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Presenter
Presentation Notes
I will be briefing the entire Ares story today. I’d like to follow the agenda by starting with the Ares I program.
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Building on a Foundation of Proven TechnologiesBuilding on a Foundation of Proven Technologies 
- Launch Vehicle Comparisons -

Earth Departure
Stage (EDS) (1 J-2X)
253.0 mT

 

(557.7K lbm)
LOX/LH2

Core Stage
(Six RS-68 Engines)
1,587.3 mT
(3,499.5K lbm)
LOX/LH2

Crew

Lunar
Lander

Altair

One 5-Segment 
Reusable Solid 
Rocket Booster 
(RSRB)

Space ShuttleSpace Shuttle Ares IAres I Ares VAres VSaturn VSaturn V

Two 5.5-Segment
Reusable Solid
Rocket Booster
(RSRB’s)

Orion

S-IVB
(One J-2 engine)
108.9 mT
(240.0K lbm)
LOX/LH2

S-II
(Five J-2 engines)
453.6 mT
(1,000.0K lbm)
LOX/LH2

S–IC
(Five F-1)
1,769.0 mT
(3,900.0K lbm)
LOX/RP-1

Height: 110.9 m (364.0 ft)
Gross Liftoff Mass :

2,948.4 mT

 

(6,500K lbm)
Payload Capability:

44.9 mT

 

(99.0K lbm) to TLI
118.8 mT

 

(262.0K lbm) to LEO

Height: 116.2 m (381.1 ft)
Gross Liftoff Mass : 

3,704.5 mT

 

(8,167.1K lbm)
Payload Capability:

71.1 mT

 

(156.7K lbm) to TLI (with Ares I)
62.8 mT

 

(138.5K lbm) to TLI
~187.7 mT

 

(413.8K lbm) to LEO

Upper Stage
(One J-2X)
137.1 mT
(302.2K lbm)
LOX/LH2

Height: 99.1 m (325.0 ft)
Gross Liftoff Mass : 

927.1 mT

 

(2,044.0K lbm)
Payload Capability:
25.5 mT

 

(56.2K lbm) 
to LEO

Height: 56.1 m (184.2 ft)
Gross Liftoff Mass: 

2,041.1 mT

 

(4,500.0K lbm)
Payload Capability:
25.0 mT

 

(55.1K lbm)
to Low Earth Orbit (LEO)
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Two 4-Segment 
Reusable Solid 
Rocket Booster 
(RSRB’s)

mT
TLI

LEO

-

 

metric tons
-

 

Trans-Lunar Injection
-

 

Low Earth Orbit

Presenter
Presentation Notes
First, I’d like to put the Ares vehicles in some context technically and historically.

This slide compares Ares I and Ares V to the Space Shuttle and Saturn V. The blue and red text is intended to draw your attention to  proven technology incorporated from other successful vehicle programs and common components shared between the Ares vehicles. This is a cost and time savings, as we can use existing manufacturing techniques and personnel to build hardware. Proven hardware designs like these also increase vehicle safety and reliability.
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Ares I ElementsAres I Elements

First Stage
•

 

Derived from current

 
Shuttle RSRM/B

•

 

Five segments/Polybutadiene
Acrylonitrile (PBAN) propellant

•

 

Recoverable
•

 

New forward adapter
•

 

Avionics upgrades
•

 

ATK Launch Systems 
($1.96B)

Upper Stage Engine
•

 

Saturn J-2 derived engine (J-2X)
•

 

Expendable 
•

 

Pratt and Whitney Rocketdyne 
($1.28B)

Orion CEV

Interstage

Instrument Unit
•

 

Primary Ares I control 
avionics system

•

 

NASA Design / 
Boeing Production ($0.8B)

Encapsulated Service
Module (ESM) Panels

Upper Stage
•

 

137.1 mT

 

(302.2K lbm) LOX/LH2

 

prop
•

 

5.5-m (18-ft) diameter 
•

 

Aluminum-Lithium (Al-Li) structures
•

 

Instrument unit and interstage
•

 

Reaction Control System (RCS) / roll 
control for first stage flight

•

 

Primary Ares I control avionics system
•

 

NASA Design / Boeing Production ($1.14B)

Stack IntegrationStack Integration
••

 

927.1 927.1 mTmT

 

(2,044.0K (2,044.0K lbmlbm))

 
gross liftoff mass (GLOM)gross liftoff mass (GLOM)

••

 

99.1 m (325.0 ft) in length99.1 m (325.0 ft) in length
••

 

NASANASA--ledled

Presenter
Presentation Notes
Ares I is a big vehicle. At a height of over 300 feet, it is almost 75 percent taller than the Space Shuttle stack. It has an “in-line” configuration, as opposed to the Shuttle, which has the orbiter and crew placed beside the External Tank. In the event of an emergency, the Orion Crew Module can be blasted away from the launch vehicle using the Launch Abort System (LAS), which will fly directly upward, out of the way of the launcher. This makes Ares I more than ten times safer than the Shuttle. In addition to the LAS, upper stage, and first stage, which I have already discussed, the stack includes a forward skirt and instrument unit, which connects the Orion to the Ares I and contains the flight computer for controlling the launch vehicle. The Upper Stage and First Stage are connected by the Interstage. The Interstage also contains roll control thrusters to prevent the vehicle from spinning as it accelerates upward from the thrust of the RSRB. 

Optional Details

DAC-2 Baseline

Ares I Length 325 ft.

5 Segment First Stage, which takes the vehicle up to about 250,000 feet

Upper Stage

18.2 ft. diameter with 305,000 lbm usable propellant

J-2X Engine - 448 ISP, 294,000 lbf thrust

J-2X is an evolution of the J-2 engine was used in Apollo

Most recently, upgraded turbopumps were tested as part of the aerospike engine for the X-33 program

-11 X 100 nmi insertion Orbit 

28.5 Inclination (Lunar)

51.6 Inclination (ISS)

The Upper Stage is jettisoned at an altitude of 70 nautical miles

Roll Control divided between 1st Stage and Upper Stage

Critical Separation between 1st Stage and US occurs at the forward interstage

Bolted Interface with CEV (16.4 ft. diameter)
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Ares I Ascent Profile
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Mass:  733 mT

 

(1,616 lbm)
Thrust:  15.8 MN
Burn Duration:  126 sec
Height:  53 m (174 ft)
Diameter: 3.7 m (12 ft)

Modern 
Electronics

Same propellant as Shuttle 
(PBAN)-Reformulated for 
longer burn time

Nozzle upgraded to 
support higher 
motor performance

Composite 
Frustum

New 12-Fin 
Forward Segment to 
support Ares requirement

Same cases and joints as 
Shuttle, inhibitor geometry 
change for better burn control

New 45.7 m (150 ft)
diameter parachutes
New 45.7 m (150 ft)

diameter parachutes

Same Aft Skirt and Thrust Vector
Control as Shuttle

Tumble Motors
(from Shuttle)

Booster Deceleration 
Motors (from Shuttle)

DAC 2 TR 6

First Stage

Presenter
Presentation Notes
The SRB is the most recognizable piece of legacy hardware on Ares; it is derived directly from the SRBs used on the Space Shuttle. 

Similarities:

Shape and diameter of the motor casings

Propellant

Aft skirt and Thrust Vector Control (TVC) system

Like the Shuttle, the Ares SRBs will be manufactured by ATK Launch Systems.

Differences:

Number of motor segments—five instead of four

Number of fins inside the forward segment (12 instead of 11)

Size of the main recovery parachutes (150 ft in diameter instead of 136 ft)

Width of the motor throat and size of the nozzle

Shape of the interior propellant geometry, was modified to keep the burn rates compatible with the Shuttle-type motor casings

5-segment booster is heavier, by almost 300,000 lb

Uses only one SRB in an inline configuration instead of being a strap-on booster

Because we are using the SRB as part of the Ares I and Ares V, any testing done for one can be applied to the other.

The Ares I-X test flight will use a 4-segment booster from the Shuttle inventory to provide a proof-of-concept test for the overall vehicle.

Ultimate benefits of using the Shuttle-legacy hardware:

Increased safety

Familiarity with the hardware

Trained contractor and NASA workforce

Reduced development costs—much less expensive than starting with a clean-sheet design

Allows us to concentrate more resources and energy on exploration rather than on the process of getting there
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Propellant Load: 138 mT

 

(304K lbm)
Total Mass: 156 mT

 

(344K lbm)
Dry Mass: 16.3 mT

 

(36K lbm)
Dry Mass (Interstage): 4.1 mT

 

(9K lbm)
Length: 25.6 m (84 ft)
Diameter: 5.5 m (18 ft)
LOX Tank Pressure: 50 psig
LH2 Tank Pressure: 42 psig

AI-Li Orthogrid Tank Structure

Feed Systems

Common 
Bulkhead

LOX Tank

LHLH22 TankTank

Instrument Unit 
(Modern Electronics)

Composite Interstage

Thrust Vector Control 

Helium Pressurization Bottles

Roll Control System

Ullage Settling Motors

Upper Stage

Presenter
Presentation Notes
The upper stage provides propulsion, guidance, navigation, and control for Ares I ascent flight after the first stage separation.

The design was developed by a NASA Design Team (NDT) around the primary requirements for ISS and lunar missions.

The upper stage prime contractor, Boeing, is responsible for production of the upper stage design, including fabricating structures; acquiring piece parts, components, and subsystems; and assembly, test, and checkout; as well as sustaining engineering. 

Boeing will also be building the NASA-designed Instrument Unit (IU), which will contain the primary computer and avionics that control Ares I’s flight.

The upper stage will be built at Michoud Assembly Facility (MAF) in Louisiana and then transported by barge to Stennis Space Center (SSC), where it will be integrated with the J-2X upper stage engine and “green run” tested. After that, the integrated upper stage will be delivered back to MAF to add the J-2X nozzle extension, Aft Skirt with Reaction Control System (RCS), and interstage, as well as final full end-to-end system checkout and closeout. Finally, it is shipped by barge to the Kennedy Space Center (KSC), where it is stacked atop the interstage and first stage and mated with the Orion CEV prior to launch.

Designed for increased supportability (reducing logistics footprint) and increased reliability (to meet human-rating requirements).

Design incorporates state-of-the-art materials, hardware, design, fabrication processes, test techniques, and integrated logistics planning, thus facilitating a supportable, reliable, and operable system.

Final integrated Ares I upper stage will involve numerous partnerships among industry participants and NASA Centers. 

NASA will maintain data rights for the design and resulting upper stage hardware.

The Upper Stage (US) Office is responsible for US Design, Development, Test, and Evaluation (DDT&E), including project management, development planning, resource planning, tracking, and risk management.
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Avionics Mass:  1.1 mT

 

(2,425 lbm)
Electrical Power:  5,145 Watts

The Upper Stage Avionics will provide:
•

 

Guidance, Navigation, and Control (GN&C)
•

 

Command and data handling
•

 

Pre-flight checkout

Instrument Unit Avionics

Aft Skirt Avionics

Interstage Avionics

Thrust
Cone
Avionics

Upper Stage Avionics

Presenter
Presentation Notes
The Upper Stage Element will provide most of the avionics and supporting hardware and software necessary to control the Ares I during all phases of ground processing and flight.

The Instrument Unit (IU) structure is the primary location for the Upper Stage avionics system; however, some avionics will also be located on the core Upper Stage structure (Aft Skirt, Interstage, Thrust Cone).

The Upper Stage IU Avionics Contractor (Boeing) will fabricate, assemble, and checkout the avionics hardware and systems in the IU. 

The IU will provide the structural interface between the Core Stage and the Crew Exploration Vehicle (CEV) spacecraft adapter assembly.

The IU will house the majority of the avionics and provide the mechanical and electrical interfaces between the Ares I and the CEV.

The avionics system is composed of all electronic hardware required for ground processing and checkout, as well as in-flight vehicle Guidance, Navigation, and Control (GN&C) and vehicle management functions.

Ares I avionics are expected to operate from the start of Ares I pre-flight checkout through flight separation of the Ares I payload. 

The avionics consist of electronic hardware and associated software required to monitor and control the Ares I Upper Stage, provide high-level control and monitoring of the J-2X engine and Ares I first stage, and communicate with other program segments-specifically the Orion, Ground Systems, and Mission Systems.
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Mass:  2.5 mT

 

(5,511 lbm)
Height: 4.7 m (15.4 ft)
Diameter: 3.05 m (10 ft)
Thrust:  1,308K N (294K lbm) (vac)
Isp:  448 sec (vac)
Height:  4.7 m (15.4 ft)
Diameter:  3.05 m (10 ft)
Operation Time: 500 sec.
Altitude Start / On-orbit Restart
Operational Life: 8 starts/ 2,600 sec

Open-Loop Pneumatic Control
•

 

Similar to J-2

Flexible Inlet Ducts 
•

 

Based on J-2 & J-2S ducts
Turbomachinery

•

 

Based on J-2S MK-29 design

Regeneratively Cooled Nozzle Section
•

 

Based on long history of RS-27 success 

HIP-bonded MCC
•

 

Based on RS-68
demonstrated technology

Metallic Nozzle Extension
•

 

New design

Gas Generator
•

 

Based on
RS-68 design

Engine Controller
•

 

Based directly on RS-68 design 
and software architecture

J-2X Engine 
Used on Ares I and Ares V

Presenter
Presentation Notes
J-2X is NASA’s first new human-rated engine in a generation. It is derived from the J-2 engine used for the Saturn V S-II and S-IVB upper stages.

Provides upper stage propulsion for Ares I upper stage and Ares V EDS.

Designed to meet goals for safety, reliability, operability, and affordability.

Meets both Ares I and Ares V requirements, while its design incorporates features and lessons learned from J-2, J-2S, X-33, Space Shuttle Main Engine (SSME), and RS-68.

Configuration changes from prior J-2 variants:

Increased chamber pressure

Increased element injector density

Added 92:1 nozzle extension

Turbine exhaust gas film nozzle extension wall cooling

Upgraded turbomachinery and gas generator

Evolution from J-2 to J-2X:

Increased thrust: 230,000 lb to 294,000 lb

Increased ISP: 425 sec to a near-stage-combustion cycle 448 sec

Increased weight: 3,492 lb to 5,450 lb

Length increase: 116 in to 185 in

Heritage and candidate component tests began at Marshall Space Flight Center (MSFC) in 2006. Engine testing includes A-1 and A-2 stands at SSC, as well as new A-3 stand now under construction. The A-3 test stand will provide full 550-sec altitude testing with full nozzle extension and gimbaling capability.

J-2X passed Critical Design Review in fall 2008 ahead of all other Constellation elements.

Ares I-Y will employ an upper stage engine mass simulator. First operational flight is Orion 1 in 2014.
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Ares I-X Ares I
First Stage Max. Thrust (vacuum): 14.1 MN 15.8 MN

Max. Speed: Mach 4.7 Mach 5.84

Staging Altitude: 39,600 m (130K ft) 57,700 m (188K ft)

Liftoff Weight: 816 mT

 

(1,799K lbm) 927 mT

 

(2,044K lbm)

Length: 99.7 m (327 ft) 99.1 m (325 ft)

Max. Acceleration: 2.46 g 3.79 g

Ares I-X Test Flight

♦

 

Demonstrate and collect key data to 
inform the Ares I design:

•

 

Vehicle integration, assembly, and KSC 
launch operations

•

 

Staging/separation
•

 

Roll and overall vehicle control
•

 

Aerodynamics and vehicle loads
•

 

First stage entry dynamics for recovery

♦

 

Performance Data:

Presenter
Presentation Notes
Ares I-X will be the first test flight of an Ares I crew launch vehicle, and it is scheduled for later this year. It will fly with a combination of functional and simulated hardware. The first stage will be a four-segment SRB from Shuttle inventory, which will include new forward structures to connect to the upper stage. The upper stage, Orion, and LAS will all be simulated hardware. 

Ares I-X is the first step in using an Apollo-type, multiple-step test strategy to:

Validate initial design models

Develop lessons learned into requirements

Enhance early learning about integration and hardware processing, leading to America’s next generation of crew launch vehicles

Ares I-X will give NASA its first opportunity to:

Gather critical data about the flight dynamics of the integrated launch vehicle stack 

Understand how to control its roll during flight

Better characterize the severe stage separation environments that the upper stage engine will experience during future operational flights 

Demonstrate the first stage recovery system 

NASA also will begin to modify the launch infrastructure and to fine-tune ground and mission operations, as we make the transition from the Shuttle to the Ares/Orion system. 

All hardware for Ares I-X is now at KSC for assembly for launch later this year. 

The next flight on the flight manifest will be Ares I-Y, scheduled for 2013, which will be the first flight of a 5-segment booster, followed by the first crewed launch in 2014. 



Ares V 
Overview
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Presenter
Presentation Notes
I’d like to talk now about the little BIG brother of the Ares family, the Ares V.
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Employing Common Hardware to Reduce 
Operations Costs 

Presenter
Presentation Notes
This further makes the point about commonality between the Ares vehicles, as well as the use of the proven RS-68 engine from the Delta IV for the core stage of Ares V.
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Ares V ElementsAres V Elements

Altair
Lunar

Lander

Interstage

EDS

J-2XPayload
Fairing

RS-68

Loiter Skirt

Stack Integration
•

 

3,704.5 mT

 

(8,167.1K

 

lbm) 
gross liftoff mass

•

 

116.2 m (381.1 ft) in length

Earth Departure Stage (EDS)
•

 

One Saturn-derived J-2X LOX/LH2

 

engine (expendable)
•

 

10-m (33-ft) diameter stage
•

 

Aluminum-Lithium (Al-Li) tanks
•

 

Composite structures, instrument unit 
and interstage

•

 

Primary Ares V avionics system

Core Stage
•

 

Six Delta IV-derived RS-68 
LOX/LH2

 

engines (expendable)
•

 

10-m (33-ft) diameter stage
•

 

Composite structures
•

 

Aluminum-Lithium (Al-Li) tanks 

Solid Rocket Boosters
•

 

Two recoverable 5.5-segment 
PBAN-fueled boosters (derived 
from current Ares I first stage)

Presenter
Presentation Notes
The Cliff Notes summary on Ares V is: bigger vehicle, bigger mission, bigger challenges, less funding, more fun.

The Ares Projects are designing the heavy-lift Ares V to launch cargo into LEO and transfer cargo and crews to the Moon for the Constellation Program

Ares V relies on updating heritage hardware and commonality with Ares I to provide unprecedented exploration capability.

Ares V is in a pre-design-phase stage, but significant progress has been made to refine the design, integrate requirements from Orion, Altair, and lunar surface systems, and maintain performance margin. Ares V also benefits from the work under way on the Ares I first stage and the J-2X.

As big as the Ares I is, Ares V is bigger. Seventeen feet taller than the Saturn V, it is also nearly two million pounds heavier when fully loaded with fuel. The five-engine core stage will be the largest liquid-fueled rocket ever built. The vehicle's total thrust, including the two RSRBs, will be more than 11 million pounds, the equivalent of forty-six 747 aircraft.

Atop the Core Stage is an Interstage, which connects the 33-foot-wide Core Stage with the 33-foot-wide Earth departure stage. These widths are significant because they are the same widths as the Saturn V which means we have demonstrated the capability to build 33-foot diameter stages during the Saturn program. The Instrument Unit will also include the launch vehicle's avionics computer.

The J-2X engine powering the Earth departure stage must fire twice: once in the upper atmosphere to get the stage into orbit and again in orbit to send the Altair lunar lander and Orion toward the Moon. The Earth departure stage carries the Altair, which is covered by a payload shroud to protect it from atmospheric dynamics and heat. The shroud is jettisoned before the vehicle reaches orbit at a point where the air is thinner and aerodynamic forces are no longer a factor.

Additional Information

The Ares V is powered by two 5.5-segment RSRBs and a core stage consisting of six RS-68B engines.

The 5.5-segment RSRB is based on the current 4-segment Space Shuttle RSRB.

NASA test fired a five-segment RSRB in 2003.

The current RS-68 is our most powerful and newest liquid hydrogen/liquid oxygen engine.

The RS-68 is in service today aboard the Delta IV Evolved Expendable Launch Vehicle (EELV) The Earth Departure Stage uses the same J-2X engine as Ares I.

On a typical mission, Ares V launches the Altair and Earth departure stage into orbit first, where it waits for the arrival of Orion, which is launched later aboard the Ares I.
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Ares V Ascent Profile
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Ares V Solid Rocket Booster (SRB)

Each Booster:
Mass:  791.5 t (1,744.9 klbm

 

)  
Thrust: 16.86 MN (3.79 Mlbf

 

)
Burn Duration:  126 sec
Height:  59 m (193 ft)
Diameter:  3.7 m (12 ft)

Modern 
Electronics

Same propellant as Shuttle 
(PBAN)–Optimized for 
Ares Application

Wide Throat 
Nozzle

Nosecone

12-Fin 
Forward Segment

Same cases and joints 
as Shuttle

New 150 ft diameter 
parachutes

New 150 ft diameter 
parachutes

Same Aft Skirt and Thrust
Vector Control as Shuttle

Booster
Deceleration
Motors

Ares V SRB is 
similar to Space 
Shuttle and Ares I 
but optimized for 
lunar missions

Presenter
Presentation Notes
 The new Ares V Point of Departure (51.00.48) utilizes an SRB with a steel case with PBAN propellant. We are also carrying a composite case HTPB booster as an option.
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Ares V Core Stage

Usable Propellant: 1,587.3 mT (3,499.5k lbm

 

)
Dry Mass: 157.6 mT (347.5k lbm

 

)
Burnout Mass: 173.9 mT (383.4k lbm

 

)
Number of Engines: 6
Engine Type: Upgraded RS-68B

Forward Skirt &
Core Stage Avionics

LOX Tank

Intertank &
Thrust Beam

LH2 Tank & 
Systems Tunnel

Aft Skirt

Core Stage 
RS-68B Engines

Engine Compartment

Engine Thrust Structure

•

 

Aluminum-Lithium (Al-Li) propellant tanks
•

 

Composite dry structure
•

 

10 m (33 ft) outer diameter
•

 

Derived from Shuttle External Tank

Presenter
Presentation Notes
As noted here, the current baseline has metal tanks and composite dry structures, but we’re moving toward metallic dry structures as well. FYI, the Ares V core stage will be bigger than the Saturn V first and second stages combined. 
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RS-68 to RS-68B

*
 

Higher element 
density main injector 
improving specific 
impulse by ≈

 

2% 
and thrust by ≈

 

4%

*
 

Redesigned turbine 
nozzles to increase 
maximum power 
level by ≈

 

2% 

Increased duration 
capability ablative nozzle

Redesigned turbine 
seals to significantly 
reduce helium usage 
for pre-launch

Helium spin-start duct 
redesign, along with 
start sequence 
modifications, to help 
minimize pre-ignition 
free hydrogen

*
 

RS-68A Upgrades

♦

 

Other RS-68A upgrades or changes that 
may be included:

•

 

Bearing material change
•

 

New Gas Generator igniter design
•

 

Improved Oxidizer Turbo Pump 
temp sensor

•

 

Improved hot gas sensor
•

 

2nd

 

stage Fuel Turbo Pump blisk

 

crack mitigation
•

 

Cavitation

 

suppression
•

 

ECU parts upgrade

Presenter
Presentation Notes
This chart shows the upgrades we will need for the NASA mission. Some of the upgrades we want are already being pursued by the Air Force RS-68A program. We are already cooperating with the Air Force to stay abreast of developments in  each other’s programs and, for instance, factoring the results of the RS-68A tests into our concept work. 
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•

 

Aluminum-Lithium (Al-Li) propellant tanks
•

 

Composite dry structure
•

 

10 m (33 ft) outer diameter
•

 

Derived from Ares I Upper Stage
•

 

4-day on-orbit loiter capability prior to Trans-Lunar Injection (TLI) 
•

 

Maintains Orion/Altair/EDS stack attitude in Low Earth Orbit prior to TLI Burn
•

 

EDS provide 1.5 kW of power to Altair from launch to TLI

Ares V Earth Departure Stage

Usable Propellant: 251.9 mT (555.2k lbm

 

)
Dry Mass: 24.2 mT (53.5k lbm

 

)
Burnout Mass: 26.6 mT (58.7k lbm

 

)
Number of Engines: 1
Engine Type: J-2X

Altair (Lander) Adapter

Forward Skirt/ 
Instrument 

Unit Avionics

LOX Tank

LH2 Tank

Aft Skirt

EDS J-2X Engine

Loiter Skirt

Intertank

Interstage

Presenter
Presentation Notes
If there’s one Ares component where we’ve learned more than any other since ESAS, EDS might be the stage. The loiter requirement affects many of our design decisions about the EDS, on-orbit operations, design margin, etc.
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J-2X Engine ‘Kitted’ for Ares V Mission

♦

 

Upper Stage Engine Element challenge: 
Design an engine…
based on an evolution of the Apollo/Saturn era J-2 (GG cycle, 
230,000 lbf, 424 seconds Isp

 

)…

increased to 294,000 lbf

 

(1.3M Newtons) thrust…

increased to 448 seconds of specific impulse (highest ever Isp 
for an engine of this class) …

nearly two years faster than an engine of this class has 
been developed…

and make it work for two different vehicles with two different 
missions, keeping as much commonality as possible.

183.56 in

116 in

6 ft

Presenter
Presentation Notes
I get to talk about J-2X again, so this gives me a chance to talk about its evolution and the magnitude of what the J-2X team is trying to do in terms of both size and performance.

The J-2X epitomizes the goal of using common hardware between vehicles. With the details for Ares V still in flux, J-2X has proceeded to design for the Ares I mission. Modifications needed to meet the Ares V requirement will be ‘kitted in.’ Those include any modifications needed for loiter, orbital re-start. Evolution from J-2 to J-2X:

Increased thrust: 230,000 lb to 294,000 lb

Increased ISP: 425 sec to a near-stage-combustion cycle 448 sec

Increased weight: 3,492 lb to 5,450 lb

Length increase: 116 in to 185 in

The J-2X has two modes of thrust – primary for the Ares I and Ares V ascent, and secondary mode for the Ares V TLI burn. By changing the mixture ratio from 5.5 to 4.5, the J-2X will be throttled back to 82 percent thrust to decrease the loads on the interface structure between the Orion and Altair.  

You can see graphically the size of the nozzle extension we’ve added in order to make a GG cycle engine approach the performance of a staged combusion engine like the shuttle.
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Payload Shroud Point Of Departure

Quad Sector Design

Thrust Rail Vertical Separation System
Payload umbilical separation

Frangible Joint 
Horizontal
Separation

•

 

Composite sandwich construction (Carbon-

 
Epoxy face sheets, Al honeycomb core)

•

 

Painted cork TPS bonded to outer face 
sheet with RTV

•

 

Payload access ports for maintenance, 
payload consumables and environmental 
control (while on ground)

Mass: 9.1 mT

 

(20.0k lbm)
POD Geometry: Biconic
Design: Quad sector
Barrel Diameter: 10 m (33 ft)
Barrel Length: 9.7 m (32 ft)
Total Length: 22 m (72ft)

Point of Departure
(Biconic)

Leading Candidate
(Ogive)

7721.19
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Re-defining “The Box”

Combining mass and volume 
capability, Ares V could launch 5 
empty – or 3 fully loaded – buses 
to the Moon or 8 fully loaded 
buses to a 130 nm (circular) low 
Earth orbit

1 66-passenger school bus = 
33x8x10.3 ft / 20,100 lb empty
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LCCR/MCR-Approved Point of Departure 
- Vehicle 51.0.48 -

♦

 

Vehicle 51.0.48 approved in 2008
•

 

6 Engine Core, 5.5 Segment PBAN steel case booster
•

 

Provides architecture closure with margin

♦

 

Approved maintaining Vehicle 51.0.47 with 
composite HTPB booster as Ares V option

•

 

Final decision on Ares V booster at Constellation Lunar 
SRR (2010)

•

 

Additional performance capability if needed for margin 
or requirements

•

 

Allows for competitive acquisition environment for booster

♦

 

Near Term Plan to Maintain Booster Options
•

 

Fund key technology areas: composite cases, HTPB 
propellant characterization

•

 

Competitive Phase 1 industry studies

21.7 m

10 m

58.7 m

71.3 m

23.2 m

10 m

NOTE: These are MEAN numbers

116.2 m

Presenter
Presentation Notes
 The 51.00.39 vehicle was chosen as the Point of Departure vehicle in January 2008 because it was capable of meeting of the performance requirements as stated in the CARD at that time (it should be noted that margin was not reflected in the CARD and therefore this vehicle would need to be improved to meet updated CARD requirements)

 10-meter diameter Core Stage, EDS and Payload Shroud OML

 5-segment, steel case Solid Rocket Booster utilizing a PBAN propellant

 5-engine RS-68B cluster for Core Stage

 The 51.00.39 concept was the entry point for LCCR/MCR last summer. In the LCCR, Constellation adopted the 51.00.48 vehicle as its new POD while maintaining the 51.00.47 vehicle as an option.

 The new Point of Departure, which uses a 5.5-segment, PBAN, steel booster, provides ~71 mT to TLI

 The 51.00.47 vehicle, which uses a 5-segment, HTPB, composite booster, provides ~74 mT (the closest to the 75 mT to TLI goal) will be still be traded as an option until a decision can be made by Cx Lunar SRR when booster technology efforts can yield better insight into the practicality of this option

 Industry experience will be leveraged to examine the details of both booster options during the Phase 1 period leading up to the 2010 decision
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Workhorse Gas 
Generator Test

Inert Forward 
Segment X-Ray

Nozzle Burnthrough

 

Test

Tank Barrel Structural Test

Ares I/V Progress

♦Ares I
•

 

Ares I, First Stage, & Upper Stage PDRs

 
complete in ’08

•

 

Numerous First Stage development and 
static motor casting & firing tests, wind 
tunnel, nozzle, materials, parachute drop 
tests complete

•

 

All Ares I-X hardware at KSC for 
‘09 launch

•

 

Completed J-2X PDR in ’07, CDR in ’08
•

 

SSC A-1 test stand converted, A-3 stand 
construction under way to support J-2X

•

 

Numerous heritage/component/

 
subscale/powerpack

 

tests and CFD 
completed in support of J-2X 
turbomachinery, combustion devices, etc.

•

 

J-2X casting/machining trials under 
way/long-lead parts procured

♦Ares V
•

 

Subscale main injector tests, analysis 
conducted on RS-68B

•

 

LCCR establishes POD concept ’08
•

 

RFP for concept definition issued ‘09

Presenter
Presentation Notes
We have made tremendous progress on Ares I. Preliminary work on Ares V and the Altair Lunar Lander will continue until after Shuttle retirement in 2010. 

In late 2005, there was no vehicle. Now, just 3 years later, we have already completed two design cycles, confirmed our vehicle requirements, simulated vehicle behavior in wind tunnels and in computers, tested hardware and confirmed our design.

Hardware testing and development includes: 

Completed Ares I Preliminary Design Review (PDR) in September 2008, with unanimous approval from the review board to continue detailed design.

Conducted a drop test of the drogue parachute with an 18-ton jumbo test vehicle.

Conducted first demonstration welds with the new robotic weld tool.

Completed the J-2X Critical Design Review (CDR), the first CDR of an operational component of the Constellation vehicle architecture, and development engine hardware is being manufactured.
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Big Picture Challenges of the Ares Projects

Presenter
Presentation Notes
As you can see and imagine from my Ares I and Ares V slides, we have many technical challenges ahead of us from component to systems level.

Before we go to questions about Ares V, I’d like to close on the big-picture questions we face, which gives lots of ways to fill my remaining time at the podium.
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Current and Ongoing Management ChallengesCurrent and Ongoing Management Challenges

♦

 

Integrating technical products 
and people

•

 

Within Ares
•

 

With other Constellation Projects
•

 

With other stakeholders

♦

 

Ensuring ownership and 
accountability

♦

 

Managing workload
♦

 

Managing communication
•

 

Controlling distribution of 
sensitive information

•

 

Managing internal and external 
communications in the Internet age

♦

 

Balancing need to reduce costs 
with the need to maintain a 
motivated, knowledgeable 
workforce

Presenter
Presentation Notes
The current challenges the Ares Projects will not surprise anyone who has worked on large-scale technical projects.

One of the primary challenges we face is integrating technical products and people, across a variety of fronts:

Within Ares I, we need to ensure that everything from the instrument unit at the top of the upper stage to the aft skirt at the bottom of the first stage work together as a single machine.

All this must be done while also working together with the Orion crew exploration vehicle, since the purpose of the rocket is to get astronauts into space safely. We also need to make sure that our physical and electronic hardware link up properly with the launch infrastructure at Kennedy Space Center and the Operations team at Johnson Space Center.

And on an ever wider scale, Ares must ensure that NASA Centers and industry partners nationwide are using the same sets of standards, measurements, and drawings to make the whole rocket work together. This is a tremendous operational, technical, and configuration management challenge for our team.

From the management level to the technicians on the shop floor, we need to ensure feelings of ownership and accountability. Ownership, for NASA, comes from owning the design and having final responsibility for integrating the vehicle. For our industry partners, ownership means producing hardware and software that meet the exacting standards needed to put astronauts in space. From this sense of ownership comes an accompanying sense of accountability.

We are managing a large workload, and right now we are having to do so with a much smaller workforce than Apollo had at a similar point in its development: 3,700 people for Ares versus over 37,000 for Apollo.

All of this requires constant communication, up, down, and across the organization. 

We have more tools than Apollo did, which allows us to share information more quickly, widely, and openly than ever before. 

However, we still have to protect our nation’s sensitive technologies and control the distribution of sensitive information, including technologies, data, and procurement information.

We also must balance how we communicate. We can’t and don’t rely only on emails. We must communicate in-person, electronically, and whatever other ways are most effective for the tasks at hand.

We are also working in the age of the Internet. Email makes it very easy to leak information or sensitive discussions, so we must also be sensitive to how we interact with our teams while ensuring that individuals aren’t trying to resolve issues by posting them to various public web sites. We also have to get the correct message out to stakeholders to counter sometimes incorrect information from the Internet.

We also have to make good on our promise to streamline operations in an era of constrained funding and greater expectations. But we also still have the challenge of maintaining a skilled, motivated workforce.
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Fully Understanding Programmatic 
and Technical Challenges

♦Usable Analogs – Apollo, Shuttle, ISS?
♦Dual-Launch Architecture – ground ops, on-orbit
♦A much larger rocket – Ares V
♦Reduced touch labor, simplified operations
♦ International and commercial participation
♦Sustained operations with a pay-as-you-go budget
♦Ending Shuttle ops, completing ISS, and 

transition to lunar exploration
♦ Infrastructure sustainment – facilities, 

workforce, industrial base
♦Accommodating science/exploration

Presenter
Presentation Notes
While we expect to benefit from lessons learned, existing hardware and existing infrastructure from Apollo, Shuttle and ISS, we also need to realize that we’re breaking new ground in ways very distinct and different from those earlier programs.  We need to learn the right lessons from past programs and recognize that the past doesn’t have all the answers. 

The dual-launch architecture is reminiscent of the Earth Orbit Rendezvous proposed early in Apollo, but the implications were never fully understood before Apollo adopted lunar orbit rendezvous.

Ares V is a very different vehicle from Saturn V, with challenges that reverberate from launch pad, to assembly building, to support facilities, to transportation and manufacturing.

We have a much bigger vehicle, so can we make it simple enough to reduce labor costs?

Our mandate now is to own the transportation architecture, but lunar exploration is too large to ignore what international participation can provide, and commercial participation is the inevitable goal of developing a space economy, which is also  NASA goal.

We’re already learning that the transition from Shuttle and ISS to Constellation is not easy on a limited budget. More difficult choices may lie ahead.

The lunar architecture and the lunar mission – a permanent human presence in space – will not allow us to abandon facilities as it did when Apollo ended. It won’t allow us to have workforce gaps.

In the excitement of designing all this new hardware, we can’t forget that it merely supports science and exploration. It’s what we DO on the Moon that will in more than one way determine where we go from there.
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