 

Block 1 cargo vehicle, provides a case study for utilization of 

the superior SLS departure energy to shorten cruise time, 

enabling faster data return and simpler mission design. SLS 

can directly inject this flagship science mission into Jovian 

space, eliminating the seven-to-eight-year Venus-Earth-

Earth gravitational assist 

trajectory a Delta IV Heavy 

would require to send the 

spacecraft to Jupiter’s icy ocean 
moon. With the Block 1 SLS 

vehicle, transit to Europa will 

be less than three years, 

providing earlier science return 

and reduced operational costs 

(see Figure 4). 

In addition, a shorter outbound 

cruise phase means the 

spacecraft needs less radiation 

shielding and saves mass, 

which can translate to a more 

robust science payload. If a 

follow-on Europa lander 

mission comes to fruition, that 

mission could use the 

performance of SLS, not for 

decreased transit time, but for 

increased mass, using a 

gravitational-assist trajectory to 

deliver a large payload with a 

launch mass of 16 t. In addition, 

the earlier science return of the 

Clipper mission will inform the 

lander study. 

Looking farther into the solar system, scientists could utilize 

the unique capabilities of SLS to send probes to the icy 

Figure 41. SLS can 

launch the “Europa 

Clipper” on a direct 

trajectory without 

gravity assists 
Figure 3. SLS delivers Orion crew vehicle and Co-

manifested Payloads (CPLs) to NASA’s lunar Gateway 

https://ntrs.nasa.gov/archive/nasa/casi.ntrs.nasa.gov/20170005323.pdf
https://ntrs.nasa.gov/archive/nasa/casi.ntrs.nasa.gov/20170005323.pdf
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worlds of Uranus and Neptune to investigate the atmospheric 

and magnetic properties and conduct flybys of larger 

satellites. SLS can send spacecraft on direct trajectories to 

these systems also, opening new horizons for exploration 

with faster data return for investigators.  

Astrophysics 

In the field of astrophysics, the unmatched payload volume 

in SLS fairings, whether 8.4 m diameter (Figure 5) or 

potentially larger fairings, facilitates launch of large-aperture 

telescopes that could put a view of cosmic dawn – or life on 

exoplanets -- within our reach. The unmatched payload 

volume of SLS could be used to deploy telescopes potentially 

as large as 16 m in diameter to make ultra-high-contrast 

spectroscopic observations of exoplanets or image the first 

galaxies. Such a capability would address a need identified in 

the 2013 NASA astrophysics roadmap, “Enduring Quests, 
Daring Visions.” A space telescope larger than the James 
Webb Space Telescope could be engineered to utilize the 

largest fairing under study – a 10 m-diameter, 27.4-m long 

PLF. Such a telescope could be stationed at a Sun-Earth 

Libration Point to allow scientists to explore the universe, 

characterize supermassive black holes, investigate the history 

of hundreds of galaxies and uncover the secrets of dark 

matter.  

Interstellar Medium Missions 

SLS could be used to send a small probe to interstellar space, 

in concert with a cleverly designed mission design to explore 

the interstellar medium. Maximizing the staging efficiency to 

reduce flight times could enable a project goal of achieving 

1,000 astronomical units (AU) in 50 years. Mission concepts 

include investigation of the interstellar medium and its 

influence on the solar system, and the characterization of 

interstellar gas, low-energy cosmic rays, dust and magnetic 

fields 

Using the Sun as a gravitational focus in order to study 

features on distant exoplanets is another mission concept that 

SLS could enable. Einstein’s Theory of General relativity 
predicts that light bends around a massive object – such as 

the Sun. However, the effect is tiny and only observable at 

significant distance from objects of enormous mass. 

Consequently, the focal point of a solar lens must be at least 

550 AU distant, beyond Pluto’s orbit and past the Kuiper 
Belt, which extends a mere 50 AU. SLS could be used to 

deploy a telescope at the focal line of the gravitational lens in 

order to study a distant exoplanet in unprecedented detail. 

 

4. SLS PAYLOAD ACCOMMODATIONS 

SLS offers substantial benefits to spacecraft designers and 

mission planners by being sized to enable crewed Orion  and 

un-crewed cargo exploration missions beyond LEO. Figure 6 

details the four types of Spacecraft/Payload that can be 

accommodated within SLS as it evolves from Block 1 to 

Block 1B/2.  

SLS Payload Types and Payload Enclosures 

SLS payload types include: 

• Orion spacecraft – crewed spacecraft accommodated on an 

SLS Block 1 Orion Stage Adapter (OSA) or Block 1B/2 

Universal Stage Adapter (USA) that determines primary 

mission trajectory via an upper stage injection burn 

• PPL – uncrewed spacecraft/payload accommodated in an 

SLS Block 1/1B/2 PLF or Payload Adapter (PLA) that 

determines primary mission trajectory via an upper stage 

injection burn 

o 16.4 ft (5 m) class diameter payloads to be 

accommodated on Block 1 

o 27.6 ft (8.4 m) diameter payloads to be accommodated 

on Block 1B 

o 27.6 (8.4 m) and 33 ft (10 m) diameter payloads to be 

accommodated on Block 2 

 

• CPL – uncrewed spacecraft/payload accommodated within 

an SLS Block 1B/2 USA/PLA; compatible with an Orion-

determined trajectory via an Exploration Upper Stage 

(EUS) injection burn 

o Orion docks to CPL and delivers CPL to its final 

destination (Orion CPL) 

o Or, post-Orion separation, CPL delivers itself to final 

destination (independent CPL) 

 

• SPL – accommodated within an SLS Block 1 OSA, Block 

1B/2 USA/PLA, or Block 1B/2 PLF/PLA; compatible with 

an Orion- or PPL-determined trajectory via an EUS 

injection burn 

o SPL opportunity for flight is based on minimizing 

impacts to overall flight and ground systems 

architecture and not jeopardizing crew safety 

o Multiple OSA locations for ≤12U-sized CubeSats 

o Multiple PLA locations for ≤27U-sized CubeSats 

o Accommodation of larger than 27U SPL above the PLA 

Figure 5. SLS provides unique benefits for a number 

science missions 

Figure 5. SLS provides unique benefits for a number 

science missions 
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Figure 7 provides detail on a range of payload enclosure 

concepts potentially available depending on mission 

definition and timing. A commercial off-the-shelf (COTS) 

5.1 m diameter PLF is planned for SLS Block 1 cargo flights. 

For Block 1B/2 crewed flights, the SLS USA is required to 

accommodate Orion. The USA volume, which is larger than 

Universal 
Stage 

Adapter
(USA)

Orion 
Spacecraft

Co-Manifested 
Payload (CPL)

Upper Stage

Primary 
Payload (PPL)

Payload 
Fairing
(ref.)

Secondary Payloads (SPL)

Payload Adapter (PLA) Mount

Figure 7. Range of Potential SLS Payload Fairings and Stage Adapter Concepts 

Figure 6. Range of SLS Spacecraft/Payload Accommodations 
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that provided by the largest available 5 m diameter PLF, 

allows payload to be co-manifested with Orion on every crew 

flight, if needed. An option exists to add a nose cone to 

convert the USA into the 8.4 m USA PLF concept, if needed 

prior to the availability of a purpose-built 8.4 m PLF. The 

SLS 8.4m PLF, Short concept is equivalent in height to 

today’s tallest Expendable Launch Vehicle (ELV) fairings 

and the 8.4m PLF, Long concept is the tallest fairing length 

that can be accommodated within existing launch site 

encapsulation facilities. These lengths are representative of 

the total range of 8.4m PLFs under consideration, and not 

meant to imply a particular design implementation at this 

time. The SLS 10m PLF concept is currently envisioned to 

support Mars exploration flights, as well as large-volume 

payloads (e.g., nuclear thermal propulsion, large-aperture 

telescopes). 

SLS Payload Adapters 

Similar to ELVs, the mechanical interface between the SLS 

Block 1B/2 launch vehicle and a PPL or CPL is provided by 

a mission-dependent PLA, consisting of up to three 

components, as shown in the upper left of Figure 8: 

• Payload Attach Fitting (PAF): a structural/service 

interface to the 8.4 m-diameter SLS EUS Forward 

Adapter. The PAF is configured with a Payload 

Separation System (PSS) and optionally with a Payload 

Interface Adapter (PIA) to accommodate various 

spacecraft/payload interfaces as needed.  

• Payload Interface Adapter (PIA): an optional 

structural/service interface between the PAF and PSS 

available to maximize diameter and/or height available 

based on spacecraft/payload needs. 

• Payload Separation System (PSS): a spacecraft/payload 

structural separation interface mounted on a PAF or 

optionally on a PIA. Depending on the interface diameter 

required, the PSS can support a variety of COTS PSS 

(e.g., D1666 or 1666VS) or larger, new-development PSS 

as needed. 

Figure 8 also details the physical characteristics of three 

representative SLS Block 1B 8.4m PLAs. All PLAs interface 

to the 8.4 m diameter upper stage at the bottom and utilize the 

same cone angle. However, as SLS is an 8.4 diameter launch 

vehicle, providing larger than 5 m-class ELV diameter PLA 

interfaces to spacecraft/payload (i.e., > 4 m diameter) is more 

efficient in terms of mass and volume. Therefore, the baseline 

PLA for initial SLS Block 1B flights is the PLA4394. The 

other PLA concepts shown are provided for reference only to 

demonstrate accommodation commonality with current 5 m 

diameter ELV-class payloads. It would seem that this family 

of PLAs will grow as more and more payloads take advantage 

of unique payload diameter and volume of SLS. Hence, it is 

expected that larger PLAs than the current PLA4394 may be 

needed in the future as additional exploration missions are 

defined.  

Typically, the SLS Block 1B/2 PAF is constructed of 

composite sectors with horizontal and vertical joints. Payload 

Figure 8. Range of Potential SLS Payload Adapter Baselines and Concepts to Date 










