A Perpetual Space Station
by H. Richard Jacobson
According to current plans, the International Space Station will be de-orbited around 2020. Unless a "killer application" for microgravity is found soon, it is unlikely that a replacement on the same scale will be built in the foreseeable future. In this article I will describe how to build a space station that can continue operating in perpetuity. It will never be necessary to scrap the entire station; instead, it will continually renew itself (with a little help from humans) and can grow almost without limit.
The key to building a perpetual space station is what I call open-ended architecture. The station is assembled from self-sufficient modules. The overall station has a "growing end" where new modules are added, and a "decaying end" where worn out modules are removed. Over time, as modules are added to the growing end and removed from the decaying end, the entire station renews itself. Operations inside a module can continue forever, interrupted only by the need to move to a newer module when the local one is condemned.
For example, the station could take the form of a rectangular grid. The grid is composed of cylindrical modules connected by nodes. New modules and nodes are attached at one end of the rectangle, while old ones are removed from the opposite end. The overall size and shape does not necessarily change. Since each module is self-sufficient, the process of adding and removing modules does not disrupt operations inside the station.
Each module provides its own electric power, temperature control, and air and water purification. A solar panel is attached to the side of the cylinder. The panel is square in shape, with the diagonal aligned along the length of the cylinder. This diamond configuration allows any number of modules to be attached together at their ends in a square grid pattern without their panels overlapping. To maximize power, the tips of the panels could extend to the centers of the nodes. From the Sun's point of view, the station looks like one huge unbroken solar panel. There are openings in the panels to allow for solar heating of the modules and nodes. Heat pipes could be embedded in the walls to carry heat from the illuminated side to the dark side. If activities in the module produced a lot of heat, a radiator could be attached to the dark side.
During launch, the solar arrays are stored in a container extending parallel to the rocket. In orbit, the container rotates 45 degrees and then the arrays extend in either direction. It should be possible to deploy the arrays without requiring a space walk.
Would this design produce enough power? Answering this question requires a detailed design. Based on some possible dimensions for the module (6 to 8 meters diameter, 24 meters long), the diamond shaped panel would have about 1/4 to 1/2 square meter of collecting area per cubic meter of enclosed volume. It would probably produce a better power supply than on Salyut or Skylab, about the same as Mir, but not as much as ISS (over 2 square meters). It appears likely that there would be enough power to run the life support systems, but experiments and manufacturing might require a secondary power supply. This could be provided by fixed or rotating arrays added along the periphery of the station. At relatively long intervals, it might be necessary to shut down the secondary power supply in order to move, replace, or augment the arrays.
Assembly of the station is simplified since each module takes care of its own heating, cooling, and water supply. No plumbing connections are needed. Electrical and data connections would likely be required.
The entire station shares attitude and altitude control, and docking ports. Emergency return vehicles are parked at the nodes.
The existence of multiple independent life support systems provides a safety benefit, eliminating the need for emergency backup oxygen generators and water supplies. If a module suddenly lost air pressure, pressure activated doors in the nodes at either end of the module would seal it off. The occupants of the damaged module might not survive, but the overall station would be saved.
The station could be either Sun-oriented or Earth-oriented. In Sun-oriented mode the panels would face the Sun directly, maximizing power without requiring the panels to rotate. In Earth-oriented mode the panels would face away from Earth. The centerline of the rectangle would coincide with the station's orbit, so there would be precise zero gravity along an entire east-west corridor of the station (as opposed to a single zero-gravity point in Sun-oriented mode). Earth-oriented mode would also reduce drag, which could be continuously counteracted using an ion thruster on the trailing side of the station.
If a large market for microgravity opened up, the station could expand to a very large size. As an example, suppose that one module was launched annually with a lifetime of 24 years. The resulting station might be organized as a grid of 24 modules and nine nodes. Picture a tic-tac-toe diagram with an extra line in each direction. Four modules and three nodes would be strung together forming the east-west centerline of the station. Along this line gravity would be precisely zero so this is where research or manufacturing requiring the lowest microgravity would take place. Other activities such as sleeping and eating, for which microgravity is unimportant, would be at the north or south periphery. There would be two other east-west corridors, one of which would be designated "Main Street" and kept clear of obstacles for easy transportation. The remaining 12 modules would be oriented north-south and might be used for sleeping on the south edge, meals, exercise, and recreation on the north edge, and research and manufacturing in other areas. Panels and batteries for supplementary power, if needed, would extend from the north and south edges.
The oldest modules could be used for storage or filled with garbage and de-orbited. A garbage module could be completely shaded from the Sun so it would become cold, preventing decay of food waste. In Earth-oriented mode, the oldest modules would be at the leading edge of the array as it orbits so they would absorb the brunt of the micrometeoroid damage. Docking of astronauts and cargo from Earth would be at the trailing edge where the station would provide some debris protection.
After a module was condemned, any equipment inside it that was still useful could be moved to a newer module. Because of the unusual nature of microgravity techniques, it is likely that the station would contain a lot of one-of-a-kind, custom made equipment that would be hard to replace. Being able to move it to a newer area of the station would be preferable to letting it be destroyed, and easier than transferring it to a new space station.
With experience, a need for certain specialized equipment or modules might become apparent. For example, a machine shop could prove handy. These modules could be added as needed.
The diameter and internal design of the modules could vary. Two things would need to be standardized: the length of the modules and the design of the module/node connection.
What I have described is a non-rotating, non-shielded station. It is intended to be staffed by trained astronauts and positioned in low Earth orbit. It is not a "space hotel". Looking farther ahead, it is possible to imagine the same design principles to be applied to a more ambitious rotating, ring or dumbbell shaped station. For example, there could be a series of rings along a common axis, with new rings added at one end and old ones removed from the opposite end. Looking even farther ahead to the giant cylindrical "space habitats" envisioned by Gerard O'Neill, new sections and end caps could be added along the axis of the cylinder.
This plan has political benefits. The station does not need to reach a predetermined size to be functional. It could start out with a single inhabited module, plus a node at one end to which are attached docking ports, gyros, thrusters, an emergency return vehicle, and possibly a solar array. This means that a huge financial commitment is not necessary. The station could be fully operational shortly after launch, so returns on the initial investment would begin quickly. Growth of the station would be determined by the demand for microgravity research or production. Once a few modules have been built and orbited, it will be easy to accurately estimate the cost of any proposed expansion.
If microgravity is to have any place at all in the economy, it will require continuity. Imagine the disruption if a research institute or manufacturing company had to destroy all its buildings and equipment after 15 years, and then wait another 10 years for it to be replaced. It would be very difficult to attract talented young people to a career in microgravity research if the research facilities were in constant danger of disappearing. A perpetual space station will provide a continuing location where microgravity work can proceed without interruption. A regular schedule of module replacement will result in predictable budgets and steady productivity.
This plan offers the advantages of flexibility and continuity. Does it have any disadvantages? Compared with the International Space Station, the primary differences are the open-ended linear architecture and the decentralized life-support utilities. I don't see any disadvantages to the open-ended architecture. The decentralized utilities might be less efficient, but I believe any loss of efficiency would be more than offset by the advantages of redundancy, the reduction of plumbing and wiring, and the fact that the aggregate life support capacity will grow as new modules are added. Future advances in life support technology can be incorporated as new modules are added.
My plan leaves a lot of details to be worked out. For example, with the demise of the Shuttle we would need to develop another method for joining modules together. Possibly a manipulator arm similar to the one at the ISS could attach itself to grappling fixtures on the nodes and modules. The arm could be operated from a cupola attached to a node. A new module would be brought close to the station by a maneuvering unit derived from Progress or ATM hardware. Then the manipulator arm would grab it and move it into position. Spacewalkers based at the station would bolt the module into place. The capabilities of the ISS could be very useful in helping to start the assembly of the new station.
I believe this plan combines the best features of previous stations. It incorporates the large, self-sufficient modules of Salyut, Skylab, and Mir with the multi-module construction pioneered by Mir and ISS, and adds the idea of an open-ended linear architecture. The station could start out small, with a single module launched by a heavy lift rocket. It would have the potential for almost unlimited growth. This plan is in harmony with the uncertain future of microgravity. It also fits in well with the recent designation of the ISS as a “National Laboratory” (though the operating organization would probably be international). It might be the only way to get a successor to the ISS built.
 

