Good Afternoon!

I am here to tell you all about a new way of doing things in Space.

The operations in space so far have been characterized as very expensive, very human intensive, and consequently very rare.

Let me take you all back to the Old West.  The train robbers were successful in robbing trains because the train schedules were known and the robbers could plan when to attack the train.  The same is true when we deal with space surveillance operations.  We know where all the other guy's satellites are and they know where ours are because the orbits are predictable.  That means when we want to do something that we don't want them to see we schedule it for a time when their birds are not overhead, and they do the same thing.

We are going to change that!  This program will allow satellites to maneuver and change when they arrive overhead.

Today satellites are limited to the fuel they are launched with and so maneuver very little.  Image if you bought cars that way, we would all be driving tank trucks instead of small cars.

We are going to change that through in flight refueling or, should I say, in-space refueling.

The ability to refuel aircraft in flight has changed the way we fight wars.  Recently bombers have taken off from the US, flown to the target, dropped bombs directly on the target, then returned home that night for supper.  The thing that is surprising is the targets were half way around the world.

This program will enable in-space refueling and allow satellites to maneuver and be launched with less fuel or smaller tanks.

Satellites are launched with technology that is old when it is launched because it has to be qualified for space.  Electronics has a half-life measured in months.  Think about the commercial of the guy driving home with his brand new computer and on the way home the billboard is changed to reflect a newer version of the computer that he just brought. For satellites, the bird's electronics are old while it sits on the pad waiting for launch.

We are going to change that!  This program will replace (upgrade) spacecraft's electronics on orbit.

The US Navy has understood the utility of underway replenishment for some time.  Why should the ship leave its duty station to come into port and deal with the transit time to the port, dead time in the port, and dead time transiting back. Let the "supply ship" bring the "goods" to the combat ship and the combat ship can stay on station ready for action.

The Orbital Express program will enable "On Orbit Replenishment" so that we can fix or upgrade the electronics without bringing the satellite back to Earth.

How can we upgrade a satellite in orbit?  Well, first we need to re-design the satellite.

The new satellite is called "NextSat" and is designed so as to be upgraded just like aircraft are upgraded here on Earth.

We call it "plug and play" when we upgrade aircraft electronics.  We “plug” in a different card and the systems will "play" together.

The Orbital express program will use "plug and stay" because there is no need to take out the old electronics.  We will just plug in the new card and stop using the old one.

When the ASTRO vehicle living in space is not traveling around refueling or plugging in electronics it could be a carrier for Micro-Sats.  The advantage to Micro-Sats is their small size but the disadvantage is that small size limits their endurance.  If ASTRO carries the Micro-Sat to the area where it needs to operate, then its endurance on-station is longer or its size can be smaller.  Also, the ASTRO could retrieve the Micro-Sat after the mission is done.  We may not want to leave them lying around up there.

This chart shows how the very small Micro-Sats could be launched from fighter aircraft.  This would enable them to be launched quickly and with no notice (as any fighter aircraft could carry one), versus having to launch them from a launch pad.  Remember, we are watching their launch pads and they are watching ours.

I have talked about fuel.  Well what is the fuel?

For this application the fuel needs to be able to provide energy storage from the excess electricity generated by the solar cells when in the sunlight. This sounds like batteries but we all know how bad batteries are.  How many times have you tried to turn on a flashlight only to find that the batteries were dead? And I don't want to think about trying to replace batteries autonomously in space.

The fuel must also provide high thrust for fast maneuvers and high ISP for long time constant efficient maneuvers.  There is also a requirement for a fuel that has low temperature and no contamination from the plume for maneuvers when in close proximity to other satellites.

Can anyone think of a good fuel?  How about water as the fuel?

The regenerative fuel cell can break water into hydrogen & oxygen when electricity is available.  If the solar cells are in the shadow of the Earth then the fuel cell can recombine the hydrogen & oxygen into water and generate electricity.  The hydrogen can be "burned" with oxygen in a chemical rocket to produce thrust.  There are some new thrusters that use electricity to "burn" water to produce high ISP (but low thrust) for efficient slow maneuvers.  The excess oxygen (because stociometeric burning is less efficient) can be used as cold gas thrust for close prox ops.

This is the long view of the space architecture for the future.  The top of the slide is the NextSat which is designed to be upgraded electronically on-orbit and refueled.  The middle satellite is the ASTRO (Autonomous Space Transfer & Robotic Orbital) Vehicle.  It lives in orbit and does it thing without human intervention or assistance.  No humans, no cost -- you cannot reduce costs below zero!  The lower object is the tank farm where fuel is stored until needed by the ASTRO.

The Orbital Express program will change the way we do business in space.  It will reduce cost, increase flexibility, and enable new and better ways of doing things in space.

I am looking forward to talking to anyone that has some ideas of how we can do this!

