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III. Introduction
Since its introduction with the Navy in 1999, the aging F/A-18E/F Super Hornet is in dire need of a modern 

replacement to meet the modern threats and combat missions required for a carrier-based strike aircraft in the 21st century. The 
YFQ-75 Trident emerged from this glaring vulnerability with the intent of improving the air-to-air and strike capabilities of 
naval strike aircraft, while also developing emerging technologies such as unmanned aerial systems, and being more cost 
affordable and production-oriented than its vaunted predecessors. In the following report, the Aircraft Design Competition 
Bureau of the UT Austin Chapter of the American Institute of Aeronautics and Astronautics will record, among other things, the 
design philosophy, capabilities, metrics, and simulated performance of the YFQ-75 Trident.

IV. Design Philosophy
The Request for Proposal set forth by the Navy places a strong emphasis on Augustine’s Law which highlights the 

increasing acquisition cost of strike fighter aircraft over time (AIAA Aircraft Design Technical Committee 1). There is also a 
heavy emphasis on matching and improving the mission profiles and characteristics of the now aging F/A 18-E/F Super Hornet. 
Such metrics include compatibility with the current CVN-68 and CVN-78 carriers in addition to a maximum speed of mach 1.6 
at 30,000 feet with a considerable payload outfit of 4 MK-83 JDAMs and 2 AIM-9Cs (AIAA Aircraft Design Technical 
Committee 2-4). In light of these developments, this design bureau aims to design a naval strike aircraft which can meet, and 
even exceed the objectives required through the use of radical technologies such as a composite frame and unmanned control 
system while keeping the procurement cost of this vehicle equivalent to that of a U.S. fighter aircraft such as the F-35A in the 
year 2000 which sets a benchmark value of $100,000,000. This objective can be summed up into designing, a naval strike 
aircraft with higher costs than the contemporary F/A-18E/F Super Hornet but with increased capabilities to match the 
objectives put forth by the Request for Proposal. More crucially, while the procurements costs may be considerably higher than 
the Super Hornet it will be below the modern procurement costs of aircraft, while also boosting the performance of the vehicle 
through the aforementioned design features which keeps the aircraft, as small, versatile, and efficient as possible.
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Figure 1: AIAA Aircraft Design Technical Committee “US Combat Aircraft Price”
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V. Core Tenets
A. Preface

Going into this design project, the key has firmly remained in balancing the cost and capability of the aircraft. To 
achieve this end, the capability of the YFQ-75 can be broken down into three main aspects: survivability, detectability, and 
lethality. In the following sections this design bureau will demonstrate how each was balanced to ensure that the YFQ-75 is 
optimized to be as capable and cost-effective as possible.

B. Detectability
Detectability is primarily concerned with evading the search of radars, infrared tracking sensors, or optical search 

system. Traditionally, this is solved through the a combination of systems such as radar-absorbing paint, geometrical shaping, 
and engine baffles which minimize the radar cross section and the infrared signature of the plane. For this report, 
radar-absorbing paint and other stealth systems will not be incorporated due to the lack of public information on these 
technologies, but geometrical shaping and engine baffles will be incorporated into the design to reduce detectability as much as 
possible. Additionally, a powerful electronics warfare suite will be incorporated into the airframe to reduce the range at which 
the YFQ-75 can be detected when conducting missions. The following systems and their characteristics will be elaborated on in 
the geometric configuration section of this report.

C. Survivability
When it comes to the YFQ-75, survivability can be summarized as the ability of our airplane to avoid incoming threats 

once detected by radars, infrared tracking sensors, or optical search systems. This manifests itself in the maximum speed and 
maneuverability of the vehicle. As specified by the RFP, the desired max speed of the airframe is at least Mach 1.6 at 30,000 
feet with a minimum sustained turn rate of 8 degrees per second at 20,000 feet (AIAA Aircraft Design Technical Committee 4). 
For the YFQ-75 we aimed to meet and exceed these metrics to boost the survivability of our aircraft with a powerful engine 
and a durable composite frame to sustain higher turn rates at higher gravitational forces. The survivability characteristics of the 
aircraft will be elaborated on in the airframe and engine section of this report.

D. Lethality
For the YFQ-75, lethality comes in the form of versatility. As an unmanned aerial system, it can be outfitted with a 

wide variety of engagement options to conduct a broad scope of missions which would be too dangerous for conventional 
aircraft. As per the Request for Proposal, the base YFQ-75 will come with 4 Mk-83 JDAMs and 2 AIM-9Cs for the strike 
profile while 6 AIM-120Ds and 2 AIM-9Cs will be implemented for the air-to-air profile (AIAA Aircraft Design Technical 
Committee 3-4). To supplement the lethality of the strike profile a targeting pod and advanced optical tracking systems will be 
incorporated into the aircraft while the beyond visual range capabilities of the YFQ-75 will be bolstered through the use of an 
AESA radar for the air-to-air profile. The lethality of the aircraft will be elaborated on in the weapons profile section of this 
report.
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VI. Practical Implementation
A. Overview

In this section this design bureau will detail how the aforementioned tenets and design philosophy manifest 
themselves into the design to match the objectives of the Request for Proposal. In many ways this section will justify the more 
radical design decisions for the YF-75 such as its unmanned nature, composite frame, and overall layout.

Figure 1: CSIS “Updating Augustine’s Law: Fighter 
Aircraft Cost Growth in the Age of AI and Autonomy”

B. Unmanned Aerial Vehicles
Unmanned aerial vehicles from crude commercial 

drones to MQ-1 Predators have seen an increasing presence on 
the battlefield. Both abroad and at home, vehicles such as 
Russia’s S-70 Okhotnik-B to Anduril’s YFQ-44A demonstrate 
that the future lies in unmanned systems. This design bureau 
aims to implement an autonomous control system both to save 
cost and ensure that the YFQ-75 remains viable throughout the 
21st century. Studies have noted that compared to their manned 
contemporaries, unmanned systems with similar capabilities are 
far more cost-affordable (Allen 1). This technology then 
promises to help us stay below the procurement cost threshold 
of $100,000,000 while maintaining our lethality.

C. Composite Airframes
Similar to the point made for an autonomous control 

system, composite airframes have begun to see incremental 
implementation in vehicles such as the F-35 (Northrop 
Grumman 1). The YFQ-75 aims to employ a fully composite 
airframe to reduce the weight of the aircraft which would boost 
fuel efficiency, payload capacity, and operational range. This is 
demonstrated when employed on the F-35, composites were 
noted to having exceptional fatigue strength, resistance to 
abrasion, and good electrical properties all while being lighter 
than their contemporaries (Afzal 1).

D. Design Layout
The design layout will be expanded on in the following section. That being said, the aircraft was designed to exceed 

the performance metric and objectives of the Request for Proposal while keeping costs beneath the procurement costs for a 
fighter aircraft in the benchmark year 2000. This resulted in the aircraft having a low drag coefficient and being as small and 
lightweight as possible. It has been established previously that aircraft which are lighter and more efficient have lower 
operating costs and better overall performance (Yeung 1).

Figure 2: “Practical Use of Composite Materials Used in 
Military Aircraft
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VII. Preliminary Vehicle Design

A. Design Overview

As previously mentioned all aircraft design choices were focused on a specific philosophy aimed to field a low cost, 
highly capable fighter jet to reach RFP requirements. The main driving factors of our design was the high target combat radius 
of 1,000 nm, the desired dash speed of Mach 1.8, and low speed performance to ensure carrier operability. 

         Figure 7. Isometric View YFQ-75 

B. Wing Configuration

The preliminary wing geometry chosen for the YFQ-75 blends a trapezoidal shape into the signature delta to achieve 
an even mix of low speed stability and high speed performance. Leading edge root extensions were added to extend from the 
root of the wing to the quarter span to induce greater lift at high AoA. A 29° leading edge sweep back was implemented from 
the quarter span to the root as a mix between the F-15s delta leading edge sweep back and the conservative 22° leading edge 
sweep back in the F/A-18. The wing was optimized this way to allow for a preliminary blend between the stability and high 
alpha landings for carrier operability provided by the F-18s wings and the high speed performance offered by the F-15s.

Figure 3. Wing Loading Trade Study

A trade study was done to determine the optimal wing loading and was the driving dimension in determining wing 
span, aspect ratio, and reference area. The selected wing loading of 88 psf excelled in certain preferred fields such low speed 
stability and stall speed, while mixing good performance in supersonic drag and reduced deck footprint. 
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Using the predetermined wing loading optimized for the RFP requirements and a target design gross weight of 45,000 
lbs, through standard preliminary equations, a initial wing span and wing area were calculated. The chosen aspect ratio to 
represent our wing was estimated based off of Raymer's Ch.4 for fighter jets.

Figure 8. Initial Sizing Values

Figure 9. Wing Dimensioning Sketches

C. Fuselage Design
Since YFQ-75 does not have a pilot or internal weapons storage, the aircraft features a streamlined fuselage designed 

around fitting primarily the radar, landing gear, electronics, avionics, and fuel tanks. According to Raymer’s, the recommended 
fineness ratio for supersonic aircraft ranges from 10-12. The YFQ-75 was designed with a target fineness ratio of 10, featuring 
a total length of 43ft and a maximum fuselage diameter of approximately 4.4 ft to ensure proper internal storage for all required 
components.

The YFQ-75 also follows the Supersonic Area Rule to decrease wave drag at mach speeds, featuring a tapered 
fuselage at the wing roots.

Figure 10. Fuselage Dimensioning Sketch
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D. Tail Sizing

The horizontal and vertical tails were both sized as stabilizers for the fighter jet using multiple standard procedures 
and equations to ensure a preliminary conceptual proof of concept. \

The horizontal stabilizer was sized using the Raymer’s Volume Coefficient method. Using Raymer’s chart on 
Horizontal Tail Volume Coefficients, a base Volume coefficient was selected modeled after the F/A -18 at 0.49.

Figure 11. Raymer’s Horizontal Tail Volume Coefficient Chart

To find the planform area of the horizontal tail, the Volume Coefficient Formula was used as referenced in Raymer’s 
Tail. sizing procedure.

Sh,v= (Vh,v* c * Sref)/ Lh ,v

Where Lh represents the moment arm from the aerodynamic chord of the wing to the aerodynamic chord of 
the horizontal stabilizer. Selecting a ratio for l/L, the value of the moment arm over the length of the overall aircraft, 
of 0.35, standard for a engine inside of the fuselage configuration, a initial Lh can be found to be 19.35ft which 
would place our total horizontal tail planform area at 74.32 ft2. 

The shaping of the horizontal stabilizer was based simply off the stabilator of the F/A-18 to provide similar 
pitching moment and aerodynamic properties. This shape features a trapezoidal wing with a 5° steeper leading edge 
sweep back than the main wing of the YFQ-75.

Figure 12. Horizontal Tail Dimensioning Sketch
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Sizing for the Vertical Tail was determined in a similar procedure, Raymer’s Volume Tail Coefficient. Using a 
similarly found standard vertical tail  volume coefficient for fighter jets around 0.7 and Tail Volume Coefficient equation 
previously mentioned, the preliminary planform area of the vertical tail was calculated to be 32.2ft2. 

Mentioned in Raymer’s Ch.6, fighter jets tend to feature a 20° outward cant of their vertical stabilizers. To calculate 
the exact area which will be canted we can use the equation mentioned below.

Spanel = Sv/cos2(ፀ)

We can find the required panel area of the vertical tail to be 41.7ft2, to account for the 20° outward tilt on the 
stabilizers.

Figure 13. Vertical Stabilizer Dimensioning Sketches

VIII. Control Surface Sizing
A. Elevator

As used most commonly in fighter jet, the prescribed elevator will be an all moving stabilator which will act as the 
horizontal stabilizer and elevator for the aircraft. To allow for tight high-G turns, and proper maneuverability, the entire 
stabilizer will act as the main pitching force.

B. Rudder

To initially size the aircraft, the following equation was used and a constant kr was chosen to be 0.3, a standard rudder 
coefficient to allow for fighter jet maneuverability as stated in Raymer's Ch.6. Using the chosen Rudder coefficient and the 
planform reference area of the vertical tail, a preliminary rudder area was calculated.

Sr = kr * Sh
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After the preliminary rudder area of 15.2 ft2 was calculated using the chosen  rudder coefficient, yaw authority of the 
aircraft was solved for to determine if rudder power was adequate. 

Restoring Moment = Sref * q * Cnδr* δr * b

Where the  Cnδr represented the Rudder control power derivative in terms of time. Using the Helmbold Equation and, 
and assuming an efficiency of 0.55 and the span factor of 0.9 for the rudder, we can calculate 2d lift curve slope and an 
estimation of the Rudder Control Power Derivative. With the Aspect Ratio of the vertical tail equaling 0.878 and assuming an 
initial mach correlation factor of 1.0, Cn𝛿r= 0.00077 rad/s. 

With the estimated roll power derivative, the restoring moment of the rudder was calculated to be 24975 
lbf, more than enough to properly turn and maneuver our aircraft as required for fighter jets.

C. Aileron

The aileron sizing in a similar matter, required the calculation of the roll power derivative using a simplified equation 
provided by Raymer's.

Cl𝛿a: Roll Power derivative = (2 * Cla,w*𝜏*Sail*yail)/(S*b)

 The variable Cla,w represented the lift curve slope which was estimated using the chosen airfoil Lift vs alpha slope. 
Through the roll power derivative the steady roll rate estimate was solved for at an aileron deflection of 22°, in combat 
envelope, speed around mach 0.8. Using the calculated Roll power derivative, Cl𝛿a = -0.0807, and a steady roll rate of 180°
/sec in combat envelope, a requirement provided by Raymer's for fighter jets, we calculated the area of the aileron to be 16.36 
ft2.

P: Stead roll rate = ((Cl𝛿a* 𝛿a)/Clp) * 2V/b

The aileron area was tested at carrier approach speeds, and proved to provide a steady roll rate of 61°/sec, which 
represents proof of concept of the aileron sizing providing the YFQ-75 with more than enough maneuverability to make slight 
corrections on short final.

D. Flaps

To ensure carrier catapult takeoff capabilities and high alpha approach, the flaps were sized and iterated to prove 
carrier operability of the YFQ-75. Assuming the landing weight with full ordinance of 30,000 lbs, we can find the required CL 
for approach conditions.

CL = LW/(q*Sref)

The approach CL required for the YFQ-75 is 2.1. The NACA65005 airfoil at 𝛼 = 7°, provides a CL of 0.76. The lift required 
from the flaps must reach the total CL for the YFQ-75 to follow through with its carrier approach, meaning the flaps must 
provide a ΔCLof 1.34. 



12

Assuming Raymer's equation 12.21 to calculate the lift generated by the flaps as follows, and assuming a flap area of  
32 ft2 initially, the CLFlaps = 0.42.

ΔCL =  ΔcL * (Sflaps/Sref)*cos(ፀ)

Since more lift is required for the YFQ-75’s approach, the chosen area for the flaps is iterated to 73 ft2, which provides 
a total ΔCL of 0.89, still falling short of the required ΔCL  of 0.45 for the flaps. Due to this, slats were also chosen to be 
implemented into the wing as another control surface. The surface area of the slats adds is 68ft2 bringing the total  ΔCL of all 
control surfaces to 1.4, which provides our aircraft with enough lift to land.

IX. Aerodynamic Parameters
After all initial sizing and design was complete, the YFQ-75 configuration and control surface sizing was simulated in 

OpenVSP software, VSPAero,  to provide proof of stability, maneuverability, and essential aerodynamic variables. 

A. Pitching Analysis

Figure 14. Pitching Moment Vs. Alpha Curve

The graph curve proves slight instability in the YQF-75 as proven by the following positive slope. The Cm𝛼 equals 
0.0053 per degree, a value acceptable for fighter jets maintained in stability by a fly-by-wire system. Since the YFQ-75 is 
operating autonomously, it will already have a fly-by wire system implemented to make the slight micro adjustments to keep 
the aircraft stable.
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B. Rolling Analysis

Figure 15. Rolling moment vs Alpha, Static ailerons            Figure 16. Rolling moment vs. Alpha, Deflected ailerons

After running Beta tests with n=0 to 10, two values were found, Initial Cmx ≈ 0, while the deflected final Cmx ≈ 
0.085. To calculate the exact roll power derivative we can divide the change the rolling moment by the change in aileron 
deflection to find the roll power derivative equals 0.2435 per degree. This value is slightly larger than the estimated value 
previously calculated via Raymer’s equation meaning the ailerons provide more roll than previously established.

Furthermore, after running P analysis, the YFQ-75 was found to have a roll dampening of -0.32, which helps us 
calculate the true steady roll rate at combat speed to be 646°/sec, which proves high level of roll authority for the aircraft.

C. Yaw Analysis
To determine the directional stability of the aircraft, the moment in the z-axis, Cmz, was plotted against beta, 

slideslipe, at a cruise alpha of 3°. As shown in Figure 18 by the negative slope, the aircraft is directionally stable and resists 
yawing.

To find yaw authority, analysis was run with rudders at 0° deflection and  25° of deflection,  by dividing the difference 
in moment by the deflection, the yaw power derivative can be calculated to be -0.0036 per radian, slightly higher than the 
calculated estimate. Furthermore as shown in Figure 17, the graph crosses the x-axis at a beta of 2.5, meaning that this is our 
trim angle, and the rudder provides enough corrective moment to counteract slideslipe.

Figure 17. Yaw Power Derivative                  Figure 18. Yaw stability graph
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D. Drag Analysis 

As found from the Vortex lattice method, the induced drag on the aircraft is 0.02487, and the parasitic drag is 0.0007. 
This means that the total Cd acting on the plane is 0.032.  Shown in the drag polar graph, the zero-lift induced drag is 0.0007 
and the max CL is 0.65. 

Figure 19. Drag Polar Graph

E. Lift Analysis

The YFQ-75 demonstrates a linear lift curve slope at alpha values from 0-10. Using the graph we can find our lift curve slope 
to be 4.01 per radian. Since a VLM analysis was done, and predicts no lift separation, exact CL max cannot be found without 
higher fidelity simulation.

Figure 20. CL Vs. Alpha Curve
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X. Internal Configuration

Figure 21. Internal Layout

The YFQ-75 holds, its main AESA radar, internal fuel tanks, electronics and avionics suite, an F110 Turbofan engine, 
and all three landing gears internally. All internals were laid out and configured with the center of gravity and capacity in mind.

A. Ducting

The ducting which carries the airflow from the trapezoidal intakes to the F110 Turbofan engine was modeled off the 
F/A-18 and standard fighter jet S-ducts to reduce detectability and help maintain consistent airflow for the engines. The 
trapezoidal intakes and also based off of the F/A-18.

Figure 22. Internal Engine Ducting

APG-79
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B. Airframe

The YFQ-75’s airframe is made up of patterns of ribs and spars going across the length of the fuselage and the through 
the wing. High stress ribs were identified such as at the root wing and engine case holding and thickened to handle higher load 
cases.

Each standard rib is dimensioned to 0.01 ft of thickness while high stress ribs area thickened to 0.03 ft. The material 
chosen for the airframe and skin of the aircraft is a carbon composite selected due to its high strength to weight ratio. Although 
generating a higher cost for the jet, the composite material allows the aircraft to be much lighter compared to standard aircraft 
grade material such as Aluminum 7075.

Figure 23. Wing Frame

Figure 24. Fuselage Frame
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XI. Airfoil Characteristics
A. Overview

The airfoil represents one of the most key aspects when designing an agile and efficient aircraft. When selecting an 
airfoil for the YFQ-75 we decided to select a modified airfoil which had the thickness to chord ratio to survive repeated carrier 
landings, had the lift to drag ratio to meet the combat radius for both mission profiles, and be adapted to deal with supersonic 
travel at speeds of  Mach 1 and higher. To meet this goal, we conducted a trade study on the airfoil already employed by the 
F/A-18 E/F along with several other promising contenders. The results of our research efforts will be documented in the 
following pages. 

B. Thickness-to-Chord Ratio
The thickness-to-chord ratio of an airfoil is critical for determining the wing loading from high gravitational forces 

and surviving intense carrier landings. That being said, supersonic airfoils generally have a lower thickness-to-chord ratio and 
the greater the thickness-to-chord ratio, the greater the drag of the aircraft. Thus, the thickness-to-chord ratio must be able to 
sustain turns of 8.0 degrees per second at 20000 feet while also surviving carrier landings and not having an excessive amount 
of drag. As with everything when designing an aircraft it is critical to balance these requirements accordingly. In the following 
sections we will demonstrate how these criteria were balanced and weighted.

C. Lift-to-Drag Ratio
The lift-to-drag ratio of an airfoil is a critical measure of the aircraft’s aerodynamic efficiency and is in many ways 

connected to the thickness-to-chord ratio. Thus these two characteristics must be balanced and optimized when selected an 
airfoil. For the lift-to-drag ratio, the aerodynamic efficiency of the YFQ-75 directly translates to the combat radius and the fuel 
efficiency of a plane. A greater lift-to-drag ratio means increased aerodynamic efficiency for the aircraft and is thus preferable 
for the YFQ-75. For the YFQ-75, more aerodynamic efficiency means having to carry less fuel while also being able to traverse 
the necessary 700 nautical miles. This is critical to ensure that the airframe has the performance characteristics to meet target 
objectives and remain a viable mainstay for the Navy.

D. Supersonic Optimization
Commonly airfoils are either optimized for supersonic or subsonic flight. Because the Request for Proposal demands 

an aircraft which can achieve speeds of Mach 1.6 or higher, the selected airfoil must be capable of supersonic flight and should 
preferably be optimized for this flight regime. Supersonic optimization is thus a critical requirement for selecting an airfoil and 
will be weighted heavily in the following decision matrix. 
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E. Airfoil Contenders

NACA 64A006
Supersonic Optimization: Yes. Has been employed and endured on supersonic vehicles. 

Thickness-to-Chord Ratio: 0.06

Lift-to-Drag Ratio: 5.1 @ Mach 1.5

NACA 64A204
Supersonic Optimization: Yes. Has been employed and endured on supersonic vehicles. 

Thickness-to-Chord Ratio: 0.04

Lift-to-Drag Ratio: 1.8 @ Mach 1.5

NACA 65A005
Supersonic Optimization: Yes. Has been employed and endured on supersonic vehicles. 

Thickness-to-Chord Ratio: 0.05

Lift-to-Drag Ratio: 2.1 @ Mach 1.5

Figure 27: AirfoilTools.com “NACA 65A005 Airfoil Demonstration Model”

Figure 26: AirfoilTools.com “NACA 64A204 Airfoil Demonstration Model”

Figure 25: AirfoilTools.com “NACA 64A006 Airfoil Demonstration Model”
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F. Airfoil Implementation

Decision Matrix
Here we will explain the weighting system for the decision matrix. There are three main criteria for selecting an 

airfoil: supersonic optimization, structural integrity, and lift to drag ratio. Each of these criteria were selected for achieving 
speeds of Mach 1.6, surviving repeated carrier landings, and having the aerodynamic efficiency to have a combat radius of 700 
nautical miles. Each of these three criteria is worth 10 points with a proportional weighting for each criteria depending on their 
respective importance. An airfoil with supersonic optimization has a weight of 0.40 due to its criticality for both the strike and 
air to air profile, structural integrity has a weight of 0.30 due to its necessity for naval carrier operation, and the lift to drag ratio 
has a weight of 0.30 to meet the combat radius required from the Request for Proposal.  

G. Final Decision
Ultimately the NACA 65A005 was selected for its proven development and usage on naval systems such as the 

F/A-18 E/F. While all airfoils surveyed were of a supersonic nature, the NACA 65A005’s balance between the lift to drag ratio 
and the thickness to chord ratio was deemed desirable to sustain carrier operations while also maintaining an adequate combat 
radius. In future sections of this report, this decision will be further elaborated on, and the design characteristic values of the 
NACA 65A005 will be implemented in calculations and measurements. Consult the previous slide for information on the 
characteristics of the NACA 65A005.

Airfoil Supersonic Optimization Structural Integrity Combat Radius Total

64A006 4 3 1 8

64A204 4 1 2 7

65A005 4 2 3 9

Figure 28: AirfoilTools.com “NACA 65A005 Airfoil Demonstration Model”
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XII. Propulsion
A. Engine Selection

The propulsion system selection process involved a comprehensive trade study evaluating multiple engine 
configurations against mission requirements. The primary candidates considered were single-engine and twin-engine 
configurations utilizing various turbofan engines suited for high-performance fighter aircraft applications. The F110-GE-132 is 
the latest member of the GE fighter engine family, fully qualified for operation in the F-16E/F, and was selected by the United 
Arab Emirates Air Force to power its F-16 Block 60 fleet, entering flight testing in 2003 and production delivery in 
2005.[53,63,64] The propulsion system trade study evaluated several advanced engine candidates for the aircraft based on ten 
weighted criteria.

Figure 25 Engine Decision Matrix

As shown in Figure 25, the F110-GE-132 emerged as the optimal choice, offering the best balance of thrust-to-weight 
ratio (8.02), lowest cost ($5.75M), and lightest weight (4,050 lbs).[53] The engine produces 32,500 lbf with afterburner and 
19,000 lbf intermediate (dry) thrust, exceeding the aircraft’s thrust requirements while maintaining excellent operational 
economics.[53,65] The -132 incorporates a new increased-airflow three-stage long-chord blisk fan derived from the F118 (B-2 
bomber), a radial afterburner derived from the F414/F136 family, and a composite outer fan duct, all contributing to improved 
maintainability and reduced lifecycle cost compared to predecessor variants.[64,65]

B. Inlet, Nacelle, and Exhaust Design

1. Inlet Design and Trade Study

The inlet design must satisfy competing requirements of stealth, pressure recovery, mass flow capability, and 
integration complexity.[67] A comprehensive trade study evaluated four inlet placement options against weighted criteria 
covering stealth/RCS, cost, variable-geometry compatibility, pressure recovery, and mass-flow capability.
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Figure 26 Intake Decision Matrix

The aircraft employs an adaptive variable-geometry intake system designed to optimize pressure recovery and airflow 
management across the entire flight envelope. The inlet incorporates internal movable ramps, following a design philosophy 
similar to that used on the McDonnell Douglas F-15 Eagle and Lockheed Martin F-22 Raptor,[67] allowing the system to 
dynamically adjust shock positioning and compression ratios as Mach number changes. Variable-geometry ramp designs of this 
type provide superior high-Mach compression efficiency relative to fixed-geometry alternatives, which suffer reduced pressure 
recovery at higher Mach numbers due to their reliance on a single detached normal shock.[67]

This configuration provides superior high-Mach compression efficiency while maintaining excellent pressure recovery 
at both subsonic and supersonic operating conditions. By integrating the variable-geometry components internally, the design 
preserves low radar cross-section characteristics while still benefiting from advanced inlet flow control capabilities.[59,67] 
Stealth designs employing serpentine or embedded intakes reduce radar signature at the engine face by blocking the direct line 
of sight to the compressor stages, which would otherwise produce strong specular reflections.[67]

During takeoff and other low-speed operations, the ramps are positioned to maximize mass flow capture into the 
engine. In subsonic cruise, the geometry is optimized for efficient pressure recovery and reduced drag, improving overall fuel 
efficiency. During supersonic flight in the Mach 1.5–2.0 regime, the variable ramps actively manage shock-wave formation and 
positioning to ensure stable, efficient airflow delivery to the engine face. At high angles of attack, the inlet geometry further 
adapts to maintain clean and distortion-free airflow into the propulsion system.[67,59]

The intake system is sized around the airflow requirements of the General Electric F110-GE-132 and other 
comparable F110/F119-class engines.[53] Published datasheet specifications confirm an airflow rate of 275 lb/sec (124.7 
kg/sec) and a bypass ratio of 0.68:1.[53,65] The inlet is designed for a peak mass flow rate of approximately 120–140 kg/s per 
engine at maximum power, with a nominal design point of 130 kg/s for takeoff, sustained high-power operation, and maximum 
afterburner conditions. During cruise operations, the expected mass flow ranges from roughly 90–115 kg/s depending on 
throttle setting and altitude. Dimensionally, the intake features an inlet diameter of 123.7 inches to match engine face 
requirements, while the maximum nacelle diameter reaches 153.3 inches to accommodate the inlet lip, structural members, and 
internal systems. The total intake length is approximately 262.3 inches, encompassing the intake duct, variable ramp 
mechanisms, and engine mating interface.[53]
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2. Exhaust, Nozzle Selection 

The inlet design must satisfy competing requirements of stealth, pressure recovery, mass flow capability, and 
integration complexity.[67] A comprehensive trade study evaluated four inlet placement options against weighted criteria 
covering stealth/RCS, cost, variable-geometry compatibility, pressure recovery, and mass-flow capability.

Figure 27 Nozzle Decision Matrix

The serrated (sawtooth) convergent-divergent variable-area nozzle achieved the highest overall score in the propulsion 
trade study with a final score of 4.00, outperforming both the conventional C-D and Rectangular 2D configurations across 
nearly all weighted categories. While the standard C-D nozzle scored marginally higher on raw cost (5 vs. 4), its RCS rating of 
only 2/5 makes it fundamentally incompatible with the low-observable requirements of a modern stealth fighter platform. The 
serrated C-D nozzle's sawtooth trailing edge scatters radar returns more effectively, achieving an RCS score of 4/5, while 
maintaining equivalent supersonic performance at Mach 2. Its modular petal construction also yields improved maintainability 
over the standard design, scoring 4/5 in that category. As a result, the serrated convergent-divergent nozzle is the selected 
configuration, providing the best overall balance of stealth performance, supersonic efficiency, cost, and operational 
sustainability.[68,69]

Compared to more advanced and expensive two-dimensional thrust-vectoring systems, the serrated nozzle offers a far 
more cost-effective solution while still delivering meaningful survivability improvements. The design also remains 
maintainable through the use of overlapping feather-style petals constructed from coated titanium alloys and supported by 
internal air-film cooling systems.[71]

Figure [X] Serrated/Sawtooth Nozzle CAD Model
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3. Variable-Area Convergent-Divergent Nozzle 

The nozzle itself uses a variable-area convergent-divergent geometry optimized for both subsonic and supersonic 
operating regimes. The convergent section accelerates exhaust flow to sonic velocity at the throat, while the divergent section 
further expands and accelerates the flow to supersonic speeds while reducing exhaust pressure toward ambient conditions. 
Variable throat sizing is critical for maximizing thrust efficiency, especially during afterburner operation when exhaust gas 
volume increases substantially.[53,62] 

To accommodate these changing conditions, a hydraulic or pneumatic actuation system continuously adjusts nozzle 
area in real time. The serration geometry, implemented as sawtooth or chevron patterns along the petal trailing edges, disrupts 
organized shock-cell structures within the exhaust plume and enhances turbulent mixing with surrounding air.[68,69] This not 
only improves IR suppression but also scatters radar energy across multiple directions, reducing specular reflections and 
overall detectability.[69,70] 

Structurally, the nozzle is fabricated from coated titanium alloys selected for their high-temperature resistance and 
durability under repeated thermal cycling caused by afterburner operation. Internal air-film cooling channels further protect the 
structure from thermal loads and improve long-term operational reliability.[71]

Figure 28 Convergent-Divergent Nozzle

4. Nacelle Configuration and Integration

The propulsion system is fed by two ventral fuselage-mounted inlets positioned on the lower sides of the forward 
fuselage, angled outward and downward from the aircraft centerline. This configuration is broadly consistent with inlet 
arrangements seen on platforms such as the F-35A, where a single ventral inlet feeds the engine from beneath the fuselage, 
minimizing upper surface disruption and preserving a clean wing-body contour for low-observable shaping. The ventral 
positioning keeps the inlet faces shielded from forward radar illumination by the fuselage forebody, contributing to reduced 
frontal RCS. The splitter plates and inlet geometry are designed to divert the turbulent boundary layer airflow away from the 
engine face, ensuring stable, high-quality airflow delivery to the fan at both subsonic and supersonic conditions. This 
arrangement also maintains adequate ground clearance during rotation and low-speed operations while allowing maintenance 
personnel reasonable access at ground level. The nacelle structure has an overall length of approximately 262.3 inches, 
encompassing the engine core, intake ducting, and accessory sections. The inlet diameter measures 123.7 inches, while the 
maximum nacelle diameter expands to 153.3 inches around the fan case. At the exhaust section, the nozzle diameter is 
approximately 119.1 inches, varying with nozzle throat position during operation.[53]
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Figure 29 Engine Side View

Figure 30 Engine Front View

C. Engine Performance Analysis

The RFP states that a Mach 1.6 dash speed at 30,000 ft is required. To determine whether the F110-GE-132 meets this 
requirement, a thrust-drag analysis was performed at 30,000 ft across the Mach range from 0.8 to 2.0 under ISA conditions (T = 
411.7 °R, ρ = 8.907 × 10⁻⁴ slug/ft³, a = 995.0 ft/s). The analysis compares available afterburner thrust against total aircraft drag 
at a representative mid-mission dash weight of 38,000 lb, using a reference wing area of 400 ft², aspect ratio of 3.5, and Oswald 
efficiency of 0.80 subsonic / 0.65 supersonic.[53,65] Figure 31 presents the F110-GE-132 afterburner thrust available at 30,000 
ft as a function of Mach number. Thrust decreases from sea-level static conditions as altitude reduces air density, but increases 
above Mach 1.0 as ram pressure recovery partially compensates, peaking at approximately 19,600 lbf near Mach 1.6 before 
declining at higher Mach numbers.[53,65] The F110-GE-132 datasheet confirms a sea-level static afterburner thrust of 32,500 
lbf (144 kN) and an airflow of 275 lb/sec, with the control system automatically increasing airflow and available thrust in 
response to increasing Mach number signal into the engine control.[65]
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Figure 31 F110-132 Afterburner Thrust @ 30,000 ft (ISA)

Figure 32 presents the total aircraft drag at 30,000 ft across the same Mach range. The drag polar accounts for 
subsonic parasitic drag (CD0 = 0.018), a transonic drag rise peaking at CD0 = 0.048 near Mach 1.0, and supersonic wave drag 
reduction thereafter. Despite decreasing CD0 in the supersonic regime, total drag continues to rise above Mach 1.4 as 
increasing dynamic pressure drives the absolute drag force upward.

Figure 32 Total Aircraft Drag @ 30,000 ft (ISA)
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Figure 33 presents the resulting excess thrust, defined as available afterburner thrust minus total drag, where positive 
values confirm the aircraft can accelerate or sustain speed in level flight. At Mach 1.6, 30,000 ft, the engine produces 
approximately 19,600 lbf against a total drag of approximately 11,730 lbf, yielding an excess thrust of +7,870 lbf — a margin 
of 67% above the drag floor. The required Mach 1.6 dash is therefore met with substantial margin.[53] The desired Mach 2.0 
dash speed is not achievable in sustained level flight at this combat weight; at Mach 2.0, drag (~18,630 lbf) marginally exceeds 
available thrust (~17,600 lbf), resulting in approximately −1,030 lbf excess thrust. Mach 2.0 could be achieved transiently in a 
slight descent or at a lighter store/fuel state, consistent with the performance envelope of F110-powered aircraft such as the 
F-16 Block 60/70.[65]

Figure 33 Excess Thrust @ 30,000 ft
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XIII. Systems
The YFQ - 75 TRIDENT systems architecture is designed to support high-performance unmanned missions with a focus on 
versatility. The suite of subsystems, flight control, and electrical power are designed for a wide array of mission scopes - some 
being to dangerous for a human pilot- and minimal dependence on external support, inspired by proven systems on fighters like 
the F-18 E/F and X-62 VISTA.

A. Autonomous System

For the full autonomous system, TRIDENT utilizes the main systems for the X-62 VISTA. The X-62 Variable In-Flight 
Simulation Test Aircraft (VISTA) is an experimental test aircraft used to develop and test autonomous flight and AI-controlled 
combat systems. The VISTA, a modified F-16D, has demonstrated fully autonomous AI controlled flight and dog-fighting 
scenarios [38]. The TRL for the VISTA is a 7 as it has a fully functional aircraft that has been flight proven in an autonomous 
setting. The main systems that provides the VISTA’s autonomous capability are the following:

● System for Autonomous Control Simulation (SACS): 
○ autonomously control flight
○ autonomously conduct air combat maneuvers
○ perform mission planning and threat response
○ simulate different aircraft flight models

● Enterprise Mission Computer V.2 (EMC2):
○ Core autonomous flight computer
○ Executes AI commands by SACS
○ autonomous flight stabilization
○ AI-driven dog fighting capability

● Galleon Network Attached Storage (NAS):
○ Centralized data storage and processing system
○ mission data processing
○ sensor data aggregation
○ autonomous algorithm updates

        Fig 34. VISTA Components [31]

B. Flight Control and Navigation System

Similar to the F/A-18E/F, TRIDENT utilizes a fully digital fly-by-wire flight control system. The system consists of a 
quadruple-redundant digital flight control architecture operated by four main Flight Control Computers developed by 
BAE Systems.. Because TRIDENT is fully autonomous, the FCCs do not receive pilot stick, throttle, or rudder pedal 
inputs. Instead, high-level maneuver commands are generated by the autonomous mission architecture. The SACS 
autonomy framework determines mission-level flight behavior, while the EMC2 functions as the autonomous flight 
computer that converts mission objectives into real-time flight commands. These commands are then passed to the 
FCCs, which execute the control laws, maintain aircraft stability, enforce flight-envelope limits, and command the 
aircraft actuators.



28

The FCCs process inputs from the EMC2, inertial measurement unit sensors, air data sensors, angle-of-attack sensors, 
and control-surface feedback sensors. The FCCs compare these inputs against the commanded flight state and generate 
actuator commands for the control surfaces. This architecture allows EMC2 to act as the autonomous decision and 
maneuvering layer, while the FCCs remain responsible for safe, redundant, and stable aircraft control.

Fig. 35 Diagram of Flight Control System

C. Electric System

TRIDENT’s electrical power system is a muli-bus AC/DC architecture designed to ensure continuous power delivery to all 
onboard systems under both normal and emergency conditions. The system is adapted from modern fighter electrical 
architectures like the F-18E/F, with modifications to support fully autonomous operation and a single-engine configuration. 
Primary power is supplied by an engine-driven Integrated Starter-Generator (ISG), which is mechanically coupled to the F100 
engine in through the  accessory gearbox. During startup, the ISG functions as motor to initiate engine rotation; once the engine 
is operational, it transitions to generator mode to supply electrical power. The ISG output is regulated by a Generator Control 
Unit (GCU), which maintains stable voltage and protects against electrical faults.

The generated power is distributed to the Main AC Bus, which supplies high-demand AC systems such as radar and mission 
systems, as well as non-critical loads. Critical systems are supported by the AC Essential Bus, while an Emergency Bus is 
maintained to provide power to flight-essential systems during degraded or failure conditions. For DC Power, an AC/DC 
conversion stage provides power to the DC Main Bus, which supplies non-critical loads. The DC Essential Bus powers critical 
systems including flight control computers, autonomy processors, navigation sensors, and communication systems. This 
separation ensures that essential functions are prioritized during abnormal operating conditions. 

The aircraft incorporates an onboard battery to provide power prior to engine start and during transient conditions. The battery 
enables the initial start of avionics, autonomous control systems, and communication systems, and is regulated by a Battery 
Control Unit (BCU). In the event of primary power loss, the battery supplies short-duration power to essential systems and 
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Supports the Emergency DC Bus. To ensure survivability during total engine or generator failure, TRIDENT is equipped with a 
ram air turbine (RAT). The RAT deploys automatically and converts airflow into mechanical energy to drive an emergency 
generator. This generator supplies power to the Emergency Bus, allowing continued operation of flight-critical systems such as 
flight control, navigation, and communication systems. Although RAT provides less power than the primary generation, it is 
sufficient to maintain control and enable recovery. 

Redundancy within the electrical system is achieved through the combination of the engine-driven ISG, onboard battery, and 
RAT-based emergency generator. Additional reliability is provided by AC/DC conversion units, automatic bus switching, and 
load shedding logic that prioritizes essential systems during failure conditions. This layered power architecture ensures that 
TRIDENT maintains autonomous flight capability across all mission phases, including startup, normal operation, and 
emergency scenarios. An overview of the electrical system is shown in Fig. 36. 

Fig. 36 Diagram of Electrical System Architecture

D. Hydraulic System

The hydraulic system onboard TRIDENT is based on modern carrier-capable fighter architectures, with modifications to 
support a single-engine configuration and fully autonomous operation. The hydraulic system provides flow to control surface 
actuators, the landing gear system, brakes, and steering systems.

The hydraulic system is divided into two independent subsystems: System A and System B. Each system is equipped with an 
engine-drive hydraulic pump as its primary source of pressure. In addition, both systems incorporate a backup electric 
hydraulic pump powered by the onboard electrical system. In the event of engine failure, emergency power is supplied by the 
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RAT, which enables continued operation of the electric hydraulic pumps. The hydraulic architecture is simplified compared to 
legacy twin-engine systems due to the use of an integrated starter-generator for engine start, eliminating the need for a 
hydraulic jet fuel starter.

For increased survivability and redundancy, both System A and System B supply hydraulic flow to critical flight control 
surfaces, landing gear, and braking systems. This dual-supply architecture ensures that loss of a single hydraulic subsystem 
does not result in loss of control authority. Non-critical systems are distributed between the two subsystems to reduce load and 
improve fault isolation. 

In the event of engine or primary pump failure, at least one hydraulic subsystem remains operational through RAT-supported 
electric pumps, allowing TRIDENT to maintain sufficient flight control authority for recovery and landing operation. This 
redundant hydraulic architecture ensures continued autonomous flight capability under degraded conditions.  

Fig. 37 Diagram of Hydraulic System Architecture

XIV. Avionics
The aircraft’s fully autonomous design requires extensive avionics integration and system redundancy. Without a pilot onboard, 
all situational awareness, decision-making, and flight control functions must be performed by onboard systems. To address this, 
TRIDENT incorporates a layered avionics architecture consisting of autonomy, sensing, and networking subsystems that enable 
real-time decision-making and control. This architecture emphasizes redundancy and fault tolerance to maintain survivability in 
contested environments. Fig. 38 details the onboard avionics architecture that enables all mission operations for TRIDENT. 
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Fig. 38 Onboard Electronics Suite

The avionics architecture is organized into four primary functional subsystems: autonomous control, sensing, electronic 
warfare, and networked communication. These subsystems work together to create a fully integrated, network-centric combat 
aircraft capable of operating with minimal human intervention. 

A. Autonomous Control Subsystem 

The autonomous control subsystem consists of the X-62 VISTA System for Autonomous Control Simulation (SACS), EMC2, 
and the Galleon Network Attached Storage (NAS). SACS provides the core autonomy framework, enabling mission planning, 
threat response, and AI-driven flight behavior. EMC2 functions as the real-time autonomous flight computer, executing control 
laws and maneuver commands while interfacing with the flight control computers. The Galleon NAS supports onboard data 
storage, sensor data aggregation, and AI model management, allowing continuous adaptation and improvement of autonomous 
algorithms.

Component Primary Role Volume (ft3) Weight (lb)

X-62 VISTA 
SACS

Autonomous flight 
control and AI mission 
management

N/A N/A

EMC2 Autonomous mission 
control and 
decision-making

1.7 90

Galleon NAS Onboard AI data 
storage and processing

0.2 8

AN/APG-79 
Radar

Long-range air 
dominance radar

26.0 500

AN/ALQ-21
4 IDECM

Electronic warfare and 
missile defense

3.8 285

DTP-N Distributed targeting 
and sensor fusion

0.6 41

MIDS-LVT(
1)

Tactical data link and 
network 
communications

0.6 42

AN/ASQ-228 
ATFLIR

Passive precision 
targeting for 
autonomous strike 
operations

5.2 420
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Fig. 39 Radar Selection Trade Study

B. Sensing Subsystem

The sensing subsystem is centered around the AN/APG-79 AESA Radar and AN/ASQ-228 Advanced Targeting 
Forward-Looking Infrared (ATFLIR). A radar trade study was conducted comparing the APG-79, APG-77, and APG-63(V)3 
across key criteria including carrier suitability, integration risk, reliability and support, detection capability, low observability 
(LPI), multimode capability, and affordability [26] [27] [28]. Each category was assigned a weighting based on its importance 
to TRIDENT’s 
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mission as a carrier-based, fully autonomous combat aircraft. Carrier suitability was assigned the highest weighting (0.20), 
because TRIDENT is designed to replace the F/A-18E/F and must reliably operate in maritime environments, including 
catapult launches, arrested landings, and exposure to saltwater conditions. Integration risk was also heavily weighted (0.18), as 
the autonomous architecture requires seamless compatibility between the radar and onboard systems such as EMC2 and 
DTP-N. Minimizing integration complexity reduces development risk and improves system reliability.

Reliability and support (0.15) and affordability (0.15) were emphasized to ensure long-term operational sustainability and 
cost-effectiveness, particularly given the intent for scalable production and development. Detection capability (0.12) and low 
observability performance (0.10) were weighted slightly lower, as all candidate systems already provide high-end performance 
in these areas, making them less influencing factors. Multimode capability (0.10) was included to account for the need to 
support multiple mission profiles, including air-to-air, air-to-ground, and maritime operations.

Based on this weighted evaluation, the APG-79 achieved the highest total score of 4.35, compared to 3.35 for the APG-77 and 
3.13 for the APG-63(V)3. While the APG-77 demonstrated superior stealth and detection performance, its limited production 
status and integration challenges reduced its overall suitability. The APG-63(V)3 offered strong affordability and supportability 
but lacked optimization for carrier-based operations. The APG-79 provides the best balance of performance, integration, and 
operational compatibility for TRIDENT. 

The AN/APG-79 enables long-range detection, multi-target tracking, and low probability of intercept operation, supporting 
autonomous situational awareness and beyond-visual-range engagement. The AN/ASQ-228 ATFLIR targeting pod 
complements the radar by providing passive infrared sensing, electro-optical imaging, and precision targeting capability [29]. 
This allows TRIDENT to perform autonomous strike operations and maintain sensor redundancy in contested environments. 
Together, these systems ensure robust detection, tracking, and engagement capability across all mission profiles. 

Fig. 40 CAD Model of APG-79
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C. Electronic Warfare Subsystem

The electronic warfare and network/communication subsystems for TRIDENT are directly derived from the F/A-18E/F 
architecture, utilizing the AN/ALQ-214 Integrated Defensive Electronic Countermeasures (IDECM) system and the 
MIDS-LVT(1) tactical datalink. This design decision aligns with TRIDENT’s core tenets of detectability, survivability, and 
lethality, while also prioritizing affordability and minimizing integration risk through the use of proven, in-service systems.

From a survivability and detectability standpoint, the AN/ALQ-214 IDECM system provides the primary layer of active 
electronic warfare protection for TRIDENT. THe system protects the aircraft by continuously monitoring the electromagnetic 
environment to detect, identify, and classify hostile radar emissions, including search, track, and missile guidance radars. Once 
a threat is identified, the ALQ-214 employs digital radio frequency memory (DRFM)-based jamming techniques to generate 
deceptive signals that mislead enemy radar systems [36]. Rather than simply blocking radar signals, the system creates false 
targets, alters the apparent position and velocity of the aircraft, and disrupts missile guidance solutions. This significantly 
reduces the probability of successful target tracking and missile interceptions. In the case of radar-guided missile threats, the 
ALQ-214 works in conjunction with onboard countermeasures to degrade or break the missile’s lock, effectively increasing the 
aircraft’s survivability without requiring pilot input. 

Additionally, the system operates automatically and in real time, which is critical for a fully autonomous platform. By 
integrating threat detection, electronic attack, and countermeasure deployment into a single system, the ALQ-214 reduces pilot 
workload in traditional aircraft and enables TRIDENT to independently respond to complex threat environments. This 
capability directly supports the aircraft’s survivability by allowing it to avoid, confuse, or defeat incoming threats, while also 
contributing to reduced detectability by limiting the effectiveness of enemy radar systems. 

D. Network and Communication Subsystem

The network and communication subsystem, consisting of the MIDS-LVT(1) datalink and the Distributed Targeting Processor - 
Networked (DTP-N), directly enhances TRIDENT’s lethality. The MIDS-LVT enables secure Link-16 communication, 
allowing the aircraft to share and receive targeting data in real time with other aircraft and carrier strike group assets [33]. The 
DTP-N performs sensor fusion, integrating radar, electronic warfare, and external datalink inputs into a unified tactical picture 
[32]. This enables cooperative targeting, beyond-visual-range engagement, and coordinated strike operations, significantly 
increasing mission effectiveness. 

By retaining these subsystems from the F/A-18E/F, TRIDENT achieves a balanced design that supports all three core tenets. 
Detectability is reduced through active electronic warfare, survivability is enhanced through proven defensive systems, and 
lethality is increased through networked targeting and data sharing. At the same time, leveraging existing 
government-furnished equipment reduces development cost, lowers integration complexity, and ensures compatibility with 
current naval infrastructure. 
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XV. Ordinance
The TRIDENT ordnance configuration is designed to provide a balance between lethality, flexibility, and cost-effectiveness 
while supporting both air-to-air and air-to-ground mission profiles. Unlike stealth-focused aircraft that rely on internal weapons 
bays, TRIDENT utilizes an external pylon configuration to simplify design, reduce structural complexity, and increase payload 
flexibility. This approach aligns with the program’s core tenets by maximizing lethality and affordability while accepting a 
trade-off in detectiblity. The aircraft is equipped with four external wing pylons, consisting of two inner pylons and two outer 
pylons, as well a wingtip stations. This configuration allows TRIDENT to carry a wide range of ordnance while maintaining 
compatibility with existing U.S. Navy weapon systems. 

A. Air-to-Air Configuration

The air-to-air configuration is optimized for beyond-visual-range (BVR) engagement and close-range dogfighting capability. 
The primary weapon employed is the AIM-120 AMRAAM, supported by AIM-9X missiles for short-range engagements. The 
inner pylons utilize BRU-32 ejector racks paired with LAU-127 rail launchers, allowing each station to carry two AIM-120 
missiles. The outer pylons are equipped with LAU-127 rail launchers, each carrying one AIM-120 missile. Wingtip stations are 
also fitted with LAU-127 rail launchers, each carrying one AIM-9X missile. 

This configuration results in a total loadout of:
● 6 x AIM-120 AMRAAM 
● 2 x AIM-9X 

This loadout maximizes air-to-air lethality by enabling multiple simultaneous engagements while maintaining high 
maneuverability and minimal system complexity. 

B. Air-to-Ground Configuration 

The air-to-ground configuration is designed for precision strike missions while retaining limited self-defense capability. The 
primary strike weapon is the MK-83 Joint Direct Attack Munition (JDAM), providing all-weather, GPS-guided precision 
targeting. Both inner and outer pylons are equipped with BRU-32 ejector racks, each carrying one MK-83 JDAM. Wingtip 
stations retain AIM-9X missiles for defensive purposes against airborne threats. A centerline-mounted AN/ASQ-228 ATFLIR 
targeting pod is included to provide precision targeting, infrared imaging, and electro-optical tracking capability. This enables 
accurate target identification and engagement in both day and night operations.

This configuration results in a total loadout of: 
● 4 x MK-83 JDAM 
●  2 x AIM-9X 
● 1 x ATFLIR Targeting Pod

C. Capability and Design Rationale

The external ordnance configuration provides TRIDENT with a highly flexible and modular weapons system capable of  
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supporting multiple mission profiles without requiring significant structural or mechanical complexity. By leveraging existing 
launch systems such as the BRU-32 and LAU-127, the design minimizes integration risk and reduces overall program cost. 
While the use of external pylons increase radar cross section compared to internal carriage, this trade-off is mitigated through 
the use of electronic warfare systems and mission planning. This approach aligns with TRIDENT’s design philosophy of 
balancing cost and capability, prioritizing lethality and affordability while maintaining acceptable levels of survivability and 
detectability. 

Fig. 41 CAD Model of Outer Pylon

Fig. 42 CAD Model of Inner Pylon
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Fig. 43 CAD Model of LAU-127 Rail Launcher

XVI. Landing Gear

A. Landing Gear Configuration

The landing gear system for TRIDENT is based on the F/A-18E/F landing gear architecture due to its proven carrier suitability 
and ability to withstand high-load carrier recovery conditions. Since TRIDENT is designed as a carrier-based replacement for 
the F/A-18E/F, adopting similar landing gear arrangement reduces development risk while ensuring compatibility with catapult 
launch, arrested recovery, and deck handling requirements. This follows the goal of using proven systems where possible to 
balance cost, capability, and integration risk. The RFP emphasizes that the aircraft must be compatible with existing CVN-68 
and CVN-78 carriers and carrier equipment, making carrier-suitable landing gear a critical design driver.  

TRIDENT utilizes a tricycle landing gear configuration consisting of one nose landing gear assembly and two main landing 
gear assemblies. This configuration was selected based on the F/A-18E/F arrangement because it provides stable ground 
handling, effective braking distribution, and compatibility with carrier deck operations. In a tricycle arrangement, the main 
landing gear are located behind the aircraft center of gravity while the nose is located forward of it, keeping the aircraft stable 
and during landing. Raymer notes that this arrangement allows aircraft to land at relatively large crab angles, which is 
beneficial for carrier recovery where crosswinds, deck motion, and rapid deceleration may occur (Raymers, 354). 

Fig 44. CAD Model of Landing Gears Retracted Out
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B. Landing Gear Loads and Sizing

Gear loads were determined through moment balancing using the aircraft’s center of gravity and landing gear locations, while 
tire and oleo sizing followed Raymer’s landing gear methodology. For TRIDENT, the datum was defined at the nose of the 
aircraft, with the x-axis running aft along the fuselage, the y-axis running laterally across the wing, and the z-axis running 
vertically. The current landing weight use for the landing gear sizing was 33,814.37lb. The aircraft center of gravity was 
located at about 25ft from the nose, the nose gear was located at 13.730ft, and the main landing gear was located at 29.363ft 
from the nose. Using static force and moment equilibrium, the expected nose landing gear load was calculated to be 
13,263.52lb, while the total main landing gear load was calculated to be 20,550.85lb, or 10,275.42lb per main gear. The 
placement of the gears in the tricycle layout was selected so that the main gear accounts for 61% of the load upon landing, with 
the nose gear accounting for 39%. 

The selected tires were based on F/A-18E/F tire sizing and verified using Goodyear tire data. The nose landing gear uses 22 x 
6.6 -10in tire with a rated load of 14,150lb, a rated braking load of 21,225lb, and a rated speed of 240 mph. The main landing 
gear uses a 32 x 11.5 - 15in tire with a rated load of 27,800lb, a rated braking load of 41,700lb, and a rated speed of 242 mph. 
The expected static loads were compared to rated tire loads to confirm that the selected tires provide sufficient load capacity for 
the current aircraft configuration. 

Raymer’s methodology was also used to guide shock absorber sizing. For high-performance naval aircraft, Raymer lists Navy 
fighter landing gear load factors in the range of 5.0-6.0, reflecting severe landing loads associated with carrier operations. 
Raymer also states that oleo shock absorber diameter is determined by the load carried by the oleo and that a typical oleo 
internal pressure is approximately 1800 psi (Raymers, 368). Therefore, an oleo pressure of 1800 psi was used as the baseline 
value for the TRIDENT landing gear sizing table.

Aermet 100 was chosen for TRIDENT’s landing gear because it is already used in major structural parts of the F/A-18E/F 
landing gear, making it a proven material for carrier aircraft. Since our nose and main landing gear were based on the 
F/A-18E/F, using the same material helps keep the design realistic and reduces risk. The landing gear has to handle repeated 
carrier landings, catapult launches, braking loads, and arrested recoveries, so the material needs to be very strong while also 
resisting fatigue and crack growth. Aermet 100 fits this requirement because it has a yield strength of about 1620-1725 MPa. 
For this reason, it was selected for the main structural parts of the nose gear, main gear, launch bar support, and arresting hook 
attachment areas. 
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Fig. 45 Landing Gear Specifications 

Fig 46. Landing Gear Stowed View

Parameter Main Gear (1x) Nose Gear

X Location (ft) 29.363 13.730

Y Location (ft) 土4.004 0

Z Location (ft) -4.3 -4.3

Tire Diameter (in) 32 22

Tire Width (in) 11.5 6.6

Wheel Rim Diameter (in) 15 10

Expected Max Load (lb) 10,275.42 13,263.52

Rated Load (lb) 27,800 14,150

Rated Braking Load (lb) 41,700 21,225

Rated Tire Speed (mph) 242 240

Oleo Pressure (psi) 1,800 1,800
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C. Nose Landing Gear and Launch Bar

The nose landing gear assembly for TRIDENT was modeled after the F/A-18E/F nose gear due to its proven compatibility with 
carrier catapult launch and arrested recovery operations. As shown in Fig. 47, the assembly uses a dual-wheel nose gear 
arrangement with a central shock strut, upper mounting structure, hydraulic retraction linkage, and catapult launch bar. The 
dual-wheel configuration improves load distribution during carrier deck operations and provides additional stability during taxi, 
launch, and recovery. 

The central shock strut is the primary load-carrying member of the nose gear assembly. It absorbs vertical loads during landing 
and supports the forward fuselage during ground operations. The upper mounting structure connects the gear to the aircraft 
frame and provides the structural interface for retraction and deployment. The retraction linkage allows the nose gear to rotate 
into the fuselage during flight, reducing drag and protecting the assembly from the external flow field. 

A key feature of the nose landing gear is the catapult launch bar mounted near the lower forward portion of the assembly. This 
launch bar allows TRIDENT to interface with the aircraft carrier catapult shuttle during launch. During catapult operations, the 
launch bar transfers the forward pulling force from the catapult system into the nose gear structure, accelerating the aircraft to 
takeoff speed within the limited deck length. Because of this role, the launch bar is one of the most structurally critical 
components of the nose landing gear.  

Finite element analysis was conducted on the TRIDENT catapult launch bar to evaluate its structural response under launch 
loading. The maximum directional deformation was 20.713 mm, occurring near the free end of the launch bar. This behavior is 
expected because the launch bar acts similarly to a cantilevered member during catapult loading. The maximum equivalent 
elastic strain was 0.016524 mm/mm, while the maximum von Mises stress was 1184.1 MPa. Both the strain and stress 
concentrations occurred near the launch bar root and attachment region, indicating that this area is the primary structural load 
path and should be reinforced in future design iterations.

Overall, the TRIDENT nose landing gear design provides carrier launch compatibility, stable ground handling, and realistic 
packaging within the forward fuselage. This inclusion and analysis of the launch bar demonstrates that the nose gear was 
designed not only for landing support, but also for the specific requirements of carrier-based aircraft operations. 
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Fig 47. CAD Model of Nose Landing Gear

Fig 48. Directional Deformation FEA



42

Fig 49. Equivalent Elastic Strain FEA

Fig 50. Equivalent (von-Mises) Stress FEA

Fig. 51 Catapult Launch Bar FEA Results

Analysis Type Result Measured Minimum Value Maximum Value Location of Maximum 
Response

Directional 
Deformation

Z-Axis 
Displacement

-0.425mm 20.713mm Free end of launch bar

Equivalent Elastic 
Strain

Elastic Strain 3.119 x 
10-18mm/mm

0.016524 mm/mm Near launch bar root 

Equivalent von 
Mises Stress

Combined Stress 2.248 x 10-14MPa 1184.1 MPa Near launch bar root
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D. Main Landing Gear and Arresting Hook

The TRIDENT main landing gear was modeled after the F/A-18E/F main landing gear to support the high-load requirements of 
carrier recovery. Unlike conventional runway-based aircraft, carrier-based aircraft experience high sink-rate landings, rapid 
arrestment loads, and compact deck handling constraints. For this reason, the main landing gear was designed with a robust 
shock strut, angled support linkage, and a retraction mechanism inspired by the F/A-18E/F architecture.

As shown in Fig. 52 and 53, each main landing gear assembly uses a single-wheel configuration attached to a primary oleo 
shock strut. The shock strut acts as the main load-absorbing member during touchdown, reducing impact loads transmitted into 
the fuselage and wing-root structure. The side brace and retraction linkage provide lateral stability and guide the motion of the 
gear during deployment and stowage. This arrangement allows the gear to fold into the aircraft while maintaining its structural 
integrity to withstand carrier loads. 

The main landing gear is positioned behind TRIDENT’s aircraft center of gravity, consistent with the tricycle landing gear 
configuration. This placement provides ground stability, supports braking loads, and helps prevent nose-over during landing 
and deck operations. Since TRIDENT is fully autonomous, stable and predictable ground handling is important because taxi, 
launch, and recovery operations rely on automated control logic rather than direct pilot input. 

Just like the catapult launch bar, TRIDENT also incorporates an arresting hook system to enable carrier landings. Since the 
aircraft is designed to replace the F/A-18E/F in a carrier-based role, the ability to perform arrested landings is a required 
feature. The arresting hook is mounted along along the lower rear of the fuselage and extends downward during recovery to 
engage the carrier arresting wire. Once engaged, the hook transfers the aircraft’s forward kinetic energy into the ship’s arresting 
gear system, allowing TRIDENT to rapidly decelerate within the limited runway distance available on an aircraft carrier. 

The arresting hook was modeled as a long structural arm with a reinforced forward mounting bracket and a hook interface at 
the bottom end. The forward bracket provides the primary structural attachment point to the fuselage and must be capable of 
carrying the large tensile and bending loads generated during arrested recovery. The hook end is shaped to capture the deck 
cable and maintain engagement during deceleration. 

Overall, the main landing gear and arresting hook were designed to ensure TRIDENT can safely operate in the demanding 
carrier environment. By basing these systems on the proven F/A-18E/F configuration, TRIDENT benefits from an established 
naval aircraft layout capable of handling high sink-rate landings, arrested recoveries, and compact deck operations. The main 
landing gear provides the structural support and shock absorption required during touchdown, while the arresting hook enables 
rapid deceleration during carrier recovery. Together, these systems strengthen TRIDENT’s carrier suitability, reduce 
development risk, and support the overall design goal of creating a cost-effective unmanned replacement for the F/A-18E/F. 
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 Fig. 52 CAD Model of Left Main Landing Gear                                      Fig. 53 CAD Model of Right Main Landing Gear 

Fig 54. CAD Model of Arresting Hook
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XVII. Performance
This section details the performance evaluation of the YFQ-75 TRIDENT aircraft. To ensure compliance with the RFP, the 
TRIDENT’s performance calculations were iterated throughout the design process. The performance criterias evaluated are 
takeoff and landing speed, dash speeds at sea level and at 30,000 feet, sustained turn rate and combat radius. The subsequent 
sections discuss in detail the team's findings regarding the YFQ-75 TRIDENTs’ performance metrics.

A. Mission Profiles
The TRIDENT has been designed to be superior in two mission sets, Air to Ground strikes and Air to Air Combat. The 
following figures establish the operational conditions the aircraft is expected to operate under, this includes phases such as 
takeoff , target engagement, loitering and recovery aboard a CVN 68/78 carrier. These profiles serve as a baseline for assessing 
the aircrafts efficiency and RFP compliance.

Figure 55: Ground Strike Mission Profile Chart

    Figure 56 : Ground Strike Flight Profile 
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     Figure 57: Air to Air Mission Profile Chart

        

Figure 58 : Air to Air Flight Profile 
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 B. Flight Envelope

Figure 59: YFQ-75 Flight Envelope

The Flight Envelope for the YFQ-75, has been developed to indicate the operational limits of the aircraft across differing 
altitudes. The orange boundary line depicts the TRIDENT’s stall limits, which increases as altitude increases due to decreasing 
air density. The upper boundary, depicts the aircrafts dynamic pressure and mach limit. As the altitude increase, the governing 
principle of the aircraft changes from dynamic pressure to mach limitations. This flight envelope demonstrates that the YFQ-75 
TRIDENT can operate safely throughout the mission.
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C. Takeoff and Landing distance metrics

The YFQ-75 TRIDENT will takeoff and land from the Navy’s CVN 68/78 variant carriers during its operational life cycle. The 
RFP requires the aircraft to be able to take off from the carrier when the ambient conditions are 89.8°F with 0 wind over deck 
(WOD). The takeoff speed has been determined by utilizing Raymer’s [1] stall equation (VStall  ). The speed required for takeoff 
is 1.2 times this value. The TRIDENT's takeoff speed for the Ground Strike mission profile has been evaluated to be 165 knots. 
Since the ground strike mission is the heavier configuration the TRIDENT will be able to take of in the Air to Air and Air to 
ground configurations. The CVN 68-78 can launch aircraft at about 150-170 knots, allowing the TRIDENT to successfully lift 
off the carrier. 

Where :
W= 48,750 lbs
⍴ = 1.225 kg/m3

S= 36.23m2

Clmax= 1.35

To validate the aircraft's ability to land, the same methodology has been utilized with the only deviation being a 1.3 multiplier 
to the stall speed. The TRIDENT’s landing speed has been calculated to be 126 knots. This speed is acceptable for carrier 
operations and prove the TRIDENT’s ability to land safely after missions.

Where:
W=  33,814 lbs
⍴ = 1.225 kg/m3

S= 36.23m2

Clmax= 2.31
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D. Dash Speed

To comply with RFP requirements, the TRIDENT has been designed to operate at high speeds across multiple altitudes 
allowing for rapid ingress and egress. The RFP requires the aircraft to operate at mach 1.6 at 30,000 feet and mach 0.9 at sea 
level. To ensure compliance to the RFP, the TRIDENT’S performance was evaluated using the following Raymer's [1] Dash 
speed equation.

Where:
T= 32,500 lbf
⍴ = 0.0008 slugs/ft3  (At 30,000 ft)
S= 390 ft2

CDo= 0.04006

The TRIDENT is required to have a dash speed of Mach 1.6 or 1,227 miles per hour, at an altitude of 30,000 feet above sea 
level. Calculation of the performance indicates the TRIDENTS is capable of reaching a dash speed of 2,280 ft/s equivalent to 
1,554 miles per hour . Based on this result, the TRIDENT is in compliance with the RFP requirement.

In addition to the required dash speed at 30,00 feet, the TRIDENT is required to have a dash speed of 0.9 at sea level. To 
evaluate this performance metric, the same equation was utilized, however the air density value was manipulated to match the 
air density at sea level. 

Where:
T= 32,500 lbf
⍴ =   0.0024 slugs/ft3( at sea level)
S= 390 ft2

CDo= 0.04006

Using this equation, the TRIDENT was calculated to achieve a dash speed of 1,316 ft/s equivalent to  897 miles per hour. This 
performance is higher than the required Mach 0.9 stipulated by the RFP, demonstrating the TRIDENTS compliance with the 
RFP  requirement.   
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E. Range 

The YFQ-75, has been designed to achieve a combat radius of 800 nautical miles during both mission sets, allowing it to be 
versatile while adhering to the RFP requirements. To evaluate the TRIDENT’s range capability, the Breguet Range Equation 
was utilized. The mission was divided in sections, including cruise, combat , dash, and loiter. The fuel fraction for each of the 
segments were also individually evaluated. 

Where:
V= Velocity
c= Specific Fuel Consumption
L/D= Lift/ Drag Ratio
Wi= Weight Initial
Wf= Weight final

Where:

R= Range
c= Specific Fuel Consumption
v=Velocity
L/D= Lift/ Drag Ratio

Air To Ground:
The Air to Ground is the designed mission of the YF-75Q, the mission has been divided into 4 segments, namely cruise 
(inbound and outbound), dash, and loiter. Fuel fraction for each segment was also verified using the above mentioned 
endurance relation equation. To find combat radius, the total range was divided in half .Utilizing the Breguet equation, the 
aircraft has been evaluated to have a range of 838 nautical miles. This exceeds the designed goals of the TRIDENT, and 
adheres to the constraints of the RFP. 

Figure 60: Segment Range for Air to Ground Mission
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Air To Air:
The Air to Air mission is the secondary mission of the YFQ-75, the mission has been divided into five segments, namely cruise 
(inbound and outbound), dash, combat, and loiter. Fuel fraction for each segment was also verified using the endurance 
equation discussed in the previous page. To find combat radius, the total range was divided in half Utilizing the Breguet 
equation, the aircraft has been evaluated to have a range of 857 nautical miles. This exceeds the designed goals of the 
TRIDENT, and adheres to the constraints of the RFP. 

Figure 61: Segment Range for Air to Air Mission

F. Sustained Turn Rate

The TRIDENT has been designed to achieve high sustained turn rates, which allow the aircraft to remain maneuverable and  
efficient during air to air engagement. The RFP requires the aircraft to be capable of achieving a sustained turn rate of 8-10 
deg/s. To evaluate the TRIDENT’s sustained turn rate, Raymer's [1] sustained turn rate equation was utilized. Utilizing this 
equation, the TRIDENT is calculated to achieve a sustained turn rate of 10.2 degrees, exceeding the desired turn rate and 
exceeding RFP requirements.

Where: 
g= 9.81 m/s
n= 1.3
V=102 m/s

Load factor was evaluated used a calculated load factor rather than a simulated load factor. The equation utilized, is as follows:

Where: 
q = 3396.06
Cl= 1.8
W= 173,480 N
S= 36.23 m2
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XVIII. Mass Properties

A. Weight Buildup

   I. Estimation Method

We are going to use a mix of the Raymer [1] computational method and the actual known component weights to 
calculate the weight of each component. If weights of component aren’t available, then Raymer's method will be used. It can be 
noted that in the Raymer computations, it will occasionally combine different components into one section such as the weight 
of air conditioning and anti-ice are assumed to be in the same mass calculation and in one component mass. Whereas, 
calculating the weight of flight controls only contains the weight of the flight controls and no other components. This will be 
reflected in the following table where each component will be shown alongside its corresponding Raymer equations.

Component Mass Equations

Figure 62: Raymer Equations for each major Empty Weight Component
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   II. Component Masses

In this section, a component by component weight comparison will be made between the YFQ-75 and the F/A-18E for 
both the strike (Design Mission) and air-to-air (Off-Design Mission) mission profiles. This comparison is appropriate as the 
RFP calls for a replacement aircraft that is capable of conducting similar missions that the F/A-18E/F currently does. By 
comparing component weights across identical mission profiles, any significant differences created by difference in engines, 
manned vs. unmanned, our composite skin, or one of the many other deviations from the F/A-18E can be identified and 
justified. This will ensure that our design, although significantly different in weight (shown in Figures 63-66)  and general 
design, has a physically realistic weight breakdown consistent with other carrier-based multirole strike fighters of this class. 

Figure 63: YFQ-75 Strike Component 
Breakdown

Figure 64: F/A-18E Strike Component 
Breakdown
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As shown above, the YFQ-75 being consistently significantly lighter than the F/A-18E/F on a 
component-by-component basis is a result of the use of composite materials throughout the airframe, smaller aircraft overall, 
and lack of manned utility, as opposed to the manned, larger, and mostly aluminum structure of the F/A-18E/F. Despite the 
structural weight savings, the proposed aircraft carries a greater fuel weight than the F/A-18E/F, reflecting the more demanding 
performance requirements outlined in the RFP, which are specifically the 700-1,000 nm combat radius, Mach 1.6 dash speed, 
and sustained turn rate requirements. With these structural weight savings, the aircraft is now capable of carrying the additional 
fuel necessary to meet these performance targets while remaining within the RFP's 90,000 lb maximum takeoff gross weight 
constraint.

Figure 65: YFQ-75 Air-to-Air Component 
Breakdown

Figure 66: F/A-18E Air-to-Air Component 
Breakdown
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B. Center of Gravity

The aerodynamic center of the proposed aircraft is calculated to be located approximately 23.65 ft aft of the nose, 
which is derived from the horizontal tail moment arm of 19.35 ft and the overall aircraft length of 43 ft. At takeoff with full fuel 
and strike ordnance loaded, the center of gravity is located slightly aft of the aerodynamic center, at approximately 25 ft from 
the nose. This places the aircraft in a mildly statically unstable state in the longitudinal axis, with an estimated static margin of 
approximately -5% to -10%.

This mild static instability is consistent with modern high-performance fighter design philosophy, as shown by the 
F-16, F-22, and F-35, all of which operate with negative static margins to enhance agility and maneuverability. A statically 
unstable aircraft is inherently more responsive to control inputs, which directly benefits the sustained turn rate and dash speed 
requirements outlined in the RFP. For a conventionally manned aircraft this would necessitate a fly-by-wire flight control 
system to maintain safe and controllable flight. However, for the TRIDENT, the flight control computer will manage this 
instability, making the configuration not only acceptable but advantageous for the demanding combat maneuvering 
requirements of the mission at hand.

As fuel is burned throughout the mission, the center of gravity will shift aft due to the forward positioning of the fuel 
tanks relative to the aerodynamic center. However, given the unmanned and autonomous nature of the TRIDENT, this shift is 
continuously managed by the flight control computer in real time, which actively adjusts control surface deflections to 
compensate for any changes in static margin throughout the flight envelope. This level of autonomous stability management is 
standard in modern fly-by-wire systems and ensures the aircraft remains controllable and within acceptable stability limits 
across all mission segments without the limitations imposed by a human pilot's tolerance for instability.

Figure 67: Center of Gravity (Checkered) vs. Aerodynamic Center (Blue)
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XIX. Maintenance & Carrier Operations

A. Maintenance Philosophy

The maintenance philosophy for the YFQ-75 Trident was developed in alignment with the design decisions 
established by the Preliminary Design Review (PDR), where internal component placement and access panel 
locations were selected to minimize maintenance complexity and support high turnaround rates. The primary 
philosophy adopted is Single Layer Direct Access, ensuring that all internal components are reachable without 
requiring the removal of other components in the process. This is achieved through deliberate placement of internal 
components and strategic distribution of maintenance panels throughout the airframe. As Raymer notes, 
accessibility is fundamentally dependent on packaging density, door placement, and the number of components that 
must be displaced to reach a broken part [1]. To minimize downtime and simplify troubleshooting, certain 
components have been grouped in close proximity, reducing the number of access points a technician must check to 
isolate a problem.

Maintenance panel placement follows the principle that the best access should be provided to the 
components that fail most frequently or demand the most routine servicing [1]. In accordance with this, large access 
doors have been incorporated for the engine, avionics compartment, hydraulic pumps, actuators, electrical 
generators, and auxiliary power unit, ensuring that the most maintenance-intensive systems remain readily exposed 
without extensive disassembly [1]. This design approach directly supports the three-level NAMP maintenance 
framework, enabling O-level technicians to perform routine servicing quickly at the flight line while reserving more 
complex access for I-level and D-level activities. This SLDA architecture is a direct contributor to the YFQ-75 
Trident's estimated MMH/FH of 7.6, as the reduction in access time and collateral maintenance significantly lowers 
the total labor hours required per flight hour.

B. Maintenance Routine
Repair and Maintenance for the YFQ-75 Trident involves the implementation of a maintenance schedule as 

shown in figure 68, ensuring operational readiness and airworthiness throughout the aircraft's service life. 
Following the Naval Aviation Maintenance Program (NAMP), maintenance is classified into three levels based on 
technical complexity, depth, and scope of work: Organizational (O-level), Intermediate (I-level), and Depot 
(D-level). O-level maintenance is the most routine, performed directly by the operating unit on its assigned aircraft, 
and includes inspection, servicing, lubrication, adjustment, and replacement of minor parts and subassemblies, 
prioritizing quick turnaround to maximize operational availability. I-level maintenance is performed by designated 
Intermediate Maintenance Activities (IMA) and focuses on producing ready-for-issue parts and ready-for-use 
support equipment, encompassing component inspection, testing, repair, calibration, and Non-Destructive 
Inspection (NDI) of airframe and dynamic components when required. D-level maintenance represents the most 
extensive rework, performed at depot facilities managed by COMNAVAIRSYSCOM or original equipment 
manufacturer sites, and includes aircraft overhaul, engine rework, modification, manufacture of parts, and technical 
engineering assistance beyond the capability of O and I-level activities [45].
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The implementation of this three-level maintenance framework ensures the YFQ-75 Trident remains operationally 
ready and airworthy throughout its service life, minimizing downtime while maintaining the reliability required for 
successful mission execution.  

To ensure consistency across all servicing activities, maintenance documentation for the YFQ-75 Trident 
shall adhere to MIL-STD-3001 and MIL-HDBK-3001 for the preparation and formatting of U.S. Navy work 
package technical manuals [49, 50]. Furthermore, the aircraft shall meet the airworthiness certification criteria 
established in MIL-HDBK-516C, executed in accordance with NAVAIRINST 13034.1 flight clearance policies [51, 
53]. This ensures technicians are provided with standardized work packages and procedures for all scheduled and 
unscheduled maintenance actions, including step-by-step component removal and reinstallation instructions at each 
applicable maintenance level.

C. Maintenance Man Hours Per Flight Hour (MMH/FH)

The MMH/FH of the YFQ-75 Trident is estimated at approximately 7.6 MMH/FH. This was determined by 
using the legacy F/A-18 C/D Hornet baseline of 16.0 MMH/FH as a starting reference and systematically reducing 
that value to reflect the architectural differences of the Trident [48]. According to the Aircraft Maintenance 
Experience Design Handbook, maintenance labor is not evenly distributed across aircraft systems, with operational 
support tasks such as fueling, towing, and preflight inspections accounting for approximately 27 percent of total 
MMH/FH, while propulsion systems account for roughly 16 percent, and radar and avionics contribute 
approximately 18 percent of the total burden [46]. The YFQ-75 Trident eliminates three systems that collectively 
represent a significant portion of the F/A-18's maintenance burden: the Environmental Control System, which 
accounts for approximately 5.5 percent of total MMH/FH due to mandatory pressurization testing and bleed-air 
duct inspections [46]; the ejection seat and egress system, which contributes approximately 3.5 percent through 
calendar-based explosive cartridge replacements and specialized safety inspections [46]; and the forward gun bay, 
which accounts for approximately 2.0 percent through scheduled armament inspections and post-firing corrosion 
cleaning protocols [46]. Additionally, the Trident's single Pratt & Whitney F100 engine, compared to the 
twin-engine configuration of the F/A-18, reduces the propulsion maintenance contribution by half relative to the 
baseline. Finally, the application of Single Layer Direct Access across all major component bays introduces a 
maintainability multiplier derived from Chiesa's Design to Maintain Coefficient, reducing the physical hardware 
labor hours of the remaining systems by approximately 46.7 percent by ensuring every Line Replaceable Unit is 
directly accessible behind a single exterior panel without requiring removal of adjacent components [47].

Figure 68: YFQ-75 Trident Three-Level Maintenance Framework Summary [45] 
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D. Maintenance Hatches

Three hinged access panels are located along the bottom fuselage of the YFQ-75 Trident. The forward 
panel sits directly behind and under the radar compartment and opens to expose the full electronics and avionics 
suite, which can be accessed from below through the nose landing gear wheel well when the landing gear is in the 
down position, providing ground-level access for O-level maintenance without the need for elevated platforms or 
additional equipment. The center panel accesses the Auxiliary Power Unit, positioned at the mid-rear fuselage, 
and is sized to permit full APU removal and replacement when required. The aft panel consolidates access to both 
the engine and the electrical generators behind a single hinged door, following Raymer's guidance that large 
access doors should be provided for engine systems and electrical generators to minimize disassembly time [1].

Figure 69: YFQ-75 Trident Bottom View - Maintenance Hatches

Figure 71: YFQ-75 Trident Side View - 
Control Surface Hydraulic Hatches

Figure 70: YFQ-75 Trident 
Bottom View - Control 
Surface Hydraulic Hatches
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The control surface hydraulic hatches are hinged panels distributed across both the upper and lower wing 
surfaces at the elevon and leading edge slat regions. Each panel provides direct access to the aileron, elevator, and 
slat actuators without requiring removal of adjacent structural components. The rudder and stabilizer hydraulic lines 
share a common access panel at their structural intersection, consolidating two systems behind one opening and 
reducing total maintenance access points. This layout follows Raymer's principle that dedicated large doors should 
be provided for hydraulic pumps and actuators [1]. 

The radar access hatch is a swinging nose hatch positioned at the forward tip of the fuselage that opens to 
fully expose the radar antenna and waveguide assembly. Given that radar systems are among the most frequently 
maintained components on a naval aircraft, this hatch was deliberately designed to maximize exposure of the full 
antenna array in a single motion, eliminating the need to remove surrounding nose structure. This placement 
directly reflects Raymer's principle that the best access should be reserved for the components that break most often 
or require the most routine maintenance [1].

E. Carrier Compatibility

I. Takeoff

Figure 73: Takeoff Feasibility Analysis - Ground Strike Mission Profile

Figure 72: YFQ-75 Trident Side View - 
Radar Access Hatch
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Carrier suitability for the YFQ-75 Trident was first evaluated under takeoff conditions using the 
C13-2 catapult performance curve provided in the RFP. The stall speed was computed from the lift 
equation:

where W = 48,750 lbs is the takeoff gross weight, S = 390 ft² is the wing area, ρ is the air density at sea 
level (0.002377 slug/ft³), and CLmax = 1.35. The minimum required catapult end speed was then 
determined as 1.15 times the stall speed, consistent with RFP Section 3.2.1. This required end speed was 
compared against the maximum end speed deliverable by the C13-2 catapult at each takeoff weight, 
interpolated directly from the RFP performance curve. The star marker denotes the YFQ-75 Trident's 
design point within the feasibility region, representing the aircraft's takeoff weight plotted against its 
required catapult end speed. The resulting design point of 148.8 knots falls within the feasible region, 
confirming the YFQ-75 Trident can be successfully launched from CVN-68 and CVN-78 class carriers 
under zero wind over deck conditions.

II. Landing

Figure 74: Landing Feasibility Analysis – Ground Strike Mission Profile
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Recovery suitability was evaluated using the Mk7 Mod 3 arresting gear performance curve provided in the 
RFP. At a landing weight of 33,814 lbs, the stall speed was first computed using Equation 1 with a landing CLmax = 
2.3 reflecting the higher lift coefficient achieved through deployment of flaps and slats in the landing configuration. 
The approach speed was then computed as 1.10 times the stall speed per RFP Section 3.2.2, with the arrestment 
engaging speed taken as 1.05 times the approach speed. Two constraints were enforced simultaneously: the 
approach speed must remain below 145 knots, and the landing weight must not exceed the arresting gear capacity at 
the computed engaging speed, interpolated from the RFP curve. The star marker denotes the YFQ-75 Trident's 
design point within the feasibility region, representing the aircraft's landing weight plotted against its approach 
speed. The resulting design point of 115.8 knots satisfies both conditions, confirming the YFQ-75 Trident meets all 
RFP recovery requirements.

III. Size

The YFQ-75 Trident was designed to meet all size and weight constraints specified in the RFP for carrier 
compatibility. The RFP requires an overall aircraft length not exceeding 50 feet, a folded wingspan not exceeding 
35 feet, an overall aircraft height not exceeding 18.5 feet, and a maximum takeoff gross weight not exceeding 
90,000 lbs per RFP Section 3.5. The YFQ-75 Trident satisfies all of these constraints with an overall length of 43 
feet, a folded wingspan of 25.94 feet, an overall height of 12.35 feet, and a maximum takeoff gross weight of 
48,750 lbs in its heaviest ground strike configuration, well within the 90,000 lb carrier elevator limit. 

RFP Requirement RFP Limit YFQ-75 Trident 

Overall Length ≤ 50 ft 43 ft

Folded Wingspan ≤ 35 ft 25.94 ft

Unfolded Wingspan ≤ 60 ft 35.68 ft

Overall Height ≤ 18.5 ft 12.35 ft

Max Takeoff Gross Weight 
(Ground Strike)

≤ 90,000 lbs 48,750 lbs

Min Takeoff Gross Weight (Air 
to Air)

≤ 90,000 lbs 35,848 lbs

Figure 75: YFQ-75 Trident Geometric and Weight Constraint Compliance Summary
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Figure 76 illustrates the YFQ-75 Trident as deployed aboard a CVN-78 Ford-class carrier, satisfying the 
operational requirements for the two carrier classes specified in the RFP. The orange boxes denote the carrier 
elevator positions; the Trident’s compact folded footprint of 25.94 feet confirms the aircraft fits within the elevator 
envelope, enabling seamless below-deck movement for storage and maintenance. This compact size maximizes 
deck spotting efficiency, supporting the high sortie-generation rates required for naval unmanned operations.

Figure 76: YFQ-75 Trident Deck Spotting and Elevator Clearance – CVN-78 Ford Class 



XX. Cost Analysis

Production Cases

In accordance with the Request for Proposal (RFP), this team has performed a cost analysis of a candidate strike 

fighter aircraft (YF-75) replacement for the FA-18E/F aircraft, while maintaining a comparable unit acquisition cost and 

enhancing performance. Here, we will provide the unit cost for a production run of 500 aircraft that maximizes cost-effective 

capability and minimizes development cost.

Lifecycle Cost Breakdown

The lifecycle cost of an aircraft refers to the total expenditure incurred during the design, production, operation, and 

disposal of the aircraft. Total lifecycle cost consists of the following categories: production (or flyaway cost), research, 

development, test, and evaluation (RDT&E), ground support equipment and initial spares (GSE&IS), special construction (SC), 

operation and maintenance (O&M), and disposal. 

Flyaway Cost

Flyaway costs are the recurring costs of production to manufacture aircraft components such as the airframe, 

engine, and avionics [1]. This may also include tooling costs, manufacturer’s overhead, and administrative expenses 

[1]. The flyaway cost per aircraft is reduced as more aircraft are produced due to the learning-curve effect [1]. (The 

learning-curve effect suggests that the more aircraft produced, the more the manufacturer learns, and the cheaper the 

next aircraft can be produced.) Production cost is generally up to half of the lifecycle cost for military aircraft [1].

Research, Development, Test, and Evaluation (RDT&E) Cost

RDT&E pertains to the fixed cost of aircraft conceptual design [1]. This category includes costs for 

technology research, design engineering, prototype fabrication, flight and ground testing, evaluations for operational 

suitability, and, for military aircraft, includes costs for demonstration of airworthiness, mission capability, and 

compliance with Military Specifications [1]. RDT&E is typically less than a tenth of the total life-cycle cost [1].

63



Operation and Maintenance (O&M) Cost

Operation and Maintenance (or Operation and Support) covers the cost for fuel, oil, ground personnel, 

maintenance, recurring costs, depot, insurance, various indirect costs, and depreciation, and is usually roughly equal to 

development and production costs in the military environment [1].

Ground Support Equipment and Initial Spares (GSE&IS) Cost

Military aircraft “procurement cost” (or “acquisition cost”) refers to the costs of required ground support 

equipment & initial spares during operational deployment, such as flight simulators and test equipment [1].

Special Construction (SC) Cost

Special construction cost is the cost to build special or new ground facilities for the operational deployment 

of some aircraft that may require them [1]. Ultimately, special constructions contribute to the total program cost of 

developing and deploying a new aircraft into the military inventory [1]. 

Disposal

Disposal involves the cleaning, preservation, and storage of old aircraft at the end of their lifecycles [1]. This 

cost is small or negligible in early lifecycle cost estimations [1]. 

Lifecycle Cost Ratios

To maximize the accuracy of the unit acquisition cost estimation for the YF-75, all expenses in the above categories 

must be considered. Furthermore, as a rough breakdown for proportionality consistency, the approximate element contribution 

to lifecycle cost is summarized in Figure 77 and are as as follows: O&M contributes 55-65%, production contributes 30-40%, 

RDT&E contributes 5-10%, GSE&IS contributes 5-7%, special construction contributes 4-6%, and disposal contributes 

0.05-1% toward lifecycle cost. Keeping these proportions during cost analysis is essential to ensure the team’s aircraft total cost 

is not skewed disproportionately in any direction. 

64



Figure 77: Lifecycle Cost Elements Ratios

F/A-18E/F Super Hornet Unit Cost

The Official U.S. Navy Website reports an approximate unit cost of $67.4 million, in fiscal year 2021 dollars, for one 

F/A-18E/F aircraft [2].  Adjusted to fiscal year 2025 dollars using Consumer Price Index (CPI ) inflation estimations provided 

by the U.S. Bureau of Labor Statistics, the unit cost for an F/A-18E/F aircraft corresponds to approximately 80.16 million 

dollars per unit aircraft [3]. Assuming that this unit cost consists only of production cost, which is 30% to 40% of total lifecycle 

costs, the total lifecycle cost is estimated to range from approximately $200.4 million to $267.2 million per unit aircraft. This 

provides the YF-75 a baseline comparison for lifecycle cost. 

RDT&E and Flyaway Cost Computations

The acquisition cost for the YF-75 was estimated using the RAND Corporation’s Development and Procurement Costs 

of Aircraft (DAPCA IV) model as provided in Aircraft Design: A Conceptual Approach, Seventh Edition by Daniel P. Raymer 

[1]. This model is used to compute costs for engineering, tooling, manufacturing, quality control, development support, flight 

testing, manufacturing materials, and engine production, which are summed alongside avionics costs to compute total RDT&E 

and Flyaway Cost.  The formulas used are given below:
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Where

The average wrap rates or direct salaries paid to employees in engineering, tooling, quality control, and manufacturing were 

derived from those provided in Raymer’s book, as shown in Table 1 below. 

Table 1: Average Wrap Rates
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Category Average Wrap Rate

Engineering (RE) $115

Tooling (RT) $118

Quality Control (RQ) $108

Manufacturing (RM) $98



10.4.1 Inputs for RAND

The input parameters for the YF-75 were extracted from information about the F18 engine, the assumed production 

quantity given for the F/A-18E/F’s average annual production (in this case, 10 per year for 5 years or 50 aircraft, and 2 

flight-test aircraft), and the estimated empty aircraft weight. Further clarification regarding total avionics costs will be provided 

in the subsequent section. 

Table 2: Input Parameters for RAND DAPCA IV Calculations

10.4.2 Avionics Cost

The avionics cost consists of expenses for Electronic Warfare, Radar, Sensors, & Targeting, Mission Computers, and 

Communications, totalling a unit avionics cost of $12.8 million, or $667.3 million for 52 aircraft. Avionics cost is summarized 

in Table 3.

Table 3: Avionics Cost Breakdown
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Input Parameters Abbreviation Value

Empty Weight (kg) W_e 12,700.586

Max velocity (km/hr) V 1915.119 [2]

Lesser of production quantity or number to be produced in five years Q 50 [4]

Number of flight-test aircraft (typically 2-6) FTA 2

Total production quantity times number of engines per aircraft N_eng 104

Engine maximum thrust (kN) T_max 97.86 [5]

Engine maximum Mach number M_max 1.8 [6]

Turbine inlet temperature (K) T_turbine_inlet 1890 [7]

Avionics cost ($) C_avionics $667,324,992

Category Description Cost

Electronic Warfare
AN/ALQ-214 Integrated Defensive Electronic Countermeasures 
(IDECM) [5] $3,808,536.37

Radar, Sensors, & 
Targeting

AN/APG-77 Radar [9] $5,100,000.00

AN/ASQ-228 Advanced Targeting Forward-Looking Infrared (ATFLIR) 
[10] $3,000,000.00

Mission Computers Distributed Targeting Processor - Networked (DTP-N) [11] $624,636.55

Communications MIDS-LVT(1) Ruggedized Mobile System [12] $300,000.00

Unit Avionics Cost $12,833,172.92

Total Avionics Cost (Qty: 52) ~$667,324,991.82



10.4.3 Additional RDT&E Expenses

Additional RDT&E expenses, not originally considered within the RAND DAPCA IV model, consist of weapons as 

required by the RFP, aircraft hardware, and development test systems, totalling a unit cost of $26.9 million. Additional RDT&E 

costs are summarized in Table 4.

Table 4: Additional RDT&E Expenses

10.4.4 Total RDT&E and Flyaway Cost 

Utilizing these inputs, the RAND DAPCA model computed a total RDT&E + Flyaway Cost of $5.9 billion for 52 

aircraft, or $115.1 million per unit aircraft, as summarized in Table 5.

Table 5: RDT&E and Flyaway Cost Computation

68

Category Description

Weapons

AIM-120C (6) [13] $9,600,000.00

AIM-9X (2) [14] $944,000.00

MK-83 JDAM (4) [15] $133,120.00

Aircraft Hardware

Engine Baffles (estimated) $50,000.00

Infrared Masking Paint [16] $187,500.00

Thermal Protection System (estimated) $1,000,000.00

Development Test 
Systems

Modified X-62 VISTA [17]
- Enhanced Maneuvering and Control Computer (EMC2)
- Galleon Network Attached Storage (NAS) $15,000,000.00

Total $26,914,620.00

Category Value

Engineering $1,495,938,659.83

Tooling $708,480,056.72

Manufacturing $1,135,464,029.34

Quality Control $166,426,584.87

Development Support $479,648,796.96

Flight Testing $48,452,912.43

Manufacturing Materials $467,193,594.92

Engine Production $790,923,732.68

Avionics Cost $667,324,991.84

Additional Expenses $26,914,620.00

Total RDT&E + Flyaway Cost (Qty: 52) $5,986,767,979.60

Unit RDT&E + Flyaway Cost (Qty: 1) $115,130,153.45
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