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Synthesis by Ueli Scheuermeier
1. Gravity

Is very very low. Let's keep in mind that most asteroids we will be mining will probably be substantially less than 1 km in diameter, and most asteroids we know appear to have overall densities around or below that of water, even though they contain rocks and metals in various degrees....

For designing the hardware this means: 

11) Navigating around an asteroid is a very very delicate affair. "Orbiting" an asteorid is tricky because it can be tiny huffs and puffs that can take you into an entirely different orbit, or simply the act of grappling onto something results in a combined vector that can take you somewhere very different than where you were going before. 

12) Many asteorids have irregular shapes, so when orbiting an irregular shape your orbit isn't really elliptical, it's "wavy". And that trajectory is difficult to predict depending on how the asteroid rotates or tumbles beneath you and its shifting mass doesn’t always pull you straight into the center of the overall mass. 

13) It might therefore be better to think in terms of "floating" alongside an asteroid and maintaining station. The smaller the asteroid, the more the concepts of "orbital rendezvous" come to play when moving stuff around in its vicinity.

14) Anything operating on the surface has almost no traction with the surface. So forget about treads or wheels or legs. Anything putting any force onto the surface may push itself off the surface. Anything operating on the surface must therefore continuously "grapple" the surface or be somehow attached.  

15) Cables and hoses or any other connections between objects floating around in the system exert forces on both objects when moving stuff along those cables or in those hoses, changing their trajectories relevant to each other. 

16) "Crushers" and "sieves" inside a processor don't work the way we know, unless we spin part of the processor to create artificial gravity. But then we might rather use centrifugal force and corriolis effects to do the differentiations by mass and size rather than using classic sieves. 

2. Low escape velocity

This is another feature of low gravity. You never "stand" on an asteroid. Take a little hop, and you fly off never to come back again. With rotating asteroids this becomes even more pronounced at their equator. This of course applies to any material on its surface: Give it a push or a shove, and it goes flying off either into high ballistic trajectories, slowly descending again, or reaches escape velocity and goes into stable orbits, or leaves the asteroid alltogether. 

For designing hardware this means:

21) Anything that operates on the surface has to be very careful not to throw or even nudge surface stuff around, otherwise we end up with a billowing cloud of surface material around the roid. So any traditional ideas about strip mining are right out: No open shovels, no bulldozers, no blades, no trolleys, no conveyor belts. You can't "scrape" an asteroid surface or put a shovel into it without stirring up stuff that billows into a permanent cloud (and you can't "suck" stuff up into a hose, because there is no gas out there to push it into the hose-mouth when you suck). 

3. "Floating pile of rubble"

There are exceptions, but most asteroids appear to be very loosely aggregated chunks and pieces of all sizes, with lots of holes and space between those chunks. The low densities of asteroids even though they contain rocks and metals bear this out. Whether these chunks are "glued" together by frozen volatiles is still a guess, and probably depends on how far the roid is from the sun. At any rate, we must assume that a surface layer is "dry". And that means we can stick an arm in and twist it and take it out again. The stuff just moves out of the way. But stir your arm real slow, or else you kick up a cloud of debris! Or maybe there is a "crust" from some kind of baking process by eons of sunlight interacting with volatiles seeping out? 

For designing hardware this means: 

31) We know so little about the mechanical properties of asteroid surfaces there is no way around actually going there with a scout and prospector for figuring out the details of designing the mechanics to interact with it. 

32) We must assume that driving in stakes to attach anything (like the "pegs" for a tent) is not going to work, or the stakes would have to be huge and driven down real deep. If at all direct attachment is feasible, a solution would look more like a "drag anchor" at sea, or a harness. 

4. Dust

We have to assume we are dealing with regolith on asteroids too: The grains resulting from earlier smash-ups. From the Moon we know that the dust is highly abrasive. This seems obvious, ie. the grains never had water smoothing their surfaces, were never blown about by winds and therefore retain their shard-like shapes with razor edges if it is crystalline rocky stuff. So think of lunar dust to be bottles of glass that have been pounded in a mortar (not ground!) to an exquisitely fine dust which under the microscope looks like shards of glass. And then imagine what that does to any equipment we want operating in it (and for God's sake don't get it into your lungs).  An interesting feature is the electrostatic "atmosphere" the Moon has on its day side. What happens is this: Our star blows out a steady stream of charged particles that smash into the lunar dust, punching out charges from the lunar particles' surfaces. And so the lunar dust becomes electro-static. That means that dust grains can repell each other or stick with each other. The very small dust particles and even molecules can bounce several meters up from the lunar surface when they are repelled, creating the very thin "atmosphere" during the lunar day. And at nightfall it all collapses down again on the surface. Now, the Moons gravity is big enough to recapture the bouncing tiny dust particles. 

But not so on asteroids!! We can expect that on asteroids these tiniest dust particles have been bounced into escape velocity and left the asteroid. So we can expect the dust on asteroids to be be bigger grained, less fine than on the moon. We can even expect that on rotating asteroids there will be little dust at their equators, maybe sand or gravel (well, crushed gravel, not pebbles).     (Come to think of it: If this reasoning is correct, then the tiniest grains of dust on the surface will be at the poles of asteroids, right? Or in holes in permanent shade. How well the dust differentiation is pronounced from equator to pole of an asteroid, or inside a permanently shaded hole compared to the sunlit area just around it, might be an indication of its history?)

For designing the hardware this means:

41) Any equipment must be able to cope with "finely pounded glass". Abrasion is going to be a headache, but not as bad on roids as it will be on the Moon. 

42) Beginning work at the equators might be a good idea, if we know how to stay on the surface.

