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wing loading
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The structural layout of the Swingliner is shown in Foldout 3. There are 13 bulkheads

8.2 Layout

spaced along the length of the fuselage. These bulkheads are placed in locations of high loading
for added support.

The wing is constructed with two spars located at 16% and 65% chord. Wing ribs are
placed evenly along the wingspan. Ribs located at the engine locations are wider than the others.
The wing is connected to the fuselage of the aircraft through a wing box, which also contains two
spars and evenly spaced ribs. The structural layout of the horizontal and vertical tails is similar to

the wing structural layout: constructed with two spars and evenly spaced ribs.
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8.3 Materials

Material selection directly affects the overall cost and weight of the aircraft, which in
turns affects its performance capabilities. Additional weight increases fuel consumption, which
decreases payload capacity due to additional fuel tanks. In the end, it is desirable to create an
optimum, lightweight and low cost structure.

Next generation aircrafts will experience new capabilities due to the advancements in
materials. Current use of composite materials is for increasing structural strength and reducing
structural weight. This allows the aircraft to be lighter while still meeting the specifications. The
high stiffness of composites increases its life-cycle, which reduces maintenance costs due to

larger intervals between maintenance checks.

Table 8-1. Stiffness-to-Weight Ratio for Selected Materials’

. E .
Material — (10" in)
/9

Al 2024 107
Aircraft Steel 108
Ti-6Al-4V 100
Aramid 227

Additional advantages for using composites occur during the manufacturing process of
the aircraft itself. Composite aircraft parts are created through molds. This production process
allows quicker assembly of the aircraft, which significantly reduces labor costs with large
production orders.

The main disadvantage for composite use is the relative cost of the material itself.
Composites, unlike aluminum, are not found in abundance in the Earth. These materials must be

manufactured and are more expensive because of this. This difference alone allows the cost of
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aluminum to come at a few dollars per pound. Material cost comparisons of several materials are

shown in Table 8-2.

Table 8-2. Material Cost per Pound for Selected Materials'®

Material Cost ($/1b)
Al 2024 T3 $4 - %5

4340 Steel $0.19
Ti-5Al-4V $25 - $59
Aramid $14

Despite the high cost of composites, the benefits outweigh the disadvantages. Various
combinations of metals and composites will be used to construct the aircraft. Titanium will be
used to support the use of an externally blown flap system. Composites will be used wherever

possible to decrease its overall weight.

8.4 Landing Gear

The Swingliner is configured with a tricycle multi-bogey landing gear arrangement. The
primary factor that influences the tire size of the main wheels is the ramp angle relative to the
ground. A smaller angle is preferable, which requires a short fuselage-to-ground distance and
results in a smaller diameter. For these reasons, 12 wheels are used in the main landing gear.
There are two struts that share six wheels located on either side of the fuselage. A single strut
attached with two nose wheels is located under the cockpit of the Swingliner. Figure 8-2 depicts

the layout of the landing gear with respect to the centerline of the aircraft.
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1.91 | /

Nose Wheels |/

27.50

Figure 8-2. Top-View of Landing Gear Layout

Mission requirements states that the aircraft will be landing on unimproved landing
conditions, which increases both the nose and main wheel diameters under ideal conditions.” The
tires used for the main landing gear are each 46x16 in with a ply rating of 28. The nose landing
gear uses two 39x13 in with a ply rating of 16."

Retraction of the main landing gear will be into separate gear pods located in the blisters

on either side of the fuselage.
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9.0 Systems

9.1 Electrical System

The primary electrical system is provided by 75/90-kVA, oil-cooled, integrated-drive
generators in each of the four engines. Each generator provides 115/200-volt, three-phase, 400-
Hz AC power. The generators are connected in a split parallel bus configuration to provide
redundancy if one or more of the engines is damaged. The generators also supply the 28-volt DC
power system via four 200-ampere transformer rectifiers.

The secondary electrical system will be provided by a Hamilton Sundstrand APS-2000
APU while on the ground providing 60 kVA. This will allowed the pilots to start the engines
without ground carts and power and provide power for ground refueling. The APU is also
available for emergency power as a redundancy system to the generators in the engines. The
APU can operate in flight at altitudes below 37,000 ft'®. The APU is started by a Ni-Cad battery
charge systems which is also available for emergency power to the controls system. The cargo
compartment is supplied with 10 power outlets ranging from 60 Hz ac, 400 Hz ac and 28 volt dc.

A basic schematic of the electrical power distribution is described in Figure 9-1.
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9
4: Pilot’s HUD 10: Copilot’s HUD
5: Pilot’s air vent 11: Copilot’s air vent
6: Pilot’s displays 12: Copilot’s displays
7: Pilot’s back up displays 13: Copilot’s back up displays
8: Pilot’s stick 14: Copilot’s stick
9: Pilot’s rudder pedals 15: Copilot’s rudder pedals
«— 20

6 —

v

17

18 - 21
19

v

A

22

16: Pilot’s mission computer
17: Engine display

18: Pilot’s display selector

19: Throttles

20: Copilot’s mission computer
21: Copilot’s display selector

Figure 9-4. Crew Station Layout
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10.0 Cost

Cost was not a driving factor when designing this aircraft, however, it was taken into

consideration in order to have a competitive proposal. The RFP stated the need for flyaway cost

and life cycle cost estimates for production runs of 150, 500, 1500 aircraft. Estimations for the
flyaway cost and life cycle cost were analyzed using two different sources. The process and
equations were taken from “Aircraft Design: A Conceptual Approach” 3" edition by Raymer’
and “Airplane Design: Part V111 by Roskam®. The cost analysis prepared by Roskam was
completed in a more detailed step by step process and produced the most realistic estimates.
Therefore it is the only estimation presented in this report. The cost estimations are shown in

2007 US dollars.

10.1 Flyaway Cost

Airframe, avionics, engine, flight test, and R&D are all factors in the fly away cost
estimate. In Fig. 10-1 below, the per unit aircraft cost decreases significantly as the production

run increases.
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Fly-Away Cost (in millions)
$120 +

$100 -
$80 -

360 -

$40 -

Cost/Aircraft

$20

150 500 1500
Production Run

Figure 10-1. Roskam's Flyaway Cost Per Aircraft for Different Production Runs®’

10.2 Operations and Maintenance Cost

The largest contributor to operations and maintenance cost is fuel, oil and lubricants at 36
percent. The average mission consumes about 70,000 Ibs of fuel and a typical aircraft will fly
about 200 missions in a year. This equates to 14,000,000 Ibs of fuel a year costing 5.6 million
dollars. The other contributors to operations and maintenance cost are direct personnel (19%),
spares (16%), depot (15%), indirect personnel (13%), miscellaneous items (1%) and consumable

materials (<1%) which is shown in Fig. 10-2 below.
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O Fuel, Oil and Lubricants
M Direct Personnel

O Indirect Personnel

O Consumable Materials
W Spares

O Depot

B Miscellaneous Items

Figure 10-2. Operations and Maintenance Cost Distribution

The operations and maintenances cost is estimated to be $309.8 million for the life of the
aircraft, which was assumed to be the average life span of a transport aircraft, 20 years. If the

Swingliner is used longer than 20 years, both this cost and life cycle cost would increase.

10.3 Life Cycle Cost

The life cycle cost of an aircraft is made up of both the fly away cost and the operations
and maintenance cost. In figure 10.3 below, the life cycle cost is shown for production runs of

150, 500, and 1500 aircraft with the aircraft having a life span of 20 years.
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Life Cycle Cost (in millions)

$420
$410 4
$400
$390 +
$380 -+

$370

$360 -

Life Cycle Cost/Aircraft

$350

$340

$330
150 500 1500

Production Run

Figure 10-3. Roskam’s Life Cycle Cost Per Aircraft for Different Production Runs®’
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Conclusion

Military operations of the late 20™ and early 21* centuries have shown that the ability to
operate aircraft from remote unimproved runways is necessary. Current aircraft in the Air Force
inventory are not designed to fulfill this mission. The Swingliner has been developed as a
solution to this need.

The design team of the Initech Aircraft Cooperation has presented the Swingliner in
response to the 2006/2007 AIAA design competition RFP. The Swingliner embodies Initech
Aircraft’s design philosophy of striving for effectiveness and efficiency in aircraft design.

It has been shown that the Swingliner is capable of meeting or surpassing all RFP requirements
including:

e Primary mission — Carry the FDAV (60,000 Ibs) 600 NM and deploy the vehicle and

return to the starting point without refueling.

e Ferry mission — Carry 20,000 Ibs of payload 3200 NM.

e Field Performance — Take off in 2,500 ft at sea level on a hot day, Land in 2,500 ft on

a hot day

o Safety — All applicable Mil-Spec and FAR requirements met

The JTC -2 E Swingliner is the ideal solution to the problem of austere transport
capabilities. It is a technologically sound transport aircraft capable of handling the demand for

operations in remote unimproved areas for years to come.
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