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Introduction

» This paper proposes a method for generating optimization
frameworks for early conceptual design studies

« Early design of a general-purpose search and rescue helicopter is
used as case study

« Multi-disciplinary problem with typically conflicting requirements
Search and Rescue

Case Study

» Range, number of passengers, cost, weight, etc...

« Available helicopter design methods and approaches include a lot
of details, and a designer must be quite familiar with the topic to
make an initial concept selection

» Desirable to facilitate an early concept selection from simpler
means

 Statistics of existing solutions
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Optimization Problem

General-purpose search and rescue helicopter

Objectives:
« Maximize: Range and Rescue/Passenger Capacity
« Minimize: Fuel Consumption, Weight and Cost per Hour

Design parameters: Search and Rescue
« Fuselage length (=Helicopter Size) Case Study

» Helicopter Rotor diameter

« Number of Rotors

Constraint — ﬂ -
800 —

« On flight velocity to avoid stalling rotor blades
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¢ Flnd Sultable equatlons and formulas ( Determine b Establish Determme Setup and Perform
.. Generate
Objectives and Underlying Model/Models Model Optimizations -

° Proved 100 be harder than expected! kOptimization Goalsj Relationships Inputs/Outputs Evaluate Results

« Make my own formulas based on Wisto | [ i l Uanr;;stg | P §;f§;2§§£Li?§§Zf
. . . nalyse? unctions? er; ie;nsmi s Disciplinary? arirrrll:r:sn? Experiment (DOE)
statistics and regressions — S

* Collecting helicopter data
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e Own Statistical Database

— Over 75 different helicopters
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Method and Approaches Log Empty Weight v Log Volume =111
45 o c)c::
_— o oo
« Own Statistical Database 5 Ol
. . Fuselage Length vs Fuselage Width
— Over 75 different helicopters .
. . ®
« Regression analyses to obtain formulas and Ef
models for the optimization framework £ !
g 5
— Linear (and Linear LogLog) ! .g o8 p
— Other trendlines e.g., exponential = : "}5?'&'- t’
4000 ®
- However, regressions can become tricky, and 3500 e i o e w s
intuition is not always “best”... _ Fuselage length [m]
e So, what do we do? Bl o0 g
5 1500 R
_ f s A2 1000 o ©- °
Optimization?! " i8es8. .
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Symbolic Regression With GA

« What is Symbolic Regression?

Symbolic Regression is a type of regression analysis

that searches the space of mathematical expressions
to find the model that best fits a given dataset, both

in terms of accuracy and simplicity.

Randomly combining mathematical building blocks
with Genetic Algorithms

Objective: Minimize, for example, mean square error
Penalizes complex/lengthy expressions
Reduces human bias

Results in an equation/function/expression

fOO =x1x; +

«pesign Par
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Symbolic Regression With GA

« MATLAB Toolbox:

— GPTIPS
«10° __ RMS training set error: 1606.0352 F.", A \*"2" @ Q_Iﬁ
51 Predicted || |
al Acual ||I_
2 ;/ I':::?i:;:,_ \-f-: !'-fg.J .-j?::"- |'I Ijl'
5 10 15 20 25 30 S5 40
Data point
<104 RMS test set error: 889.6396 R?: 0.99613

Data point

12
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x104
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Optimization Framework

: = 0‘5&
« Breguet’s range equation I NN
\l S
*  What models have I ended up with? ; \« ;f%%f;g

— Helicopter Dimensions Model (Matlab)
— Weight Estimation Model (Excel)

— Aerodynamics Model (Matlab)

— Propulsion Model (Matlab)

The Breguet range equation for helicopters:

— Range Model (Excel)
— Cost Model (Excel)
Multidisciplinary Optimization Pmplgsu?n System Structural Designer
esigner

Aircraft Designer
« How are the models connected? 5
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Optimization Framework

* Model
— Inputs/Outputs
— Dependency Structure Matrix (DSM)
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Helicopter Dimensions
Weight Estimation
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(forward) inputs

Output feedback

Feedback inputs
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Helicopter
Dimensions

Weight Estimation

Helicopter
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Range
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ModeFRONTIER implementation
— Model and Workflow
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HelicopterDimensionsModel

FuselagelLength = 11; % Input

FuselageWidth = 0.126*Fuselagelength + 0.6553;

0.2243*Fuselagelength + 1.0241;
Fuselagelength*FuselageHeight*FuselageWidth;

)\ MATLAB

FuselageHeight =

FuselageVolume = % Output

FuselagelLength

Workflow '
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Optimization Framework

 ModeFRONTIER implementation
— Model and Workflow
— Optimization setup
« NSGA-II
* 150 generations
— DOE
« Uniform Latin Hypercube

* 20 designs

SchedulingStart [NSGA.

@
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ID Category Fuselage Length [m] Number of Rotors [-] Rotor Diameter [m]
0 ULH 13.678 2 20.066
1 ULH 39.668 1 4.835
2 ULH 7.581 1 13.182
3 ULH 37.910 1 15.783
4 ULH 12.680 1 5.864
5 ULH 19.227 2 21.868
6 ULH 4.470 2 8.406
7 ULH 28.758 1 24.122
8 ULH 33.890 2 12.229
9 ULH 16.208 1 13.831
10 ULH 35.622 2 10.291
11 ULH 30.580 1 19.087
12 ULH 31.198 2 15.332
13 ULH 27.331 2 7.275
14 ULH 10.134 2 6.408
15 ULH 24.421 1 10.590
FuselageL engih RotorDiameter  NumberOfRolors
ol Sl
HelicopterDimens fel WeightEstimationModel _ 1 micsModel PropulsionSystemModel Ran CostModel_ - | ExitNoc
> - ' o
FuselageVolume | NumberOfPeopteOnboard MTOW F locity PonaDIBIRglS, FC Rang CostPerHour
r [ r 7 Py B g B r i
FuelWeightConstraint LiftToDragConstraint
N4 s
VelocityConstraint
P ST 4 ObjFuelConsumption ObjRange ObjCost
R o “u 2 “u
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Results

e ModeFRONTIER results:
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Conclusions and Outlook
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