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ProblemProblem StatementStatement

Maximize the Return On Investment 
(ROI) by changing the physical Space(ROI) by changing the physical Space 
Shuttle External Fuel Tank design 
variables while satisfying the givenvariables while satisfying the given 
mechanical requirements (Volume, 
Stress Vibrations) at a fixed specificStress, Vibrations) at a fixed specific 
Payload. 
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ProblemProblem Statement (cont’)Statement (cont’)ProblemProblem Statement (cont )Statement (cont )

ROIROI = 

Revenue (tax payers) – (Launch Fixed Costs + Tank Cost) 

Tank Weight 

Revenue (tax payers) (Launch Fixed Costs Tank Cost) 
(Launch Fixed Costs + Tank Cost) 
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Model implementation andModel implementation and
lid tilid tivalidationvalidation 

Obj i D i  V  i  bl  C t i t Objectives 
(7) 

¾ Total surface of 
¾ Nose cone height 

Radius of the 

Design Variables 
(6) 

Parameters 
(10) 

¾ Cost of material/unit 

Constraint 
(5) 

¾ Volume the tank 
¾ Tank weight 
¾ Total seam cost 
¾ Delta payload 

¾ Radius of the 
hemisphere 

¾ Length of the 
cylindrical body 
Nose 

¾ Cost Seam/unit 
¾ Material weight/unit 
¾ Liquid fuel pressure 
¾ Payload 1 

¾ Volume 
¾ Stress (cylinder 

nose, hemisphere,
nose cone) 

¾ Vibration¾ Delta payload 
¾ Payload launched 
¾ ROI 

¾ Nose cone 
thickness 

¾ Cylinder thickness 
¾ Hemisphere 

thickne 

¾ Payload 1 
¾ Payload 2 
¾ Nominal Payload 
¾ Profit ratio 

¾ Vibration 

thickness 
¾ Aspect ratio of 

cone 
¾ Vibration constant 
¾ Fixed launch cost per

weight 
¾ Charge to customer for¾ Charge to customer for 

launching payload per
unit weight 
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Model implementation andModel implementation andpp
validation (cont’)validation (cont’)

PSM32 
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Model implementation and Model implementation and pp
validation (cont’)validation (cont’)

N2 MatrixN2 Matrix
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Model implementation and Model implementation and pp
validation (cont’)validation (cont’)

Block DiagramBlock Diagram
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Model implementation andModel implementation andpp
validation (cont’)validation (cont’)

Model Validation 

• The given nominal values of the real External Tank were 
used in the model formulas 

• Outputs verified the model as valid, but with low fidelity 
E.g.: Nominal TE.g.: ank Wa eight = 27,737.79 [Kg]eNominal T nk W ight = 27,737.79 [Kg]
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Design of ExperimentDesign of ExperimentDesign of ExperimentDesign of Experiment
DOE factors and levels Main effects

18-Orthogonal array

X 0 = 1
4600
435
0.84
0.74

ROIROI 00 == 0.09030.0903

0.86    

ROIROI 0  0  0.09030.0903
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Si l Obj ti O ti i tiSi l Obj ti O ti i tiSingle Objective OptimizationSingle Objective Optimization

Best solution by 
Genetic Algorithm 
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Si l Obj ti O ti i tiSi l Obj ti O ti i tiSingle Objective OptimizationSingle Objective Optimization

ROI=0.090 ROI=0.226 ROI=0.283 ROI=0.284ROI=0.060 
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S iti it A l iS iti it A l iSensitivity AnalysisSensitivity Analysis

Normalize Gradient 
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S iti it A l iS iti it A l iSensitivity AnalysisSensitivity Analysis

Constraint Form Value at x* Active?

Vibration 
constraint

1‐
VF/VFallo
wed ≤0

~ 0 Yes

Volume 
constraint

1‐
Vtank/Vno
i l 

~ 0 Yes

minal ≤0

Eq. Cylinder 
stress 
constraint

Scyl/Sallo
wed‐1≤0

~ 0 Yes

Eq.  Shem/Sall ~ 0 Yesq
Hemisphere 
stress 
constraint

owed‐1≤0

Eq. Cone 
stress 
constraint

Scon/Sallo
wed‐1≤0

~ 0 Yes
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M lti Obj ti O ti i tiM lti Obj ti O ti i tiMulti Objective OptimizationMulti Objective Optimization
AWS Pareto FronAWS-Pareto Front 
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-(ROI) 
MAX ROI 

MIN WEIGHT 
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ConclusionsConclusionsConclusionsConclusions

•Single Objective Optimizationg j p 

Multi Objective Optimizatio•Multi Objective Optimization 

http://www.nasa.gov/topics/shuttle_station/index.html 
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