

















For ease of use, it is very important that the information
implanted in the tool does not become shrouded in a “black
box”, impenetrable to all interested parties except the user.
Therefore, much care has been expended to enable data and
structure transparency. The following Segment Hierarchy
Display shown in Figure 6 is one of several standard
example views that provide situational awareness. This is
particularly important for relatively complicated missions
like a sample return that may require numerous segments to
separate and reattach in different combinations for various
phases with all the attendant propellant bookkeeping
demands of segment-specific maneuvers. The example
shown highlights the hierarchy during a “Mars Descent”
Phase.
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Figure 6: Segment Hierarchy Display

The following is a list of key features that MTT users can
leverage:

*  Automatic convergence  of
simultaneous equations

user-supplied

¢ Unlimited attribute creation
¢ Embedded propellant bookkeeping
¢ Equation builder

* Cost wrapping and toggle-able cost estimating
assistance

*  Launch vehicle solver:

® Selectable feasibility constraints

¢  Option filtering |

* Automatic data consistency checking

*  Seamless output file sharing to Excel and advanced
tradespace visualization software.

6. CONCLUSIONS

The Mission Tradespace Tool offers its users a rapid,
flexible method to define and explore a rough, high-level
tradespace over a wide variety of potential mission types.
Despite its unique capabilities, it remains dependent on a
knowledgeable system engineer/analyst to exploit its
relatively open framework in a meaningful manner. This is
not necessarily a drawback, since it maximizes the relative
strengths of computer frameworks and the unmatched
problem definition capabilities of a skilled human.
Attempting to remove the human from the loop is not
something the MTT development community cares to tackle.

The algorithms that conduct much of the bookkeeping
functions (e.g. propellant expenditure, hierarchy, equation
convergence) have been rigorously verified over a range of
assumptions.  Early validation exercises have shown
considerable promise for identification of relative system
trends and the identification of rough feasibility/infeasibility.
Absolute validation against higher-fidelity baselines with
small error tolerances over wide tradespaces lies arguably
outside the intended scope of rapid early feasibility
exploration. Nevertheless, the issue of absolute validation
remains a goal that will be approached through increased
operational experience and the intelligent  historical
feedback mechanisms that a standardized trade capture
framework allows over time.

Improvement in the end-to-end cycle time will be a target
for a variety of MTT upgrades, both algorithmic, and
procedural.  Referencing a growing library of simple
executable models and linking to increasingly relevant
databases appears desirable. Yet even in its current form,
the MTT has changed the landscape of expectations for
early architectural design phases. For perhaps the first time
ever, trade tool reconfiguration is no longer the speed
limiting factor for continued quantitative explorations of
widely varying space mission tradespaces.
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