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Investigation of multiple asteroids that belong to a single family provides direct  information of the interior as well as collisional history of their parent body, namely a refractory planetesimal disrupted by mutual collisions in the early stage of the Solar System evolution. As one of the most awaited minor  body  missions  in  the  next  decade, we investigated mission plans to conduct multiple  fly-bys and sample returns to such asteroid families within  the present launch capability and budget cap of the ISAS planetary exploration mission. We have found that there are several feasible mission scenarios and trajectory designs, using chemical propulsion  and existing technology, in order  to  conduct  fly-bys with 180-250 kg scientific payloads to 3-5 Koronis family asteroids  (all  S-types)  within  3-6  years in late 2000?s and early  2010?s.

Some of the options include the Ida-Gaspra system, which is the only family asteroid visited by spacecraft in the past.  Sub-classes of the S-type within this major family are evident under the systematic co-relation between spectral features and orbital parameters. This may  suggest  moderate differentiation within  the interior of a presumed 10-km parent body, even if  the  S-type can be linked to LL chondrites as implied by the NEAR Shoemaker  spacecraft  data of Eros.  Also noted for the Koronis mission is the existence of the associated dust band observed such that an in-situ impact dust element  analyser can reveal major components of this family, even prior to its sample return.

On  the other hand, the similar mission scenario seems more difficult for the Nysa-Polana Family, which has several spectral types within, mainly due to trajectory  designs  for  small  launchers  like  ISAS can only use. More investigations with gravity assists and electric propulsion options are yet to be exploited.

Fly-by impact sampling is a new and key technology for this mission. It requires both reliable autonomous navigation and formation flight operation between  the mother spacecraft and the impactor daughter probe like the Deep Impact mission, which is ready by 2004.  Granted this technology is available for the Family mission, Hydrocode impact simulations for both S-type and C-type analogs showed aerogel collection of sufficient number of sub-surface asteroid grains for micro-analysis indeed viable.

