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Executive Summary
In response to the 2016 – 2017 American Institute of Aeronautics and Astronautics (AIAA) Undergraduate Team
Aircraft Design Competition Request for Proposal (RFP), JetBiz presents the six-passenger and eight-passenger
business jets. The JetBiz team is made up of undergraduate aerospace engineering students from California State
Polytechnic University, Pomona (CPP) that received the RFP on September 20 th, 2016. JetBiz did two concepts for
the two aircraft family light business jets that were the Joined Wing and U-Tail aircraft designs. The Joined Wing
design was first considered based off research that the team did that showed that wings joined at 100% span would
maximize span efficiency, reducing induced drag and reducing weight because there is no longer a cantilever beam
structure. The U-Tail design was selected over the Joined Wing design because the U-Tail design reduces noise
emission by shielding engine jet noise and reflecting it upwards and away from ground and aircraft surface. The sixpassenger is the UT-6 and the eight-passenger is the UT-8, respectively. JetBiz’s luxurious UT-6 is FAR 23
compliant and the UT-8 is FAR 25 compliant. Both the UT-6 and UT-8 meet the maximum cruise speed
requirement of Mach 0.85 at 35,000 ft. Similarly, our aircraft meet the rate of climb requirement of 3,500 fpm as
well as have a service ceiling requirement of 45,000 ft. We also meet the requirement of Takeoff Balanced Field
Length of 4,000 ft at MTOW requirement and have a maximum Landing Field Length of 3,600 ft. Both the UT-6
and UT-8 meet the minimum range requirement of 2,500 nmi at Long Range Cruise(LRC) with a 100 nmi alternate
with minimum pilot(s) and passengers. The UT-6 meets the requirement of baggage capacity of 500 lbs./30 cubic ft.
and the UT-8 meets the requirement of baggage capacity of 1,000 lbs./60 cubic ft. The UT-6 can safely transport 6
passengers with 1 or 2 flight crew and the UT-8 can safely transport 8 passengers with 2 pilots. Our UT-6 meets the
Entry into Service (EIS) of 2020 and the UT-8 meets the EIS 2022. Our customers have a customizable seating
arrangement and cabin furnishing options for both the UT-6 and UT-8 to ensure it matches the individuality of the
customer. The UT-6 has a MTOW of 11,800 lbs. and the UT-8 has a MTOW of 15,200 lbs. The UT-6 costs $11
million in the year 2020 dollars and the UT-8 is $15 million in the year 2022 dollars.
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UT-6

MTOW = 11,823 lbs
W/S = 55 psf
t/c = 0.3
T/W = 0.38
b= 47.2 ft.
Length = 47.2 ft.
Cruise Mach = 0.85
Sweep =25 deg.
Dihedral = 3 deg.
C.G. = 26 ft.
Range = 3,000 nmi, full fuel Payload = 6 passengers +
and full payload
500 lbs cargo
Takeoff Dist.= 2,000 ft.
Landing Dist.= 2,790 ft.

26 ft

16.8 °

i

UT-8
MTOW = 15,185 lb
t/c= 0.3
b = 47 ft.
Cruise Mach = 0.85
Dihedral = 3 deg.
Range = 3,500 nmi, full
fuel and full payload
Takeoff Dist.= 3,500 ft.

W/S = 43 psf
T/W = 0.38
Length = 52.1 ft.
Sweep = 25 deg.
C.G. = 29 ft.
Payload = 8 passengers +
1000 lbs cargo
Landing Dist.= 3,585 ft.

29 ft
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1.

Requirements & Objective Overview

The RFP requests the design of a two-member light business jet aircraft family whose members can carry up to six
and eight passengers. The UT-6’s, six passenger aircraft, and UT-8’s, eight passenger aircraft entry into service is
2020 and 2022, respectively. The most important performance requirements are both aircraft shall have a maximum
cruise speed of Mach 0.85 at 35,000 ft. and a Long Range Cruise (LRC) of 2,500 nmi, assuming NBAA IFR Range
with 100 nmi alternate. The UT-6 will meet all FAA Federal Aviation Regulations part 23 Airworthiness standards,
and the UT-8 will meet all FAA Federal Aviation Regulations part 25 Airworthiness standards. The UT-6 will have
a spacious 30 cubic feet cargo bay that can accommodate up to 500 lbs of cargo, while the UT-8 will have an even
more spacious 60 cubic feet cargo bay that can accommodate 1,000 lbs of cargo. The UT-6 and the UT-8 will also
have a commonality of at least 70% when comparing them based on empty weight, excluding the engines. This
commonality between the aircraft will reduce the overall manufacturing cost and time, which will allow us to pass
down these savings down to our customers.
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2.

Configuration Overview

Overall Jetbiz’s family of aircraft have a very similar resemblance to a typical business jet, except for the
very distinguishable U-tail. The fuselage has a circular cross section that is customary in passenger
aircraft, the landing gear is a tricycle configuration and is retractable to minimize drag during transonic
cruise. The wing is swept to get better performance during transonic cruise and the airplane’s source of
thrust consists of two turbojet PW-535A engines. The tail sections of our airplanes are probably the most
unique aspect of the aircraft.

Unlike the conventional “T-tail” common with many business jets, Jetbiz’s aircraft have a more beneficial
“U-tail” geometric configuration, as shown in Figure 2.1-1 and in Figure 2.2-1. The main reason for
having a U-shaped tail is to greatly reduce the ambient noise on the ground, since the U-tail serves to
block and reflect some of the noise that is generated by the engines. Decreasing ambient noise gives our
aircraft more flexibility on which airports they can land in since a quitter aircraft will decrease noise
complains of residents that live near these airports. Decreasing ambient noise will also meet our
compliance to environmental standards, such as the stage 5 noise requirements to match the International
Civil Aviation Organization cumulative noise level of 250-260 decibels. Table 2.1-1 show some of the
major parameters of the aircraft.
Table 2.1-1: Major parameter of the UT-8

Aircraft

UT-8

UT-6

Engine Type

PW-535A

PW-535A

Payload Capacity

8 passengers + 1000 lbs cargo

6 passengers +500 lbs cargo

MTOW

15185 lbs

11823 lbs

Cruise Mach

0.85

0.85

2

Figure 2.1-1: 3-View of the UT-8

Figure 2.1-1 above is a 3-view of our eight-passenger variant aircraft. Figure 2.1-2 below shows the 3view for our six passenger variant aircraft. The six-passenger variant is very similar to the eight-passenger
variant, with the biggest difference being the fuselage, which is five feet shorter than the eight-passenger
variant. Other differences include the landing gear placement and passenger capacity. The biggest
commonality between the variants is the wing and the empennage.

3

26 ft

Figure 2.1-2: 3-View of the UT-6
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3.
3.1

Selling Point
Sound & survey

Recently the International Civil Aviation Organization (ICAO) has enacted the Chapter 14 noise certifications,
applicable to aircraft for the years 2017 and 2020. In addition to this rule for international flight the FAA has
proposed the Stage 5 noise requirement to meet this international standard that must be met by applicants for new
aircraft after December 31, 2020. The cumulative effective noise level decibels that the UT-6 and UT-8 must meet
for ICAO Chapter 14 and FAR Stage 5 are shown below.

Aircraft weights

Figure 3.1 ICAO Noise Requirements
To see the impact these new rules, have on the UT-6 and UT-8 data from the National Business Aviation
Association (NBAA) of business jets of similar size, thrust class, and engines were analyzed to see the cumulative
Table 3.1 NBAA Business Jet Noise Levels

noise levels.

Engine

Aircraft
8-Passenger

Difference from
Requirement
Requirement:
255
263.6
-8.6

EPNdB

TFE731-2

Dassualt Falcon 10

TFE731-20

Learjet 45

253

2

PW535A

Cessna 560 Encore

250.7

4.3

PW530A

Cessna 550 Bravo

250.1

4.9
Requirement:
245

6-Passenger
FJ44-2C

Cessna 525A (CJ-2)

254.7

-9.7

JT15D-4

Cessna 550 Citation II

257.3

-12.3

PW535A

Cessna 560 Encore

250.7

-5.7
5

PW530A
4.

Cessna 550 Bravo

250.1

-5.1

Mission Analysis

In the RFP the desired mission profile is outlined for both 8 and 6 passenger aircraft. Both aircraft must be able to
fly a minimum NBAA IFR range of 2,500 nm with a 100nm alternate. The 6-passenger aircraft must do this with 1
pilot, 2 passengers at 200 lbs each and 500 lbs of cargo and the 8-passenger aircraft must achieve this range with 2
pilots, 4 passengers and 1000 lbs of cargo. Both aircraft have been designed to fly at the maximum cruise speed of
Mach 0.85 at 35,000 feet.

Figure 4-1 Cruise Speed Analysis
With the selected engine for the mission, the maximum takeoff weight, and the cruise altitude given by the RFP the
optimal cruise speed was found using the Breguet-Range equation. Velocity was changed to the maximum cruise
speed of Mach 0.85, in doing so the L/D was changed in our drag build up method. Figure 4-1 shows a marginal
benefit for cruising slower for the 8-passenger but a large penalty for doing so with the 6-passenger. Therefore, the
selected cruise speed is Mach 0.85 at 35,000 ft.
The 100 nmi alternate was loosely defined in the RFP and was heavily researched. There were several definitions
found for the alternate, therefore the most constraining definition was used to ensure the aircraft will meet all
requirements. The 100 nmi alternate used requires two 45 minute loiters at 10,00 feet, the first at the original
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destination and the second loiter at the redirected destination. Finally, the cruise altitude and speed for the redirect
was found researching typical business jet redirect courses for 100 nmi.

Figure 4-2 RFP Mission Profile
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5.

Initial Designs

The initial designs chosen to be able to meet the AIAA Light Business Jet RFP requirements were a U-Tail business
jet and a Joined Wing business jet, depicted below.

U-Tail Business Jet
The U-Tail business jet design is unique, in comparison to conventional business jets in existence, as the U-shaped
tail provides engine exhaust noise dampening. In order to be able to cruise at transonic speeds, as is
U-Tail Design: reduces noise
emission by shielding engine jet
noise and reflecting it upwards
and away from ground and
aircraft surface

Supercritical airfoil:
enhance aerodynamic
performance at 0.85M

Swept back wings: sweep angle of 25° for better
aerodynamic performance at 0.85M

Figure 5.0.1-1: U-Tail Business Jet
required by the AIAA Light Business Jet RFP, the following aspects were employed. The wing is swept back at a
sweep angle of 25 degrees and a supercritical airfoil is used. The fuselage is cylindrical, and the aircraft uses
turbofan engines.
Joined Wing Business Jet
The Joined Wing business jet design was chosen due to its probable weight saving characteristics. According to
Raymer, the triangulation design of the wings at 100% span allows for the to transfer loads form the front wing to
the rear wing, making a lighter wing structure at the root. Additionally, the wings connected at 100% span increases
the span efficiency, the induced drag is reduced which would also increase fuel efficiency. Similar to the U-Tail
design, the wings are also swept back at a sweep angle of 30 degrees to enable cruise at 0.85 M, the maximum
required cruise speed stated in the RFP. The fuselage is also cylindrical and the aircraft uses turbofan engines.
8

Less Induced Drag: Wings
joined at 100% span to maximize
span efficiency, reducing induced
drag

Weight Reduction: Wing is
no longer a cantilever beam.

Swept Back Forward Wing: Swept back 30° for
better aerodynamic performance at 0.85 M
Figure 5.0.2-1 Joined Wing Business Jet
5.1
5.1.1

Initial Sizing
Constraint Diagram

Initial design parameters came from a conventional constraint diagram. The initial sizing of the aircraft begins by
creating a constraint diagram based on the requirements stated in the RFP. The purpose of the constraint diagram is
to optimize the thrust-to-weight and wing loading necessary to meet all requirements. The initial constraint diagram
was based on the methods used in N&C and Raymer. The intersection of all the curves creates a visual
representation of the design space. The design space was bounded by the 35,000-foot cruise altitude, landing and
takeoff requirements from the RFP. In Figure 5.1.1-1, the design space is designated by the light blue shadings. Our
initial design point used for further sizing is designated by a “X.” The various other points are aircraft of similar type
and mission on the market today. Raymers method was used for the preliminary weight estimations and it was found
that the UT-6 had a preliminary MTOW of 11,300 lbs. and the UT-8 had a preliminary MTOW of 19,000 lbs. The
preliminary weight estimations followed the constraint diagram and was based off assumptions in the SFC and the
45 minutes of loiters.
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Figure 5.1.1- 1: Constraint Diagram based on RFP Requirements with comparison to similar aircraft on the
market
5.1.2

Trade Studies

At this early stage in the design process, some simplifying assumptions were necessary to enable trade studies to be
done. Engine parameters such as the SFC and thrust were kept constant as well as the initial weight estimate.
Various studies were completed on the current aircraft configurations to investigate the effect of changes to wing
area, aspect ratio, thrust of engines, and cruising Mach number. Figure 5.1.2-1 shows that increasing the aspect ratio
would also increase the range. Decreasing the area of the wing would also increase the wing loading of the aircraft
which would increase the range. After making several iterations of the wing, an aspect ratio of 8 and wing loading of
60 psf (from constraint diagram) were chosen in order to meet the RFP range requirement of 2,500 nmi plus 100 nmi
alternate. In addition, a field performance trade study was conducted. Figure 5.1.2-2 shows that increasing wing
loading would increase the distance of the balanced takeoff field length. Another advantage of having a smaller
wing is having less weight, which would save cost. The thrust to weight ratio also influences the takeoff field length,
that is, by increasing the thrust to weight ratio the takeoff distance reduces. A more detailed study of engines was
carried out, provided in the propulsion section (Section 7.0) that further supported this claim.
10

Figure 5.1.2-1: Carpet Plot Showing Range Performance

Figure 5.1.2-2: Carpet Plot Showing Takeoff Balanced Field Length
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Figure 5.1.2-3 shows the cost of the aircraft, versus the range, with varying cruise Mach number. It is evident that at
any Mach number, the cost increases with increasing range. Also, the cost decreases with an increasing Mach
number. This is a result of a predicted decrease in the takeoff weight, which comes from an increase in the L/D ratio
as Mach number increases. The drag also increases but it is lower than the lift. The range and Mach number affect
the overall takeoff weight, and the cruise velocity affects the cost.

Figure 5.1.2-3: Cost Trade Study on Range and Cruise Mach number
5.2

Wing Design

The wing for the U-Tail (UT) and Joined Wing (JW) designs were designed based on the AIAA RFP requirements.
The requirement that mainly affected the design of both wings was the speed requirement which called for a
maximum Mach number of 0.85 at 35,000 feet. Hence it was determined that wing sweep and good cruise
performance was necessary. This was done by choosing an adequate airfoil, considering different wing planform
shapes, and considering the impact on performance due to aspect ratio and sweep angle.
5.2.1

Airfoil Selection

We wanted an airfoil with good cruise characteristics at transonic speeds, relatively high thickness, and a moderate
to high ClMax for good low speed takeoff and landing performance. A relatively high thickness ratio is very important
since it allows for a higher ClMax, decreases the weight of the wing, and increases fuel storage capacity in the wing.
High subsonic drag can be reduced by using a thin airfoil and wing sweep. With these requirements in mind NACA
6-Series and supercritical airfoils were examined. The NACA 6-Series airfoil family was designed to have more
laminar flow hence decreasing skin friction drag and they also possess a relatively high ClMax. On the other hand,
12

supercritical airfoils delay the formation of shockwaves on the wing hence increasing the divergence drag Mach
number while also providing a relatively high ClMax. Since both airfoil families have relatively high ClMax, which is
needed for landing and takeoff purposes, the drag effects of the airfoils were studied further. This was done by
looking at the drag divergent Mach number. A carpet plot was created using the Korn equation (Equation 5.2.1-1),
which provides an estimate of the drag divergence Mach number, as a function of the sweep angle and thickness
ratio of the airfoil.

𝑀𝑑𝑑 =

𝜅𝐴
(𝑡⁄𝑐 )
𝑐𝑙
−
−
cos Λ (cos Λ)2 10(cos Λ)3

The main difference between NACA 6-Series and supercritical airfoils is the “airfoil technology factor”, 𝜅𝐴 , which
for NACA 6-series airfoils is 0.87 and for supercritical airfoils is 0.95. The value greatly increases the drag
divergence Mach number as in Figure 5.2.1-1 and Figure 5.2.1-2. As seen in the plot, the NACA-6 Series airfoil
needs to have highly swept wings and a very thin airfoil to prevent a large increase in drag due to wave drag. On the
other hand, supercritical airfoils can allow the wing to be thicker and have more moderate sweep.

Figure 5.2.1-1 Drag Divergent Mach Number Carpet Plot for NACA 6-Series Airfoils
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Figure 5.2.1-2 Drag Divergent Mach Number Carpet Plot for Supercritical Airfoils
Based on the reasoning given above, it was decided to select a supercritical airfoil. Subsequently, the NASA
supercritical airfoil family was examined for a possible candidate. From Figure 5.2.1.-2 which is from
Gudmundsson, it was determined an airfoil with a 12% thickness ratio was the best option. Next, referring to Figure
5.2.1-3, a lower design lift coefficient results in a higher drag divergence Mach number.

Figure 5.2.1-3 Effect of Design Lift Coefficient on Drag Divergence Mach Number
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Hence, the NASA SC (2)-0412 was selected for both the UT aircraft and JW aircraft since it has a design lift
coefficient of 0.4. The airfoil is shown below in Figure 5.2.1-4.

0.3
0.2

y/c

0.1
0
-0.1
-0.2
-0.3

0

0.1

0.2

0.3

0.4

0.5

0.6

0.7

0.8

0.9

1

x/c

Figure 5.2.1-4 NASA SC(2)-0412 Airfoil
5.2.2

Wing Planform

Since the AIAA RFP requested for a maximum Mach number of 0.85, the wing for both the UT and JW designs
were selected and designed to provide good aerodynamic performance at high subsonic speeds. The main wing
parameters considered during the design of the wings for both designs were aspect ratio and sweep angle. The aspect
ratio is of great importance due to its effect on cruising performance and weight of the wing. Also, as mentioned
before the sweep angle is important to reach the cruise at Mach number of 0.85 which is in the high subsonic flight
regime. The wing planform shape selected for the UT design was the aft-swept planform, whose sweep delays the
formation of shockwaves. On the other hand, the joined wing design has numerous possible advantages over the
conventional wing planform types such as lower induced drag, lower wing weight, and improved stability. Although
the joined wing planform seemed to have potential advantages for our application, R&D costs are high since it is a
little-used design.

For the UT design, we wanted to keep the aspect ratio modest value along with minimum sweep angle. Wing sweep
increases weight and decreases wing fuel capacity. Hence, the lowest possible sweep angle without a large increase
in wave drag is desired. The optimum leading edge sweep angle was determined to be 25° with an airfoil thickness
15

ratio of 12%, which can be seen from the carpet plot shown previously in Figure 5.2.1-2. This results in a drag
divergence Mach number of 0.848, since our goal is a Mach of 0.85 there is a relatively small increase in drag due to
compressibility drag.
With the leading-edge wing angle selected, we focused our attention on the wing’s aspect ratio. A moderate aspect
ratio is desired to have a balance between good cruise performance while keeping the weight of the wing to a
minimum. Hence by looking at Table 5.2.2-1, it was determined that the aspect ratio of the UT design should be in
the 7-12 range since it provides a balance between cruise performance and weight. Hence, this range was
investigated further.
Table 5.2.2-1 Typical Impact of AR on Wing

The effect of the aspect ratio on the weight of the wing was further examined to decide an appropriate aspect ratio
which provides a low wing weight. This was done by creating a carpet plot varying aspect ratio and the sweep angle,
as seen in Figure 5.2.2-1. Again, a compromise between cruise performance and weight was sought hence an aspect
ratio of 8 was selected.
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Figure 5.2.2-1 Carpet Plot Varying Aspect Ratio and Sweep Angle

The final wing parameters are in Table 5.2.2-2, and a top view of the wing is shown in Figure 5.2.2-1. It was
decided to use the same wing for the 6 and 8 passenger variants of the UT design to help meet the design
requirement of 70% commonality by weight.

17

Table 5.2.2-2 UT Design Wing Parameters

Figure 5.2.2-2 Wing Planform-UT Design
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Table 5.2.2-3 JW-6 and JW-8 Design Wing Parameters

Figure 5.2.2-3 Wing Planform- JW Design

The JW design due to the rear wing can have a higher aspect without a large weight increase since there is a lower
bending stress on the wing. Thus, the JW design was given an aspect ratio of 12. A higher aspect ratio gave
complications with the fuel storage capacity since both the front and rear wings had a low chord. The rear wing
sizing was driven by the tip chord of the front wing as well as the tip chord of the vertical tail hence making it even
thinner than the front wing. To meet the 70% commonality by weight, it was decided to keep the front wing of the
JW design for both the 6 and 8 passenger variants the same. The rear wing had to change since the tip chord of the
vertical tail had to change. The joined-wing does possess great cruise performance characteristics due to its high
aspect ratio and an Oswald’s efficiency of greater than 1. Unfortunately, since the joined-wing planform is relatively
new and little to no aircraft use the configuration, accurate weight equations are unavailable. The wing parameters
for the JW design can are shown in Table 5.2.2-3. A planform view of the JW design is shown in Figure 5.2.2-3.
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5.2.3

Wing Lifting Surfaces

Using trailing edge flap as a high lift device provides a high 𝐶𝐿𝑚𝑎𝑥 allowing the UT-6 and UT-8 to meet the RFP
requirements for landing and takeoff. This analysis is explained in further detail in section 6.1 .

Flaps

Ailerons

Figure 5.2.3-1: Wing Ailerons and Flaps
The wing for the UT-8 and UT-6 will only have one pair of ailerons located near the tips of the wing to control
lateral roll of the aircraft. The wing will also have one pair of flaps located along the trailing edge of the wing. The
preliminary sizing is based on the recommended percentages of the Mean Aerodynamic Chord (MAC) in Schaufele.
Table 5.2.3-1 lists all the primary parameters of the control surfaces on the wing.
Table 5.2.3-1: Primary Parameters of control Surfaces on the Wing

Span
Chord
Sref
Area

5.3

Aileron (Per mid-span)

Flaps (Per mid-span)

5.82 ft
28% of wing chord
43% of wing area
12.9 ft2

9.4 ft
33% of wing chord
15% of wing area
40.5 ft2

Configurations

The final configurations for both the UT and JW business jet design for the 6-passenger variant are shown below.

20

26 ft

(a)

(b)
Figure 5.3- 1: Configuration Drawings (a) U-Tail (b) Joined Wing
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5.4

Down Select

After analyzing both initial designs, the pros and cons of each design were reviewed to select the best design for the
application. The biggest advantage the U-Tail design provides is a reduction in noise from the engines. Also, the
efficiency of the horizontal tail also increases due to the endplates. Some disadvantages that come with the U-Tail
design is an increase in weight and a more complex rudder control system. The U-tail configuration has a reduced
flutter speed since there is a reduction in the natural frequency of the horizontal tail due to the mass of the vertical
tails being placed its tips. This produces the need for a stiffer horizontal tail which increases the overall weight of
the configuration. There is also a potential increase in weight compared to conventional tails since the U-tail
configuration as 2 vertical tails. The extra complexity in the rudder control system is due to the split in rudders
which means that both rudders must move in synchronization.
On the other hand, the joined wing is a relatively new design and has numerous possible advantages over the
conventional wing planform. The advantages include lower induced drag, lower wing weight, and improved
stability. Disadvantages for the joined wing design include structural and aerodynamic complexity as well problems
in making the design into a family of aircraft without major redesign.
Although the joined wing planform seemed to have potential advantages for our application, R&D costs are high
since it is a little-used design. Hence it was decided to select the U-tail design as the final design. The U-tail is not as
innovative as the joined wing design but it does address a growing concern in the aircraft industry, namely noise.
There is a growing number of complaints from residents who live close to airports complaining about the noise.
Also with increasing noise restrictions, the U-tail will allow operation in more airports.
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6.

Aerodynamic Analysis

To produce a cost-efficient aircraft, aerodynamic analysis is vital. Hence aerodynamic characteristics of the aircraft
will be discussed here. The major elements considered during the conceptual design were lift and drag.
6.1

Lift Curves

With the wing parameters of the UT design in hand, the lift curves for the aircraft were calculated using the method
in Schaufele. For takeoff and landing proposes, plain flaps were employed. At takeoff, the flaps are deflected at 20°
while during landing the flaps are deflected at 35°. The results can be seen below in Figure 6.1-1. The same wing
will be used for the 6 and 8 passenger variants hence the lift curves apply to both.

Figure 6.1-1 Lift Curves for UT-6 and UT-8

6.2

Parasite Drag Build-Up

The drag build-up was computed for both 6 and 8 passenger variants at three different operating conditions: cruise,
takeoff, and landing. The method used was that of Schaufele. The results are summarized for the 3 operating
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conditions below in Table 6.2-1 and Table 6.2.-2 for UT-6 and UT-8, respectively. This data was used calculate the
drag polar and L/D vs. CL plots.
Table 6.2-1 Parasitic Drag Buildup in Drag Counts: UT-6

Table 6.2-2 Parasitic Drag Buildup in Drag Counts: UT-8
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6.3

Drag Polar

Along with the parasitic drag, induced and compressibility drag was calculated to create the drag polar for the UT-8
and UT-6 at Mach 0.85. The induced drag was calculated using Equation 6.3-1. Using Equation 6.3-2, the Oswald’s
efficiency was calculated to be 0.728.
The efficiency is the same for the UT-8 and UT-6 since the same wing is utilized for both variants.

𝐶𝐷𝑖 =
𝑒=

𝐶𝐿 2
𝜋 ∗ 𝑒 ∗ 𝐴𝑅
2

2 − 𝐴𝑅 + √4 + 𝐴𝑅2 (1 + tan2 Λ𝑡𝑚𝑎𝑥 )

At Mach 0.85 compressibility drag occurs hence it was necessary to estimate the increase in drag. Estimation of
compressibility is highly difficult at the conceptual level hence a generalized compressibility drag model was used.
Through this model, it was found that the compressibility drag added 18 drag counts to the total aircraft drag. Again,
since the same wing was utilized for both variants the increase in drag due to compressibility is the same. The drag
polar for the UT-8 and UT-6 are shown below in Figure 6.3-1 and Figure 6.3-32, respectively.
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Figure 6.3-1 UT-8 Drag Polar
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Figure 6.3-2 UT-6 Drag Polar
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6.4

Lift-to-Drag

Using the data obtained from the previous drag calculations L/D plots were created to show the L/DMax. The L/D
plots are shown below for UT-8 and UT-6 in Figure 6.4-1 and Figure 6.4-2, respectively. The L/DMax for
UT-8 was calculated to be 14.25 while for the UT-6 it as 14.5. The slight difference is due to the UT-6 having a
shorter fuselage by 5 ft. hence having lower parasitic drag.
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Figure 6.4-1 L/D vs. CL for UT-8
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Figure 6.4-2 L/D vs. CL for UT-6
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6.5

Boundary Layer

The thickness of the boundary layer on the fuselage was investigated to avoid boundary layer ingestion into the
engines. In this calculation, the flow was assumed to be over a flat plat also, it was assumed that the flow was
completely turbulent. Two equations shown below were used to find the thickness of the boundary layer. On UT-6
the engines are placed at about 40 ft. along the length of the fuselage hence, from Figure 6.5-1, the engines should
be placed at least 5.7 inches away from the fuselage. On the other hand, since the UT-8 has the longer fuselage the
engines are placed at about 45 ft. along the length of the fuselage and according to the calculations, the engines
should be placed at least 6.3 inches away from the fuselage.

𝛿=

0.3747 ∗ 𝑥

δ, inches

𝛿=

8
7
6
5
4
3
2
1
0

0

5
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15

𝑅𝑒𝑥 1/5
0.16 ∗ 𝑥
𝑅𝑒𝑥 1/7

20
25
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35
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Postion Along Fuselage, ft.

45

50

55

Figure 6.5-1 Boundary Layer Thickness Along the Fuselage
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7.
7.1

Propulsion
Trade Study

The thrust required for each aircraft was determined from the T/W = 0.38 from the constraint diagram (Figure 5.1.11) and the MTOW8= 15,185 lbs. and MTOW6 = 11,823 lbs. This resulted in a required thrust of T required 8= 6,252 lb
and Trequired 6= 4,490 lb. Given the high maximum cruise speed turboprop engines were not considered due to the
complexity of using them at high Mach numbers and the high noise levels. This left turbofan engines as the selected
propulsion method. It was determined that two engines would be used since one engine could not be used due to
FAR requirements and three engines would increase acquisition and maintenance costs as well as add additional
complexity to the engine placement and aircraft configuration.
Only three manufacturers were considered for engines of these thrust levels: Honeywell (Garret), Pratt & Whitney,
and Williams International. Initially the primary driver for engine selection was commonality between the six and
eight passenger variants, engines from the same series were desired to reduce acquisition and maintenance costs.
After receiving feedback from presentations to industry it was recommended to use the same engines for both
aircraft to maximize this benefit. While this leads to an oversized engine on the six-passenger aircraft, the engine
can be de-rated or simply, run at lower throttle to maintain full commonality.
Honeywell (Garret) engines were not further investigated due to their high specific fuel consumption (SFC), weight,
and their far-exceeding thrust requirements for the eight-passenger aircraft. For the remaining engines that meet the
thrust = drag top speed requirement of Mach 0.85, the SFC and weight of the engines were used to calculate to the
total weight for the mission for each propulsion system. Since only Static Sea Level (SSL) SFC is known after
extensive online research, the SFC at cruise was estimated from advice given by Lockheed Martin Skunkworks
engineers. This estimated cruise SFC was used to calculate fuel weight for the mission outlined in the RFP. In
addition to the weight of the engines, this made up the propulsion system weight which was used to determine which
engine should be selected.
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Table 7.1-1: 8 Passenger Propulsion System Calculation (1, 2, 3)

Engine

Thrust
(lbs.)

SFC
(cruise)

Fuel weight
(lbs.)

Engine + fuel
weight (lbs.)

3,735

Engine
weight
(lbs.)
1,396

PW535A

6,800

0.66

FJ44-4A

7,200

0.69

3,883

1,300

5,183

TFE731-2

7,000

0.75

4,173

1,468

5,641

TFE731-20

7,000

0.662

3,742

1,770

5,512

5,131

Table 7.1-1 above shows the preliminary total fuel and engine weight of propulsion systems that can meet the
maximum cruise speed and maximum cruise range requirements. The Pratt and Whitney 535A was selected as it
meets all the requirements with the least weight for the system. While the Williams FJ44-4A may be more efficient
for shorter range flights given the lower weight of the engine, this was not selected since it was uncertain how many
flights would be done at a specific range.
7.2

Specifications

The selected Pratt and Whitney 535A has a sea level static thrust of 3,400 lbs and an uninstalled SSL SFC of 0.44
(lb/lbf-hr). Each engine weighs 620 lbs dry, 10-percent weight was added to each engine for installation weight. The
PW535A is currently in use on the Cessna Citation Ultra Encore and the Cessna UC-35 C/D for the Marine Corps.
The engines have a reported major inspection interval of 5,000 hours.
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8.
8.1

Performance Analysis
Payload-Range Calculations

The starting point for the payload-range calculations was the weight of cargo (500 lbs. for the UT-6 and 1,000 lbs.
for the UT-8) plus full passengers (200 lbs. per passenger) with no fuel, and thus a range of 0 nmi. Both aircraft need
to have enough fuel to perform a minimum range mission of 2,500 nmi with 100 nmi alternate. The range
calculations were calculated by using the Breguet-Range Equation. The formula was also adjusted to take into
consideration the segment of flights such as climb, cruise, loiter, and descent as shown in the mission profile. For
each segment of flight, estimated values of SFC were used to allow a more accurate calculation rather than using the
SFC at SSL. Table 8.1-1 and Table 8.1-2 show the description, payload, fuel weight, and range calculations. Point 3
represents an estimation of the RFP requirement (2 passengers + cargo for the UT-6 and 4 passengers + cargo for the
UT-8). The fuel used was 75% due to the amount taken out from climb, loiter, and descent. Figure 8.1-1 and Figure
8.1-2 show the payload-range curves for the UT designs.
Table 8.1-1: Payload, Fuel, and Range Calculations for UT-6
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Figure 8.1-1: Payload-Range Curve for UT-6

Table 8.1-2: Payload, Fuel, and Range Calculations for UT-8
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Figure 8.1-2: Payload-Range Curve for UT-8

8.2
8.2.1

Takeoff, Landing, and Balanced Field Lengths
Takeoff Performance: One Engine Inoperative Analysis

The minimum control speed for one engine inoperative during takeoff was determined using Schaufele chapter 6.
Both UT-6 and UT-8 have the same tail area of 74 square feet and the same rudder to tail volume ratio (Sr /SVT) of
0.2. The maximum deflection angle of the rudder is 25 degrees.

Figure 8.2.2-1: UT-6 Minimum Control Speed
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Figure 8.2.2-2: UT-8 Minimum Control Speed
8.2.2

Landing Field Length

Calculations for the landing length was done using Raymer chapter 17.

Figure 8.2.2-1 - Raymer’s Landing Analysis
As stated in Raymer the FAA requires an additional ⅔ length to be added to approach, flare, and total ground roll to
account for pilot technique. This is known as FAR field length. The obstacle height for the landing analysis is 50
feet.
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Table 8.2.2-1: Landing Performance

UT-6
UT-8

Descent angle- 𝛾
(rad)
-0.099
-0.099

Approach Velocity
(ft/s)
163
193

Landing Length
(ft.)
1,680
2.160

FAR Field Length (ft.)
2.790
3.585

Since the wing is the same both aircraft the UT-8 is designed to meet the 4,000 feet landing length and the UT-6
with its lower wing loading will exceed the requirement.

8.2.3

Balanced Field Length

The balanced field lengths were calculated by using MATLAB and performed at maximum gross weight with dry
pavement at SSL conditions, given by the RFP. In addition, the UT-6 needed to comply with FAR 23 sections 51
through 61 requirements and the UT-8 needed to comply with FAR 25 sections 105 through 115 requirements.
Figure 8.2.3-1 shows the FAR 25 requirements from Schaufele. For FAR 23, the takeoff distance is defined to a 50ft. height instead of 35 ft. Figure 8.2.3-2 and Figure 8.2.3-3 show the takeoff balanced field lengths for the UT-6 and
UT-8 which meet the RFP requirement of 4000 ft.

Figure 8.2.3-1: FAR 25 Requirement for Takeoff Balanced Field Length
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8.3

Rate of Climb Performance

The rate of climb performance must meet both the FAR 23 or 25 requirements and the maximum rate of climb in the
RFP. To determine rate of climb Schaufele chapter 8 was used. The L/D was determined at various flight conditions
from the drag build up calculations. This was used with the plots from the text to relate the maximum climb thrust
over max cruise thrust and altitude. With the kinetic energy factor from the chapter the following equation was used.

𝑇ℎ𝑟𝑢𝑠𝑡 = [

𝑅/𝐶
1
+
]∗𝑊
𝑉 ∗ 𝐾𝐸 ( 𝐿 )
𝐷

This was used to calculate the rate of climb given the thrust at a given speed and altitude. The list of requirements
and the performance of each aircraft is shown below.
Table 8.3-1: Rate of climb performance
UT-6

UT-8

Requirement

Performance

Requirement

Performance

3,500 fpm

5,500 fpm

3,500 fpm

4,000 fpm

2%

9.32%

2.40%

5.99%

RFP maximum rate of
climb
FAR one engine
inoperative

Both aircraft meet the FAR and RFP requirements. While the UT-6 far exceeds these requirements, which is a result
of the common wing and engine.
8.4

Operational Envelope

The operational envelope shows the limits of the aircraft’s limits in flight in terms of altitude and velocity.
There are three constraining factors to the flight envelope: stall speed, service ceiling, thrust equals drag
boundary. Stall speed was calculated using the lift equation and setting lift equal to weight. The rate of
climb boundary and thrust equal drag boundary were calculated using methods described in Schaufele
chapter 8 to determine thrust at different speeds and altitudes. The drag was determined using methods
shown in Schaufele chapter 12.
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Figure 8.4-1: UT-6 Flight Envelope

Figure 8.4-2: UT-8 Flight Envelope
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9.

Interior Design

The interior design details the cabin layout, the passenger and cargo loading, showing that the internal volume
requirements are met.
9.1

Cabin Layout

The cabin layout for both variants is divided into three main sections: the Entry area, the Main Cabin area and the
Aft Lavatory area, shown in Figure 9.1-1 below. Both jets share the same fuselage diameter to meet the 70%
commonality design objective. Thus they both have a cabin height 64 inches, paired with spacious width of 75
inches and length of 21.5 feet and 26.5 feet for the UT-6 and UT-8 jet, respectively. The aisle width for both variants
is 18 inches, which exceeds the FAR minimum requirement of 15 inches for a passenger aisle width. For both
variants, the Entry and Aft Lavatory areas have the same dimensions and features. The Entry Area has a total length
of 4.8 feet and consists of a curtain closeout to the cockpit, a full galley with a work surface, hot or cold liquid
container with a cup dispenser and a water drain system. Additionally, the galley contains can/bottle storage
compartments as well as miscellaneous storage areas. The Aft Lavatory area includes an externally-serviced flushing
toilet, vanity cabinet with lighted mirror and a faucet and sink with pressurized water flow. It has a total length of
2.5 feet. The Main Cabin area differs between the two variants due to the different passenger requirements. In the aft
section of the Main Cabin, there is an emergency exit, 30 inches wide by 54 inches high, and is located above the
wing for both jets, which is compliant with both FAR 23.807 and FAR 25.807.
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18 in.
5.3 ft.

Entry Area

Main Cabin

Aft
Lavatory

1

2

3

Cargo
Area

Figure 9.1-1: Cabin layout: Front View and Top View for Business Jet
The UT-6 jet has a total cabin volume of 584 cubic feet and is 21.5 feet long. It contains six passenger seats, with
four of the seats in single-club configuration and two individual seats.

21.5 ft.

Figure 9.1-2: Cabin layout for UT-6 Business Jet
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The UT-8 cabin has a total volume of 718 cubic feet and is 26.5 feet long, which is five feet longer than the UT- 6 to
accommodate the two additional seats as well as other cabin features. The Main Cabin has eight passenger seats,
with six of the seats in single- club configuration, as shown in Figure 9.1-3. Standard features for both jets include
reclinable seats with arm stowage and maximum heel clearance for enhanced comfort, pull-out executive tables; two
for the UT-6 and four for the UT-8, storage cabinets, drink holders, window shades, indirect LED lighting, and air
vents and oxygen masks. Additionally, in-cabin technology includes 7-inch touch screen display with audio, video
and lighting control with high speed WIFI connectivity for all the seats, full cabin audio system with hidden trim
speakers, and convenience panel with individual and table LED lights, which in addition to the natural light
permeating through the windows, give the passengers the utmost comfort to maximize relaxation and guarantee
satisfaction.

Figure 9.1-3: Cabin layout for UT-8 Business Jet
The seats on both jets are versatile, thus allowing for quick-change installation and removal as well as customizable
armrest options. This would allow four of the seats to be configured in single-club configuration with a credenza
and/ a divan for a more luxurious layout. Moreover, from an exclusive range of stunning high quality materials,
cabin finish options are available for the customer, ensuring that it suits the customer’s individual taste.
9.2

Passenger loading

The main door is located on the forward left side of both business jets. It leads into the Entry area in the cabin layout
mentioned in the previous section. The door is 30 inches wide by 60 inches high, 4 feet above the ground and is
equipped with both interior and exterior locking and opening devices.
9.2.1

Boarding Stairway Design

The main door has a ‘built-in’ stairway for the passengers to enter and exit the aircraft. For safe and easy passage of
the passengers, there will be platform handrails, rubber panels on each step to minimize chances of slipping as well
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as LED lights on the steps to maximize visibility, and in turn reduce chances of slipping. The stairway is 28 inches
wide, and the steps have a height and depth of 6 inches, shown in Figure 9.2.1-1 below.

Figure 9.2.1-1: Boarding Stairway Design
9.2.2

Boarding Stairway Configuration

The stairway is shown in the closed and open configuration below. The first step is 7 inches off the ground.

Figure 9.2.2-1: Closed and Open Configuration of Boarding Stairway
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9.3

Cargo loading

The cargo compartment for both variants is located behind the cabin and is separated by the aft bulkhead in the
cabin. In order to meet the 70% commonality design objective, the cargo compartment for both variants will have a
volume of 60 cubic feet. This will be able to contain the 500 pounds/30 cubic feet baggage capacity of the UT-6 and
the 1000 pounds/60 cubic feet baggage capacity of UT-8, as defined in the requirements. Cargo will be loaded
manually. Additionally, it would allow for more room for the loading agents to properly position the cargo within
the compartment. The cargo door is 38 inches wide by 30 inches high and is located 4 feet from the ground, as
depicted in Figure 9.2-1 below.

Cargo Door

Figure 9.2-1: Cargo Door Location on the UT-8
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9.3.1

Ramp Design

The cargo ramp is 36 inches wide. This ramp will be an integral part of the door. The dimensions of the ramp are
made to be able to fit the average size of large suitcase, which are approximately 19 inches wide. The ramp is part of
the cargo door and will include a guide rail, a track to keep the luggage from slipping. Within the track, there are
nodes to help minimize the chances of the luggage slipping during loading. The total length of the ramp is 63 inches
at a 40-degree incline. The steep incline makes it necessary for the ramp to have an integral ladder to aid the cargo
handlers to carry the luggage up to the cargo compartment.

Integrated
Ramp

Cargo
Door

Figure 9.3.1-1: Cargo Ramp Design
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9.3.2

Ramp Configuration

The cargo door will only have a locking and opening handle on the exterior surface of the business jets. This is
because the cargo area is inaccessible from the cabin. In Figure 9.3.2-1 below, the ramp is shown in the preextended and the extended configuration. The ramp will extend from the aircraft to the ground, allowing easier
loading of the cargo.

Figure 9.3.2-1: Open and Extended Cargo Ramp Configuration

9.3.2.1

Ground Support Equipment

Since the baggage will be handled manually, manually-positioning baggage carts will be used to transfer
the luggage to and for the aircraft.
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10. Weight Breakdown & CG Travel
These next two sections focus on the importance of the weight breakdown and its influence on stability and the
maximum take-off weight (MTOW).
10.1

Weight Breakdown

To calculate the weight breakdown for the UT-6 and UT-8, it was important to decide which method is ideal. Three
different methods were compared: Nicolai and Carichner (N&C), Torenbeek’s method found in Roskam, and
Raymer’s. Next, using an existing aircraft’s weight break down found in Schaufele, the Citation, was used to
compare the weight percentages with the other three methods mention only for the UT-6 because of similar empty
dry weights. The Citation having an empty dry weight of 6,379 lbs. and the UT-6 of 5,912 lbs. This comparison is to
determine which method has the closest component weight percentages with the Citation. This comparison is seen in
Figure 10.1-1 for the UT-6 using the total empty dry weight.

Figure 10.1-1: Weight Breakdown comparison of UT-6 using N&C method,
Roskam, and Citation Weight Breakdown in Schaufele
To conclude, Nicolai and Carichner’s method is preferred because the percentage weight components are closest to
that of the Citation. Also, adding 500 lbs. of payload, a total of 16,000 lbs. (2 pilots + 6 passengers each weighing
200 lbs.), and 3,806 lbs. of fuel to the dry empty weight for UT-6 results in a total MTOW of 11,823 lbs., meeting
the FAR Section 23.3 Regulations of having a MTOW of 12, 500 lbs. or less. N&C was therefore, used for the UT8 weight breakdown. Adding 1,000 lbs. of payload, a total of 2,000 lb. (2 pilots+ 8 passengers each weighing 200
lbs.) and 5,354 lbs. of fuel to the empty weight of 6,429 lbs. results in a refined maximum take-off weight of 15,183
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lbs. The total dry empty weights and weight percentages of each component are listed for the UT-6 and UT-8
aircraft in Table 10.1-1.
Table 10.1-1: UT-6 and UT-8 Dry Weight Breakdown

UT-6
Components

UT-8

Wing

Weight
(%)
13

Empennage

10

578

8

578

Fuselage

9

533

12

794

Landing Gear

8

490

10

652

Propulsion (Engines + Nacelle)

34

2000

31

2128

Fixed Equipment
(Avionics +Instruments)

14

823

14

972

Furnishing

7

442

8

561

Hydraulics and Pneumatics,
Electrical

5

300

6

400

Total

100

5912

100

6429

Weight (lbs.)

Weight (%)

Weight (lbs.)

745

11

745

Using the weights for each component and their proper placement on the fuselage, the center of gravity for the UT-6
and UT-8 aircraft were determined using different cases. The different center of gravity locations using a constant
MTOW is explained in the following section.
10.2

CG Travel

After determining the weight of each component from the weight breakdown, the center of gravity can now by
calculated by placing each aircraft component on the fuselage, measuring the distance about an arbitrary point,
usually the fuselage nose to be point 0, and taking the quotient of the summation of the moments for each
component and the summation of the weights. The following equation was used for CG placement:

𝑥𝑐.𝑔. =

Ʃ 𝑋×𝑊
Ʃ𝑊

For the UT-6, the center of gravity travels between 20% to 43% of the MAC under different loading configurations:
•

Loading Configuration 1: CargoPassengers and CrewFuel
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Loading Configuration 2: FuelPassengers and CrewCargo

Figure 10.1-1 Different Load Configurations for UT-6 CG Travel
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Figure 10.1-2 Different Load Configurations for CG Travel UT-8
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The same loading configuration was applied to the UT-8, where the center of gravity travels between 17% to 37% of
the MAC. CG travel for the different loadings can be viewed in Figure 10.1-1 and 10.1-2 for the UT-6 and UT-8
aircraft, respectively.
Ideally the CG travel should lie between 25%-35% of the MAC, but due to the choice of aircraft design, the engines
must be placed above the horizontal tail and between the vertical tails for noise shielding. Therefore, the engines
and the empennage are to be placed forward towards the wing to maintain balance. Thus, the aft most center of
gravity location for the UT-6 is 30.72 ft. and the most forward is 29.31 ft. As for the UT-8, the most forward center
of gravity location is 30.1 ft. and aft most is 31.4 ft.
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11. Stability and Control
Stability and control analyses sized the empennage and the control surfaces. Using previous calculations from
weight distribution and CG location also had an influence on the sizing of these components.
11.1

Tail Control Surfaces

The main purpose of the tail is to provide stability, control, and trim for the aircraft.
The horizontal tail allows the aircraft to have some form of longitudinal control at different trim conditions.
Different trim conditions such as various air speeds at different center of gravity locations. The vertical tail provides
yaw control. Furthermore, it helps to overcome a powerful yaw moment produced by an unsymmetrical thrust
arrangement when a multiengine aircraft experiences one engine failure. To meet the 70% commonality objective,
the UT-6 and UT-8 are to have the same tail. The empennage was sized for the UT-6 due to its shorter fuselage
length of five feet. This results in a smaller moment arm, and an oversized tail. The equations used to size the
horizontal and vertical tail were obtained using chapter 6 of Schaufele’s aircraft design textbook. The final
calculated horizontal tail dimensions are provided in table 11.1-1
Table 11.1-1 Calculated Horizontal Tail Parameters

Horizontal Tail Dimensions
AR
2.5
SHT
94
Span
15
Root Chord
7
Tip Chord
5
Λ
.2 C
20
MAC Chord
6
l HT
12
Taper Ratio
0.75

𝑓𝑡 2
𝑓𝑡
𝑓𝑡
𝑓𝑡
deg
𝑓𝑡
𝑓𝑡
-

Once the horizontal tail sizing was completed, tip chord was set equal to the root chord of one vertical tail.
Manipulating the equations for the vertical sizing the Aspect Ratio (AR),
Area (𝑆𝑣𝑡 ), Span (𝑏𝑣𝑡 ), Root Chord, and the Mean Aerodynamic Chord (MAC) were obtained. The calculated
vertical tail dimensions are provided in Table 11.1-2.
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Vertical Tail Dimensions
AR
5
𝑆𝑣𝑡
74
Span
Root Chord
Tip Chord
.2 C
MAC Chord
𝑣𝑡

Taper Ratio

19
5
3
22
4
14
0.5

𝑓𝑡 2
𝑓𝑡
𝑓𝑡
𝑓𝑡
deg
𝑓𝑡
𝑓𝑡
-

Table 11.1-2 Calculated Vertical Tail Parameters
The neutral point and stick fixed static margin were calculated to ensure UT-6 and UT-8 statically stable. The
distance between the neutral point and the aft most center of gravity is 4 ft. resulting in 15.6% MAC for the UT-6.
The distance between the neutral point and the aft most center of gravity is 4.11 ft. resulting in 18.1% MAC. This
ensures both UT-6 and UT-8 aircraft are stable.
11.2

Tail Control Surfaces

The tail control surfaces consist of the rudder. This was sized from takeoff distance calculations and is described in
Section 8.2.1.
11.3

Wing Control Surfaces

The main wing control surface is the aileron in which it provides lateral control of the aircraft as well as directional
control effect. Using the preliminary recommended percentages mentioned in section 5.2.3, the ailerons are properly
sized to fulfill aerodynamic and performance requirement. Using Sadraey’s Aircraft Design: A Systems
Engineering Approach, the ailerons were designed to have a maximum deflection of 20 degrees. Over 25 degrees of
deflection will cause flow separation and the ailerons lose their effectiveness. Also, in the process of designing the
wing control surface, the handling qualities design requirements must be identified. In the case of the UT-6 and UT8, both aircraft are considered Class II from the MI-HDBK-1797 Roll Requirements found in N&C chapter 23, with
a roll performance of 45 degrees in 1.4 seconds, for light utility aircraft. The final calculated dimensions of both
ailerons for the UT-6 and UT-8 are provided in Table 11.3-1 where the span ratio is the span of the aileron and half
of the span of the wing and the total aileron area is of both ailerons.
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Table 11.3-1 Final Calculated Aileron Dimensions

Aircraft
UT-6
UT-8

Type
Business Jet
Business Jet

MTOW (lbs.)
11824
15183

⁄

Span Ratio

0.28
0.28

(deg)
down
20
25

Aileron Area, total ( 𝑓𝑡 2 )

0.39
0.35

33
30

up
20
25

The ailerons on the UT-6 and UT-8 are located 60% of the wing span and the time it takes to achieve the bank angle
of 45 degrees is 12 seconds and 20 seconds, respectively.
11.4

Handling Qualities

The flying qualities of an aircraft are related to the stability and control characteristics in which the pilot forms
subjective opinions regarding the ease or difficulty of controlling the aircraft during steady and maneuvering flight.
The Department of Defense has made specifications which determines whether the aircraft is acceptable for
certification. In Nelson’s textbook, the UT-6 and UT-8 are classified as Class II aircraft. There are three different
flight phases which are: Category A, Category B, and Category C. In this case, both aircraft are classified as
Category B. To determine if the UT-6 and UT-8 are certified and is approved by the pilot, the Long-Period
(phugoid) and Short Period of frequency and damping ratio are calculated. These equations are found in chapter 4
of Nelson’ s Flight Stability and Automatic Control. The calculated short period natural frequency in cycles per
second and short period damping ratio are provided in Table 11.4-1. The calculated values were then located in
Figure 11.4-1.

Table 11.4-1 Calculated Longitudinal Approximations for UT-6 and UT-8

Short Period
UT-6

UT-8

Short Period Natural Frequency, cps

0.68

0.65

Short Period Damping Ratio

0.51

0.46
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UT-6
UT-8

Figure 11.4-1 Short Period Flying Qualities

Therefore, the UT-6 and UT-8 fall within the region in which is acceptable for the pilot and both aircraft flying
qualities.
11.5

Landing Gear Analysis

The landing gear was placed based off of the CG location and overall aircraft weight and the geometry of the
aircraft. This ensures that the aircraft can take off and land safely while maintaining stability on the ground.
11.5.1

Placement

There are two main sections involved in landing gear placement: landing gear loading and stability angles.
Additionally, due to the 70% commonality objective the gears had to be placed in the same relative location in order
to ensure the wing/main gear system and fuselage portion are identical. This added complexity for balancing the
loads and required angles but ensures meeting the commonality objective. Based on optimizing and meeting all
landing gear requirements a final placement was determined. The nose gear was placed 10 feet aft of the nose for
both aircraft while the main gear for UT-6 and UT-8 were placed 32.3 and 33.3 feet aft of the nose.
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11.5.1.1

Loading

The nose gear must have a weight loading of 8-15% of the total weight. Roskam Volume IV and Raymer Chapter 11
was used to determine the dynamic and total loads on the landing gear. Based on Raymer Table 11.5 a factor of 3
was added to the total loads. The following equation were used to calculate the dynamic loads for the nose and main
gears. Table 11.5.1.1-1 shows the maximum static and dynamic loads.

𝐷𝑦𝑛𝑎𝑚𝑖𝑐 𝑜𝑎𝑑 =

10𝐻𝑊
𝑔𝐵

Table 11.5.1.1- 1:Landing Gear Static & Dynamic Loading
Static Loading

Dynamic Loading

UT-8

Nose Gear
(lbs)
1,232

Main Gear
(lbs)
13,690

% Weight on Nose
Gear
8.26%

Nose Gear
(lbs)
6,050

Main Gear
(lbs)
26,740

UT-6

1,418

10,084

12.32%

6,160

23,830

11.5.1.2

Stability Angles

The stability angles that must be analyzed are tail-strike, overturn, tip-over, and tip-back angles.

Tail-Strike:
Tail-strikes are minimized by increasing the landing gear height and the upsweep angle of the rear fuselage. Figure
11.5.1.2-1 shows the aircraft rotation angle and clearance angle, 𝛼𝑇𝑂 and 𝛼𝑐 respectively. In order to prevent a tailstrike the clearance angle must be equal to or greater than the aircraft rotation angle. Clearance angle is calculated
based off the following equation:
𝐻𝑓
𝛼𝑐 = tan−1 ( )
𝐴𝐵
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Figure 11.5.1.2- 1: Take-off rotation and tail-strike angle
For UT-8 and UT-6 a rotation angle of 6˚ and 5.8˚ is needed to take-off. The corresponding clearance angles were
determined to be 15.8˚ for UT-8 and 16.8˚ for UT-6. Both aircraft meet the tail-strike requirements.

Overturn Angle:
The overturn angle (𝛷𝑜𝑡 ) is based off the sharpest ground turn that the aircraft will experience. This angle is dictated
by the wheel track (T), vertical CG location, and the centrifugal force (Fc) created during a turn due to centripetal
acceleration. Figure 11.6.1.2-2 shows the aircraft in a ground turn and the contributing forces. The overturn angle
and wheel track are determined based on the following equations:

𝐹𝑐 = 𝑚

𝑉2
𝑅

𝛷𝑜𝑡 > tan−1 (
𝑇>2

𝐹𝑐
)
𝑚𝑔

𝐹𝑐 ∗ 𝐻𝑐𝑔
𝑚𝑔
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Figure 11.5.1.2- 2: Aircraft in a ground turn and overturn contribution factors
Based on these stability requirements an overturn angle was determined to be 17.04˚ with a wheel track of 3.93 feet
& 17.04˚ with a wheel track of 5.14 feet for UT-8 and UT-6. The actual wheel track for both variants are 6.6 feet
which meets the requirements for overturn.

Tip-Over Angle:
The tip-over angle is a geometric angle from the furthest distance of the main gear along the wing to the wing tip.
Based on the geometry of the aircraft the tip-over angle for both variants were determined to be 11.6˚.

Tip-Back Angle:
The tip-back angle is the maximum nose-up attitude with the tail touching the ground while the strut fully extended.
The requirement in order to prevent a tip-back for a tricycle landing gear configuration is:
𝛼𝑡𝑏 ≥ 𝛼

𝑂

+ °

𝛼𝑡𝑏 = tan−1 (

𝑥𝑚𝑔
)
ℎ𝑐𝑔
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Figure 11.5.1.2- 3: Tip-Back Angle

The tip-back angle for UT-8 and UT-6 were determined to be 11.05˚. This meets the requirement of a tip-back angle
of 11˚and 10.8˚.
11.5.2

Strut Sizing & Tire Selection

The total loads on the landing gear were used to determine the diameter size of the oleo struts by using Raymer
equation 11.13:

𝐷𝑜𝑙𝑒𝑜 = 1.3√

4𝐿𝑜𝑙𝑒𝑜
≅ 0.04√𝐿𝑜𝑙𝑒𝑜
𝑃𝜋

The largest loads and strut sizes for the main and nose gear will be used for both aircraft to reduce cost and increase
commonality. There will be two struts for the main gear and one strut for the nose gear.
Table 11.5.2- 1:Strut Diameter Sizing

UT-8

Nose Gear
Strut Size (in)
4.66

Main Gear
Strut Size (in)
6.93

UT-6

4.70

6.54

Two tires will be used for each strut. The tires were initially sized using Raymer’s statistical tire sizing as seen in
Table 11.5.2-2.
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Table 11.5.2- 2: Raymer Table 11.1 Statistical tire sizing

The final selected tires are from the Goodyear catalogue and based on similar aircraft. The tires were determined
based on the takeoff and landing speeds and maximum static and dynamic loads for UT-8. The selected tire
specifications can be seen below in Table 11.5.2-3.

Table 11.5.2- 3: UT-8 and UT-6 selected Goodyear Tires

Selected Tire
Nose
Wheels
Main
Wheels

22x8.25-10
18x4.4 Rib 10
Ply

Rated Speed
(ft/s)
279

Max Braking Load
(lb)
5,320

Max Bottoming Load
(lb)
10,600

279

10,350

18,600
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12. Structural Analysis
12.1

Material Selection and Integration

To begin the material selection process, different types of aluminums will be used throughout the aircraft structure
for both the UT-6 and UT-8 variant. Aluminum was chosen because of its high fatigue strength and low weight.
Moreover, our aluminum structure will have unlimited life for an unlimited amount of flight hours to have FAA
certification(Christy) for both the UT-6 and UT-8. To meet the 70% commonality objective both the UT-6 and UT-8
will have a similar structure layout as shown in figure 12.1-1.

Figure 12.1- 1: Preliminary Airframe Structure for Both UT-6 and UT-8
Different aircraft materials were examined for the UT-6 & UT-8. The wing and tail consist of the spars, ribs, and
stringers which will be made from aluminum 7075-T73 which has low stress corrosion. Aluminum 7075-T73 has
excellent mechanical properties as shown in Table 12.1-1. The fuselage structure consists of skins, frames, and
stringers which will be made from aluminum 2024-T3. Aluminum 2024-T3 has excellent mechanical properties as
shown in Table 12.1-2.
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Table 12.1- 1: Mechanical Properties of Aluminum 7075-T73 and 2024-T3
Mechanical Properties

Aluminum 7075-T73

Aluminum 2024-T3

Ultimate Tensile Strength (ksi)

73.2

70

Compressive Yield Strength (ksi)

71

42

Modulus of Elasticity (Msi)

10.4

10.6

Shear Modulus (Msi)

3.9

4.06

Fatigue Strength (ksi)

21.8

20

The mechanical properties will be used to show how the aircraft structure withstands ultimate load limit, maximum
dynamic pressure or max q condition, at RFP cruise altitude 35,000 ft. where margins of safety will be calculated to
show the structural integrity of the aircraft. Preliminary Load Calculations
12.2
12.2.1

Preliminary Load Calculations
V-n diagrams

The structural analysis of the aircraft started with the construction of the V-n Diagram for each variant of the U-tail
design at cruise condition and MTOW. Following FAR part 23.333(c) and 23.341 for the 6 passenger variant and
FAR part 25.341 for the 8 passenger variant respectively, the V-n shows both maneuver and gust envelope. FAR
23.333(c) was used to calculate design speeds for stall, V S, maneuver, VA, maximum gust intensity, VB, cruise, VC,
dive, VD, and were plotted against design load factors all in equivalent airspeed. Maneuver loads factors were
calculated using the following equation:
From Schaufele pg. 272

𝑛𝑚𝑎𝑥 = 2.1 +

24,000
𝑀𝑇𝑂𝑊 + 10,000

Eqn 12.2

Where the positive load factor only varies with maximum takeoff weight. The negative max load was determined by
following FAR 23.337(b)(1) of multiplying the positive load factor by 0.4. Similarly, load factors were determined
from symmetrical gust factors that vary with equivalent airspeed and were determined using the following equation.
From Schaufele pg. 272

𝑛 = 1+

𝐾𝑔 𝑈𝑔𝐸 𝑉𝐸 𝑎
𝑊
498( )
𝑆

Eqn 12.2
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Where K_g is gust alleviation factor, U_gE is the equivalent gust velocity, W/S is wing loading, V_E is aircraft
equivalent airspeed, a is the slope of the airplane normal force curve. All gusts were linearly reduced to cruise
altitude as shown in Figure (UT-6 V-n). Figure 12.2.1-1 shows the UT-6 V-n diagram at 35,000 ft. altitude at Mach
0.85 and with a MTOW of 11,800 lbs. in its clean configuration, without flaps or slats deployed. The figures 12.2.11-2 show the V-n for both the UT-6 & UT-8 variant below.
UT-6: Mach 0.85 Cruise & 35,000 ft. Cruise Altitude

Figure 12.2.1- 1: V-n Diagram – Maneuvering & Gust Envelope: UT-6
Following FAR part 25 for the UT-8 the EQUATION was used to calculate maximum maneuvering loads.
Similarly, the gust loads were determined using FAR 25.341 and were reduced linearly to cruise altitude as shown in
figure 12.2.1-2. Figure 12.2.1-2 shows the V-n diagram of the UT-8 at 35,000 ft. at Mach 0.85 and with a MTOW of
15,200 lbs. in its clean configuration, without flaps or slats deployed.
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UT-8: Mach 0.85 Cruise & 35,000 ft. Cruise Altitude

Figure 12.2.1- 2: V-n Diagram – Maneuvering & Gust Envelope: UT-8

Figure 12.2.1-1 shows the UT-6 will experience maximum maneuver loads of 3.2 and -1.28. Similarly, Figure
12.2.1-2 shows that the UT-8 will experience maximum maneuver loads of 3.05 and -1.22. Both figures 12.2.1-1-2
show that the gust loads are not critical because they stay in the maneuver envelope. The maximum loads obtained
from the V-n diagrams will used in the structural analysis to make sure our aircraft can withstand max load.
12.2.2

Wing and Fuselage Shear and Bending Analysis

The next step in the structural analysis is shear and bending calculations on both the wing and fuselage. The shear
and bending analysis was done at the most critical condition or max dynamic pressure determined by the V-n
Diagrams.
12.2.2.1

Wing Analysis

The wing is treated like a simple cantilever beam fixed at the fuselage/wing connection. The loading on the wing
was determined by taking the span wise load distribution obtained from LinAir and combining it with the weight
loading of the wing structure, fuel system and landing
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gear. The net loading distribution on the wing was found and used for the remainder of the calculations. Figure
12.2.2.1-1 shows the loading distribution of the UT-8 and UT-6 variants.

UT-8 Load Distribution (Max q)

600
500

Load (lbs/ft)

400
300
200
100
0
25

20

15

10

5

0

-100
-200
-300

Semi-Span (ft)
(a)

UT-6 Load Distribution (Max q)
500

300
200
100
0

25

20

15

10

Semi-Span (ft)

5

Load (lbs/ft)

400

0 -100
-200

(b)
Figure 12.2.2.1- 1: Wing Load Distribution (a) UT-8 & (b) UT-6
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The shear, moment, deflection angle, and wing tip deflection diagrams were then determined and can be seen in
Figure 12.2.2.1-2. From these plots it is determined that the UT-8 will experience 4,500 lbs of shear force and a
moment of 33,500 ft-lbs at the connection between the fuselage and wing. The angle and max deflection at the wing
tip were calculated to be 1.2˚ and 0.51 ft. Similarly, the UT-6 will experience 3,500 lbs, 26,000 ft-lbs, 0.92˚, and
0.40 ft. respectively.

(a)

(c)

(b)

(d)

Figure 12.2.2.1- 2: Analysis at Dive Speed (Max q); level cruise; 35,000 ft.; full fuel condition (a) Shear (b)
Moment (c) Deflection Angle (d) Wing Tip Deflection
12.2.2.2

Fuselage Analysis

The fuselage analysis was done in a similar manner as the wing, however the fuselage only takes into account
maximum weights. The fuselage is treated like a simple cantilever beam fixed at the center of pressure. All loads are
distributed along the various sections of the fuselage except the engine which is treated like a point load at the
engine CG and accounted for accordingly. Figure 12.2.2.2-1 shows the loading condition for both UT-8 and UT-6.
Only an overlay of the UT-8 is used for visualization.
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Fuselage Weight Load Distribution
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Figure 12.2.2.2- 1: Fuselage Weight Load Distribution for UT-8 and UT-6 at MTOW

The shear and moment diagrams were then determined and can be seen in Figure 12.2.2.2.-2. From the plots the
maximum shear force and moment at the center of pressure were determined to be -5,500 lbs and -211,000 ft-lbs for
the UT-8 and -4,400 lbs and -143,000 ft-lbs for the UT-6. The discontinuity in the fuselage shear and moment
diagrams at the wing center of pressure appears since the wing lift was not included at the point and would be
reconciled if added; however, this is a simply evaluation of max fuselage loads forward and aft of the wing and is
not necessary to evaluate.

(a)
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(b)
Figure 12.2.2.2- 2: Fuselage analysis at MTOW (a) shear (b) moment
12.3

Internal Structure

The internal structure was sized based on the max loads from the v-n diagrams and the max moments determined in
section 12.1 and 12.2 for the most extreme flight conditions. The wing will have the most critical loads and a factor
of safety of 1.5 was applied to meet FAR part 23 and 25.
12.3.1

Wing

The wing is made up of a front spar, aft spar, stringers, ribs, and skin. The spars are I-beams design with stringers
that are of a Z configuration with dimensions seen below. The front spar is placed at 20% wing chord and the aft
spar is placed at 77% wing chord with a total of 10 stringers. There are 45 ribs that are placed every 12 inches. The
ribs vary with chord length; images below show the type of rib and the ratio in terms of chord length. The wing skin
thickness is 0.063 inches. A complete visualization of the wing internal structure can be seen below.
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The stresses for the wing were determined using the max loads at dive speed. Table 12.3.1-1 shows the max loads,
calculated stresses, and margins of safety for a simplified wing box made of 2 I beams. The final stresses showed
high margins of safety indicating infinite life.
Table 12.3.1- 1: Wing Stress and Margin of Safety Analysis
+
Load factor
Load Factor
3.05
-1.22
UT-8
3.28
-1.28
UT-6
12.3.2 Fuselage and Empennage Structure

+
Stress (ksi)
5.20
4.24

Stress (ksi)
-2.08
-1.67

+
MS
13
16

MS
33
41

Similar to the process done for the wing structure, the fuselage is made up of frames and stringers. The stringers
used for the wing structure are also used in the fuselage. There is a total of 36 stringers that have a spacing of 5.59
inches. The frames are spaced every 16 inches. The fuselage skin thickness is 0.063 inches. The empennage was
designed in a similar manner with a total of 26 ribs for the vertical tail section combined with 25 ribs for the
horizontal tail section, 23 stringers, and three spars located at 20%, 24%, and 50% tail chord. The skin thickness is
0.063 inches. A complete visualization of the whole interior structure can be seen below.
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13. Subsystems
As a preliminary analysis, several subsystems were included in the design to show a basic layout of these
components. These subsystems include: fuel tanks, electrical wiring, hydraulics, cabin pressurization and air
conditioning, and cabin fire protection. All these subsystems were analyzed with the FAR requirements to ensure the
comfort and safety of the aircraft and the passengers.
13.1

Fuel

To satisfy the range requirement of 2,500 nmi and the 100 nmi of NBAA alternative, our team had to calculate the
necessary amount of fuel to complete the mission profile. The fuel requirements were calculated using the Breguet
Range equations with the assumption that the aircraft will utilize Jet A-1 fuel. UT-8 will require 718 gallons of fuel
and a fuel tank that has a volume of at least 96 cubic feet. UT-6 will require 561 gallons of fuel and a fuel tank that
has a volume of at least 75 cubic feet. Table 13.1-1 shows the fuel requiems for both aircraft.

Fuel Required
718 Gallons
561 Gallons

UT-8
UT-6

Volume In Each Tank
48 cubic feet
37.5 cubic feet

Table 13.1-1 Required Fuel Volume for Each Aircraft

Two fuel tanks will be placed in the wing between the two main spars, one will be on the left side of the wing and
one will be placed on the right side of the wing Figure 13.1-1 illustrates a top view of where the fuel tanks will go
and Figure 13.1-2 illustrates an isometric view; with the purple area on the wing representing the fuel tanks.

Tank 1

Tank 2

Figure 13.1-1 Top view of the Fuel Tanks Integrated on the Wing
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Tank 2

Tank 1

Figure 13.1-2 Isometric view of the Fuel Tanks Integrated on the Wing
Each fuel tank for the UT-8 aircraft will have a volume of 48 cubic feet and each fuel tank for UT-6 aircraft will
have a volume of 37.5 cubic feet. The fuel tanks will be baffled to prevent sloshing as the fuel is used up during
flight. During flight the left fuel tank will supply the left engine and the right fuel tank will supply the right engine,
and a crossflow valve will be integrated onto the fuel system so that fuel from both tanks can supply any engine in
case of an emergency. Figure 13.1-3 shows the fuel valve system.

Figure 13.1-3 Fuel Valve System of the Aircraft
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13.2

Electrical

The electrical subsystem consists of batteries, generators, electric controls, circuit breakers, and cables. As seen in
Figure 13.2-1, the APU is installed near the engines, to provide ground power for air conditioning, cabin lighting,
and engine starting. Further information regarding the APU is provided in section 13.4-3.

Generators

Figure 13.2-1 UT-6 and UT-8 Electrical Subsystem Layout

13.3

Hydraulic

The hydraulic subsystem supplies pressure to control the landing gears, doors, control surfaces, and brakes. The
system is split into two sides, left and right. For each side, there is a pump, reservoir, and series of actuators. The
pumps are connected to the engines and the third one is connected to the APU. Each pump is capable of pressurizing
the complete hydraulic system. The two forward reservoirs are responsible for the actuators on the side of the
aircraft as well as the landing gears. The aft reservoir supplies the actuators of the tail control surfaces and the cargo
door. All three reservoirs are connected to each other in case of a failure. Figure 13.3-1 shows the mechanisms and
connections of the hydraulic subsystem. The hydraulic subsystem meets the FAR 23.1435 for the UT-6 and FAR
25.1435 for the UT-8.
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Figure 13.3-1: Hydraulic Subsystem for the UT-8
13.4

APU

Auxiliary power units are used to keep electrical and air conditioning systems running without having to keep
engines running while on the ground, additionally they can be used to start the engines. In order to select an APU,
other similar aircraft in the same thrust class were researched. The selected APU is the RE100 from Honeywell. The
RE100 weighs 79 lbs and produces 17 shp which is capable of starting the TFE731 -20 engines on a Learjet 45.
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13.5

Water and Waste Subsystem

In both the UT-6 and the UT-8, the galley is equipped with a water drain system. This is connected to the drain
system of the sink in the aft lavatory. The water drain systems in the business jet are connected to the vacuum waste
system that makes up the toilet. The vacuum system minimizes the power consumption and reduces maintenance
requirements. The toilet is also equipped with an in-built macerator to break down the waste. The waste is flushed
through a waste dump line. The water and toilet waste is stored in a reservoir with 4-gallon waste capacity in the
lower right aft section of both the UT-6 and the UT-8 business jets. These are then serviced externally, through a
service panel connected to the reservoir. The water and waste drainage systems are seen in Figure 13.6-1 below.

Galley Water Drain System
Aft Lavatory Sink
Waste Reservoir
Waste Dump Line

Figure 13.5-1 Water and Waste Subsystem for the UT-8
13.6

Cabin Pressurization and Air conditioning

The aircraft cabin is both pressurized and air conditioned to add comfort for the flight crew and passengers, while
traveling 5-6 hours in flight. To comply with the FAR 23.841 requirement and FAR 25.841, the cabin altitude will
be held at 8,000 ft. at the maximum cruise altitude of 35,000 ft. In the incident of an unplanned decompression,
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oxygen masks will be deployed automatically in the cockpit and in the cabin. It will be dropped down automatically
from the top of the cabin, to the passenger’s face. Bleed air from the turbofan engines is used to pressurize the cabin
and air is released from the cabin by an outflow valve located at the bottom of the fuselage towards the end. To
control the interior pressure, and allow old, nasty air to exit, the pilot can control the outflow valve to release it. A
condenser unit will convert the hot bleed air into cold, allowing air conditioning in the cabin. Figure 13.8-1 shows
the system of the cabin pressurization and air conditioning.

Figure 13.6-1: Cabin Pressurization and Air Conditioning Subsystem
13.7

Cabin Fire Detection and Extinguisher Systems

To protect the aircraft in the case of fire emergency, the UT-6 would need to meet the FAR 23 sections 851 through
865 requirements and the UT-8 would need to meet the FAR 25 sections 851 through 869 requirements. There will
be six smoke detectors: one in the cockpit, four in the passenger cabin, and one in the cargo. Light-refraction type
smoke detectors were selected over the ionization type so they will remain independent of the aircraft electric
power, in the case of power-off due to a fire. The smoke detector system will provide a light in the cockpit in case of
a fire. In addition, there will be three portable fire extinguishers: one in the cockpit and two in the passenger cabin.
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Each extinguisher is designed to minimize the hazard of toxic gas concentrations. Figure 13.9-1 shows the fire
protection system of the UT design.

Figure 13.7-1: Fire Protection System for UT design
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14. Manufacturing Process
The manufacturing process of both variants of the aircraft will be completed in a conventional assembly line style
using a 6-step main sub-assembly process. The large similarities between the UT-8 and UT-6 will enable the
manufacturing process to be faster and more efficient due to the higher amount of parts and sub-systems that will be
the same between the two airplanes. A “plug” of 5ft will be added to the fuselage of the UT-8 to accommodate two
extra passengers.
14.1

70% Commonality

One of the design objectives was to have a 70% commonalty between the UT-8 and the UT-6, based on the empty
weight of the aircraft, and excluding the engines. The empty weight of the UT-8 is 8,628 pounds and the empty
weight for the UT-6 is 5,911 pounds, and each airplane has a combined engine weight of 1,396 pounds. This means
that based on the criteria mentions above, there is an 86% commonality between each aircraft.

The airplanes not only met the 70% commonality objective, but they surpassed it by 16%. Some of the main factors
that contributed to high commonality include the fact that the wing, tail, engines and landing gear are the same for
both the UT-8 and the UT-6. The width of the fuselage is also the same, with the main difference between the
fuselage’s being that the fuselage for the UT-6 is five feet shorter than the fuselage for the UT-8. Having a higher
commonality between each aircraft will significantly cut down the cost and time of manufacturing because certain
components of the aircraft can be manufactured for both variants. Figure 14.1-1 show the UT-8 and the UT-6, and
how similar they look next to each other.

Figure 14.1-1 On the left is the UT-6 and on the right is the Ut-8
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14.2

Manufacturing Process

Since both variants of the aircraft have such a high commonality, the UT-8 and the UT-6 will be manufactured side
by side on a conventional aircraft assembly line. The manufacturing process will consist of six main subassemblies.
Diagram 14.2-1 shows these main subassemblies.

1. Fuselage Assembly
Including the structure, nose,
cabin, tail cone.

2. Empennage
The U-tail will be assembled here. This
included the rudders, horizontal stabilizer,
and structure.

4. Landing Gear
The tricycle style landing gear will be
incorporated onto the fuselage.

5. Electronic sub-systems
This included the APU and the flight
control systems.

3. Wing Assembly
This included the fuel systems, ribs, spars,
ailerons and flaps.

6. Powerplant
The engines will be the last component
assembled.

Diagram 14.2-1 Flow Chart of the Manufacturing Process
The manufacturing process will start with the fuselage which includes the nose section and the stringers and frames
that make up the structural skeleton. The next large subassembly is the empennage section where the U-tail will be
integrated with the fuselage. Next is the wing assembly which will have the fuel systems and structural components
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already integrated. The landing gear will then be incorporated onto the fuselage. The APU and all the flight control
systems and electrical systems will be assembled onto the aircraft, and finally the engines will be attached to the
fuselage. Figure 14.2-2 is a representation of the major structural components of the UT-8 aircraft after full
assembly of all the aircraft components.

Figure 14.2-2: Structure Component of the UT-8 aircraft
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15. Program Lifecycle
The program lifecycle outlines the major milestone for the UT-6 and UT-8 designs. The program approval is set for
June, 2017. One year after the approval, 4 aircraft will be built for development, analysis, and testing, following the
certification. By 2020, the UT-6 will be certified and ready for Entry into Service and by 2022 the UT-8 will be
ready. After flying the aircraft for 25-30 years, the disposal process will be managed through a third party company
called Aircraft Fleet Recycling Association (AFRA). AFRA will incorporate new technologies and disposal methods
to make the disassembling process more environmentally friendly.

Figure 15-1: Program Lifecycle
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16. Cost Analysis
One of the important objectives mentioned in the RFP is to minimize flyaway cost and direct operating cost.
According to the RFP, the entry into service date for the UT-6 is 2020 and the UT-8 is 2022. The cost analysis was
done in 2020 USD and 2022 USD for the respective aircraft therefore, all the values used for the cost analysis were
inflated to 2020 USD and 2022 USD using:

𝑋𝑖𝑛𝑓𝑙𝑎𝑡𝑒𝑑 = 𝑋𝑐𝑢𝑟𝑟𝑒𝑛𝑡 ∗ 1.031(𝐼𝑛𝑓𝑙𝑎𝑡𝑒𝑑 𝑌𝑒𝑎𝑟 − 𝐶𝑢𝑟𝑟𝑒𝑛𝑡 𝑌𝑒𝑎𝑟)
Two methods were used to calculate the cost analysis: Nicolai & Carichner (N&C) method and Raymer
method.
16.1

Research, Development, Test and Evaluation

By using N&C’s method, the RDT&E cost was calculated to be $435 million for the UT-6 and $585 million for the
UT-8. Using Raymer’s method, the RDT&E cost was calculated to be $470 million for the UT-6 and $645 million
for the UT-8. The RDT&E cost breakdown are shown below in Figure 16.1-1 through Figure 16.1-4, showing the
two methods used for each aircraft. These cost breakdowns shows the calculated values based on the MTOW,
maximum speed, and a total of 2 aircraft produced for testing and analysis.

Figure 16.1-1: RDT&E Cost Breakdown for UT-6 using Nicolai & Carichner’s method.
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Figure 16.1-2: RDT&E Cost Breakdown for UT-6 using Raymer’s method.

Figure 16.1-3: RDT&E Cost Breakdown for UT-8 using Nicolai & Carichner’s method.
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Figure 16.1-4: RDT&E Cost Breakdown for UT-8 using Raymer’s method.
16.2

Production Costs

The production costs for the UT-6 and UT-* were calculated using the same methods used in the previous section.
For both variants, 250 aircraft were produced. Table 16.2-1 shows the different methods used and the cost
breakdown for the production cost, which is also based on the MTOW, maximum speed, and the number of aircraft
to be produced. The costs for the engines and the avionics were estimated by using Nicolai & Carichner’s method
for all four methods. Just to note, the RDT&E costs are not included in the total production costs.
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Table 16.2-1: Production Cost Breakdown for the UT-6 and UT-8 Using Both Methods.

16.3

Flyaway Cost

The flyaway cost was calculated by dividing the total production cos by the number of aircraft produced.
Table 16.3-1 shows the flyaway cost used for each method as well as a profit margin of 10%, which is the
selling price of the aircraft.
Table 16.3-1: Flyaway Cost and Selling Price of UT-6 and UT-8

The flyaway cost of the UT family of business jets was compared to aircraft that are in their weight and
seating capacity category. The selling price of the already existing jets were obtained from the BC&A
Equipped Price list from 2015 and were inflated to the corresponding EIS date and were assumed to have
a 10% profit margin. It is evident that both variants are slightly more expensive their competitors in this
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case. However, both the UT variants exhibit a more spacious cabin and better performance capability, as
expressed in earlier sections.
Table 16.3-2: Selling Price Comparisons with UT-6

Table 16.3-3: Flyaway Cost Comparisons with UT-8

16.4

Break Even Point

The break-even point for the aircraft using the two different methods are shown in Figure 16.4-1 through Figure
16.4-4. JetBiz predicts to sell 250 UT-6 aircraft and 250 UT-8 aircraft in a span of 10 years. This means the
company would need to sell about 4 aircraft a month to stay competitive with the Embraer Phenom 300.
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Figure 16.4-1: Production Break-Even Point for UT-6 Using Nicolai & Carichner’s Method.

Figure 16.4-2: Production Break-Even Point for UT-6 Using Raymer’s Method.
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Figure 16.4-3: Production Break-Even Point for UT-8 Using Nicolai & Carichner’s Method.

Figure 16.4-4: Production Break-Even Point for UT-8 Using Raymer’s Method.
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16.5

Direct Operating and Maintenance Cost

The D.O.C was calculated using equations in N&C text. The calculation was based on the MTOW,
number of crew, maximum range, and the net thrust of the engine at standard sea level. Fuel is the major
cost driver on the operating cost for the UT-6 and UT-8. The operational cost per flight hour for the UT-6
was calculated to be $10,192 and for the UT-8, $12,331. Figure 16.5-1 and Figure 16.5-2 shows the
operating cost breakdown for the UT designs. In addition, the fuel cost per nautical mile was calculated
and compared to similar business jets in the market, shown in Table 16.5-1.

Figure 16.5-1: Direct Operating Cost Breakdown for UT-6
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Figure 16.5-2: Direct Operating Cost Breakdown for UT-8
The fuel cost per nautical mile in the UT-6 is seen to be 29% lower than that of its main competitor,
Syberjet’s SJ30 while the UT-8 is 130% cheaper than the Embraer Phenom 300. This shows that despite
the slighter higher flyaway cost, and in turn, unit cost, of both of the UT jets, are less expensive to
operate.
Table 16.5-1: Fuel Efficiency Comparison of UT Designs and Similar Aircraft
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17. Compliance Matrix
Compliance
(Y,N)

Item

Requirement

1

General Design Requirements

1.1

Maximum Cruise Speed of Mach 0.85 at 35,000 ft

Y

1.2

Rate of Climb of 3,500 fpm (flaps up, gear up, sea level,
ISA, max takeoff power)

Y

1.3

Service Ceiling of 45,000 ft

Y

1.4
1.5
2
2.1
2.2

Maximum Sea Level Takeoff Balanced Field Length of
4,000 ft at a Maximum Gross Weight with dry pavement,
ISA
Maximum Landing Field Length of 3,600 ft at Typical
Landing Weight
Six seat family member minimum Requirements
Must meet FAA FAR Part 23 Airworthiness Standards for
certification
Minimum range of 2,500 nmi at LRC assuming NBAA
IFR Range with 100 nmi Alternate (1 pilot + 2 passengers;
passenger/pilot at 200 lbs each)

Y
Y
Y
Y

2.3

Baggage capacity of 500 pounds/30 cubic feet

Y

2.4

1 or 2 flight crew
6 passengers, including 1 in the cockpit if there is no
copilot
Eight seat family member minimum Requirements
Must meet FAA FAR Part 25 Airworthiness Standards for
certification
Minimum range of 2,500 nmi at LRC assuming NBAA
IFR Range with 100 nmi Alternate (4 passengers;
passenger/pilot at 200 lbs each)

Y

3.3

Baggage capacity of 1,000 pounds/60 cubic feet

Y

3.4
4

8 passengers
Other Considerations
Consider what features will be basic and which will be
optional to a customer
Consider how the performance and unique features of the
aircraft will be used in marketing over other similar aircraft
Design Objectives
The re-use of at least 70% of the airframe structure and
systems by weight for both the 6 and 8 seat variants
(includes everything in the empty weight of the airplane
except for the engine)
Minimize production cost by choosing materials and
manufacturing methods appropriate for the production rate
that is supported

Y

2.5
3
3.1
3.2

4.1
4.2
5
5.1

5.2

Y
Y
Y

Y
Y

Comments

Addressed in Operational
Envelope
Addressed in Operational
Envelope
Addressed in Operational
Envelope
Addressed in Balanced Field
Length Plots
Addressed in performance
analysis
Addressed
Addressed in Payload Range
Curve
Addressed in Cargo loading
Section 9.1
Addressed
Addressed
Addressed
Addressed in Payload Range
Curve
Addressed in Cargo loading
Section 9.1
Addressed
Addressed
Addressed
Addressed

Y

Y

Addressed
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5.3
5.4
6
6.1
6.2

Make the aircraft visually appealing so it will be
marketable and identify what features are important to the
pilot, passengers, and owners
Make the aircraft maintainable and reliability at least as
good as comparable aircraft
EIS
The 6-seat variant has an EIS of 2020
The 8-seat variant has an EIS of 2022

Y
Y
Y
Y

Addressed
Addressed
Addressed
Addressed

18. Conclusion
The UT-6 and the UT-8, designed by JetBiz is a response to AIAA’s RFP for a light business jet family, which meet
all the requirements from the RFP. Our luxurious light business jets are ideal for fortune 500 companies and wealthy
citizens that need to get from point a to point b in a short amount of time at a moment’s notice. Extensive analysis
has been done on our aircraft to ensure FAR 23 and FAR 25 have been met for their respective aircraft. Our
innovative U-tail design also ensures our aircraft will meet the upcoming FAR Stage 5 requirements that will come
into effect before our aircraft entry into service dates, this also allows us to meet noise requirements for international
flight. The UT-8 and UT-6 have an 84% commonality by empty weight and use the same engines, this provides our
customers with a lower acquisition cost and reduced maintenance cost as many parts and maintenance will be
common. This business jet family fits into an untapped market of range, speed, and passenger count while
maintaining a competitive price point.
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