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Aircraft configuration selection method using the airworthiness
certification and the decision making process

Jungwon Yoon*, Boyoung Bae*, Jae-Woo Lee** and Yung-Hwan Byun**

ABSTRACT

For the very light jet aircraft design, the design baseline configuration has been
selected using the logical decision making process, and the design optimization
problem is formulated by considering the airworthiness regulations as design
constraints. Airworthiness regulations are the minimum requirements for the safe
aircraft flight and must be considered from the conceptual design stage. After
carefully selecting the airworthiness constraints and the user specified requirements, a
series of design making models including the affinity diagram, nested column
diagram, quality function deployment (QFD), Pugh concept selection matrix, are used
to find and evaluate alternative configuration baselines. From the feasible design space
searching process, the best altenative design, which satisfies the airworthiness
constraints while excluding the user subjective decisions as much as possible, has been
successfully derived.
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* Advisory Circular No. 23-8B Flight Test Guide for
Certification of Part 23 Airplanes
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for Certification of Part 23 Airplanes and Airships
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Electronic Displays in Part23 Airplanes[12]
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Cruise : 1,200 NM, @ 35,000 ft

Descent
Climb : 15 min
Loiter : Max. 30 min
Shut off

Landing Taxing

Warm up

Max. Payload : 360 Ibs
ZEM1~2Y, 24 4~59

Taxing Takeoff

a8l 2. Mission Profile of VLJ Aircraft

¥ 1. User Requirements

5 Requirements MAH
MTOW 10,000b ol 5} Wematy, Wi,
crew, YV Payload
Ersole 4% of At PAX
st&74e| 1,400nm O] A+ L/D, SFC, Wie, Wempty
TEEE 340kts Of & L/D, Coo, €, AR
Cuvax, AR, A, b, W/S,
[JE=2 1] 3000ft o] 5+ Stap, FT,6r, MTOW, Rr,
W1, Frie Ficion, T/W, A
CLMax, AR, }\, b, W/S,
_ _ Stap, FT, &, MTOW
xt27]2| 3000ft ol 3t e X
= RT, WT, FT\re Friction, T/W,
A
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Wempty : Empty Weight

Wiuer : Fuel Weight

Werew : Crew Weight

Werayload : Payload Weight
Weeat : Seat Weight

PAX : Number of Passengers
L/D : Lift to Drag Ratio

SFC : Specific Fuel Consumption
Cpo : Parasite Drag Coefficient
e : Drag due to Lift Efficiency
AR : Aspect Ratio

Cimax: Maximum Lift Coefficient
A : Taper Ratio

b : Main Wing Span

W/S : Wing Loading

T/W : Thurst/Weight

Stap : Area of Flap Surface

FT : Flap Type

& : Flap Deflection Angle

A : Sweep back angle

MTOW : Maximum Takeoff Weight
Frire Friction: Tire Friction Force
Rr : Tire Radius

Wr : Tire Width
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X 3. Alternative Configuration Group
T 3 y . y . —
™ 7 ~ 8 o
Model 1 Model 2 Model 3 Model 4 Model 5
MTOW(IE) 5362 6043 5040 5500 4267
Max Pax(with Pilot) 6 6 6 6 6
Range(nm) 1074 1200 1100 1084 1564
Sevice Ceiling(ft) 42479 44612 36000 35000 33182
Takeoff Distance(ft) 2947.7 30563 2500 2623 1875
Landing Distance(ft) 2275 20437 2125 2119 2074
Manx. Payload (Ib) 1255 1500 1220 1800 1240
Stall Speed (knots) 76.3 737 69.4 63.2 68.8
Rotataion Speed (knots) 784 867 722 822 78.8
Climb Gradient (%) 5.6 3 48 459 4.2
Reference Landing Speed (knots) 99.2 912 80.2 85.9 85.3
Design Speed (knots) 378 346 400 420 370
Engine Model Number FJ33-1 PW610F F33-1 Fl44-1 Fl44-1
Thrust (Ibf) 1200 900 1200 1800 1900
SFC/Thrust 0.486 0.69 0.486) 0.456 0.456
Number of Engine 2 2 2 1 1
Unit Cost ($M) 2102 2199 192 237 15
Oper. Cost per Seat ($/Mile) 043 0.65 0.52 0.59 0.53
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¥ 6. Input and Output Data for Design

Space Model
i | W/S, T/W, AR, Flap Deflection Angle
Stall Speed, MTOW, Rotation Speed,
PN Reference Landing Speed, Take off
== 0T ) . .
Field Length, Landing Distance, Range,
Cruise Speed, Climb Gradient

= Flap Def,| Takeoff
WSS | Thrust AR Angle | Distance | V_R | VW_S
1 =1 | =1 =1 18396 756 E4.4
2 =1 -1 =1 u] 1786,2 7z 54,4
3 =1 -1 =1 1 1511 6,4 54,4
4 =1 -1 1] =1 1856,1 733 B2.8
5] -1 | a a 15557 682 G&,5
[ -1 -1 1] 1 14758 659 B2.8
7 -1 -1 1 -1 180141 7.9 E1.8
g -1 -1 1 u] 15204 | 667 E1.8
9 =1 | 1 1 14204 E4.4 E1.8
10 =1 u] =1 =1 18386 756 54,4
11 =1 u] =1 u] 1786,2 Tz 54,4
1z =1 u] =1 1 1511 6,4 54,4
13 -1 a a -1 18561 73,3 G&,5
14 -1 u] 1] u] 15857 682 B2.8
15 -1 u] 1] 1 14758 EB59 E2.8
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