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ABSTRACT

Aircraft manufacturers often consider producing multiple derivatives of aircraft to satisfy
various market demands and technical changes while keeping development costs and time to a
minimum. Many approaches have been proposed for carrying out derivative design. However,
these approaches consider both the baseline design and derivatives together at the conceptual
design stage using the entire set of design variables with an assumed set of expected
requirements. These frozen requirements on derivative design cannot consider new demands
from market changes. In this paper, a method is proposed that uses design optimisation
for conceptual design of derivatives for existing aircraft that consider requirement changes.
Furthermore, the Possibility-Based Design Optimisation (PBDO) method was implemented
to consider uncertainty in the aircraft operation phase. The altitude range of aircraft operation
was defined as an uncertain parameter to prevent violation of constraints in the entire operating
envelope of the aircraft. The PBDO method yields a more conservative design than those
obtained with deterministic design optimisation.

In this paper, the proposed derivative design process was applied to the Expedition 350, a
small piston engine powered aircraft produced by Found Aircraft, Canada. A derivative that
changes the normally aspirated engine to a turbocharged engine for high-altitude operation
was considered. An optimum configuration with the new engine was obtained while enhancing
performance and stability characteristics. The proposed derivative design process can be
implemented on the derivative design of other aircraft.
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1.0 INTRODUCTION

Aircraft development and certification is a lengthy and costly process. Furthermore, the
market is constantly changing with new demands such as more passengers, greater cruise
range, new engines, new technology, and new environmental considerations. Aircraft
typically have many derivatives to satisfy these new demands'!). Derivative designs are
advantageous to manufacturers and airlines. Aircraft parts are shared between the baseline
aircraft and its derivatives, reducing the manufacturing cost and simplifying the maintenance
process. Training time and cost for pilot and maintenance crew are also reduced relative
to brand-new aircraft designs. As a consequence, many researchers have studied aircraft
derivative and aircraft family design methods>-!'”). Richard et al, Reinhold, Robert et al,
and Deepak et al utilized market requirement analysis to identify the important criteria for
derivative design and considered altering constraints for the design problem>-®). Jonathan
et al identified the candidate product family members from the generation of a Pareto
frontier”>®). Timothy et al employed a Multi-Objective Genetic Algorithm (MOGA) for
derivative design. The product baseline and its family were simultaneously optimised using
a genetic algorithm while considering different platform levels(>-!'"). Furthermore, James
et al and Dongwook et al proposed an evolutionary method and data mining technique
to design a family of aircraft(!>'4). Prasetyo considered the aerodynamics discipline
for family design of transport aircraft(’>), and David et al implemented a library of
interchangeable components for Unmanned Aerial Vehicle (UAV) family design!'®). A Multi-
Objective Particle Swarm Optimisation (MOPSO) approach was suggested by Seng Ki et
al''”). These approaches designed the baseline aircraft and its derivatives simultaneously
using a complete set of design variables. Moreover, these researchers assumed a set of
requirements for derivative conceptual design. However, these requirements often differ
from actual market requirements that may have been unforeseen during the development
of the baseline aircraft due to new emerging requirements. Therefore, a more effective
design process for aircraft derivative design is required to properly consider changing
market demands and the emergence of new requirements. This process facilitates the
design of aircraft derivatives when the market demands new capabilities that may not
have been foreseen when the baseline aircraft was designed. In this research, a derivative
design method is proposed that considers new market requirements for existing aircraft.
These new market requirements were analyzed to identify important features for derivative
design.

The proposed design process considered uncertainty in the design optimisation process.
In recent years, uncertainty has been considered in design optimisation to ensure a
conservative optimum design. The Reliability-Based Design Optimisation (RBDO) and
Possibility-Based Design Optimisation (PBDO) methods were developed to consider the
influence of uncertain variables and parameters on design optimisation’®!?). The RBDO
method is applied to consider uncertainty when information from the uncertain parameters
is sufficient to generate accurate input for statistical distribution functions('®!?). When
sufficient amounts of uncertain data are not available, the probabilistic method cannot
be used for reliability analysis and design optimisation. For such cases, the PBDO
method can be used for considering uncertainty in design optimisation®”). The PBDO
uses a fuzzy function for modeling uncertain parameters and is useful for cases that
have insufficient data to produce the probability density functions'®2%). In this research,
the PBDO method was applied for handling uncertain parameters, since sufficient data
concerning these parameters was not available for calculating probability density functions
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and are better handled by engineering judgment and the examination of available
data.

A derivative of the Found Aircraft Expedition 350 was considered as the application in
this paper®?"). Found Aircraft is a light aircraft manufacturer in Ontario, Canada. The Found
Aircraft Expedition 350 was developed from the baseline FBA-2 aircraft and was designed
for flight training and private use. The baseline aircraft was developed in 1961 to withstand
and thrive in the harsh conditions of North America’s undeveloped northern land with
equipment including tundra tires, floats, and skis®!). A change from the normally aspirated
engine type to a turbocharged engine was considered in order to satisfy new demands from
dealers. A derivative design optimisation technique was performed to enhance the stability
characteristics with the new engine. The predicted results of the performance analysis module
were compared with actual flight data for certification to evaluate the analysis module. In
addition, the PBDO method was implemented to consider uncertainty. The flight operation
conditions were considered as uncertain parameters in order to avoid repetitive computation
for all performance and stability constraints for every environmental condition. The PBDO
method will make sure that each constraint was evaluated at the worst possible value of
air density. This ensures that each constraint will be evaluated in a conservative way*>). A
set of aircraft analysis tools including aerodynamics, performance, stability, weight estimate,
engine, and propeller analysis were implemented in an optimisation framework. The results
were compared with known aircraft performance data.

2.0 DESIGN OPTIMISATION UNDER UNCERTAINTY
2.1 Uncertainty

Uncertainty is inherent in all types of simulation-based design. When the optimisation is
performed without considering the uncertainty, certain active constraints in the deterministic
optimisation result may cause system failure. Reliable solutions lie farther inside the feasible
design region than the deterministic optimisation result while satisfying the targeted reliability
level. In this research, the flight condition was considered as an uncertain parameter since it
changes during flight phases. The range of the overall flight phase was selected as a boundary
for the uncertain parameter. The PBDO method satisfies target possibility on the selected
range of flight environments. This work reduces the computation time for different evaluating
different flight phases.

2.2 Possibility-based design optimisation (PBDO)

The PBDO method was developed to address uncertainty in design variables and parameters
for which insufficient data is available to calculate a probability density function(?3-26).
This is desirable since a conservative optimum design is preferred when accurate statistical
information is not available. The possibility-based method treats input variables as fuzzy
variables. Fuzzy variables with membership functions are implemented for the possibility
method instead of the Probability Density Function (PDF) of random variables. There are
two advantages of the fuzzy analysis compared to the probability analysis. First, the fuzzy
input variables can be defined more easily than the input random variables when there is not
enough statistical data available. Secondly, extended fuzzy operations are much simpler than
probability-based methods, especially when a large number of variables is not available®>”).
The possibility measure IT should comply with the following axioms(?7):
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® Deterministic design optimization result
® Possibility-based design optimization result
a, : possibility of failure

Figure 1. The optimum result of PBDO.

Boundary requirement: I1(#)=0, IT1(Q2)=1,
Monotonicity: if 4,45, then I1(4;)< [1(4,),
Union measure: [1(Uie [ 4;) = max i€ I{I1(4,)},

where ¢ is the empty event and 2 is the fuzzy event of whole space. {4;, ic I} is a partition
of universal event 2. The general concept and formulation of the PBDO are shown in Fig. 1
and Equation (1)?%).

minimize Cost (d)
subject to IT(G(X)) >0<a,, i=1, 2,---,np .. (D
dt <d < adv

d is the design variable vector, G;(X) is the i constraint function, X is the fuzzy variable
vector, 17 (*) is the possibility measure, and a, is the target possibility of failure.

In this paper, it was assumed that the non-interactive fuzzy variables X; had its membership
function TT,,(x;) satisfying properties: unity, strong convexity, and boundedness‘**?%), These
three properties make it possible for non-interactive input fuzzy variables X;, i=1, ..., nf
to be uniquely transformed to fuzzy variables V; with non-interactive isosceles triangular
membership functions as

vi+1, — 1<0v;,<0

nV,.(Vi)z{ b ety "
|Di|517 l.=1,,_"nf
The transformation can be written as:
Oy (X)) — 1 X, <d;
Vl_{l_nX,-,R(/Yi) X, > d; ..(3)
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Table 1
Specification of expedition 350"

FM2C3 FM2C3T
Engine Model 10-580-B1A TIO-540-AH1A
Engine Power A manifold pressure of A manifold pressure of
21 inches at 2,400 rpm 25 inches at 2,400 rpm
gives 63% power gives 65% power
Dry Engine Weight (kg) 201.40 245.85
Engine Dimension
(height-width-length, m) 0.53-0.87-1.0 0.58-0.87-1.30
Compression Ratio 8.9:1 7.30:1
Fuel Flow (I/hr) 240.71 253.62
Propeller HC-C3YR-1RF/F8068 HC-C3YR-1RF/F8068+2
(2.08 m) (2.13m)
Maximum Takeoff Weight (kg) 1,723.65 1,723.65
Maximum Landing Weight (kg) 1,723.65 1,723.65
Baggage Weight (kg) 113.40 113.40
Total Fuel (1) 378.54 378.54
Maximum Passengers 4 passengers with 1 pilot 4 passengers with 1 pilot
Cruising Distance (km) 741.27 741.27
Cruise Speed (ms™) 75.26 76.55
Pressure Altitude (m) 2,438.4 3,657.6

Iy, r(X;) and Iy, r(X;) are the left side and the right side of the input fuzzy variable
membership function X;, respectively. In addition, d; is the maximal grade of this membership
function.

3.0 BASELINE AIRCRAFT

The Expedition FM2C3 is powered by Lycoming 10-580-B1A engine and was FAA certified
in 2008. The wing, rear fuselage, engine mount, and landing gear are all attached to a
steel frame. The other major structural elements and flight surfaces are made of aluminum.
Found Aircraft developed the FM2C3T that uses the Lycoming TIO-540-AH1A turbocharged
engine. They upgraded the FM2C3 with a turbocharged engine to satisfy new requirements
including high-altitude operation in Alaska and other mountainous regions. The FM2C3 and
FM2C3T have the same geometry shown in Fig. 2. Table 1 shows the specification of the
Expedition 350 aircraft.

A reduced set of certification requirements were considered for the Supplemental Type
Certification (STC) due to the similarity in configuration between the FM2C3T leading to
reduced flight test matrix**). The FM2C3 and FM2C3T have the same wing geometry,
so stalling speed was not affected by the engine change. Stalling speed is defined “for
reciprocating engine-powered aircraft with the engine idling, the throttle closed or at not more
than the power necessary for zero thrust”(?). TIO-540, the turbocharged engine used by the
FM2C3T, produces 231.62 KW up to an altitude of 1,524 m. This is the same as the sea-level
output of the 10-580 that the FM2C3 uses. Therefore, the takeoff and climb performance at
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Figure 2. Three view of expedition 350"

sea level are same as the baseline aircraft. Furthermore, the turbocharged engine has no effect
on the landing distance. The landing data from the FM2C3 flight manual was acceptable. TIO-
540 produces 220.59 KW up to 3,657.6 m. Therefore, the FM2C3T outperforms the baseline
aircraft at higher altitudes. This means that additional flight tests at high altitudes are required
to meet the requirements for obtaining an STC.

4.0 AIRCRAFT DERIVATIVE DESIGN

In this research, performance and stability analysis modules were implemented for
an optimisation problem to enhance performance and stability characteristics to new
requirements. Engine, propeller, and weight estimate modules were implemented as sub-
routines of the performance and stability analysis modules.
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4.1 Requirement change and additional considerations

In response to dealer requests, a program to develop a derivative aircraft that asked the new
aircraft can operate in high altitude conditions was begun. High-altitude conditions have
low air density, which reduces the amount of lift generation over a wing at any given true
airspeed. The low air density reduces the performance of aircraft engines as well. Aircraft
operating at high-altitude airfields require more takeoff length and have reduced rate of
climb. To overcome the negative effects of the reduced air density, various methods were
proposed. First, aircraft weight can be reduced with a smaller number of passengers or
lower payload size. The second consideration is increasing engine power. A more powerful
engine can enhance the aircraft acceleration and reduces takeoff length. However, the
additional weight of the engine and fuel can mean more cost and have a negative effect on
other aspects of aircraft performance. Third, wing size can be increased for high-altitude
conditions, but this increases wing weight, drag, and fuel consumption during cruise. Lastly,
additional high-lift devices to the wing can be implemented. However, these devices increase
weight and mechanical complexity, which increases manufacturing and maintenance costs as
well.

Found Aircraft implemented a turbocharged engine that has more power than normal
aspirated engine to satisfy new requirements without configuration changes. In this paper,
a turbocharged engine from the FM2C3T was considered along with changes to the main
wing and the empennage geometry and location.

4.2 Performance analysis module

The performance analysis module was developed by using simplified performance equations
from references**-31). It determines performance criteria such as drag, turn radius, power,
air density, fuel flow, climb angle, RPM, load factor, density altitude, lift, L/D, equivalent
airspeed, thrust, velocity, power setting, climb rate, propeller efficiency, bank angle, and turn
rate?. Turn, maximum climb rate, minimum glide angle, minimum sink rate, maximum
velocity, and minimum fuel were predicted for each flight phase. Figure 3 shows a comparison
of climb rate between actual flight data and predicted results from the analysis module.
Figure 3(b) contains higher-altitude data than Fig. 3(a) since the FM2C3T with a turbocharged
engine is capable of flight at higher altitudes.

Rate of climb is a good criterion to show the performance difference between two aircraft
with different engines and is derived from Equation (4)3%3D.

T 1 w\ ! W 2K
RIC=V|— ——oV?* =) Cpo— =" .4
/ |:W 7P (S) DO~ g pV2:| “4)

T is the thrust, V' is the velocity, and p is the air density. Cpy is the drag coefficient,
S is the wing reference area, W is the mass of aircraft, and K is the drag-due-to-lift
factor.

The performance analysis module was found to predict actual performance to within a
small error for both aircraft. The performance criteria were implemented as constraints of the
derivative design to determine performance characteristics as the aircraft geometry is changed
during the optimisation process. The performance of the derivative aircraft is maximized while
satisfying stability requirements.
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Figure 3. Comparison of actual flight data and analysis result. (a) Comparison of FM2C3 data and
analysis result. (b) Comparison of FM2C3T data and analysis result.

1

4.3 Stability analysis module

The stability analysis module calculates stability criteria such as the static margin, dihedral
effect, yaw stiffness, frequency and damping ratio of short period, and frequency and damping
ratio of Dutch roll. Equations (5) through (11) define this criteria respectively!).

X, — X

SM =

(5

oY}

SM is the static margin, x, is the neutral point, X is the location of the aircraft’s Centre of
gravity, and ¢ is the wing mean aerodynamic chord.

0.1054R [ 1+ 2%
= (+ ) .. (6)

BT T6UR+2) \ T+
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Cjp is the dihedral effect, \ is the taper ratio, AR is the aspect ratio, and I" is the wing dihedral
angle.

do
C'ng = LB, s + chvCLaU <1 + d_f)> (7)

Cyp 1s the yaw stiffness, C,p,y is the yawing moment derivative for the vertical stabilizer
related to side-slip angle p. 1. is the efficiency factor of the vertical tail, V,, is the vertical tail
volume ratio, and Cy, is the lift curve slope for vertical tail. do/dp is the change in side-wash
angle with a change in side-slip angle.

- M, ... (8)

oy is the short period frequency, M, and M, are the differentials of pitching moment for pitch
rate ¢ and angle-of-attack o respectively. Z, is the aerodynamic force with respect to angle-
of-attack and uy is the forward velocity.

M+ My + %
fm ..
¢ 2o ©)
wp = _u ug ... (10)
0

¢ is the short period damping ratio, wp is the Dutch roll frequency, Z, is the change in z-force
with respect to speed, and g is the acceleration of gravity.

X
rp = —2um ..(11)

2(,00

where ¢p is the Dutch roll damping ratio, 0.X/du is the stability derivatives evaluated at
reference flight condition, and m is the mass of the aircraft.

These were used as constraints and the objective for optimisation. When the engine was
changed, the aircraft Centre of Gravity (CG) moved and the characteristics of stability
changed. For this reason, the geometry and position of the main wing and empennage should
be considered to maintain the stability characteristics. Table 2 shows comparison of stability
characteristics of these aircraft from the stability analysis module.

4.4 Uncertain parameters

Uncertainty is characterised as the incompleteness of knowledge due to deficiencies in
information from the engineering analysis and design. Material properties, costs, operational
environment, and human factors can be defined as uncertainty in design. Uncertainty can
cause losses and violate constraints in the optimised design results. Understanding and
identifying uncertainty are crucial to the designer since the type of uncertainty applicable
to a given problem plays a key role in the quantification of its effect. Various sources of
uncertainty exist and understanding them can provide guidance on how to reduce uncertainty
in the prediction results(32-3%),
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Table 2
Stability analysis result

FM2C3 FM2C3T
Static Margin (SM) 0.2656 0.2696
Dihedral Effect (Cpp) —0.0471 —0.0472
Yaw Stiffness (Cyp) 0.0065 0.0067
Short Period Frequency (wy) 9.9140 9.9271
Short Period Damping Ratio () 0.6008 0.5970
Dutch Roll Frequency (wp) 1.4689 1.4751
Dutch Roll Damping Ratio (¢ p) 0.3072 0.3042

Main Wing Position I.fT"l\.r'ta-l"tit:al Tail Position

Span of 2" Section
of Main Wi

Aoy

Horizontal Tail Position L JI}
]

\! v
. Tip Chord Length
Tip Chord Lenmhﬂ:ﬁ_&:&cal Tail

of Horizontal Tail I

Span of Horizontal Tail

Figure 4. Design variables on aircraft geometry.

In this research, an uncertain parameter was introduced to cover different characteristics
with respect to the altitude changes. The altitude was allowed to vary between sea level and
7,000m. A fuzzy membership function was defined to cover the interval of this altitude range.
This enables the consideration of the whole range of operation and the results can satisfy
constraints during the mission regardless of changes to the flight environment. D. Neufeld
et al implemented an uncertain parameter to consider various operating environments during
aircraft flight!),

4.5 Derivative design optimisation

The stability and performance disciplines were implemented in this research. The objective
of derivative design was obtaining better stability characteristics than the FM2C3T while
satisfying given performance requirements. The geometry of the fuselage was not considered
as a design variable. Cruising altitude was defined as an uncertain parameter, and the PBDO
method was implemented to consider this uncertainty. Figure 4 shows the design variables
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Table 3
Design variables
Initial Lower Upper
Value Boundary Boundary
Main Wing Position (m) 1.73 1.70 1.85
Span of Second Section of Main Wing (m) 2.38 2.25 2.50
Horizontal Tail Span Length (m) 1.85 1.70 1.95
Horizontal Tail Position (m) 6.13 6.00 6.40
Tip Chord Length of Horizontal Tail (m) 0.40 0.35 0.80
Vertical Tail Span Length (m) 2.20 1.80 2.30
Vertical Tail Position (m) 4.14 4.00 4.20
Tip Chord Length of Vertical Tail (m) 0.48 0.35 0.8
Cruising Altitude (m) 2,438.4 0.0 7,000.0
Table 4

Constraints of aircraft derivative design(®%

Constraints Value
Static Margin (SM) SM > 0.08
Dihedral Effect (Cyg) Cip < 0.04

Yaw Stiffness (Cyp) Cpp > —0.02
Short Period Frequency (ws) 2.0 < ws < 10.0
Short Period Damping Ratio (¢5) 0.35 < ¢ <2.0
Dutch Roll Frequency (wp) 1.0 < wp

Dutch Roll Damping Ratio (¢{p) 0.08 <¢p

from aircraft geometry, but the vertical tail span is not shown in the top view of the aircraft.
Table 3 shows initial values and boundaries of these design variables and the uncertain
parameter. The boundaries of design variables considered fuselage geometry and hanger size.
Table 4 shows the stability constraints of the optimisation problem>). Military specifications
(MIL-F-8785C) define the requirements for the flying and handling qualities for various types
of aircraft. In this research, the requirements for small aircraft were implemented as shown in
Table 4.

Table 5 shows the deterministic design optimisation and PBDO results and stability criteria
values of the FM2C3T analysis data using the analysis tools. Two cases of optimisation were
examined. The first case used all the design variables described above. The other case fixed
the position of the main wing and empennage to save manufacturing costs. Table 6 shows
the rate of climb from the optimisation results with actual flight test data. The deterministic
design optimisation cases have a higher climb rate than the PBDO cases at between 3,600 and
4,300m, but lower climb rates at other altitudes. The PBDO results for case 1 and case 2 show
better performance in both the predicted result and the actual flight test below 3,600m. Case
2 shows better climb rates at lower altitudes, but case 1 shows better performance at higher
altitudes.

https://doi.org/10.1017/aer.2015.17 Published online by Cambridge University Press


https://doi.org/10.1017/aer.2015.17

386 THE AERONAUTICAL JOURNAL FEBRUARY 2016

Table 5
Optimisation result and stability criteria

Deterministic Deterministic
Optimisation = PBDO  Optimisation = PBDO

Design Variable FM2C3T Casel Casel Case2 Case 2

Main Wing Position 1.73 1.71 1.70 1.73 1.73
(m)

Span of Second 2.38 2.30 2.25 2.36 2.34
Section of Main
Wing (m)

Horizontal Tail Span 1.85 1.73 1.70 1.71 1.68
Length (m)

Horizontal Tail 6.13 6.07 6.0 6.13 6.13
Position (m)

Tip Chord Length of 0.40 0.35 0.35 0.35 0.35
Horizontal Tail (m)

Vertical Tail Span 2.20 2.27 2.30 2.29 2.31
Length (m)

Vertical Tail Position 4.14 4.20 4.20 4.14 4.14
(m)

Tip Chord Length of 0.48 0.35 0.35 0.35 0.34
Vertical Tail (m)

Stability Criteria

Static Margin (SM) 0.296 0.285 0.286 0.295 0.293

Dihedral Effect (Cyg) -0.071 -0.077 —0.078 -0.077 —0.078

Yaw Stiffness (Cpg) 0.090 0.106 0.107 0.103 0.105

Short Period 9.401 8.512 8.514 9.014 8.674
Frequency (ws)

Short Period 0.515 0.478 0.478 0.498 0.482
Damping Ratio
(€s)

Dutch Roll 4.140 4.516 4.520 4.606 4.480
Frequency (wp)

Dutch Roll Damping 0.247 0.242 0.243 0.247 0.240
Ratio (¢p)

5.0 CONCLUSION

This research proposed an optimisation process for carrying out the conceptual design of an
aircraft derivative in response to changing market requirements. Found Aircraft manufactured
a new aircraft derivative named the FM2C3T that has a turbocharged engine to satisfy new
demands from dealers, who requested a model with improved high altitude performance.
The FM2C3 has a normally aspirated engine and could not satisfy the new requirements.
In this paper, the new requirements were considered and a variant of the FM2C3 having a
turbocharged engine was studied. An optimisation problem was formulated to enhance the
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Table 6
Comparison of climb rate (m/min)
Deterministic Deterministic

Altitude Predicted Optimisation PBDO Optimisation = PBDO Flight
(m) Result Case 1 Case 1 Case 2 Case 2 Test
609.6 301.872 296.704 306.076 327.044 333.104 312.115
1,219.2 318.932 315.549 338.921 362.008 355.070  299.009
1,828.8 293.733 269.446 311.928 314.945 316.947 283.159
2,438.4 262.31 239.205 286.632 280.499 302.402 268.224
3,048.0 256.868 233.028 261.155 275303 279.085  253.594
3,657.6 217.592 225.106 236.706 255.390 255.294  235.61
4,267.2 195.195 209.527 211.614 216.059 215.575  214.579
4,876.8 187.855 185.724 187.812 169.496 173.662 192.938
5,486.4 152.644 147.264 164.026 146.642 160.046 167.03
6,096.0 129.086 112.468 120.131 104.681 113.662  133.198
6,705.6 92.339 83.749 84.867 71.831 84.012 89.002
7,315.2 87.438 72.255 72.572 49.229 50.045 89.304

stability and performance characteristics of Found Aircraft FM2C3 series of aircraft with the
turbocharged engine. The main advantage of this research is the comparison of analysis tool
with actual flight data. The actual aircraft performance data for certification were compared
with predicted results to evaluate the performance analysis module and design result. The
performance analysis module showed little error when compared with real flight data from the
targeted aircraft. The location, span length, and tip chord length of the empennage and main
wing were considered as design variables for derivative design. Additionally, the cruising
altitude was considered as an uncertain parameter. The PBDO method was implemented
to consider uncertainty in operating altitude to avoid violation of constraints from different
atmospheric conditions from each flight phase. Two cases of derivative design were performed
with a different number of design variables. The first case considered the whole set of
design variables as described above. The other case excluded three design variables such
as the position of the wing and empennage to reduce the development and manufacturing
cost of the derivative aircraft. Both optimised designs show better stability characteristics
and performance as rate of climb at a cruising altitude of 3,600m. The proposed process
is applicable to other types of engineering products and may save considerable time and
effort with derivative designs. Additionally, further considerations relevant to the certification
process will be considered in this process to reduce the time and cost for STC.
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