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National, NASA, and Marshall Budgets  
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FY2013 
$3.8T 

FY2014 
$3.8T 

FY2015 
$3.9T 

 

FY2016 
$4.0T 

Requested $17.7B $17.7B $17.5B $18.5B 
 

 
 

Enacted 

$17.5B 
 

$17.6B $18B TBD 

Requested $2.2B $2.2B $2.1B $2.1B 

 
 

Enacted 

$2.3B $2.3B $2.5B 
(projected) 

TBD 

Science 
29% 

Aeronautics 
Research 

4% Space 
Technology 

3% 

Exploration 
24% 

Space 
Operations 

21% 

Education 
1% 

Safety, 
Security, and 

Mission 
Services 

15% 

CECR 
3% 

Inspector 
General 

0.2% 

NASA is 0.4% of USG Budget 
(10% of NASA budget during Apollo) 



    Exploration Systems Development Organization 

Space Launch System (SLS) 
John Honeycutt, Program Manager 

Orion Multi-Purpose  
Crew Vehicle (MPCV) 
Mark Kirasich, Program Manager 

Ground Systems Development  
& Operations (GSDO) 

Mike Bolger, Program Manager 

Exploration Systems Integration (ESI) 
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Mark Jernigan, Health & Medical TA 
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OSMA 
George Gafka, ESD Chief Safety Officer (CSO) 

George Deckert, Deputy ESD CSO 

OCE 
Jerry Cook, ESD Chief Engineer (CE) 

Marshall Smith, Deputy ESD CE 

ESD RMO 
Dave Lurie 

Integrated Programmatic & Program 
Control Integration Team (IPIT) 

Tom Rathjen, ESD 
Rob Yaskovic , GSDO 

Ned Penley, Orion 
Kathy Pollard, SLS 

Programmatic and Strategic Integration (PSI) 
Tom Rathjen (acting), Director 
Tom Rathjen, Deputy Director 

Exploration Systems Development 
 Bill Hill, DAA for ESD 

Tom Whitmeyer, Deputy DAA 
Mike Sarafin, EM-1 Mission Manager 

Budget Risk Schedule CM/DM Program. 
Comm 

System 
Safety 

Systems 
Engineering 

Integrated 
Design & 
Analysis 

System 
Integration 

Mission 
Management Interfaces 

Cross Program Integration Team (CPIT) 
Marshall Smith, George Gafka, ESD 

Jeff Angermeier, GSDO 
Lisa Hammond, Orion 
Gary Langford, SLS 

Cross-Program Systems Integration (CSI) 
Jerry Cook, Director/ESD CE 

Marshall Smith, Deputy Director/ESD CE 
Gary Lyles – SLS SE&I Leads 
Howard Hu– Orion SE&I Leads 

Phil Weber – GSDO SE&I Leads 
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SLS Block 1A and 1B 

130 t 

RS-25 Engines 

105 t 

Core Stage Core Stage 

70 t 

SLS Block 2 Cargo SLS Block 1B Crew 
 

SLS Block 1B Cargo 
 

Interstage 

Advanced 
Boosters 

Solid 
Rocket 

Boosters 

Exploration 
Upper Stage 

105 t 

SLS Block 1 

Orion 

Launch 
Abort 

System 

Launch Vehicle 
Stage Adapter 

Interim Cryogenic 
Propulsion Stage 

Exploration 
Upper Stage 

Cargo Fairing Cargo Fairing 

Interstage 

Universal  
Stage Adapter 

Solid 
Rocket 

Boosters 

Core Stage 

     



Solid Rocket Boosters 

•  Overview 
• World’s most powerful solid boosters for flight 
• Two Space Shuttle-heritage solid rocket boosters 
• Upgraded with fifth propellant segment to 3.6 million 

pounds of thrust capability 
• Status 

• First Qualification Motor test completed in March 2015; 
second scheduled for spring 2016. 

• Flight hardware in inventory at Kennedy Space Center; 
processing underway at Orbital ATK in Utah. 



RS-25 Core Engines 

•  Overview 
• World’s most powerful efficient and reliable liquid 

rocket engine 
• Four Space Shuttle-heritage RS-25s 
• Upgraded with new controller; engines certified    

at 418K pounds of thrust each 
• Status 

• Sixteen flight engines currently in inventory. 
• First test series completed in August 2015 at  
Stennis Space Center. 



Core Stage 

•  Overview 
• World’s largest rocket stage 
•  27.6 foot diameter; 200 feet tall without engines 
• Being built at the Michoud Assembly Facility outside 

New Orleans, La. 
• Status 

• Welding begins in late 2015 on core stage hydrogen and 
oxygen tanks. 

• Refurbishment underway on B1 stand at Stennis for 
Green Run core stage test. 



Qual Hardware 

Flight Hardware 
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IN WORK 

 
COMPLETE 

 
ON HOLD  

 
NOT IN QUAL  

 

Weight of Qual  Primary Structure Complete: 64,740 lb.  Of  107,000 lb.  (60.5%) 

Gore Assembly Gore Assembly Gore Assembly Gore Assembly 

Dome Assembly Dome Assembly Dome Assembly Dome Assembly 

    Core Stage Hardware Progress at MAF 

0034 VB Symposium.9 

IN WORK 

 
COMPLETE 

 
ON HOLD  

 

Weight of CS1 Primary Structure Assembly Complete: 50,887 lb. of  111,721 lb. (39.4%) 

Gore Assembly Gore Assembly Gore Assembly Gore Assembly 

Dome Assembly Dome Assembly Dome Assembly Dome Assembly 



Upper Stage and Adapters  

•  Overview 
• Interim Cryogenic Propulsion Stage is derived from 
proven second stage of Delta IV Heavy 

• Launch Vehicle Stage Adapter and Orion Stage Adapter 
mate ICPS to core stage and Orion, respectively 

• Status 
• Orion Stage Adapter became first original SLS hardware 
to fly on Exploration Flight Test-1 in December 2014. 

• Structural test articles in manufacture currently; will begin 
stacking for testing in early 2016. 

 



EM-1 Secondary Payloads and Stage Adapter 

Core%Stage%

ICPS%

Orion%Spacecra1%
Adapter%

Launch%Vehicle%
Stage%Adapter%%

(LVSA)%

Orion%Service%Module%

Orion%Stage%Adapter%

•  HEOMD AES: 5 payloads  
•  SMD: 2 payloads 
•  STMD Centennial Challenges: 3 

payloads 
•  JAXA: 1 payload (1 potential) 
•  ESA/UKSA: 1 payload 
 
•  13 total payloads for EM1 



SLS: Path to the Pad 

• Qualification Motor 2 (QM-2) test, set for spring 2016,  
will officially qualify the booster ready to fly. 

• Fabrication of the Boosters for first flight will be completed in  
2017 and ship to Kennedy Space Center for assembly. 

• Development and flight engine testing will resume in 2016. 

• Core Stage assembly will begin soon and are on track for 
completion in 2016. 

• Structural Test Article (STA) Test Stands construction is 
underway and on schedule for completion in the summer of 
2016. 

• Core Stage STAs will be qualified on the new  
STA test stands in 2017. 

• The assembled Core Stage and engines will be tested at 
Stennis Space Center in 2017. 

• Upper Stage production is underway and Structural Test 
article testing will occur in 2016. 

STA Test Stands at MSFC 

QM-2 Test 

RS-25 Test Series 



ORION 
SPACECRAFT 

Launch Abort 
System 

Crew Module 
Service Module 
Spacecraft 
Adapter  
Jettison Panels 

 
 



Exploration Mission Timeline 

        May 2010 PA-1       Dec. 2014 EFT-1              EM-1                   AA2                    EM-2 
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1.6 inches thick 
 

Mass erodes by 20% 
during reentry 

Vehicle must slow 
down from  
20,000 MPH to 20 MPH 
 

11 Parachutes total,    
8 for crew module 
 

Deployment starts at 
300 MPH 

17 Events 
 

Start 6 minutes after launch 
 

Continue throughout the flight 

Vehicle travels      
15 times farther 
than ISS 
 

Flight passes 
through Van Allen 
radiation belts 



Exploration Mission Timeline 

        May 2010 PA-1       Dec. 2014 EFT-1              EM-1                   AA2                    EM-2 



Built for Going Beyond Earth Orbit 

LEO 
7,800 lb 

BEO 
18,965 lb 
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BEO 
210 Liters 

LEO 
40 Liters 

DRINKING WATER 

OXYGEN 
BEO 
190 L 

LEO 
36 L 

BEO 
14.8 FT3 

LEO 
2.8 FT3 

FOOD 

BEO 11.2 KM / 
SEC 

REENTRY SPEED 

LEO 7.8 KM / SEC 

RADIATION 

D
O

SE
 

SHIELDING 

BEO 

ISS 

ADVANCED CARBON 
DIOXIDE REMOVAL SYSTEM 

CARBON DIOXIDE FILTER 
BEO 
42 

LEO 
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Orion Service Module     



First Pathfinder Weld 



EM-1 Flight Hardware 



Orion Launch Abort System 



ESA SM Structural Testing 



Integrated Test Lab Mockup 



Ground Systems Development and Operations 

Crawler Transporter 

Mobile Launcher 

Launch Complex Pad 39B 

Vehicle Assembly Building 

Launch Control 
Center 



Ground Systems Progress 

PAD 39B  

Small Class Vehicle 
Launch Site 

Multi-user Flame Trench 
and Flame Deflector 

Water System 
Upgrade 

Clean Pad and New 
Lightning Towers 



Ground Systems Progress 

Vehicle Assembly Building 

Cranes 

Fire Protection Systems 



Crawler Transporter 

Jacking, 
Equalization & 

Leveling Cylinder 
Upgrades 

Gearbox Refurbishment 

Roller Assembly V&V Testing 

Control Room 4 

Launch Control 
Center 

Control Room 1 

Ground Systems Progress 



Ground Systems Progress 

The Orion Service Module Umbilical (OSMU) 
is being installed at the Launch Equipment 
Test Facility.  Testing begins in August. 

Testing of the Aft Skirt Electrical Umbilical 
(ASEU) was successfully completed at the 
Launch Equipment Test Facility in June. 
 

Mobile launch structural modifications are 
complete. Ground subsystem installation 
contract award planned for August. 



Explortion Mission 1: Uncrewed Distant Retrograde 
Orbit (2018) 

Objectives:  
•  Demonstrate spacecraft systems 

performance prior to crewed flight 
•  Demonstrate high speed entry (~11 km/s) 

and TPS performance prior to crewed flight 

DRM - Uncrewed MPCV 
•  Lunar capable heat shield 
•  4 tank SM with full prop load 
•  EM-2 systems not included: ECLSS, 

Crew Systems, LAS Abort Motors (Inert) 

Interim Cryogenic Propulsion 
Stage (ICPS) used to provide 
TLI burn 

1

3

2

4

5

6

7

8

9

 10  11 

 12 

Trans Lunar  
Injection 
ICPS 

Outbound Lunar 
Gravity Assist 

Return Lunar 
Gravity Assist 

Distant 
Retrograde 

Orbit 
70,000 KM 
(Not strictly 

circular) 

DRO 
Arrival 
Burn 

DRO 
Departure 
Burn 

Perigee 
Raise 
Maneuver 
ICPS – 
100x975 nmi 

CM/SM 
Separation 
El-20 min 

Entry & 
Landing 

LAUNCH 

Inbound: ~9 days 

Outbound: ~10 
days 



Exploration Mission-2 Crewed High Lunar Orbit (2021) 

1

3

2

4

5

6

Trans	
  Lunar	
  	
  
Injec-on	
  
ICPS	
  

Outbound	
  Lunar	
  
Gravity	
  Assist	
  

Lunar	
  Parking	
  
Orbit	
  
54x2160-­‐5,40
0	
  nmi	
  

DRO	
  
Arrival	
  
Burn	
  

Lunar	
  Orbit	
  
Inser-on	
  
Orion	
  

Perigee	
  Raise	
  
Maneuver	
  
ICPS	
  –	
  
100x975	
  nmi	
  

CM/SM	
  
Separa-on	
  
El-­‐20	
  min	
  

Entry	
  &	
  
Landing	
  

LAUNCH	
  
Trajectory	
  
Correc-on	
  
Maneuvers	
  
Orion	
  

Objectives:  
•  Demonstrate crewed flight beyond LEO 

DRM - Uncrewed MPCV 
•  Lunar capable heat shield 
•  4 tank SM with full prop load 
•  Up to 4 crew 

Inbound:	
  3-­‐6	
  days	
  

Outbound:	
  3-­‐6	
  days	
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Mission	
  Type

Surface	
  Mission

Surface	
  Campaign

Mars	
  Capture	
  Method

Reuse

ISRU

Primary	
  In-­‐Space	
  Propulsion Chemical Electric Electric/Chem NTP

None Partial Full

None At	
  Mars At	
  Earth

Single-­‐Site,	
  Build-­‐Up Multi-­‐Site,	
  Independent

Propulsive	
  Capture	
  All Aerocapture	
  Some	
  Cargo Aerocapture	
  All	
  Cargo Aerocapture	
  All

Flyby Short	
  Stay Long	
  Stay

None Minimal Full

Mars Mission Analysis - Definition Trade Space 

Mission	
  Type

Surface	
  Mission

Surface	
  Campaign

Mars	
  Capture	
  Method

Reuse

ISRU

Primary	
  In-­‐Space	
  Propulsion

Full

At	
  Mars

Partial

None

None

NTPElectric/ChemChemical Electric

At	
  Earth

Propulsive	
  Capture	
  All Aerocapture	
  Some	
  Cargo Aerocapture	
  All	
  Cargo Aerocapture	
  All

Multi-­‐Site,	
  IndependentSingle-­‐Site,	
  Build-­‐Up

Full

Flyby

Minimal

Short	
  Stay

None

Long	
  Stay

This is the box that EMC occupies in the global 
Mars Architecture trade space; what makes 

EMC unique 

EMC is one of 2592 possible paths in this tree 



Mars Mission Analysis - Operational Trade Space 

This is the level where we distinguish between 
Split SEP-Chem and SEP Hybrid 

Aggregation	
  Orbit

Aggregation	
  Delivery

Mars	
  Orbit

Cargo	
  Deployment

Propulsion	
  Deployment

Transit	
  Consumables	
  Deployment

Earth	
  Return

Reuse	
  Sub-­‐Options

ISRU	
  @	
  Mars	
  Sub-­‐Options

Crew	
  Propulsion

Cargo	
  Propulsion

Chemical	
  -­‐	
  Methane Chemical	
  -­‐	
  Hydrogen Electric Electric/Chem

Chemical	
  -­‐	
  Methane Chemical	
  -­‐	
  Hydrogen Electric Electric/Chem

Habitats In-­‐Space	
  Transportation Habs	
  &	
  In-­‐Space	
  Transport Landers

Ascent	
  Oxidizer Ascent	
  Ox	
  &	
  Fuel In-­‐Space	
  Oxidizer In-­‐Space	
  Ox	
  &	
  Fuel

Pre-­‐Deploy All	
  Up

Direct	
  Entry Propulsive	
  Capture

Pre-­‐Deploy All	
  Up

Pre-­‐Deploy All	
  Up

Direct	
  Launch Sheparded

LMO HMO Phobos

LEO HEO Cis-­‐LunarAggregation	
  Orbit

Aggregation	
  Delivery

Mars	
  Orbit

Cargo	
  Deployment

Propulsion	
  Deployment

Transit	
  Consumables	
  Deployment

Earth	
  Return

Reuse	
  Sub-­‐Options

ISRU	
  @	
  Mars	
  Sub-­‐Options

Crew	
  Propulsion

Cargo	
  Propulsion

LEO HEO Cis-­‐Lunar

Direct	
  Launch Sheparded

Habitats In-­‐Space	
  Transportation Landers

Pre-­‐Deploy All	
  Up

Pre-­‐Deploy All	
  Up

Chemical	
  -­‐	
  Methane Chemical	
  -­‐	
  Hydrogen Electric Electric/Chem

In-­‐Space	
  Ox	
  &	
  Fuel

Phobos

Habs	
  &	
  In-­‐Space	
  Transport

In-­‐Space	
  OxidizerAscent	
  Oxidizer Ascent	
  Ox	
  &	
  Fuel

Direct	
  Entry Propulsive	
  Capture

LMO HMO

Pre-­‐Deploy All	
  Up

Electric/ChemChemical	
  -­‐	
  Methane Chemical	
  -­‐	
  Hydrogen Electric

Color Key 
SEP	
  Hybrid

Split	
  	
  SEP-­‐Chem

Approximately one of 74000 possible paths 



Split Mission Concept (Current Concept) 

44	
  



In-Space Transportation 



Summary 

•  Significant progress has been made in the SLS, Orion, and 
GSDO  programs 

•  ESD Programs are on track for 2018 flight 
•  Hardware production, assembly, and testing are in progress 

•  “Journey to Mars” trades and mission analysis are in 
progress 

•  Used to identify near-term mission content and technology requirements 



www.nasa.gov/marshall 


