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6. Conceptual Design 

6.1  Design Algorithm  

 
6.2 Survey and Reference Aircraft  

The Cessna 310 II is a light, twin-piston engine aircraft 

designed and produced by Cessna Corporation and was introduced 

in 1954 as the first aircraft to put into production after World War II. 

It is a four-to-six-seater airplane with low wing and fuel tanks 

mounted on the wing tips and a conventional tail configuration, 

Figure (12).  
Figure 9: Cessna 310 II Aircraft 
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Figure 11: Historical empty weight vs Max takeoff weight (MTOW) 

The figure has two regression lines, the solid line is for aircraft made through conventional manufacturing 

techniques such as sheet metal forming and the dotted one includes few airplanes, which are recently-produced and 

made from composite materials. The composites technology allows having lighter aircraft that can carry the same 

payload with similar performance. 

Using the dotted regression line, we were able to get the equation describing the relation between the empty 

weight and the MTOW. We managed to solve for MTOW, empty weight and fuel weight which in turn would give us 

a good weight estimate for the aircraft we are designing. The results are summarized at the following Table (6):  

Table 6 Six-seater class I weight estimation results 

MTOW(lbs.) Empty weight (lbs.) Fuel weight (lbs.) 

4599 2583 673 

 

The estimated weights were plotted on a graph that has historical data of similar aircraft and they fitted on the 

regression line of the composite-made aircraft. Based on this result, we decided to manufacture most of the aircraft 

parts out of composite materials. Composites lead to lighter empty weight, which in turn reduces the required fuel for 

the same range and decrease the MTOW. This will increase the complexity and the cost but will increase the overall 

performance significantly. 
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Table 8: Merit of Interest (MOI) 

Merit of interest 

Num MOI weight 

1 takeoff and landing field length 10% 
2 Energy comsumption 20% 
3 noise 10% 
4 cost 20% 
5 Reliability  15% 
6 maintenance 15% 
7 Safety and redundancy 10% 

Total 100% 
 

The combination of the framework and the iterative process into an IRMA gives a better documented and 

understood family of solutions for more detailed analysis and design. It also allows scanning of scores of options in 

practical time cost. However, for practical reasons, the aircraft was decomposed into three main components only each 

of which is further divided into four to six elements. The number of considered alternatives was also restricted to a 

maximum of five significant candidates for each element. Figure (16) shows the layout of our matrix of alternatives. 

 
Figure 13: Matrix of Alternatives 

The scoring scale of different proposed configurations was defined from -4 to +4, 0 being neutral, -4 being very 

bad for the subject MOI and +4 being very good for that MOI. An example of configuration scoring scheme is 

presented in Figure (17). 
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6.7 Mission Profile and Scenario   

 

Figure 19: Mission profile 

The mission profile for both aircraft is shown in Figure (22). Through performing trade analysis, described in a 

later chapter, cruise altitude was selected to be 20,000 ft and alternate cruise segment will be on 10,000 ft altitude. 

6.8 Propulsion Sizing and Optimization  

With the energy crisis looming, electric propulsion systems will help reduce operational costs, emissions and 

noise associated with fossil fuel engines. Today several all-electric aircraft exist which proves that electric propulsion 

is possible. However, each one of them is limited by the energy storage capability which limits the endurance and 

range; For example, Pipistrel Alpha Electro Figure (23-right) which has a full electric propulsion system with just +60 

mins endurance at 122.5 kg of batteries in comparison with Cessna172 with +340 mins at 174 kg of fuel[3] 

 

Figure 20: Example hybrid and electric aircraft 
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In order not to sacrifice the endurance and performance of current ICE powered aircraft, electrically assisted 

hybrids could be the key step toward full electrification. 

The hybrid electric powertrain is available in many architectures such as serial, parallel and serial-parallel one 

Figure (24) [5]. 

 

Figure 21: Hybrid power train architectures 
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6.8.2 Methodology: 

After surveying the previous approaches, it was decided to follow the AFIT approach of sizing the ICE engine 

to provide the required power for cruise and have the additional batteries to provide the extra power needed to take-

off and climb. The way to do so is to use a software such as FLOPS and NPSS developed by NASA side by side with 

AAA (Advanced Aircraft Analysis) developed by DAR Corporation. Having no access to these softwares made it 

even more challenging. Consequently, we had to build our own tool that combines weight estimation, geometry, power 

sizing and optimization for our proposed aircraft models using MATLAB and Simulink software. The main algorithm 

is explained in the following flowchart. 

 

Figure 22: hyBIRD design tool algorithm 
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6.8.3 Results 

The optimizer was used to perform a multivariate trade studies to 

ensure the optimum design point is achieved. The results for the 4-

seater and 6-seater aircraft shows that the optimum design point is 

achieved when zero batteries used in the cruise and depend 

completely on the ICE as shown in the Figure (26). 

Regarding the choice of cruise altitude, it was decided to use a turbo-normalized engine which will be discussed 

later in this report. This engine has a performance drop after FL200 which increases the specific fuel consumption 

Figure 24: Trade studies results 

Figure 23: Cruise altitude trade studies 
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(dotted curves). Considering this limitation in the analysis with zero batteries in cruise, FL200 cruise altitude was 

the optimum cruise altitude for both versions Figure (27). 

To meet the FAR23 regulations and passenger comfort, it was 

decided to pressurize the aircraft and therefore the doors will be just 

two located besides passengers 3 and 4 to minimize the cutouts in 

the fuselage.  

The results for both 4-seater and 6-seater are shown in the Table below. 

Table 10: Design specs 

Performance Specs hB400 hB600   

Range 1000 750 nm 

Cruise Speed 200 200 Knots 

Stall Speed 61 61 Knots 

Cruise Stall Speed 103 103 Knots 

Takeoff Power 207 165 hp 

Climb Power 409 361 hp 

Cruise Power 222 220 hp 

Fuel Savings 25.5 41.5 % 

Hybridization Factor 38.2 31.2 % 

Propulsion Specs       

   Engine Power 253 248 hp 

Weight 127 125 kg 

   Motor  Power 409 361 hp 

Weight 61 54 kg 

   Generator Power 253 248 hp 

Weight 37.6 37 kg 

   Batteries Weight 202 156 kg 

Weights       

Gross Weight 2296 2367 kg 

Empty Weight 1185 1173 kg 

Fuel Weight 283 223 kg 

Payload Weight 400 600 kg 
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6.9 Mission Power Profile 

 

Figure 25: Mission power profile 

The power profile for the hyBIRD aircraft is shown in the figure above. The Taxiing segment will be in the 

electric mode and the power will be delivered to the motors by the batteries. Takeoff and climb are the extensive 

power consuming segments which will be driven by the ICE in full power mode assisted by the batteries until reaching 

the cruise altitude (Hybrid Boost mode). The cruise segment will be driven by the ICE providing the required cruise 

power and charging the batteries (Charging mode) to assist in any possible emergency climb or for the aircraft to be 

ready for the next flight without recharging. The descend segment is a charge sustaining mode, which means the 

power generated by the ICE is just to sustain the aircraft operation power. The final approach and landing will be 

purely in the electric mode with the ICE engine running at idle to enhance the aircraft safety and easily take control 

should any emergency situation happen. 

6.10 Fuselage Configuration and Sizing  

Fuselage configuration is one of the key design elements of the aircraft design process. Location and fixation of 

the lifting surfaces, engines, and the landing gears need to be well-designed and mounted on the fuselage.  The 

openings in the fuselage (landing gear, doors, windows, baggage area and wing attachment area) have to be precisely 

selected in a way that best utilize the structure design of the fuselage frame and minimize the materials and cost. 

Fuselage can take the shape of either frustum or tadpole or tubular but since tubular in only used for large commercial 

aircraft, we studied the pros and cons of both frustum and tadpole shapes, Table (11), and came up with a conclusion 

that tadpole shape would be the best fit for our aircraft.   
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the endurance in the air searching for its prey using as little energy as possible. This natural aerodynamic body shape 

inspired the final shaping of the fuselage streamlines to yield a much more efficient design thanks to nature. 

 

Figure 27: Fuselage geometry nature inspiration 

When designing the cabin and, pilot visibility is a very important factor to consider. Pilot visibility for hyBIRD 

is shown in figure (31).    

 

Figure 28 Pilot visibility 
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Figure 44:Wing structure 

Skin is made of multiple layers of carbon fibers to handle the aerodynamic load acting on it. The skin must 

maintain the aerodynamic shape all over the V-n diagram margin. Also, the buckling criteria in case of going above 

the allowed load must be a fail-safe scenario. Ribs are made with thicker core material of foam and carbon. They must 

handle the shear stress coming from torsion and transmit the loads from skin to spars which are the real load carrying 

elements. Ribs conserve the aerodynamic shape of the skin as well. Their spacing is determined upon history and 

opinions of industry engineers and experts. The spacing was variable between different regions of the wing as inboard 

spacing is less than outboard spacing. The spacing data can be found on table (17): 

Table 17 

Wing structural layout 

Inboard rib spacing 20 inches 

Middle board rib spacing 25 inches 

Outboard rib spacing 30 inches 

Front spar location 20 % chord 

Rear spar location 75 % chord 

 

Wing is treated as one body structure and put under the test using ANSYS Composite ACP and static structural  

and buckling modules. The maximum load that can happen is when the wing reaches maximum loading factor which 

is equal to 3.8 times the weight of the aircraft. Wing loads, including fuel, batteries and wing weights, as well as tip 
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8.3 Fuselage Structure 

The structural design of fuselage starts with the understanding of the applied loads. The limiting case of 

maximum loading come from pressurization. Two bulkheads are installed at both ends of the cabin to make the empty 

space in between similar in shape to a cylinder. Rings and longerons are arranged with a spacing which can contain 

the pressurization load on the walls. Wing attachment is reinforced with stronger rings which are connected to the 

main spars. 

 the material we decided to use is carbon fiber-based structures with titanium alloy bolts and blind rivets. 

Stiffeners are made from honeycomb core with unidirectional carbon fibers which enhance the limit load and buckling 

behavior resulting in less members compared to metal passed structures. Skin panels consists of several woven carbon 

fiber layers stacked in different directions. This will contain the pressurization and enhance the structural integrity of 

the fuselage. hyBIRD fuselage contains high curvatures with several windows which reduces the space for stiffening 

elements. This made the design closer to a space frame chassis in which the spacing between elements vary widely as 

shown in figure (52): 

 

Figure 49: Fuselage and wing structure 

Manufacturing an aircraft fuselage is not an easy task. To reduce the complexity and accessibility of fuselage it 

was decided to divide the fuselage into three parts, the engine front part, middle cabin and the tail boom. Those three 
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Figure 53:Wing manufacturing scheme 
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Figure 54: Fuselage manufacturing scheme 
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of the fuel subsystem is presented in figure (68). The fuel lines shall be located away from the easily damaged regions 

and shut off valves must be provided to increase the safety. Reliability is achieved through redundancy by having a 

backup pump in case of any failure of the main pump in each tank. For refueling, gravity refueling ports are located 

on top of each wing to directly fill the wing tanks and if the pressure is available, the central tank will be refueled in 

hB400; if not, the central fuel hopper will push enough fuel to the aft cabin tank during refueling procedure. 

 
Figure 65: Fuel subsystem 

12.5 Safety  

Special attention has been paid to the safety of our aircraft, the hyBIRD aircraft family features a full-airframe 

parachute rescue system, which is specially developed so it can be deployed at both low and high speeds as well as 

low altitudes.  The parachute is part of standard equipment; the set of features and equipment available for all hyBIRD 

variants. It is anchored to the fuselage in four points, engine compartment main frame, aft cabin and both wings-

fuselage connections, which helps the airplane to descend at the neutral attitude once the parachute is deployed. The 

parachute can be deployed by using the emergency handle available in the back of the upper head panel which allows 

the pilot to trigger it easily in case of mid-air collision, water landing or emergency landing in rough terrain.  
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Figure 66: Parachute deployed 

The parachute straps are completely hidden inside the bracing roll bar to keep the aerodynamic efficiency as 

high as possible and is designed to be repairable and not to cause any harm to the main structure of the airplane. 

The right-side emergency door contributes to the safety of the aircraft by providing additional exit for the four 

passengers in the aft cabin section to ease the evacuation procedure in case of emergency landing. 

 
Figure 67: Side door 

Another safety feature is present in the redundancy of the propulsion system which can be shown in the 

following figure. 
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Figure 68: Propulsion system redundancy and safety scheme 

 

The malfunctioning of any component of the powertrain system can by overcome and the operation of the 

aircraft will continue safely until landing.  

In case of primary and auxiliary power subsystems failure, commercial aircraft uses the ram air turbine RAT 

which generates power from the airstream by the ram pressure due to the speed of the aircraft. This approach lacks 

the reliability, efficiency and is expensive to maintain. This is replaced in the hyBIRD aircraft by using the variable 

pitch tip motors as generators in case of emergency which can be led by the variable pitch of the propellers and wing 

vortices which drives the generators side by side with the ram pressure of air stream. 
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3. Medical Layout: it features almost the same base as the utility layout with more tie-downs, built-in cabinets 

and counter space for the medical equipment and more importantly a built-in medical cot for patient transport.  

 

 

 

 

 

 

 

 

4. Utility Layout: this can be customized as per the request and the application. It can be used for fast delivery in 

urgent situations, etc.    

Figure 74: Medical Layout 

Figure 75: Utility Layout 
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78. hyBIRD Operational Cost Analysis 

 

79. hyBIRD Operational Cost over Years 
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Figure 80 - hyBIRD 3-views drawing 
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