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COMPARATIVE AIRCRAFT

Sukhoi Su-27 A-10 F/A-18 Hornet F-15 Eagle A-17 Nimbus

Wing Area 667 ft² 506 ft² 400 ft² 608 ft² 664 ft²

Wing Loading 77.3 lb/ft² 99 lb/ft² 93 lb/ft² 73.1 lb/ft² 68 lb/ft²

Thrust/Weight 1.07 0.36 0.96 1.07 0.6

WTO 67,100 lb 50,000 lb 51,900 lb 68,000 lb 44,800 lb

Engine(s) (2) Saturn/Lyulka AL-
31F turbofans

(2) General Electric 
TF34-GE-100A 
turbofans

(1) M61A1 Vulcan 
cannon

(2) Pratt & Whitney 
F100-PW-100 or −220 
afterburning 
turbofans

(2) F91 turbofans

Weapons (1) GSh-30-1 cannon
(6) Medium-range 
AA missiles R-27
(2) Short-range heat-
seeking AA missiles 
R-73

(1) GAU-8/A Avenger 
cannon
(2) AIM-9 Sidewinder 
missiles
(6) AGM-65 Maverick 
missiles

(4)AIM-9 Sidewinder
(2) AIM-7 Sparrow

(1) M61A1 Vulcan 6-
barrel cannon
(4) AIM-7 Sparrow
(4) AIM-9 Sidewinder
(8) AIM-120 
AMRAAM

(1) GAU-8 cannon
(2) AIM-9L 
Sidewinder missiles
(12) Mk 82 GP 
bombs



WING SIZING
Design Point

(W/S)TO 68
(T/W)TO 0.6

Wing Size
AR 4
S 664 ft2

b 51.5 ft



3 - VIEW
MTOW
• 44,719 LBS

TAKEOFF WING LOADING
• 68 LB/FT2

TAKEOFF T/W
• 0.6
WING AREA
• 664 FT2

WING SPAN

• 51.5 FT

OVERALL LENGTH
• 59.9 FT

All measurements in feet



INBOARD PROFILE



STRUCTURAL LAYOUT

No. Part Material Location

6 Ribs Aluminum Alloy
T861

35'' 

2 Spars Aluminum Alloy
T861

.2MAC -
.7MAC

Spar 
Caps

Aluminum Alloy 
6061-T6

Skins Aluminum Alloy
2024-T3

BULKHEADS

WING RIBSLONGERONS

H-TAIL SPARS

V-TAIL 
SPARS

WING SPARS
TORQUE BOX



WEIGHT & BALANCE

Weight Summary Weight (lb)
CAS FM

Operating Empty Weight(WOE) 24,458.650 25,125.222

Empty Weight (WE) 24,150.426 24,728.426

Trapped Fuel and Oil (WTFO) 108.224 196.796

Crew Weight (WCREW) 200.000 200.000

Fuel (WF) 10,822.410 19,679.620

WOE+ 60% fuel 30,952.096 36,932.994

WOE+ WF 35,281.060 44,804.842

Payload Weight (WPL) 9,438.000 0.000

WOE+ WF+ WPL 44,719.060 44,804.842



MOMENTS OF INERTIA

ΣIXX ΣIYY ΣIZZ ΣIXZ 

lb ft2 lb ft2 lb ft2 lb ft2

7,621,433.317 81,618,380.213 74,421,109.277 21,788,899.700

Reference ACS  (0, 0, 0)

Transformed from ACS to CG
ΣIXXB ΣIYYB ΣIZZB ΣIXZB 

lb ft2 lb ft2 lb ft2 lb ft2

447,973.723 9,332,574.680 9,308,753.473 0.000

+x (FS)+y (BL)

+z (WL)

C.G. Range %MAC
Most FWD Most AFT

13% 23%



LIFT CURVES



HIGH LIFT DEVICES - TAKEOFF



HIGH LIFT DEVICES - LANDING



MOMENTS
XREF = 16.67% MAC

● Chosen halfway between most 
forward and most aft CG 
location along MAC



CDO VS M



DRAG POLARS



DRAG POLARS



DRAG POLARS



DRAG POLARS



PROPULSION

ENGINE DATA

TYPE :   (2) F91 CONCEPTUAL TURBOFAN ENGINES

RUBBERIZATION FACTOR :  1.49
INLET AREA :   6.6 FT2 

THRUST REQUIRED PER ENGINE :   14,850 LBS

Air Flow 312 lbs/s
Weight 3,514 lbs
Length 12.6 ft
CG location from nose 7.81 ft
Fan Radius 1.82 ft
Fan Hub Radius 0.73 ft
Nozzle Radius 1.36 ft
Max Engine Radius 2.02 ft



PERFORMANCE – TAKEOFF ANALYSIS



PERFORMANCE – LANDING ANALYSIS



PERFORMANCE SUMMARY

ID Requirement
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Required Achieved

CAS-4.2.1 Engine Type X 2 Turbofans or 2 
Turbojets

2 Turbofans

CAS- 4.10.1 Operational Ceiling X X 40,000 ft 45,000 ft

CAS- 4.10.4 Maximum speed 
(Configuration WCR, 60% 
fuel, 35,000ft)

X X 0.85 Mach 0.85 Mach

CAS- 4.10.5
Maximum take-off ground 

run (Configuration WTO)

X X < 2500 ft 2255 ft

CAS- 4.10.6
Maximum landing ground 

run 

X X < 2500 ft 1149 ft

CAS- 4.10.3 Minimum rate of climb, 
40,000 ft, WCB

X X 300 fpm 315.5 fpm



LOADS/WING STRUCTURAL SIZING



DIMENSIONLESS STABILITY DERIVATIVES

CONDITIONS:

Longitudinal 
Nondimensional Derivatives

Cx Cz Cm

a 0.083 -4.274 -0.868

u
-0.038 -0.802 -0.164

q 0 -6.450 -1.089

a_dot 0 0.4491 -0.619

Lateral                                       
Nondimensional Derivatives

Cy Cl Cn

B -.617 -0.235 0.151

p
0.014 -0.022 -0.064

r 0.395 0.054 -0.059

B_dot 0 0 0

• WCR
• 60% Fuel
• 40,390 LBS
• 35,000 FT
• M 0.547



Description Requirement Obtained

Longitudinal Stability

Phugoid Damping Ratio > 0.04 0.044

Short Period Damping 
Ratio

0.35-1.3 0.73

Routh’s Criteria
A,B,D,E > 0 Met

R > 0 R =  0.0277

STABILITY AND CONTROL RESULTS

Longitudinal Characteristic Equation

1x4 + 0.472x3 +3.488x2 + 0.0197x + 0.0196 = 0



Description Requirement Obtained

Lateral Directional Stability

Dutch Roll Damping Ratio > 0.02 1

Dutch Roll Undamped 
Natural Frequency

> 0.4 0.44

Roll-mode Time Constant < 1.0 s 2.26

Spiral Time to Double 
Amplitude

> 12 s 12.8

Routh’s Criteria
A,B,D,E > 0 Met

R > 0 R = -3.01

STABILITY AND CONTROL RESULTS

Longitudinal Characteristic Equation

1x4 + 0.3430x3 +7.73x2 + 3.51x + 0.033 = 0



Future Lateral Stability Analysis

A - 17 Vertical Tail 
Configuration

Grumman A-6 Nicolai 
Recommendation

Span 8.9 FT

Vertical Tail Ratio
0.069

Jet fighters at any 
speeds.

Vertical Ratio
0.076

Area 55.1 FT2

Vertical Tail Ratio 
0.014

FUTURE DESIGN CHANGES

• INCREASE VERTICAL TAIL AREA & RATIO

• CHANGES CONFIGURATION TO V - TWIN OR H - TWIN TAIL CONFIGURATION

• INCREASE CLB TO 0.4
• INCREASE CNR TO -0.36



Total DT&E: $1.94B Total Production: $2.91B

SUBTOTAL FOR 209 AIRCRAFT: $4.85B

Airframe 
Engineering

35%

Development 
Support

7%
Manufacturing 

Labor
15%

Material and 
Equipment

3%

Tooling
17%

Quality Control
17%

Flight Test Operations
6%

DT&E COSTS

Engines
35%

Avionics
2%Manufacturing 

Labor
39%

Material and 
Equipment

2%

Tooling
11%

Quality Control
11%

PRODUCTION COSTS

COST PER AIRCRAFT: $13.9M



REQUIREMENTS SUMMARY
ID Requirement
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Required Achieved

CAS-4.1.1 Pilot Allowance and 
Personal Equipment 
Allowance

X Pilot - 200 lb
Personal Equip - 26.3 
lbs

Pilot - 200 lb
Personal Equip - 26.3 
lbs

CAS-4.1.2 Cockpit Pressurization X 8000ft cabin alt at 
40,000ft 

8000ft cabin alt at 
40,000ft

CAS- 4.1.3 Emergency Oxygen X Operate at 30,000ft 
for 1 hr

Operate at 30,000ft 
for 1 hr

CAS-4.1.4 Baggage Provisions X 50 lbs 50 lbs
CAS-4.2.1 Engine Type X 2 turbofans 2 turbofans

CAS-4.3.1-3 Armament Provisions X 1 cannon, 2 missiles, 12 
bombs

1 cannon, 2 missiles, 12 
bombs

CAS-4.4.1-2 Avionics suite provisions X Radar, radios, avionics 
boxes

Radar, radios, avionics 
boxes

CAS-4.5.1 Structural Load Factor X X X X X X X +7.5g to -3.0g +7.5g to -3.0g
CAS-4.5.3 Maximum Dynamic Pressure X X 1000 lb/ft2 1000 lb/ft2



REQUIREMENTS SUMMARY
ID Requirement

D
e

si
g

n

St
ru

c
tu

re
s

M
a

ss
 P

ro
p

e
rti

e
s

A
e

ro
d

yn
a

m
ic

s

Pe
rfo

rm
a

nc
e

Pr
o

p
ul

si
o

n

St
a

b
ili

ty
 a

nd
 

C
o

nt
ro

l

Required Achieved

CAS-4.10.1 Maximum sustained load factor X 5.0g 5.0g

CAS-4.10.3 Operational Ceiling 
(Configuration WCB)

X X 40,000 ft 45,000 ft

CAS-4.10.4 Maximum Speed (Configuration 
WCR, 60% fuel, 35,000 ft)

X X 0.85 Mach 0.85 Mach

CAS-4.10.5 Maximum take-off ground run X X < 2500 ft 2255 ft

CAS-4.10.6 Maximum landing ground run X X < 2500 ft 1149 ft

CAS-5.1.1 Short period damping ratio X 0.35-1.30 0.73
CAS-5.1.1 Phugoid damping ratio X > 0.04 0.044
CAS-5.1.2 Dutch roll damping ratio X > 0.02 1
CAS-5.1.2 Dutch roll undamped natural 

frequency
X > 0.4 0.44

CAS-5.1.2 Roll-mode time constant X < 1.0 sec 2.26 sec
CAS-5.1.2 Spiral time to double amplitude X > 12 sec 12.8 sec



QUESTIONS?


