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Compliance Matrix 

 

Mission Requirements  Result 

Vertical Takeoff and Landing  YES 

20 ton payload   

 1 FCS YES 

 2 463L Pallets YES 

Housed and maintained on naval vessel CVN YES 

Fits within hangar deck access limits  YES 

Elevator weight and size limit  YES 

Airframe folding for elevator/hangar access  YES 

Internal loading of combat vehicles  YES 

Flight crew 2 pilots, 1 crew chief YES 

Accommodation of 2 FCS crew  YES 

Intra-theater deployment of 1000 nm  YES 

FCS combat delivery mission, 500 nm range  YES 

Capable of power off glide  YES 

Normal load factor structural capability  YES 

One engine operative (OEI), HOGE  NO 

Missile warning systems and countermeasures  YES 

Mission equipment suite  YES 

Basic aircraft maintenance  YES 

Good crashworthiness design  YES 

 

 

 

1.0 Introduction   

 

The Titan was designed in response to a request for proposal (RFP) from AHS International and Boeing for 

the 2004 AHS Student Design Competition.  The objective for the design competition was to develop a 

conceptual design of a modern military Heavy Lift VTOL aircraft.  The craft must be able to be housed and 

maintained aboard naval vessels, more specifically an aircraft carrier (CVN) or on a smaller Amphibious 

Assault ship (L-Class).  The craft must be able to transport a 20 ton FCS combat-ready vehicle for an 

objective landing zone 100 nm inland from the shore.  These specifications require a large amount of power 

for VTOL but also high efficiency in cruise.    
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The design for this particular aircraft, which must have the capability for intra-theater deployment of 1000 

nm range without refueling and carry out missions in which a 20 ton FCS combat-ready vehicle is 

transported up to 100 nm inland from a ship 25-100 nm off shore, requires a combination of VTOL and 

fixed wing aircraft properties.  An assessment of relevant and existing technologies focused on the Pratt & 

Whitney F135 engine designed for the F-35 Joint Strike Fighter.  Four of these engines have enough thrust 

for the Titan to take off and land vertically from a naval ship with full payload.  Once transitioned from 

vertical to forward flight, the fuel consumption level drops significantly and the engines are just as efficient 

as a conventional bomber or cargo carrier, suitable for long flights with substantial loads. 

 

Since the engines must be internally housed in the fuselage, the fuselage body is blended around them.  The 

wings extend perpendicular to the fuselage during takeoff and sweep back in forward flight in order to 

maximize cruise speed.  The swept back wings also fold for storage on the naval shipôs storage deck.  The 

FCS combat vehicle is loaded into the cargo bay of the Titan via a hydraulic door that opens at the tail end 

of the fuselage.  Ample room in the cargo bay also allows for more cargo to be carried along with 1 FCS 

vehicle.  More than 2 pallets can also be transported at one time.  However, only one FCS and only 2 

pallets can be transported for the Titan to be able to take off and land vertically, although conventional and 

short take offs and landings are possible. 

 

Because of the large size of the aircraft and the large payloads it is required to transport, special attention 

was given to weight saving details such as composite materials for fuselage and wing structures.  

Manufacturing was also considered in order to minimize the cost to produce 200 aircraft delivered over a 

15 year manufacturing period.  

 

2.0 Detail Mission Profiles  

 

Overview 

The heavy lift VTOL aircraft is designed for one mission.   The mission involves the transportation of a 20 

ton vehicle or two five ton pallets from a military ship to an inland landing zone 100nm from the shore.  
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Once at the landing zone, the aircraft must land and deploy the vehicle.  The final leg of the mission is to 

take off and return to the ship.  This must be performed a total of four times. 

 

Pre-Takeoff  

The heavy lift VTOL aircraftôs voyage starts on one of two military ships; an amphibious assault ship (L-

Class) or an aircraft carrier (CVN).  The 20 ton future combat system (FCS) with two 220 lb crew or a 

maximum of two five ton 463L Pallets are loaded into the aircraftôs cargo bay.  The aircraft then starts its 

engines for a 10 minute warm-up at idle engine speed. 

 

Takeoff and Flight 

The aircraft is placed in the vertical takeoff zone of the ship.  Takeoff commences, followed by a one 

minute hover out of ground effect.  The aircraft then climbs to an altitude of 3000 feet where it begins its 

cruise at 99% best range speed. 

 

 

Landing Zone 

Once the aircraft has reached the landing zone, located 100 nm from shore, it must loiter for 15 minutes for 

mission cueing.  A three minute hover out of ground effect commences at 3000 feet followed by a descent 

to the landing zone and a one minute disconnect and deployment of the combat vehicle. Once unloaded, the 

aircraft returns to 3000 feet and prepares for return flight. 

 

Return Flight  and Landing 

The aircraftôs return cruise is once again set at 99% best range speed.  Once the ship is reached the aircraft 

is prepared for landing and a two minute hover out of ground effect commences.  The aircraft is landed on 

the ship deck with 20 minutes of loiter reserve fuel.  After refueling and reloading the cargo bay, the 

aircraft is ready to repeat the mission. 
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3.0   Concept Evaluation & Down Selection Process  

Before deciding on the final design for this project, three completely different approaches were explored in 

response to the RFP.  The goal was to come up with a concept for an aircraft that could handle the cargo 

weight while having the ability to take off vertically.  Several concepts were brainstormed for the aircraft 

design, but then were quickly narrowed down to three until finally one was selected.  

 

 

 

3.1 New Aircraft Concepts 

Disk Retractor 

This concept is a hybrid rotorcraft/fixed wing design.  The large disk 

mounted to the top of the fuselage creates additional lift to the two 

short, swept back wings near the rear of the fuselage.  The disk 

contains rotor blades that are exhaust powered, eliminating the need 

for an anti-torque system.  The blades also retract, either telescoping 

or folding, into the disk, thereby reducing drag in forward flight.  The compact design is space saving and 

the design opens up possible flow control applications.  It has the potential to auto-rotate and glide in the 

event of engine failure.  Cargo is loaded from the rear of the fuselage, similar to a C-130. 

 

Certain unknowns and/or problem areas also exist.  These include the aircraftôs crashworthiness, its fuel 

consumption, loiter ability, and mechanical geometry and components.  

 

Heavy Lift ñJSFò 

The inspiration for this design was the F-35 Joint Strike Fighter. This 

design would incorporate four of the JSFôs engines / lifting fan 

configurations. With four fans and engines this aircraft would be capable 

of lift in excess of 140,000 lbs. Since the fans incorporated in this design 

have two stages and the stages counter-rotate, there is no need for a torque 
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countering device. Since the fans are ducted, they are extremely compact so they could be easily 

incorporated into a blended wing body.  Once transitioned into forward flight mode this aircraft would be 

capable of speeds in excess of Mach 1. With four engines and fans the redundancy of the power systems 

would allow for a single failure yet the aircraft would still be airworthy.  The folding wings are modeled 

after the B-1B lancer heavy bomber. The B-1ôs wings fold to a span of 79 feet and when completely 

extended the winds have a span nearing 137 feet. With wings modeled after the B-1 (yet shorter span) this 

aircraft would be compact enough for shipboard operations. Also, with the wings fully extended the aircraft 

would have very high endurance. With this configuration the aircraft could have multiple roles, not just that 

of a transport aircraft, but also as a bomber/fighter. For pilot and crew survivability this aircraft would also 

contain ejection seats.  

 

One of the downsides of this aircraft is the fuel consumption in hover and vertical take off and landing. 

This aircraft would also be incapable of autorotation, so a failure in hover would most likely result in 

damage to the aircraft.  Since this aircraft would be quite large and contain four engines the amount of fuel 

required would be quite high. The weight of this aircraft would also cause problems because of the many 

structural members that would be required.  Despite these downfalls this aircraft is a promising design.  

 

 

 

 

Turbo Tilt Rotor  

 

The turbo tilt-rotor has several advantages, namely speed 

and range.  It is most like a conventional fixed wing aircraft.  

However, a section of the wing rotates to create an upward 

thrust like a VTOL aircraft.  The wings fold back for storage 

on a carrier deck.  It has the ability to glide in the event of 

engine failure.   
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However, this design has one of the drawbacks of the Harrier; hot exhaust gas gets re-circulated through 

the engine in a prolonged hover, causing the engine to stall and the aircraft to crash.  Wingspan would have 

to be substantial to generate enough lift for the massive loads needed to be transported.  Also, compactness 

of the design is another issue as well as fuel efficiency, especially in hover.   

 

Hinged Turbo Jet 

The hinged turbo jet has 4 short wings to create lift.  For 

vertical take off and landing, the tail section rotates so that the 

engines face downward.  The design is relatively compact and 

there are engines on the front wings for redundancy and to 

help maintain stability in the transition from vertical to 

forward flight.  It has the ability to glide but not auto-rotate.  The largest issue with this design is the large 

instability created when transitioning from vertical to forward flight.  

 

There are also geometry and mechanism concerns with the rotating tail section, namely its mass 

distribution and the manner in which it moves.  The same problem exists, as mentioned before, with hot 

exhaust gases being re-circulated through the engine, causing stall.   

 

Locked Tandem Wing 

The Rotating Tandem Wing concept allows the 

transition from helicopter mode to fixed wing 

relatively easily.  It looks similar to that of a standard 

tandem helicopter with the exception of short stubby 

wings in the middle and only two rotor blades instead 

of the standard 4 or 5.  Once sufficient forward speed was achieved, where the wings were providing 

adequate lift for a short transition period, the rotor blades would fix in place and act as 2
nd

 and 3
rd
 

wings/lifting surfaces.  In this concept, the power to rotate the blades would come from an advanced 
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exhaust system from one or two turbofans on the craft.  The fast moving hot air would be shot out through 

small ducts in the rotor tips to create the spinning motion.  This allows the craft to have a smooth transition 

from the two modes because thrust can gradually be shifted form the rotor blades to the standard exhaust 

nozzle in the rear of the craft.  Though the tandem design gives us very stable heavy lift capability, it would 

probably not be very maneuverable in forward flight because of the small wings and it would still have to 

overcome the problem of the rotor blades facing different directions once locked in place.   

Quad Tilt Rotor  

The inspiration for this design idea is the V-22 Osprey. Due to 

the success of the Osprey, this design appears to be the most 

feasible. Since the Osprey can travel approximately 300 knots, 

it can be assumed that a design of this nature would have no 

problem of doing the same. With the added wing surfaces and 

lifting engines/propellers, this aircraft would be suited to 

transport the heavy FCS vehicles.   

 

Concept Down-Selection Matrix  

The following matrix has been composed in order to narrow down the selection of the three final design 

concepts for further design studies. It was decided to weigh each of the categories in the matrix based on 

the level of its importance based on the RFP and the design teamôs goals. Since time for more in depth 

research for each design was not a possibility, the rating numbers generated for each design are based on 

the teamôs understanding of each concept. The matrix can be seen below.  



 12 

 

Table 3.1.1 Concept Down-Selection Matrix 

Conclusion 

In conclusion, the final three designs that were chosen to study further are: the Disk Retractor, Heavy Lift 

JSF, and the Locking Tandem.  The decision was based on the matrix and evaluating which designs 

received the best scores.  The designs with the best scores are most likely to meet the RFP and have a good 

chance of succeeding in the design contest. Also, the design team decided to pick three designs which 

varied in aspects such as tradition, conventionality and originality.  For example, a more traditional design 

that is similar to a traditional tandem helicopter is the Locking Tandem concept.  A more original design, 

characteristic of up and coming technology, is the Heavy Lift JSF. Finally, a more unconventional design is 

the Disk Retractor design.  Finally, design team felt that the aforementioned three design choices would 

help to present an interesting and successful design process.  
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3.2 Down Selection Process 

 

Selection and Discussion 

Narrowing down the three concept design was not an easy task.  All three had unique strengths and 

weaknesses and 2 out of the 3 met all the necessary requirements.  The first to be eliminated was the 

Locked Tandem design.  Though its design is very innovative and elegant the sheer size and power 

requirements make it an unreasonable choice.  With each rotor diameter being at least 37 meters, the total 

length would at minimum be 74 meters or about 240 feet, since the total length would have to allow both 

rotors to spin without hitting each other.  Furthermore this design was betting on an unproven advanced 

exhaust propulsion system and introduced complex aerodynamic airfoil designs. 

 

The final two, Disk Retractor & Heavy Lift JSF concepts, both meet all the necessary requirements.  

Choosing one of the two came down to the interpretation of the RFP.  The Disk Retractor is a helicopter 

that is capable of long range high speed flight, whereas the Heavy Lift JSF concept is an airplane capable 

of heavy lift VTOL.  The Disk Retractor is capable of both carrier and assault ship take off, but the JSF has 

a much higher cruise speed and can be used for a greater variety of inter theater missions.  If the RFP was 

interpreted to be asking for a vehicle primarily used in short range heavy lift combat situations, and the 

occasional long range flight, the Disk Retractor would have been chosen.  However the design team came 

to the conclusion that the primary objective was to get as many FCSôs to the target area in the shortest time 

span possible.  Not only does the JSF give the military this ability, but two FCSôs could potentially be 

carried if in-flight refueling was allowed.  

 

The Heavy Lift JSF design not only meets and exceeds the RFP requirements but gives the military an 

extremely capable aircraft in multiple scenarios.  Whether the JSF concept is carrying FCSôs, paratroopers, 

bombs or passengers, its VTOL capability and speed make it a prime choice for military application.  Its 

potential uses are only limited by the Pentagonôs imagination.   
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4.0   General Aircraft Layout & Weight Breakdowns   

Layout 

The overall layout for the Titanôs design is a cross between the B1-bomber and the new Joint Strike 

Fighter.  Similarly to the JSF, the PW F-135 engine is used which is equipped with a ducted fan for vertical 

thrust, but because the aircraft is used for transport and cargo a much different configuration was needed 

than the JSF, as well as 3 more engines.  After several concept sketches to determine the placement of the 

engines, a design was generated resembling the B1-B Lancer.  Since the wings are retracting and the 

fuselage must be utilized for cargo space, a blended body shape was designed where the engines can be 

placed outboard of the fuselage, yet still not be wing mounted.   

 

 

Figure 4.0.1 Aircraft Layout 

 

This configuration solved the problem of engine placement, retractable wings and adequate cargo space.  In 

fact, the cargo bay allows the Titan to hold as many as 2 FCSôs which is twice the RFP requirement.   
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Weight Breakdown 

The four engines are capable of lifting 160,000 lbs in vertical mode, but the aircraft was designed with a 

10% factor of safety in weight, so the total weight was kept under 144,000 lbs.  A summary of the weight 

breakdown can be seen below: 

 

 Total Craft = 144,000 lbs 

 Take off Weight Additions: 

 FCS = 40,000 lbs 

 2 FCS Crew = 440 lbs 

 3 Flight Crew = 600 lbs 

 Fuel = 40,000 lbs 

 Total = 81,040 lbs 

 Empty Weight = 62,960 lbs 

 

An estimated empty weight of 62,960 lbs is believed to be a very reasonable value because the reference 

textbook on aircraft design (Raymer) suggested a ratio for weight empty over weight take off to be 

approximately 0.5.  This value comes from statistical analysis of similar jet transports based on historical 

trends.  This value would suggest that the take off weight should be approximately 72,000 lbs, but with 

increased use of composites it is believed that weight can be safely lowered to a value close to 63,000 lbs.   

 

In conclusion, the design team is very optimistic about the take off weight since two different forms of 

analysis were used and generated very similar numbers.  The aircraft is cleverly designed to house the 

engines and cargo within the fuselage, yet still not be wing mounted; the design team successfully placed 

the center of gravity ahead of the Titanôs aerodynamic center (see section 6.0 on performance).   
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5.0   Detail Design of Subsystems 

 

5.1 Fuselage and Substructure 

 

The airframe has been designed to optimize structural integrity, provide ample cargo room for the FCS and 

still be compact enough to be stored on an aircraft carrier.   

 

Fuselage 

The fuselage consists of seven bulkheads strategically laid out to divide compartments and provide extra 

structural support where the points of heaviest loading occur.  The first bulkhead is locating at the front of 

the cockpit and supports the nose and avionics bay.  Following that, the second bulkhead is placed where 

the cockpit ends and the fuel bay begins.  This bulkhead not only divides the two sections but adds the 

necessary reinforced strength to the fuel bay where over 30,000 pounds of fuel will be stored.  The third 

bulkhead is placed at the point where the fuel bay ends and the cargo bay begins.  This bulkhead along with 

the second bulkhead serves to reinforce the fuel bay as well as divide the three compartments (cockpit, fuel 

bay & cargo bay).  After a few feet of seating for the FCS crew, the fourth bulkhead is placed along the 

point where the front of the FCS would be locked in place, while the fifth bulkhead will be located slightly 

behind where the FCS ends.  This allows for a second FCS to be placed behind the fifth bulkhead for extra 

cargo.  Similarly with the first FCS, the sixth bulkhead is located at the point where the second FCS ends.  

This arrangement of bulkheads along the cargo bay allow the aircraft to handle up to two FCSôs or one FCS 

with extra useable space for cargo, additional crew, or weapons.  Finally, the seventh and last bulkhead is 

located at the back of the fuselage where the loading door is.  This bulkhead will add structural support to 

the rear where there will be open space when the door is open.  All of these bulkheads take the shape of the 

fuselage which is an octahedral with two uneven sides.  See Figure 5.1.1 for bulkhead placement and 

interior layout.   
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Figure 5.1.1 Fuselage Layout & Bulkhead Location 

 

 

Engine Bays 

The Titan has an engine bay on either side to house the 4 engines.  Unlike most other aircraft, the engines 

rest in structures to the side of the fuselage, but are internally mounted, not wing mounted.  See Figure 

5.1.2.  To support these engines, 3 bulkheads in a trapezoid shape are strategically placed throughout the 

bay.  The first one is located along the centerlines of the VTOL fans and the second and third ones are 

placed on the front and rear of the engines.  A detailed layout is provided in figure 5.3.1.   
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Figure 5.1.2 Engine Bays Overview 

 

 

 

Loading Door & Tail Boom 

The loading door is located at the end of the fuselage and is hinged at the bottom.  When loading the FCS 

or any other cargo, the door will open up and extend all the way to the ground providing a ramp for the 

FCS to drive up.  See figure 5.1.3.   
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Figure 5.1.3 Loading Door 

 

 

The tail structure will have several feet of overhang form where the loading door is located.  This is 

necessary to keep the sleek aerodynamic shape and place the rear wing structure far enough away from the 

main wings to keep them small enough to fit in the compact storage area.   

 

5.2 Interior Layout  

Cockpit 

The cockpit of the Titan is designed to accommodate 3 personnel; a pilot, co-pilot and flight chief.  Its 

dimensions are 10 ft (H) x 10 ft (W) x 15 ft (L).  A reasonable amount of space has been allocated for 

electronics and controls.  As can be seen in Figure 5.2.1, the pilot and co-pilotsô seats are set back 50 inches 

from the front of the cockpit; these values were recommended as a good starting point from Raymerôs book 

on aircraft design, allowing adequate room for the yoke and consoles.  In addition, the flight chiefôs chair 

has been set back another 4.5 feet from the pilotsô and raised one foot to allow the chief a clear view of all 
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activity in the cockpit.  Finally, 2 feet on either side of the seats has been set aside for electronics and 

storage facilities.   

 
Figure 5.2.1 Cockpit 

 

 

Fuel Bay 

The fuel bay is the compartment connecting the cockpit to the cargo bay; its dimensions are 10 ft x 10 ft x 

10 ft.  There is a narrow walkway in the middle but this space is predominantly allocated toward fuel 

storage.  This fuel bay can accommodate up to 700 cubic feet of fuel, or 70% of the total fuel 

compartmentsô volume in the aircraft.  Though this may seem like an unusual location to house the fuel, it 

was a necessary part of our design to compensate for the extreme cargo bay weight at maximum capacity.   
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Figure 5.2.2 Fuel Bay 

 

 

Seating Area 

The space designated for the FCS crew seating is the first 4 feet of the cargo bay.  This area consists of 2 

folding seats on each side attached to the walls.  Each seat has a width of 2 feet which should be more than 

adequate for a crew member.  Furthermore, since the height of the seating area is also 10 ft, there will be 

plenty of overhead storage room located above the seats.  See figure 5.2.3 below.  
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Figure 5.2.3 FCS Crew Seating Area 

 

Cargo Bay 

A total of 48 feet has been provided for the cargo bay.  Since the Titanôs purpose is to transport the FCS we 

have allocated enough area to carry as many as two FCSôs at a time, though this would require special 

circumstances (see performance estimates for various missions).  Having this much cargo area provides the 

Titan with numerous configurations including cargo transport, passenger transport, bomber and 

surveillance.  The dimensions for the bay are 48 ft x 10 ft x 10 ft.  See figure 5.2.3 above.   

 

5.3 Propulsion System 

 

An assessment of relevant and existing technology found that the Pratt & Whitney F135 engine, designed 

for the F-35 Joint Strike Fighter, had specifications required for a heavy lift aircraft to utilize vertical take 

offs and landings for its mission.  The engines consume large amounts of fuel in VTOL and hover but this 

consumption decreases significantly when the aircraft transitions into forward flight. 
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The F135 is an evolution of the F119-PW-100, a technologically advanced turbofan that powers the Air 

Forceôs F/A-22 Raptor.  It integrates to proven F119 core, a high performance six-stage compressor and 

single stage turbine unit with a new low-pressure spool.  In addition, the propulsion system features 

advanced prognostic and on-condition management systems that provide maintenance awareness, 

autonomic logistic support, and automatic field data and test systems.  Propulsion system support and 

maintainability are further enhanced by the F135ôs maintenance-focused design.  It has approximately 40% 

fewer parts, which also improves reliability.  All line-replaceable components (LRCs) can be removed and 

replaced with a set of six common hand tools.  And, the F135 has a 50% lower infrastructure support 

requirement compared to current engines.  (www.pratt-whitney.com/prod_mil_f135.asp) 

 

Figure 5.3.1 F135 Engine 
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Figure 5.3.2 F135 Engine, cutaway view 

 

Data and detailed specifications on the F135 is still classified or considered proprietary information.  Table 

5.3.1 below shows unclassified as well as approximated information. 

 

Thrust (VTOL)  Thrust (Forward 

Flight)  

Weight Length Diameter TSFC 

39,700 lb 40,000 lb ~4,500 lb 369 in 51 in ~0.6 lb/h/lb st 

Table 5.3.1 Specifications of the PW F135 engine 

Weight was conservatively estimated to be approximately 4,500 lbs.  The F100-229 engine on the F-16 is 

3,740 lb and the two engines, excluding the Rolls Royce fan on the F135, are similar in length and 

maximum diameter.  The TSFC is assumed to be approximately 1/3 of the F100-229ôs TSFC since that 

value includes afterburning (1.94 lb/h/lb st).  

 

The placement of the engines in the fuselage is also important for two reasons: exhaust gases from one 

engine can not affect the otherôs and the engines must have a barrier to both contain oil fires and shield heat 

from the rest of the fuselage, especially if composites are utilized.   

 

Placement due to exhaust gases is a function of the jet diameter exiting the engine, also keeping in mind 

that advanced engines have swiveling exhaust nozzles.  The distance between the engines was chosen to be 

approximately 1/3 of the diameter (17 in), which is taken from the engine placement of the F-22.  A 

standard 1-inch layer of shielding surrounds the engines to protect the surrounding structure from the high 

temperatures. 

 

All four engines are required for vertical take off and landing; however, only two are needed for forward 

flight.  The other two are powered down to idle speed and thus consume a minimum amount of fuel; this 

eliminates the need to perform air starts and standard re-lights.  These re-lights may take awhile and power 

may need to be re-routed from another engine, thereby reducing thrust.  Another possibility would be re-

lighting using an auxiliary power unit (APU). 
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There are two intakes on the aircraft ï one for engines 1 and 2 and the other for engines 3 and 4.  Ducts 

from the intake are constructed around the fan and lead to the compressor.  Care must be taken with regards 

to the flow structure entering the engine.  Separation of flow in the ducting may stall the compressor.  The 

possibility of separation can be minimized by utilizing computational fluid dynamics programs (CFD) to 

optimize duct geometry.   

 

5.4 Structural Integration  

Primary Structures Design 

The three primary design structures in the Titan are the two engine bays and the fuselage. The bulkhead 

configuration for the fuselage is an octagon with a maximum distance from top to bottom of 11.4 ft while 

the two engine bays are supported by trapezoid shaped bulkheads which are 10 ft at the root and close to 5 

ft at the ends.  (See Figure 5.4.1 below.) In addition, there are 8 stringers running between the bulkheads 

from the nose to the end.  The one on the top will be longer than the rest because of the overhung tail; 

furthermore it will also be used to support the weight of the V-tail at the end.  This configuration provides 

the Titan with a very strong and stable structure capable of supporting the loads from two engines on either 

side, the fuel, cargo and tail structure.  
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Figure 5.4.1 Drawn 1/10 ft. Scale 

 

 

Secondary Structure Skin 

The skin of the aircraft will be created by attaching panels to the fuselage and engine bays.  Since the 

octagon shape smoothly blends in with the trapezoid, it will be easy to weld paneling to the bulkheads and 

create a smooth and seamless skin.  

 

 

5.5 Landing Gear 

The Titan, due to its functionality, must be capable of various landing scenarios.  The aircraftôs landing 

gear must endure VTOL, STOL, CTOL and carrier catapult launching.  Also, having the ability of 

achieving high air speeds, drag must be taken into consideration; a retractable gear will be implemented 

into the design of the craft. All these functions have been accounted for in the final design of the Titanôs 

landing gear. 
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Configuration 

Of the various landing capabilities the Titan must have, conventional fixed-wing carrier landings would 

exert the highest loading on the aircraftôs landing gear.  With this in mind the landing gear has been 

modeled after a fixed-wing aircraft as apposed to rotorcraft. A tricycle configuration, Figure 5.5.1, will be 

used as the landing gear arrangement for the Titan.  The arrangement is designed to avoid interference with 

the engine and thrust-vectoring nozzles. The configuration will consist of a single strut nose gear with two 

wheels and two struts for the main gear with two wheels per strut as typical for fixed-wing aircraft.  

Arrangements as such are typically used for fixed-wing aircrafts weighting 50,000 ï150,000 lbs and 

sometimes up to 250,000lbs (Raymer). 

 

Figure 5.5.1 The tricycle arrangement used for the Titan. 

 

Since the Titan must be on a carrier, the landing gear must meet carrier requirements due to rolling of the 

deck.  Figure 5.5.1 and Figure 5.5.2 illustrate the positioning of the gears relative to the aircraftôs center of 

gravity (c.g.). For typical carrier based aircraft the tipback angle is greater than 25ę and the turnover angle 

less than 54ę(Raymer).  Incorporating the carrier needs, the positioning of the gear has been designed to 

have a 45ę tipback angle and a turnover angle of 52.3ę.  The tipback angle was derived using the furthest aft 

c.g. location for worst-case scenario. 
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Figure 5.5.2 Positioning of the landing gear, ft. 

 

The weight distribution, Table 5.5.1, of the landing gear was designed for VTOL.  An even weight 

distribution across the three struts was set for stability in vertical landing.  Having the weight distributed as 

such will spread out the high loads endured by the fuselage during heavy landings increasing the 

crashworthiness of the aircraft.  This arrangement also helps with stability in static mode while aboard the 

carrier.  There are no balancing outrigger wheels needed, such as the Harrier, for stability. For 

specifications on the landing gear reference Table 5.5.1. 

 

Table 5.5.1 Landing specifications  

 Take-off weight (lbs) :                              144000 

 Nose gear position from nose, ft :                  7 

 Main gear position from nose, ft :                 44.04 

 Wheelbase, ft :                 37.04 

 Maximum static load on main strut (per strut)(lbs):  52561.56 

 Maximum static load on nose strut (lbs):              54155.51 

 Minimum static load on nose strut (lbs):          38876.89 

 Ratio between Wto and min nose load (percent):     27 

 Ratio between Wto and max nose load (percent):     37.61 

 Maximum load on nose strut during braking (lbs):      66229.08 

 Lateral pos of main strut (ft):  10.67 

 Turnover angle(degrees):  52.29 

 Piston Diameter for the nose gear (in):   6.84 

 Piston Diameter for the main gear (in):   6.1 

 Oleo Outer Diameter for the nose gear (in):    8.9 

 Oleo Outer Diameter for the main gear (in):     7.93 
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 Shock stroke for the nose gear (in):    47 

 Shock stroke for the main gear (in):   47 

 Max Shock stroke Length for the nose gear (in): 65.82 

 Max Shock stroke Length for the main gear (in):  63.77 

Table 5.5.1 List of landing gear specifications. 

 

Nose Gear 

The nose gear is a retractable gear consisting of a single strut with two wheels that will be used for steering 

located 7 ft. from the nose of the aircraft.  Due to the static and dynamic loads encountered during landing, 

the gear and retractable system are modeled after the Boeing 747.  The retracting arrangement of the 

Boeing 747 is illustrated in Figure 5.5.3. 

 

Figure 5.5.3 Nose gear retraction system for a Boeing 747. 

 

Estimated loads on the nose gear were determined by using the extremes of c.g. travel. The following 

equations were used for load estimates (Raymer): 

Max nose static load = W*(Mf/B) 

Min nose static load = W*(Ma/B) 

Dynamic nose breaking load = 10HW/gB 

where W is the weight of the aircraft, Mf is the horizontal distance from the main gear to the forward c.g., B 

is the wheelbase, Ma is the horizontal distance from the main gear to the aft c.g., H is the vertical c.g. 

distance from the ground, and g is gravity.  The nose gear loads were calculated to be 54155.51 lbs for 
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maximum static load, 38876.89 lbs for minimum static load, and 66229.08 lbs for the dynamic break 

loading.   

 

The shock absorber was chosen to be oleopneumatic with a metered orifice with an estimated efficiency of 

.8.  The maximum load exerted on the nose gear strut is 66229.08 lbs, which is used for piston and outer 

diameter sizing of the oleo using the following equations (Raymer): 

Piston diameter = 2*sqrt(Loleo/Pʧ) 

Oleo outer diameter = 2.6*sqrt(Loleo/Pʧ) 

   

where Loleo is the load on the oleo and P is the internal pressure (18000 psi).  The piston diameter was 

calculated to be 6.84ò and the oleo outer diameter was calculated to be 8.90ò.   

 

The stroke is a function of the vertical landing velocity of the aircraft.  For carrier based aircraft 20 ft/s or 

more vertical velocity is required.  The Titan is designed for a max vertical touchdown velocity of 25 ft/s. 

The following equation was used for the calculation of the stroke (Raymer): 

Stroke = [V
2
/(2*g*N gear) ï ɖt*St]/ɖs 

 

where V is the vertical touchdown velocity, Ngear is the gear load factor (3), ɖt is the tire efficiency (0.47), 

St is the stroke of the tire (0.33), and ɖs is the strut efficiency.  For a safety margin the result was round to 

the nearest integer (Raymer).  The stroke was determined to be 47ò.   A touchdown of 25 ft/s converts to a 

freefall of 9.7 ft.  This allows the Titan to be able to absorb a fall from 9.7 ft. from the ground is case of an 

emergency, increasing its crashworthiness. 

 

Incorporating the max load exerted on the nose gear, the tire sizing was determined to be a type VII 40 x 

14. Each tire would experience a max of half the max load exerted on the gear, which would be 33114.54 

lbs per tire.  The details of the tire are found in Table 5.5.2.  The size and configuration of the nose wheels 

allow the Titan to straddle the catapult launching mechanism for versatility.    

 

Table 5.5.2Tire spec Nose & Main (6) 
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Size 40 x 14 

Speed (mph) 200 

Max load (lbs) 33,500 

Pressure (psi) 200 

Max Width (in) 14 

Max Diameter (in) 39.8 

Rolling Radius (in) 16.5 

Wheel Diameter (in) 16 

Number of plies 28 

Table 5.5.2 Nose and Main gear tire specifications. 

 

Main Gear 

The Main gear is a retractable gear consisting of a two struts with two wheels per strut located 44.04 ft. 

from the nose of the aircraft and 10.67 ft. from the center line, reference Figure 5.5.1.  Due to the space 

restrictions in the exterior bays, the main landing gear was modeled after the CF-105 Arrow main gear 

configuration, Figure 5.5.3, attached to a support panel in-between the two engines in each bay.  This 

configuration would allow the wheels to lie flat side-by-side, eliminating vertical space loss, under the 

engines in the compartment.  The retracting arrangement of the Arrow is illustrated in Figure 5.5.4. 

 

Figure 5.5.4 CF-105 Arrow main gear configuration. 
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Figure 5.5.5 Retraction arrangement of the Arrow. 

 

The estimated static load on the Main gear was also determined by using the extremes of c.g. travel. The 

following equation was used for the load estimate (Raymer): 

Max main static load per strut = [W*(Na/B)]/2 

   

where Na is the horizontal distance from the nose gear to the aft c.g.  The main gear static load was 

calculated to be 52561.56 lbs per strut.  

 

Like the nose gear, the shock absorber for the main gear was chosen to be oleopneumatic with a metered 

orifice with an estimated efficiency of .8.  Using the same equations as in the nose calculations the piston 

diameter was calculated to be 6.10ò and the oleo outer diameter was calculated to be 7.93ò.   

 

The same criteria for the nose gear stroke dimension were followed for the mean gears, where the stroke for 

main each gear was the same as the nose gear, 47ò. 

  

Having almost the same maximum static load as the nose gear, the main gear tires are the same as the nose 

gear tires, type VII 40 x 14. 
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5.6 Wings and Tail 

 

Wings 

 

The Titan spends the majority of its mission in forward flight mode. Consequently, the design of the wings 

is crucial to the success of this aircraft.  The wings had to be designed such that they would create adequate 

lift for the mission profile.  An adequate amount of lift is defined as a value greater than or equal to the 

weight of the aircraft in order to successfully accomplish climb, cruise and loiter.  Furthermore, it is ideal 

for this lift to be generated in a manner such that the drag forces on the aircraft are minimized. The 

equations which govern lift and drag are: 

LwCSUL 2

2
1   and DwCSUD 2

2
1  

where:  

ɟ = air density at specified altitude 

U = airspeed  

Sw = wing area 

CL = lift coefficient  

CD = drag coefficient 

 

These equations had to be utilized in order to determine the wing sizing, namely the span and the chord.  

As there are many unknown variables that are used in defining these two parameters, this analysis was an 

iterative process. Unknown variables in this analysis included cruise altitude which corresponds to air 

density, wing span, chord length, required lift and airspeed.  A couple of these variables could be defined 

based on the RFP. 

   

First, the required lift could be determined. Designing for cruise required that lift be equal to the aircraft 

weight. Since the take off weight is a known value (see empty weight determination, section 6.2), the 

amount of lift required is also known. This weight was determined as explained previously to be 144,000 

pounds. Consequently, the aircraft was designed so that it would produce 144,000 pounds or more of lifting 

force when in flight.  

 



 34 

Also, the wing span was something that could be estimated for use in the lift calculations. Since a size 

restriction was imposed (CVN elevator size) the wings could not exceed a total span of fifty feet when in 

storage. Based on historical data it was the gut feeling of the design team that this aircraft would require a 

greater span if it were to accomplish fast forward flight. Therefore, it was necessary to design foldable 

wings.  The span was initially set to be about 90 feet, with the possibility to change as further analysis 

deemed necessary.  

 

Finally, the root chord of the wing could be estimated from the size limitations stated in the RFP.  Drawing 

a rough sketch of a fuselage gave a general idea of how much room there would be for the wings. As the 

dimensions of the fuselage reached a critical width, the root chord of the wings was set to be 15ft. It was 

agreed that this would fit size requirements and allow for adequate folding.  The hinge point for the wing 

was calculated to be 9.6 feet from the root chord.  This allows the aircraft to fit into the CVN elevator shaft.  

It also keeps the wing tips from hitting each other when folded over the top of the fuselage.  A hydraulic 

motor with a hydraulic screw jack pushes a pivot point on the leading edge spar of the wing.  As the motor 

pushes the screw out, the wing is forced back due to the large pressure angle.  The same type of system is 

used on the B1-B Lancer. 

 

Now that the required lift, wing span and root chord of the wing were estimated; an iterative process was 

performed in order to determine acceptable values for variables that were still unknown such as airspeed 

and altitude/air density. First, the airspeed was varied. Since the group had goals of exceeding the RFP with 

very fast forward flight, the speed was varied from mach 1.1 to mach 0.5. It was determined that a mach 

number slightly smaller than 1.0 was most desirable (see performance section). When an aircraft breaks the 

mach barrier, there are many factors that come into play such as mach cone effects, vortex shedding and 

flow separation which greatly inhibit the performance of the aircraft. Therefore, the design team decided 

that a value of mach 0.8 was a more reasonable speed.  However, the aircraft performance can still be 

adversely affected due to the high speed. The best solution to this was to sweep the wings back in the cruise 

configuration. Sweeping the wings allows for a delay in mach effects as the airflow reaches the leading 
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edge of the wing further back. Thus, with the addition of wing sweep, an airspeed of mach 0.8 was high 

enough to achieve ófast forward flightô while avoiding unfavorable effects on performance. 

 

Next, the cruising altitude of the aircraft had to be determined. In order to determine the optimal cruising 

altitude, one must take lift and drag coefficient effects into consideration. When an aircraft flies at a higher 

altitude, it requires a higher lift coefficient to stay aloft. This higher lift coefficient causes a higher 

coefficient of drag due to the fact that CL is a factor in calculating CD. This can be seen in the following 

formulas: 
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where  

e = Oswaldôs efficiency 

AR = Aspect Ratio = 

WS

b2

 

f = flat plate area 

 

However, at higher altitudes the air is less dense and consequently reduces the overall drag of the aircraft. 

Therefore, an ideal cruising altitude requires the best combination of density and required lift coefficient.  

Thus, an iterative process was used to determine the cruising altitude.  It was determined that cruising at 

20,000 feet was an altitude that gave adequate values for lift and drag coefficients. In other words, the lift 

coefficient achieved at 20,000 feet was sufficient in creating the required amount of lift and the drag 

coefficient achieved was minimal enough to allow for sufficient performance. 

 

Once values were estimated for each of these parameters ï required lift, airspeed, air density at prescribed 

altitude, wing span, chord length and lift coefficient ïit was possible to calculate a value for Sw, the wing 

area.  The value obtained for Sw in cruise was Sw=920 ft
2
. 
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Now that the wings were designed for cruising, it was necessary to design the wings for loiter.  An identical 

process was followed, only this time a slower speed was desired. This is simply because a loiter 

configuration typically occurs at slower speeds. Also, loiter typically occurs at lower altitudes. Thus, the 

optimal conditions for loiter were determined to be a speed of mach 0.3 at an altitude of about 5,000 feet. 

The wings were not swept back in this configuration because the airspeed is so slow and therefore the 

aircraft performance is not susceptible to damaging factors such as flow separation, mach cone effects or 

vortex shedding.    

 

The last step in the wing design was to choose an airfoil for the cross section of the wings.  Several criteria 

were considered in selecting this airfoil including general airfoil performance, thickness to chord ratio, 

sectional lift and drag coefficients and location of maximum pressure.  

 

Due to the fact that there is an extensive variety of NACA style airfoils, this airfoil data base became the 

source for choosing an acceptable wing cross section. First, the series of airfoil to be used was determined. 

The NACA 4 and 5 series airfoils were eliminated quickly due to their age and main purpose. The series 

was never intended for flying at high airspeeds and their thickness distribution directly affects the lifting 

line surface. The 6 and 7 series airfoils are both designed for usage at higher Reynolds numbers, though the 

7 series airfoil has a much lower critical Mach number than the 6 series. Due to this information, the 6 

series airfoil was chosen, giving a higher critical mach number on the wings and allowing for a greater 

amount of laminar flow than that of the lower series airfoils. 

 

Next, the location of the maximum pressure on the airfoil, the sectional lift coefficient, and the thickness of 

the airfoil were used to find the right airfoil within the chosen series. In order to have minimal pitching 

moments, it was decided that the ideal location of the maximum pressure location was at a point 30% of the 

airfoil chord. This led to the selection of a 63 series airfoil.  

 

Next, the desired sectional lift and the thickness had to be selected. Throughout the mission, the wings are 

required to produce different amounts of lift, dependent on the flight mode and consequently the 
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sweepback angle. The sectional lift varies from a very low number in the cruise configuration of 

approximately 0.38 to a higher sectional lift of 0.97 during the loiter configuration. An airfoil that could 

achieve these lift coefficients while experiencing minimal drag was the ideal airfoil.  In addition, the 

Titanôs wings had to be thick enough to support a sweeping mechanism but thin enough to prevent Mach 

bubbles from forming on the wings during flight. Therefore, a thickness ratio between 8 and 10 became 

another determining factor. 

 

From the above requirements two airfoils were selected: the NACA 63-209 and the NACA 63-210. Both 

produce similar lift versus angle of attack curves, though the 63-210 can achieve a higher angle of attack 

without the induction of stall. Also, they have similar drag buckets related to their angle of attack. The 63-

210 has a greater range of drag bucket for the varying lift coefficients. This benefits the morphing wing 

design when different lift coefficients are required and cause varying levels of drag. From this analysis, the 

63-210 airfoil was selected for the Titanôs design; its characteristics are depicted below. Since, the wings 

were designed for the cruising flight phase of the mission, the wings angle of incidence was selected to be 2 

degrees which corresponds to the required lift coefficient of 0.38. This can be seen on the graph below. 
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Figure 5.6.1 NACA 63-210 Airfoil Characteristics 

 

 

Tail  

 

The tail portion of a fixed wing aircraft traditionally contains a horizontal tail and a vertical tail in an 

inverted T shape. The tail portion of an aircraft is used to control the vehicle in flight. The tail must counter 

the moments that act upon an aircraft in flight. These moments are generated from wind gusts and weight 

distribution changes inside the aircraft. When the aircraft is in flight, there is also a pitching moment 

generated by the wing that the tail must counter. The tail must also provide stability and control to the 

aircraft.  The tails have control surfaces which can be deflected to create moments that will change the 

aircrafts flight orientation. These tail control surfaces are called the elevator which is located on the 

horizontal tail and the rudder which is located on the vertical tail.  To provide stability to the aircraft the 

tails along with their control surfaces must be large enough to change the characteristics of flight but be 


