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Presenter
Presentation Notes
I am Brett Drake. Steve Creech is working other actions, so I am filling in. As you can see, the title of this presentation is slightly different from the title of the paper submitted in January to reflect events in Washington since the paper deadline. ncy. The subsequent 2011 budget proposal leaves things a bit uncertain, and I’ll talk to that to the extent I can.


=
A Reference Ares V on the Launch Pad
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Presentation Notes
This is the current Ares V point of departure concept as it might look sitting on a launch pad. While this briefing is tied obviously to Ares V and the Constellation program, we have done an enormous amount of analysis and planning that would apply to any heavy lift capability this nation wants to develop.


= .
A Introduction

¢ The NASA Ares Projects Office is developing the launch
vehicles to move the United States and humanity beyond low
earth orbit

¢ Ares Vis a heavy lift vehicle being designed to launch cargo
Into LEO and transfer cargo and crews to the Moon

¢ Heavy Lift is a national asset with applications to science,
business, and national defense

¢ This is asnapshot of development. Ares Vis early in the
requirements formulation stage of development pending White
House and Congressional deliberations

¢ Work date will be useful to any future heavy lift development
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The current Ares V is part of an architecture of vehicles designed to complement each other and together support the capability to explore beyond low Earth orbit, a capability we haven’t had since the  early 1970s.
While Ares V is the cargo part of the architecture, Ares I is the crew carrying part of the architecture. Separate vehicles provides flexibility as well as safety.
We’ve already been talking to other interested stakeholders. More on that later.
As most of you may know, the 2011 NASA budget proposal would cancel the Constellation Program as it exists today. It retains funding to continue technology development work on a heavy lift capability.
We serve at the pleasure of the executive and legislative branches, but we’re ready to go on whatever decision emerges.


Ares V in Context

— Launch Vehicle Comparisons —
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This chart shows NASA’s previous human exploration vehicles from Apollo forward and their major dimensions. It also shows our launch transportation for the Constellation Program.
Embedded here you can see some of the heritage and commonality from the Saturn and Shuttle programs that is going into the Ares I and Ares V programs as they exist today.


=
A Requirements for Lunar Crew, Cargo Missions

LUNAR SORTIE MISSION

CARD Requirement Mass (t) Mass (Ib.,) Derived Performance Rqt.
Orion [CA4139] 20.2 44,500
Crewed Lander [CA0836] 45.0 99,208
Total TLI [CA0848] 66.9 147,575 Derived TLI > 66.9 t
45.0 99,208 Derived ETO >45.0t

¢ ETO Mission Destination: 130 nmi, 29°
¢ Loiter Duration: 4 days (CARD TBD)

¢ TLI Maneuver Starting Conditions: 100 nmi, 29°

¢ TLI AV = 3175 m/s + Gravity Loss

LUNAR CARGO MISSION

CARD Requirement Mass (t) Mass (Ib,,) Derived Performance Rqt.
Cargo Lander [CA5231] 53.6 118,168

Total TLI [CA0847] 54.6 120,372 Derived TLI > 54.6 t

Total ETO Goal [CA0847] 54.6 120,372 Derived ETO > 54.6 t

¢ ETO Mission Destination: Phasing Orbit

¢ Loiter Duration: None (no loiter capability on EDS)

¢ Note that Saturn V TLI payload capability was 48.6 t (Apollo 17 - CM/SM/ LM/SLA) and
¢ Ares V Earth-to-TLI requirement exceeds Saturn V Capability by 31%
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 These are the original requirements we are working to as stated in the Constellation Architecture Requirements Document, or CARD. There is a total Trans Lunar Injection CARD requirement of 66.9 mT for Lunar Sortie missions (crewed) and corresponding Orion and Altair control masses of 20.2 mT and 45.0 mT, respectively, plus additional 0.7 mT implied for the payload adapter
 The total TLI CARD requirement of 54.6 mT for Lunar Cargo missions (uncrewed) reflects a Cargo Lander control mass of 53.6 mT plus another 1.0 mT for payload adapter
 LEO insertion altitude, loiter duration and TLI maneuver starting conditions for Lunar Sortie missions represent other key parameters that are not yet captured in the CARD
 The goal of the Ares V team is to determine these driving requirements and settle on the performance margins 


CARD Req'’t

Driving CARD Performance Requirements

Requirement

Rationale

The CaLV shall utilize twin shuttle-derived 5-segment ¢ Draws Performance Constraints around Booster
CA0391-HO SRBs along with a core stage that employs 5 modified Selection and Core Stage Design

RS-68 engines for first stage propulsion. ¢Boosters and Core Stage Provide ~70% of Delta V for

LEO Insertion

The CaLV EDS shall deliver at least 66,939 (TBR-001- ¢ Defines TLI Payload most strenuous performance
CA0847-PO 076) kg (147,266 Ibm) from Earth Rendezvous Orbit parameter

(ERO) to the start of the Trans-Lunar Coast (TLC) for ¢TLI Payload Sizes EDS

crewed lunar missions.

The LSAM shall have a Control Mass of 45,000 (TBR- ¢ Defines LEO Payload for Crew Mission
CA0836-PO [ 001-075) kg (99,180 Ibm) at the time of launch for Lunar | ¢Contribute ~2/3 Mass for TLI Payload

Sortie and Lunar Outpost crew missions ¢TLI Payload Sizes EDS

The CEV shall have a Control Mass of 20,185 (TBR-001- ¢ Contribute ~1/3 Mass for TLI Payload
CA4139-PO | 159) kg (44,500 Ibm) at the time of CaLV rendezvous. ¢ TLI Payload Sizes EDS

The CaLV EDS shall provide a minimum translational ¢ Defines Delta V thus propellant Needed for Delta V
CAO0051-PO | delta-V of 3,150 (TBR-001-258) m/s (10,335 f/s) for the TLI| TLI Delta V Sizes EDS

for crewed lunar missions.

The CaLV EDS shall meet its requirements after loitering | ¢Defines Propellant Reserves for EDS Stage
CA0850-PO | inlow Earth orbit (LEO) at least (TBD-001-975) days after | ¢Major Factor in subsystem Selection and Design for

orbit insertion for crewed lunar missions. EDS

The CaLV shall deliver at least 125,000 (TBR-001-220) kg | ¢Defines Mars Mission Max Payload per launch
CA0282-PO | (275,578 Ibm) to a (TBD-001-072) Earth orbit for Mars +Orbit and Payload size the Ares V

exploration missions.

The CaLV shall launch cargo into a (TBD-001-565) Earth | eFurther defines performance capability of Ares V
CA3215-PO . A

orbit for Mars missions.

Blue = All Missions
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Ares V Evolution from ESAS to LCCR

e
Original ESAS EDS Engine Change to RS-68B IDAC 3 Trade Space Diameter LCCR Options Current POD
Capability Change Core Engines « SRM Propellant Change * 5.5 Segment + 6 Core Engines
* 8.4 m OML + 1J25+ EDS| |+ Core dia: 8.4m to « Stage Materials = 10m diameter » Inert Spacers « 5.5 Segment
= SSME Core 10m * Extra Strapons EDS and * HTPB SRB Prop PBAN
= 225+ EDS * Fvac: 490k to 750k * Engine Type Shroud » Composite Case
* 45.0 mT Lander = [sp: 452.1 to 414.7 « 10+ m dia. Core SEB
» 20.0 mT CEV sec * Number of Stages * 6 Engine Core
= No Loiter in * Booster: HTPB to * Shroud Material
LEO PBAN propellant * Shroud Size
{Ares | 53-06 thrust
trace)

2005 2006 2007 " 2008
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Ares V has evolved through more than 1,700 variations from ESAS to the 2008 Lunar Capabilities Concept Review. This chart summarizes the major milestones in that evolution.  In other words, there are very sound reasons this vehicle looks like it does today, including the requirements in the CARD as shown earlier. This configuration is one with the capability to serve for decades, considering not just development costs but operations and mission costs.


Current Ares V Reference Configuration

Gross Lift Off Mass: 3,704.5 mT (8,167.1k Ib,)
Altair Lunar Lander Integrated Stack Length: 116 m (381 ft)

N & / Payload Adapter

Payload
Shroud

J-2X
Loiter Skirt
/ Solid Rocket Boosters (2)

Interstage * Two recoverable 5.5-segment

PBAN-fueled, steel-casing

boosters (derived from current

Ares | first stage)

Earth Departure Stage (EDS)

* One Saturn-derived J-2X LOX/LH,
engine (expendable)

* 10 m (33 ft) diameter stage

¢ Aluminum-Lithium (Al-Li) tanks

» Composite structures, Instrument Unit

and Interstage RS-68B
* Primary Ares V avionics system Core Stage En ?é;‘ &6

* Six Delta IV-derived RS-68B LOX/LH,, -
engines (expendable)

* 10 m (33 ft) diameter stage

» Composite structures

* Aluminum-Lithium (Al-Li) tanks
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This is the reference configuration of Ares V – or the point of departure configuration as it is sometimes called. The key features are the addition of a sixth core stage engine, the 33-foot-diameter payload shroud and the 5 ½ segment boosters. We have used that configuration to some more detailed studies to better understand performance, payload, loiter, costs, operations, etc. This is the LCCR configuration. It has served as the baseline for three subsequent internal analysis cycles. The first was an effort to understand the implications and capabilities of the LCCR configuration. The second cycle was an effort to maximize vehicle performance and then balance performance with risk. We’re in the third cycle now, where we are analyzing the vehicle for maximum commonality with Ares I, how to maximize for performance and how to maximize the design for quickest development. Some of the factors we are considering include: minimum and mean performance, loads verification, engine-out capability, and optimal throttle during ascent.



Ares V Integrated Functional Schematic
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This is a glimpse of the kind of detailed work we are doing to position our team to support Ares V or any other heavy lift full scale development. The integrated functional schematic helps tell us literally AND figuratively ‘how the pieces fit together’  so to speak.


Range of Architecture Options Enabled
A Few Examples (Payload to TLI)

Baseline
(71 mT with Ares I)
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Crew
Capability
(45-51 mT)

Single‘ll_‘aunch
Capability
(55-63 mT)

1 Advanced Solid
| First Stage
= (75 mT with Ares |)
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This was a chart we prepared for the Augustine panel on the future of human space flight.  Supporting the review was a big part of our work in 2009. These are some of the options traded to give the commission something to think about. The LCCR baseline (51.00.48) configuration is on the far left. Key features are five and a half segment boosters, extended core with six engines and earth departure stages. The 71 mT payload includes the Ares I.
At the far right is the direct launch capability to TLI of the PBAN booster options just to show the cargo launch capability of Ares V alone.
Four other options are shown in the middle of the figure. Along the top are crewed Ares V variants with an Ares I upper stage (left) and the reference EDS (right). The left-hand variant has a five-engine core, five-segment boosters, and a J-2X engine throttled to lower g loads. This was deemed to be the fastest heavy lift vehicle that NASA could build. This vehicle achieves 35 mT to TLI and would still have the upgrade path of a larger EDS for greater performance. All major components being developed for the Ares I – J-2X, five-segment PBAN booster, upper stage design – are used along with the development of a 33-foot core stage with NASA upgraded RS-68 engines. That core stage would then be the next building block for an even greater capability with the addition of a larger EDS, as shown in the right-hand concept. It increases performance over the Ares I upper stage configuration by 10-16 mT. It may also be possible to upgrade the core stage along with the EDS development, so the 45-51 mT range reflects the upgrades to 5 ½ segment boosters and six RS-68 engines.

Along the bottom of the figure are architectures that still include Ares I. If cost, schedule, etc. limit the booster development capability to that utilized on Ares I, then the performance loss is shown from the current 51.00.48 vehicle to the earlier 51.00.39 concept that served as entry point for the LCCR. However, if the booster development allows for an advanced booster, the 51.00.47 vehicle, including its more energetic HTPB propellant, composite case booster would result in the most powerful variant of Ares V shown in the figure. The 51.00.47 concept is still being carried as a trade study option in the current development phase. This variant also uses approximately the same core stage propellant load as the 51.00.48 vehicle by using an inert half segment in the booster to provide a direct comparison of the 5 ½ segment PBAN booster vs. the five-segment HTPB booster.



=
A Current Ares V Shroud Concept

|

7.50m
[ 24.6 ft]
y
Useable Volume
9.70 m ~860 m3
[31.8fi] ~[30,371 ft3]

8.80m
[ 28.9 fi]
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This is is Program of Record Ares V payload shroud. In this concept we expanded it from 27 ½ feet in diameter to 33 feet. This shroud will be the largest in history and removes existing constraints on volume, while vehicle propulsion otherwise removes previous constraints on payload mass. On the right is a fun back-of-the-envelope exercise we did to give users a better idea of how big this payload volume is. It could hold eight school busses by volume alone. By mass, it could carry a lot more.


=
A Notional Shroud for Other Missions

|
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e 18.7 m Represents the
Maximum Barrel Length for
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e Maximum Barrel Length
Constrained Vehicle Assembly
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¢ Increased Barrel Length
Introduces Theoretical
Reduction of Payload
Capability of 200 kg

7841.12


Presenter
Presentation Notes
This is a longer shroud concept we’ve devoted some study to. The science payload community tells us – at least the astronomy segment of that community – that they are more interested in volume than mass. Right now we’re limited to the height of the Vehicle Assembly Building. The final shroud will depend on the height of the vehicle underneath it and the needs of the lunar lander.
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This chart and the next two were based on analysis we did of an earlier Ares V concept. The LCCR reference configuration would improve on that, but we haven’t analyzed it as fully. You can take this and generally apply it to a similar class heavy lift vehicle that might be designed.
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Again, this escape performance is based on Ares V, but it should give a taste of what a restored heavy lift capability could do if the nation wants one.


= Heavy lift Trajectories for
Selected Trajectories from KSC

Constellation POD Shroud Extended Shroud
Mission Profile

Payload (Ibm) Payload (mt) Payload (Ibm) Payload (mt)

4) Sun-Earth L2 C3 of -0.7 km?/s? 124.000 56.5 123,000 56
Transfer Orbit
Injection
5) Earth-Moon L2 C3 of -1.7 km?/s? 126,000 57.0 125,000 57
Transfer Orbit
Injection
3) GTO Injection Transfer DV 153,000 69.5 152,000 69
8,200 ft/s
2) GEO Transfer DV 77,000 35 76,000 34.5
14,100 ft/s
1) LEO (@29° 241 x 241 km 315,000 143 313,000 142
inclination)
6) Cargo Lunar C3 of -1.8 km?/s? 126,000 57 125,000 57
Outpost (TLI Direct),
Reference
7) Mars Cargo C3 of 9 km?/s? 106,000 48 105,000 48
(TMI Direct)

*
based on Ares V LV 51.00.39
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This chart sums up the kind of trajectories you can achieve based on our Ares V studies to destinations like LEO, GEO, lunar and points considerably beyond.
Again, just to note the notation at the bottom, these numbers are for the pre-LCCR reference vehicle that had less capability than the approved LCCR reference. 


NASA Advanced Missions Cost Model

Cost §B

0 5 10 15 20 25
Payload mass metric tonnes
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This is a chart based on a NASA Advanced Missions Cost Model developed by Johnson Space Center. It is unrelated to Ares V but it does point to something applicable to heavy lift. This model is typically used – perhaps incorrectly – to justify that mass is the dominant mission cost driver. However, this chart from a 2008 IAC paper also plots the technical difficulty of historical missions and suggests that difficulty level may be a larger cost driver than mass. Given the available mass and volume capacity of a vehicle like the Ares V, designers can use simpler more-mature (and massive) technologies or higher design rule safety factors to eliminate complexity, to lower cost and to lower risk. By using mature technology, projects will save money on subsystem acquisition as well as engineering labor and management overhead. Of course, from the perspective of total life-cycle cost, total payload cost savings need to exceed the incremental cost of the Ares V launch vehicle. Fortunately, while these costs are not yet fully known, they are expected to compare favorably with current heavy lift launch vehicles. 


Mass/Volume vs. Simplicity/Cost

Current Capability Ares V Enabled Capability

(>10x Collection Area)

\
@ 17 Gj A

HST 24-m JWST 6.5-m

o

16+ m

“It is very clear from the outset that the availability of the Ares V changes the paradigm of what can be done in
planetary science.”
—Workshop on Ares V Solar System Science

“Exciting new science may be enabled by the increased capability of Ares V. The larger launch mass,
large volume, and increased C3 capability are only now being recognized by the science community.”
— National Academy of Science’s
“Science Opportunities by NASA’s Constellation Program”
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This chart illustrates our current astronomy capability vs. our capability with a heavy lift capability, with Ares V as the basis for our studies. It also illustrates that heavy lift enables payload designers to go two different directions – toward greater simplicity and lower cost or toward greater cost and complexity. Eiither path goes to the same place, namely, greater scientific return. We have briefed numerous professional groups and organizations. Among those were 2 conferences at Ames Research Center in 2008. In some early discussions with the payload community, we agreed that some key players from the Ares V design community needed to meet some of the key players in the astronomy and planetary science community to develop some friendly relations and develop a common frame of reference for what Ares V is and what it can do and what the space science community can imagine for it.


=
A Ares V Summary

¢ NASA has completed a large body of concept work on heavy lift. More than 1,700
alternatives have been investigated since ESAS

¢ Future direction depends on direction from White House/Congress

¢ Heavy lift is a nation asset capable of playing a critical role in exploration, Earth
and space science, national security, and commerce

¢ Ares Projects is interacting with the potential user community to determine
needs

¢ Ares Projects provides a knowledge base for any future heavy lift decision
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To summarize:
Ares V current concept (51.00.48) exceeds Saturn V mass capability to trans lunar injection by almost 40% alone or almost 60% with Ares I

This concept vehicle can meet current Human Lunar Return requirements with ~6 mT of margin

2009 activities focused on refining vehicle and operational concept, refining requirements, working with potential non-Constellation users to understand vehicle/payload benefits and design issues – and supporting the Augustine panel

We are currently working within funding guidelines to understand as much as possible about test and manufacturing requirements, technology development needs, minimizing the impact of loiter and understanding cost and performance risks.

We are ready to support decisionmakers in development of a heavy lift capability in what ever form it takes.
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Presentation Notes
I’d be glad to take any questions you may have.
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