Sprint Program (February 2003 - May 2004)
 

The Sprint Program is designed to service, complete, and operate the International Space Station in absence of the Space Shuttle, but assumes availability of its launch facilities and technologies.   It was originally conceived after the STS-107 disaster for the possibility that the Shuttle may never fly again, and, under that premise, if started immediately, would have its first element, Delta Sprint, in service by the end of 2005.

 

Summary
 

With the exception of Delta Sprint, none of the three Sprint Program elements got past specifying requirements.  Delta Sprint was the three person crew ferry, which follows.  This craft was to rapidly restore the US domestic human access to space in the event that the CAIB recommended the Shuttle never fly again.   The second craft was the Ariane Sprint, which was intended to provide a ballistic unmanned supply vehicle with a significant payload return capability.  I specified it before learning of the ATV, now named Jules Verne.  I did not pull Ariane Sprint from the specification because Jules Verne has no return capability.  Given Jules Verne's program problems, it is obvious the more complex Ariane Sprint would not have been successful if undertaken.  The final element was a goal to adapt Space Shuttle technology to finish assembly in a concept called Shuttle-X, named in honor of Apollo X, the first name Skylab had during its infancy.  The original Shuttle-X concept was to provide two side-by-side expendable payload bays in a Shuttle-C like adaptation.  Alas, it would only have flown five times and would have been very expensive.  Before releasing the report, I decided it was better to remove the crew and fly the Orbiter in an autonomous mode, something it could do with little, if any, modification.  It would also be safe enough without any of the post STS-107 upgrades, as long as you paid attention to the entry range for public safety purposes. 

 

Delta Sprint (June 2003 to October 2004)
 

Delta Sprint is a three person crew transfer and bailout vehicle. It is designed to get three crew members to the International Space Station and back. Later models can be used to transfer crews to interplanetary spacecraft such as Mars Direct, and also to allow them to return from their missions. Using the Delta II launch vehicle and Fregat upper stage, the Delta Sprint follows a practice of being able to be developed on the faster, better, cheaper principle put forth by Daniel Goldin, and is to the best of After Columbia's current knowledge, the first piloted spacecraft concept to do so. Use of existing hardware and tactics ensure a simple, robust development that can be done quickly. 

In the first few days and weeks after the STS-107 catastrophe, no one could be sure that the cause of the disaster could be fixed and the Shuttle could be returned to flight. After Columbia's first goal was to address this possibility. At first [image: image1.jpg]After Columbia Project
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the craft was called simply "Sprint" because it would be needed fast and on the cheap. "Sprint" was expanded into a program to address all the needs of the International Space Station on the fast and cheap; Delta Sprint is one of its elements. The spacecraft, wherever possible, uses off-the-shelf subsystems, with backups and simplicity provided where they are best suited to simplify development and enhance safety. 

 

Summary
 

Delta Sprint used a Fregat upper stage added originally, but analysis in Orbiter and After Columbia’s own DSASS (TASS2's predecessor) showed that this did not work, and the Fregat was later dropped.  During this study, I learned how to do ascent simulation, and began to learn how to design boosters.  One of the first things I found out was that doing an accurate simulation of an existing booster was very difficult and time consuming, especially if the technical information regarding that booster was incomplete.  Also, there were limitations to the booster implementation in Orbiter (more specifically, the Vinka Multistage generic module).  I soon had two versions running side by side in DSASS: the real Delta II and the "serialized" version I could implement in Orbiter.  Instead of the first stage and strap-ons, I stacked three stages.  The first was the first stage engine and ground-lit strap-ons, built with aggregate thrust and specific impulse, and had a dry mass equivalent to the burnt out strap-ons.  The second stage was a similar implementation of the air-lit strap-ons and still operating first stage.  The third stage was essentially the first stage by itself offloaded of all the propellants it would have burnt during strap-on operation.  After about twenty bug fixing revisions, this implementation performed much more accurately than the more recent Delta II implementation available at www.orbithangar.com.

 

Delta Glider Entry Tutorial (2004) 
 

Welcome After Columbia's Entry Tutorial.  This tutorial uses the standard take off scenario from Orbiter (Checklists - Mission 1 - DG to ISS) with a few modifications: 

 

- The main propellants have been offloaded to 35%, or 3990kg.  This can be done by finding the PRPLEVEL parameter in your scenario file.  It was done to ensure a minimum mass, a standard procedure of my own to reduce the loads on the ship and to reduce landing speed. 

- The RCS propellants have been reduced to 30kg.

 

The reason I have done this entry tutorial is to teach people in the amateur/hobby aerospace field more about entry, and to help the curious understand the STS-107 disaster better.  The effects on the Delta Glider as modelled in Orbiter are fundamentally similar to those that act on a Shuttle during reentry.  Many have questions about Columbia.

 

Answers to these questions and the understanding behind being able to answer them is key to understanding the Columbia Accident Investigation Board's report and especially the technical Appendix documents.  I invite any interested individuals and the media to refer to this tutorial whenever you desire to enhance your understanding of spacecraft descent and entry. 

 

At the end of (and sometimes throughout) each page is a detailed procedure for piloting the Delta Glider in Orbiter.  These are not definitive and require further testing, so you can't sue me for killing yourself in the simulator, but I will offer a full refund of my charge :).  As I have yet to successfully deadstick land from entry interface to the runway without application of power...well, I'm sure you can figure the rest out. 

 

Summary
 

Most Orbinauts have a heck of a time trying to enter and land accurately in Orbiter even with a craft as forgiving as the Delta Glider.  Part of the problem with the Delta Glider is that it has a controllable angle of attack range of about +-20deg, but the trim range is only about +- 0.7deg, making the trim wheel all but useless.  The other problem is that the speedbrake has two settings, one that gives you a glideslope of about 7 degrees, and the other about 40 degrees, making it very difficult to her down a certain distance past the threshold, so that you don't either eat the approach lights or roll off the end.  Oddly enough, these problems still haven't been fixed.  What has been fixed is that multifunction display modules designed to help you land your craft in Orbiter have since come out, making most of the specific procedures in the tutorial pretty close to useless.  The tutorial's main motivation, however, was to counter the catastrophically inaccurate www.columbiassacrifice.com website.  Because it has so much (ostensibly) technical information, some readers might be fooled if they don't understand the entry process.

 

Orbiter Mars Direct Project (2005)
 

This was, quite simply, an unsuccessful attempt at implementing Mars Direct (Zubrin 1989) in Orbiter.  The main reason why it failed is because the volunteer effort simply dispersed; everybody got busy and the leadership of the project was not strong enough.  Unfortunately, Brian Heick's excellent 3D renditions of the more modern Sprint Ferry concept (no longer "Delta Sprint") have been lost.

 

Greenstar (December 2005 to June 2006)
 

[image: image5.wmf] 

Greenstar is a "big dumb booster" with an EELV-like family of configurations, a core diameter of 5.0m, and a payload goal of 5-20 tonnes LEO.  It uses high safety factor steel construction and a pressure-fed oxykerosene propulsion system. 

 

Summary
 

It was a disaster, but a highly educational one.  It turned out that this type of construction in relatively large boosters led to a situation where the designer is unable to provide enough thrust under the base area of the booster to lift it from the pad.  Pressure-fed designs with low chamber pressures also suffer from enormous atmospheric and underexpansion losses, drastically reducing the first stage performance.  The pressure-fed upper stages performed okay in the propulsion system, but desired relatively low mass fractions, leading to leaner and more expensive construction.  This study led to the conclusion that the "Big Dumb Booster" was really a "pick any two" situation.  Greenstar also marked the transition between ISTS (the International Space Transportation System), which was of the persuasion that aeronautical methods make a good first step to orbit, to the more ballistically oriented Ascent Roadmap.  The ISTS was made of these concepts:

 

- Cyanstar
- Bluestar
- Greystar
- Greenstar
 

Cyanstar is a ballistic booster launched with a 5000kg payload from a large, high performance aircraft.  Most of its understanding comes from a detailed study for a fiction set in the mid 1970s.  ISTS Bluestar is a fully reusable aeronautical booster patterned after Saenger II and the Bristol Spaceplanes' Spacebus.  It was to take off from one runway and land on two, being a highly flexible 8000kg payload carrier capable of LEO rendezvous.  Thus several "lift tickets" could be combined into a single large high energy mission.  It would also serve reusable space tugs and stations.  ISTS Bluestar is probably not possible, but its predecessor for the same fiction as Cyanstar mentioned above enters service in 1991.  Greystar was studied for the characteristics of its airbreathing propulsion system in the fall of 2005.  It worked out very badly, requiring a maximum mass of over 3000 tonnes to put its 40 tonne payload on orbit.  Greenstar was the final entry in the series, and the first entry in the next; the failed "Big Dumb Booster."  The Ascent Roadmap is a much more pragmatic approach to space access:

 

- Prochron (10kg)
- Symtex (600kg)
- Kilder (8000kg)
- Lilmax (60 tonnes)
- Freezerburn (400 tonnes)
- Bluestar (8000kg)
 

Prochron is intended to launch nanosatellites and CubeSat class spacecraft.  As a sounding rocket (i.e.: without its orbital stages), it will qualify as a CAR Class 4 Advanced High Power Rocket or FAA Class 4 Advanced High Power Rocket (according to the latest proposed rules; according to the existing rules, its operating time is too long.)  Symtex is a Greenstar scaled down to where the thrust density problems experienced by Greenstar are no longer an issue.  Kilder and Lilmax will share a new high-speed oxykerosene turbopump engine.  Kilder will use one per module while Lilmax uses four.  As the Ascent Roadmap grows, each ballistic concept lends itself as the strap-on module for the next size up.  Ascent Bluestar will retain runway operations for the booster, but will incorporate several major mass saving practices.  The first is in-flight LOX tanking, and the second is the elimination of the landing gear from the orbiter element.  Instead of landing on a runway with wheels, it will deploy a large parasol and set itself down in a pond.  This allows runway-like operations while still retaining most of the benefits of ballistic terminal recovery. 

 

Mars Challenger (June 2006 to February 2007)[image: image3.wmf] 


 

Mars Challenger is a sample return mission concept using In-Situ Resource Utilization (ISRU); After Columbia Project's entry into the MarsDrive Contest. ISRU was originally conceived by Dr. Robert Zubrin in 1989 for a piloted mission plan entitled Mars Direct by putting together three industrial chemical reactions in a relationship capable of producing oxymethane propellants using seed hydrogen brought from Earth with locally acquired carbon dioxide. Mars Challenger uses two elements, the Judith Booster and Christa Rover, which are launched together on a common launch vehicle and cruise stage, but are landed separately on Mars near each other in the Marte Vallis region, where there are recent Amazonian era water channels and the small possibility of discovering current life. 

The dominant element is the Judith Booster and its accompanying fuel plant capable of compressing locally acquired carbon dioxide for use in a Sabatier propellant reactor. Water from this reaction is then electrolysed to recover the hydrogen for recycling, and the oxygen for the propellant oxidizer.  Mars Challenger eliminates the least critical and most difficult of the three reactions used by Mars Direct. This increases the liquid hydrogen seed requirement to exceed the total volume of the propellants which will be used for the return ascent. The extra hydrogen is required to provide for generation of additional water from the Sabatier reactor, which is then electrolysed for the oxygen captured from the Martian air by the Sabatier reactor. Excess methane, containing the hydrogen premium, is vented. This applicability of this technique is probably unique to the scale of a sample return mission and inefficient for piloted mission designs. 

The Christa Rover, which is landed up to several kilometres away from Judith uses its suite of scientific instruments on route to the booster to examine sites and select samples.

For reasons of cost and politics, both craft are electrically powered by solar arrays, with a small amount of nuclear radioisotope material in heating units, Christa's scientific spectrometers, and the control sample sterilizers for its laboratory style experiments. 

Proven technologies and off the shelf or derived hardware will be used throughout to keep development and qualification costs to a minimum, however several technologies must be converted from terrestrial equivalents into flight hardware, and the protecting the mission's biological integrity is expensive in any case. For example, the development of hydrogen compatible ascent tanks must be done from scratch. The author is convinced that this mission can be accomplished for $800 million on a six year schedule. 

 

Summary
 

This mission is unique among the MarsDrive Competition competitors in a number of facets.  It is the only contender in the first round to:

 

- use propellant tanks from an existing catalog

- use two landers

- store its seed hydrogen in the ascent tanks of the return booster

- be the first ISRU mission study (crew or robotic) to analyze the tank management problem of storing the seed hydrogen in the ascent tanks

- use both solid and liquid fuelled propulsion during the landing

- numerically analyze its ascent from Mars

- select specific interplanetary trajectories

- use astrobiology as a return contamination strategy

- address the liquification of its produced propellants

- forget to remove or modify big chunks of text from previous versions of the report

 

There are a number of features it shares with one other contender (not the same contender for each point):

 

- proper analysis of seed and produced propellant volume

- the use of S/E oxymethane ISRU

- analysis of how its rover will navigate around the booster landing platform solar panels

- the use of one or more large cranes on the booster landing platform

- analytically prove that the landing system will actually work

 

Mars Challenger II (August 2007 to November 2007)
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Mars Challenger II is a sample return mission concept using In-Situ Resource Utilization (ISRU); After Columbia Project's entry into the MarsDrive Contest.  ISRU was originally conceived by Dr. Robert Zubrin in 1989 for a piloted mission plan entitled Mars Direct by putting together three industrial chemical reactions in a relationship capable of producing oxymethane propellants using seed hydrogen brought from Earth with locally acquired carbon dioxide.  Zubrin went on to found Pioneer Astronautics, Inc. to further explore propellant ISRU chemistry.  Mars Challenger II uses two elements, the Judith Booster and Christa Rover, which are launched together on a common launch vehicle and cruise stage, but are landed separately on Mars near each other in the Marte Vallis region, where there are recent Amazonian era water channels and the small possibility of discovering current life. 

The dominant element is the Judith Booster and its accompanying fuel plant capable of compressing locally acquired carbon dioxide for use in an oxybenzene propellant reactor.  The use of the more complex and high performance oxybenzene ISRU is the only design decision altered from the original Mars Challenger.  The original design explored the Sabatier/Electrolysis process for oxymethane propellants, and revealed major, but managable problems using the booster's ascent tanks for outbound hydrogen storage.  In exchange, Mars Challenger II experiences problems with the physical properties of benzene in the cold Martian environment. 

The Christa Rover is unchanged.  It is landed up to several kilometres away from Judith and uses its suite of scientific instruments on route to the booster to examine sites and select samples.  As with the original, Mars Challenger II uses the strategy of determining that samples selected for return to Earth do not contain life harmful to our biosphere.  

For reasons of cost and politics, both craft are electrically powered by solar arrays, with a small amount of nuclear radioisotope material in heating units, Christa's scientific spectrometers, and the control sample sterilizers for its laboratory style experiments.  

Proven technologies and off the shelf or derived hardware will be used throughout to keep development and qualification costs to a minimum, however several technologies must be converted from terrestrial and experimental equivalents into flight hardware, and protecting the mission's biological integrity is expensive in any case.  For example, the development of hydrogen compatible ascent tanks must be done from scratch.  The author is convinced that this mission can be accomplished for $1200 million on a six year schedule. 

 

Summary
 

This mission design is still in progress, but plans to add 3D art by Jordon Pelovitz, making for a big leap in the original Mars Challenger's visual quality.  One potential benefit is a simplification of the cruise seed hydrogen cooling configuration.  Instead of a cold head capable of operating at liquid hydrogen temperatures, a make-up tank jettisoned on approach to Mars will be studied for this round.  It might not keep, though, since it hasn't been verified that it will fit.
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