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« Objective: design a general aviation aircraft
In order to:

— Increase Range
— decrease Gross Take-Off Weight (GTOWeight)

* Motivation: study the performance tradeoft

* Reference aircraft Cessna 172R Skyhawk:
— used to validate the algorithm

— used as a starting point for gradient-based
algorithms
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Master Table
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WingArea Wing Area [m?] 0 16.2 -
WingSpan Wing Span [M] 0 11 20
FuselLength Fuselage Length [m] 3 8.28 20
FuseDiameter | Fuselage Diameter [m] 1 1.22 4
CruiseVel Cruise Velocity [m/s] 0 62.78 -
CruiseAlt Cruise Altitude [m] 0 2438 6000
Range Range [km] 1218
(1074, +13.4%)

GTOWeight Gross Take-Off [kg] 1309

Weight (1111, +17.8%)
BendStress Wing Bending Stress | [MPa] 2000
ARWing Wing Aspect Ratio [ ) 7.47
FuseRatio Fuselage Ratio [1 0.1 0.147
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EngPower Engine power [W] | 119312 (160
BHP)
EngineWeight Engine weight [kg] 70
Sfe Specific fuel comsumption | [m] 5.106
FracPowerCruise | Fraction of power used at ] 80%
cruise
rotationvelocity Propeller rotation velocity [rpm] 2400
propellerdiameter | Propeller blade diameter [m] 1.91
EngineNum Number of Engines [] 1
PayloadWeight Payload weight [kg] 100
PassNum Number of passengers [] 2

Values of parameters: Cessna 172R Skyhawk
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e, |f

N WingArea, WingSpan, FuselLength,
FuseDiameter, CruiseVel, CruiseAlt
!
Propulsion Weight
module module
GTOWeight
- Aero
Propulsion :
Lift/Drag
Range Structure
ARWing="183pan’ module module
WingArea l l

FuseR atiO:F useDiameterZ .
Fuselength Range WingBendingStress<2000MPa
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Wing Area

Wing Span

Design Space Exploration:
Parameter Study of Range
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Cruise Velocity

Range dependence with wing area Range dependence with wing span Range dependence with cruise velocity
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B Cessna 172R Skyhawk
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.2 Gradient-based iSIGHT SQP-
NLPQL optimization results
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WingArea [m?] 16.2 35.0 -
WingSpan m] 11 13.2 20
Fuselength m)] 8.28 5.74 20
FuseDiameter m)] 1.22 4
Cruise Vel [m/s] 62.78 58.4 -
CruiseAlt [M] 2438 24438 6000
Range [km] 1218 1940

G TOWeight [kq] 1309 1829
BendStress [MPa] 2000
ARWing [] 7.47

FuseRatio [] 0.147 0.174
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WingArea: -0.1775 WingSpan: 1.1121 CruiseVelocity: 0.4353

Range dependence with wing area at single objective Range dependence with wing span at single objective Range dependence with cruise velocity at single objective
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B SQP optimum
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WingArea 0 35.0 62.22 35.05 106.5
WingSpan 0 13.2 17.64 13.25 20
FuselLength 3. 5.74 10 6.45 14.34 20
FuseDiameter | 1 0.75 1.43
CruiseVel 0 58.4 64.97 58.4 73.3
CruiseAlt 0 2448 4693 2448 2450 | 6000
Range 1940 3664 2258 3905
GTOWeight 1829 3384 1777 6925
BendStress 2500 2000
ARWing 5 3.75
FuseRatio 0.1 0.174 0.116
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« We evaluate the Hessian using finite differencing:

62{ (x*)= J(Xe o o Xi+ iy oy Xn ) =2 (X5 . s X+ oo Xiye o X )+ (X1, . o X=Xy . 1y Xin)

Oxi &’
Original Hessian coefficients Scale factors New Hessian coefficients
Awingarea =—3.05 Sfwingdrea=1 Mvingarea=—73.05
Awingspan =—38 .59 Sfwingspan=10 Mvingspan=—0.386
AFuseLength =— 19 .28 SfFuseLength=1 0 Aruserengii=—0.773
AFuseDiamet r=—139 .1 Sf FuseDiameter=1 (0 NruseDiamerer—=—1.378
ACruisevelo ciy=—1.564 SfCruiseVelocity=l ACruiseVelociy=—1.564
Acruiseair =0.0136 Sfcruisean=0.1 Ncruisean=0.0045
157 iterations to 54 iterations to
reach optimum reach optimum
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Multi-island Genetic Algorithm
results for 40 generations
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Wing Area 35.0 21.03 63.39 73.68 58.22 19.61
Wing Span 13.2 10.33 15.97 16.93 16.48 10.10
Fuselage Length 5.74 3.63 14.00 17.22 4.42 3.84
Fuselage Diameter 1.0 2.73 1.05 1.02 1.37 3.98
Cruise Velocity 58.4 49.10 67.49 78.78 57.38 22.61
Cruise Altitude 2448 | 2579.58 | 5132.50 101.02 1089.86 | 5331.79
Range 1940 | 254.13 | 3821.96 5426.72 1326.00 | 3.68
Bending Stress 2000 | 1952.07 | 1862.45 1959.03 1883.36 | 1741.06
Wing Aspect Ratio 5.0 5.08 4.02 3.89 4.67 5.20
Fuselage Ratio 0.174 0.76 0.075 0.059 0.31 1.04

12

22-May-03 - Antoine Vincent and Keen Chan



16.888
ESD77

WingArea 16.2 35.04 | 30.74 31.18 31.50 29.30 18.5
WingSpan 11 13.24 | 12.39 12.49 12.55 12.10 9.62
FuselLength 8.28 9.75 5.83 5.82 5.742 5.81 4.758
FuseDiameter 1.22 1.0 1.0 1.0 1.0 1.0 1.0
CruiseVel 62.78 | 58.37 | ©61.24 61.03 62.36 62.13 63.03
CruiseAlt 2438 | 2445 2447 2445 2998 2447 2447
Range 1074 1940 1893 1902 1937 1858 1265
GTOWeight 1111 1830 1655 1672 1686 1596 1156
BendStress 2000 2000 2000 2000 2000 2000
ARWing 7.47 5 5 5 5 5 5
FuseRatio 0.147 | 0.174 | 0.172 0.172 0.174 0.172 0.21
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Single objective SQP optimization is successful.
Scaling and sensitivity analysis are efficient.

Because of the topology of the design space (too
many infeasible designs), the GA approach failed.

The multi-objective approach illustrates the
importance of the weight factors, and is consistent
with the real Cessna case.

Future work:
— A stability module could be added.

— The knowledge of the topology of the feasible design space
would be valuable.
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