Launching Humans into Space is Difficult, Dangerous and Expensive (and we do it anyway, for good reason)       Draft 5-30-09

Any person involved in evaluating comparative architectures for manned launch systems should understand the major factors that make it Difficult, Dangerous and Expensive, and likely to remain that way.   

Many technical people have seen nearly all these factors, but they are here in one place to help provide perspective to a very complex subject.  Some technical people, even past NASA Administrators, never attained this understannding.

Difficult

     -  There is enough energy (kinetic + potential) in one pound of anything in orbit to melt and vaporize every molecule in one pound of iron 5 times over.

     -  Energy in an orbiting shuttle (about the same weight and size as B737) is comparable to that required for a B737 to travel around the world (energy input in about 9 minutes for shuttle vs 50 flight hours for B737).

      - The same energy must be dissipated in getting back to earth, while absorbing very little of it in the spacecraft.

      -  Energy for suborbital flight is only about 2% of that required to reach orbit. 

     - In a typical launcher, only about 1 to 4% of total launch weight is payload  -  80 to 85% is fuel  -  rest is structure, engines, etc, most of which are destroyed during a mission.

     -  The ratios are even more critical for reusable launchers.

     -  Weight of the parts that reach orbit are critical – we must have highly efficient fuel and engines, and very lightweight parts – the resulting design and operating margins are very thin, and parts must be very reliable.

Dangerous

     -  Launch vehicles contain many critical items which are not forgiving like parts in autos or airplanes.  Examples of failures include stuck fuel valves, autopilot or navigation failure, leaking cabin door, APU failure, engine fire, all probably not fatal in an aircraft, but fatal in a space launcher.

     -  The only way to overcome this is with super reliable components, redundancy, and very careful operations.

     -   Shuttle is redundant in nearly all critical parts, functions and assemblies (from the critical items list). 

All new launchers are described as better, faster, and cheaper (and definitely safer) before they are built. Nobody has ever been killed flying a launcher that has never launched. 

     Launch vehicles need numerous test flights before potential flaws in design, manufacturing, and operating procedures are identified and corrected. 

     -  Some flaws are only apparent during actual flight.

     -  New aircraft require hundreds of test flights before certified as safe to carry passengers.

     -  All test flights of both aircraft and space launchers are thoroughly instrumented and include extensive postflight analyses (quite expensive).

     -  All launchers stay in this flight test mode for their entire life.

     -  Soyuz has had two early fatal accidents in its history of over 100 launches (similar to shuttle).  

     -  Shuttle reported anomalies have declined from an early average of 50/flight to about 4/flight recently.  Each has been examined thoroughly and appropriate changes incorporated.

The expense of launch prohibits a full test flight program – therefore, all early launches of a new launcher are by definition test flights and are relatively risky.   

     - Unmanned launchers do not have the as extensive redundancy and special care as Human Space Flight.  Average failure rate over past 10 years for unmanned launchers is more than 10%. 

If a US astronaut is killed in a space mission, it is a bloody nose for the USA.  It injures our national pride, and our astronauts pay the ultimate price. 

Expensive

          -  For 2 launches/ yr, fixed costs can be >90 % of total cost for a particular launcher.

          -  Fixed costs include facilities like dedicated launch facilities,  control center overhead, and specialized manufacturing facilities. Engineering and manufacturing personnel must be kept in place for analysis of flight results and to be there to support the subsequent flights.

Operating costs for Ares/Orion will be comparable to shuttle operating cost

     -  Essentially all of today’s manned space flight fixed cost will be there as long as we have a human space flight program

     -   Each Orion flight destroys its entire service module containing nearly all the same systems and subsystems as shuttle.  

     - Expendable launchers destroy nearly the entire vehicle each flight. What would it cost to fly a B747 from LA to NYC 2x/yr if a new vehicle were required on each flight?  And the manufacturing facilities were special purpose and most of their workers were specialized and had to be kept on salary between flights?

     Higher launch rates could significantly reduce cost per launch and cost per # to orbit – but this could be a chicken and egg situation (can costs be reduced enough to stimulate enough demand to get to the very high launch rates? Probably not)

Lessons –

      Launching people to space is difficult – dangerous – expensive, and will remain so for a long time.

So, why do we do it? 

     NASA is only federal govt program that most people can say “my federal govt does that, and I am proud”

Most of the general public supports NASA because they are participants in this grand adventure.

       A human on a space mission personalizes the adventure like a robot can never do.  Most of the public do not get excited about the science.

     The total 2009 NASA budget is only one-half of one percent of the federal budget, and shuttle is only one-sixth of the NASA budget.  Most people think we spend a lot more than that, but still support NASA. Reason: 

     Inspiration, encourages young people to study math and science

     Astronauts are role models – they represent the best of America

     National pride

     Some scientific knowledge is acquired better by people, vs robots

     USA leadership in the world (perceived) is valuable in many ways,     

        including confidence in security and investment in USA ventures 

The following article relates to the planned 5 year gap in US manned launches and how public support for NASA space science has waned in years when there were no US manned launches:  

Saturday, 1 January 2005

No Buck Rogers, No Bucks 

From a recent analysis by Robert Zimmerman ( upi): 

In August 1968, less than seven weeks before the first manned Apollo mission, the National Academy of Sciences urged NASA to eliminate almost all manned exploration and replace it with unmanned missions. 

"The ability to carry out scientific observations at a distance is developing so rapidly that I don't see any unique role for man in planetary exploration," noted Gordon MacDonald, chairman of the academy panel that issued the recommendation. 

The 1968 report had enormous impact. Interest in human space exploration waned and the space program stumbled. By the late 1970s, the United States essentially had no operating program for astronauts, who flew no missions from Apollo-Soyuz in 1975 until shuttle Columbia's first launch in 1981. 

Ironic, but the lack of human missions did not translate into increased spending for robotic scientific missions, as the scientists had hoped. By 1979 NASA was able to launch only three satellites: two small short-term atmospheric research probes and one astronomical X-ray telescope. 

The scientific community effectively had shot itself in the foot. Without the excitement of manned missions to whet the public's appetite, there was little interest in funding any space research -- human or robotic. Only when the U.S. manned program was revived in the 1990s with missions to Mir and the International Space Station, was there also a revival of space science.

Fast Forward 34 Years : 

On Nov. 22, less than three weeks after Bush's convincing victory in the presidential election, the American Physical Society published an analysis of the administration's proposal to refocus the U.S. space program away from the space shuttle and International Space Station and toward a return to the moon and further human exploration of the solar system. 

The APS report was bluntly skeptical of Bush's initiative and feared its impact on science research funding. 

"The scope of the moon-Mars initiative has not been well-defined, its long-term cost has not been adequately addressed, and no budgetary mechanisms have been established to avoid causing irreparable damage to (NASA)'s scientific program," the report said. 

APS also questioned the basic practicality or usefulness of sending humans to either the moon or Mars. 

"Astronauts on Mars might achieve greater scientific returns than robotic missions, but at such a high cost and technical challenge that one could not expect to justify their presence on scientific grounds alone."

Views on the subject can be summarized as follows: 

1. A human crewed expedition can do more than a robot expedition. 

2. A human crewed expedition costs as much as 10eX robot expeditions, where X is somewhere between 1 and 3. In other words, you can get 10-1000 robots per crewed expedition 

3. 10 Robot expeditions can do more than a crewed expedition. So, robots are the way to go, right? Well.. 

4. Without crewed expeditions, only enough funds will be made available for 1 robot. If you're lucky.

Can NASA afford a five year gap in US manned space launches?
