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Figure 10.9:  Navigator Cockpit Layout 

 

10.7 In-Flight Entertainment System          

 The structural design of the Navigator prevents the installation of windows.  There is a possibility of window 

installation in the first class section; however, the center seating in first class limits efficient views.  To contour this, all 

seats will be fitted with small televisions screens for in-flight-entertainment.  Another option for passengers will be to 

view what is going out outside the aircraft through externally mounted cameras on the sides and underbelly of the 

aircraft.  Figure 10.11 displays a visual of the system: 

 
Figure 10.10:  In Flight Entertainment System36 
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10.8 Passenger/Cargo Loading 

 Figure 10.12 displays an isometric view of the HB-86. The red arrow displays the location for passenger 

loading, whereas the green points towards the location for cargo loading: 

 

 
Figure 10.11:  Locations of Passenger and Cargo Loading 

 

 Directly opposite the passenger door on the lower half of the aircraft, there is a cargo loading door present. 

Cargo is loaded onto containers (Model # - LD3-45) and sent up a ramp into the cargo section of the aircraft. Once the 

container reaches the inside of the HB-86, there are automated rollers on the floor controlled via a control panel. The 

rollers then move the containers to the rear of the aircraft for security and retention.  Figure 10.13 shows a diagram of 

the cargo system: 

 
Figure 10.12:  Cargo Layout 
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11. Cost Analysis  

11.1 Introduction to Cost Analysis           

 The RFP states that flyway cost and life cycle cost are to be estimated with productions of 150, 500 and 1500 

units. The cost modal for this report was acquired from Roskam37. Through this method, the Life Cycle Cost (LCC) of 

an airplane is divided into four categories: 

- Cost of research, development, technology and evaluation (eZ�P� ) 

- Cost of manufacturing and acquisition (eYT�)  

- Cost of operations (e��a) 

- Cost of Disposal (e��a�) 

The summation of these four cost components will yield the LCC. For acquisition cost, the manufacturing cost (e�Y�) 

and the profit (e�Z�\ must be summed to find the eYT� .  

 

11.2 Initial Data              

 Data must first be initialized before executing our cost analysis algorithm. These includes the takeoff weight of 

the airplane (:P�), the cruise speed ( *(H\, factor of difficulty (�,	&&\ which accounts for the difficulty of the design 

and manufacturability, factor of CAD designing (�TY�\ and Factor of Materials (��(") which will take into account the 

different materials used on an airplane. Another factor for consideration is inflation; this can be offset by a value called 

the Cost Escalation Factor (CEF) which can be found through the consumer price index. When a cost of an airplane 

needs to be offset by inflation the following formula can be used: 

                                e8s70��
�'" � e8s70(
"[T�¡@�����%T�¡@��% \                    (Equation 11.1)   

For an example of the CEF over time, Figure 11.1 plots CEF values from 1989 to 2008: 
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Figure 11.1: CEF Values from 1989 to 2008 

 

The factors and properties that are going to be used in the hybrid wing cost analysis and, for comparison, the Boeing 

737-500 are summarized in Table 11.1 below: 

Table 11.1:  Cost Factor Summary 

BWB Boeing 737 

Wto/lb 145000 154000 

Vmax/ kn 285 285 

Fdiff 2 2 

Fcad 0.8 .8 

Fmat 2.5 1 

CEF2008 5.04 5.04 

CEF1989 3.02 3.02 

 

11.3 Cost of Research, Development, Technology and Evaluation 

To determine the cost for research, development, technology, and evaluation, the following factors serve as 

components of the summation: 

- The Airframe Engineering and Design Cost (e(�,�\ 

- Development Support and Testing Cost (e,
"�\ 

- Airplanes for Flight Testing Cost (e&"(�\ 

- Flight Testing Operating Cost (e&"!�\ 

- Test and Simulation Facilities Cost (e"
&�\ 

- RDTE Profit (e0�!�\ 

- Cost to Finance RDTE (e&	'�\ 
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Based upon our initial values, Table 11.2 shows a break-down and total of the several components: 

Table 11.2: Break-Down of Research Cost 

Cost Component HB-86 Boeing 737-300 

Caedr $205  $535 

Cdstr $57  $60 

Cftor $48 $51 

Cftar $980 $1,019 

Cpror $161 $196 

Cfinr $161 $196 

Total Crdte $1,615 $1,969 

 

11.4 Acquisition Cost              

 The program acquisition cost will be found by determining the cost of manufacturing and the profit.  Let’s first 

take a look at e�Y�  which can be broken down into 4 sub-groups as follows: 

- Airframe engineering cost (e(�,?\ 

- Airplane production cost (e(0�?\ 

- Production flight test operation cost (e&"!?\ 

- Cost of financing the manufacturing program (e&	'?\ 

As the RFP requires the acquisition cost will be using 150, 500 and 1500 production units as part of the acquisition cost 

analysis. Along with our design there will be an acquisition cost analysis with the Boeing 737-300.  Table 11.3 displays 

the results of the cost model analysis: 

 

 Table 11.3. Acquisition Cost  

(cost shown in Millions) 

Cost category 150 units 500 units 1500 units 

Caedm $145 $229 $325 

Capcm $4,643 $10,812 $23,928 

Cftom $38 $128 $384 

Cfinm $965 $2,234 $4,927 

Cman $5,362 $12,411 $27,376 

Cpro $965 $2,234 $4,927 

Cacq_Navigator $6,328 $14,645 $32,303 

Cacq_B737 $7,300 $16,624 $36,174 



 
76 Fusion Aeronautics 

11.5 Flyaway Cost             

 This section is to show the unit cost of each airplane for a production run of 150, 500 and 1500 units. This is 

determined by adding the  C£¤¥¦ and C§¨©, then dividing it by the number of units.  Table 11.4 displays the flyaway 

cost, while comparing to the Boeing-737: 

 

Table 11.4: Flyaway Cost in Millions 

Cost category 150 units 500 units 1500 units 

Crdte $1,615 $1,615 $1,615 

Cacq $6,328 $14,645 $32,303 

CEF(2009) 5.04 5.04 5.04 

CEF(1989) 3.02 3.02 3.02 

Flyaway cost 
(Navigator) $88 $54 $38 
Flyaway cost 
(B737) $103 $62 $42 

 

 

 

11.6 Operating Cost             

 When dealing with operating cost there are many factors that are usually kept constant for all airplanes like 

insurance cost, crew cost, etc., but in the case of our design a lower weight and a lower fuel burn this will account for 

the difference in operating cost from the Boeing 737-300. The table below summarizes the cost break down for the 

operating cost of both models: 

Table 11.5: Operating Cost in Billions Breakdown (Navigator) 

Cost category 150 500 1500 

 Nyr 
 (number of operating years) 10 10 10 

Rblann  
(distance travelled annually)/nm 758974 758974 758974 

DOC (direct operating cost)/ 
($/(yr*nm)) 10.4 14.86 32.75 

IOC (indirect operating cost) 
/($/(yr*nm)) 8.32 11.88 26.2 

Operating Cost (Navigator) $26 $89 $264 

Operating Cost (B737) $28 $95 $287 

Percent Difference 7% 6% 8% 

 

As viewed above, our design has approximately an eight percent lower operating cost then the Boeing 737-300. 
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12 Conclusion 
 

 Justified by the proposed analysis, it can be seen that the HB-86 satisfies, and often exceeds, the requirements 

in the AIAA RFP.  The blending of the wing with the fuselage results in a significant advancement in aerodynamic 

configuration and performance.  The inherent stability of the design allows the avoidance of heavy-drag inducing 

control surfaces (vertical tail, horizontal tail, etc.)  The submerged propulsion inlet allows for smooth boundary layer 

control into the intake of a highly-advanced propulsion system.  The HB-86 satisfies the mission requirements of the 

RFP with high performance.  Adaptability and flexibility in the design allows for smooth transition between takeoff, 

cruise, and landing.  The following table lists significant requirements in the RFP, the compliance of the Navigator, and 

a section reference for justification: 

 

Table 12.1:  RFP Compliance 

Parameters Compliant? Reference 

Capacity:  150 seats, dual class. Yes Section 2 

Cargo Capacity:  > 7.5 ft3/PAX Yes (11.0 ft3/PAX) Section 10 

Maximum Range: 2800 nm Yes (2873 nm) Section 6 

Initial Cruise Altitude:  35,000 ft Yes (38,000 ft) Section 6 

Community Noise Yes Section 5 

Fuel Burn: 41 lbs/seat Yes (41 lbs/seat) Section 6 

Operating Cost: 8% reduction Yes Section 11 

Acquisition Cost:  Commensurate Yes Section 11 
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