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Given: 

• Goal 

Problem Statement 

Minimize vehicle mass (which is a function of many design variables) , 

• Subject to these constraints 
- Trip time between 1 and 4 years 

- SRPSpwr out between 1 and 10MW 

- Ve between 30 and 150 km/sec 

• And a set of initial parameters 
- Power to electric thruster 

- Other power needed 

- Electric thruster type 

Determine: 
• If the vehicle can be build using the assumed initial mass 

• Number of thrusters required 

• If vehicle can perform the mission in the desired trip time 



Create 
Initial 

Population 
Of 

Vehicle 
Designs 

How GA's Work 

Evaluate 
Fitness 

o Select 

o Crossover 

o Mutate 

Basic approach: Generate a group of candidate designs, see how 
"fit" the designs are, and carry best designs forward to the next 
generation. Some designs eliminated, some randomly modified and 
carried forward. 
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Genetic Algorithm Software Package 

• Over 70 software packages were evaluated 

• DAKOTA (free download from Sandia National Labs) was chosen 

- Price was right 

- Runs on Linux and other Unix (coded in C) 

- Good documentation and support 

- Has many other optimization techniques included 

- Loosely coupled to other codes through ASCII file data passing and Perl scripting 

allows maximum use of existing codes 

-- --- --- --- - ~-------
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Genetic Algorithm Software Package 

• Over 70 software packages were evaluated 

• DAKOTA (free download from Sandia National Labs) was chosen 

- Price was right 

- Runs on Linux and other Unix (coded in C) 

Good documentation and support 

Has many other optizition techniques included 

- Loosely coupled to other codes through ASCII file data passing and Perl scripting 

allows maximum use of existing codes 



How Dakota works with your code{s) 

~--~rDAKOTA~'·----~ 

DAKOTA 
.. ~ Paranleters File_/" 

1 J,'fIl\ ... ... I Data 

I Prc-pn) ccs s in IT 

DAKOTA 
~ ReSlllts File 

.. 

Data 

Post"procc.ss jng 

t 
( Simulation '\ 
\... I11l)ut File j 

User ~'s ~~~PIU~~~~~ ) 
/ _.........-.""""j.i"""""""--- I ~ S ilTIlllatioll,I ___ -J 

Code 

Figure i~l The loosely-coupled or i'black-box'" interface between DAKOTA 
and a user-supplied sinlwatiOl1 code 

- - - - -------- - --_.-- -~-----



Our Nuclear Electric Spacecraft Problem Setup 

I DAKOTA GA I 

input 

How many? 
Exactly what data? 

How & when does 
data flow between I SRPS Code{s) I 
these? 

I Radiator Code{s) I 

I PMAD code I I Geometry I 

How many? t t 
Exactly what data? I I 

output 

I Electric Thruster code I 

I Thermal Analysis Code{s) I 

I I 

I Truss Structural Analysis Code(s) I 
Hab Module Code 
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NEVOl Computational Framework 

esults.ou 

Trajectory 
TripTime 

SRPS PMAD 

DAKOTA 

Params.in( ) 

Simulation Executive 

HAB EP 

Simulation Executive 
ehic1e Fitness Calculatio 

~~--~-------------------------------------------------------- .----- -

TRUSS CONFIG 
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Review of Mission Analysis (Kos/TD03) 

-Reference mission to the 
asteroids allows exercise of 
optimization software 

-Trip times of 4 years appear 
f easible for Isp 7000-10000 sec 
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Jupiter 

- Mars 

- Earth 

Orb3 

Sun 

3O-day tic marks 

Coasl_10.00OSec 

CoasL7000sec 
SIC 10,000 sec 

- SIC 7000 sec 
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EP TripTime vs PO 

~ Isp (sec)- '; 6000 

1 I \ 1_ Isp (sec) =7000 

3 5 

- __ Isp (sec) = 8000 

Isp (sec) = 9000 
~ Isp (sec) = 10,000 

7 9 11 13 15 

PO (MWe) 

-For a given vehicle design (power 
PO) generated by DAKOTA, 
trajectory curves provide actual 
trip time 


