1.0  STRUCTURES, WEIGHTS, AND BALANCES







The purpose of the structures group was to build the lightest possible airplane, with minimal strength, in order to survive the loadings experienced during flight mission maneuvers and landing. Minimizing the complexity of the load path through the airframe was also a controlling factor of the structural design. Composite materials were chosen primarily due to their high strength-to-weight ratio. Prior UC competition aircraft utilized composite materials in their design. These previous lay-up and construction methods were studied and considered while preparing the current structural design.

1.1 Structural Design and Fabrication

1.1.1 Wing Design

The wing design process involved multiple levels. Initially, different approaches to wing design were considered: a box spar, a foam core with composite skin, or a composite, foam-filled D-spar. The box spar was deemed unacceptably heavy and difficult to construct. The foam core with composite skin would weight too much for the main wing, but was adopted for use with the horizontal and vertical tail. The composite, foam-filled D-spar design was chosen for the main wing. 
The main wing D-spar design was slightly modified as construction was attempted. A previous UC competition aircraft wing design proved to further reduce weight as the foam in the D-spar had been reduced to only a small section used to aid in the lay-up of the composite spar. This hollow, semi-monocoque design was chosen for the design, though two necessary modifications were made. The first was to change the skin material from monokote to a thin layer of fiberglass. This adjustment was a trade-off. It increased the weight of the main wing, yet it also more closely fit the actual curve of the chosen airfoil when compared with the monokote. The improved aerodynamic performance of the fiberglass covered wing outweighed the slight increase in weight. The second modification was to change the aileron design from balsa wood ribs with a monokote covering to hollow foam core covered with fiberglass. This would simplify the construction process for the ailerons as they to not have a simple rectangular geometry. Therefore, the finalized main wing design would entail the following:  a spanwise central spar with Graphlite carbon rods for spar caps supported by a fiberglass shear web wrapped about a minimal amount of foam for lay-up assistance, balsa wood ribs, foam ailerons, and fiberglass skin. Ultimately, the main wing final design resulted in the lightest possible wing with simple construction and maximum aerodynamic performance.

The main wing spar was analyzed using normalized distributions. The loading distribution is approximated using the Schrenk approximation and is assumed to be applied directly on the spar (neglecting wing twist and not accounting for the effects of sweep). Given these assumptions, this particular loading distribution is shown in Figure 4.1 with the corresponding moment and shear distributions. Main structural concern was placed on cantilever bending of the wing and the associated bending stress at the center of the wing. Figure 4.2 shows that main wing spar is will be completely structurally sound in bending as the maximum allowable stress far surpasses any bending stress the main wing may experience, particularly at the center of the wing. This excess structural strength in bending is acceptable as the composite lay-up is as light as possible while maintaining ease of construction and minimal cost of materials; the Graphlite rods used as spar caps were purchased in bulk and will also be used as fuselage booms.
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	Figure 4.1: Main Wing Spar Approximated Loading Distributions
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	Figure 4.2: Main Spar Bending Stress Using C-channel Beam (Graphlite carbon rod spar caps and fiberglass shear web)




The horizontal and vertical tail designs both utilized a foam core, which was slightly hollowed out in order to reduce weight. Each was separately covered in fiberglass fabric. A notch was cutout at 60% of the chord length to create an elevator for the horizontal tail and a rudder for the vertical tail.

1.1.2 Fuselage Design

After successful design and fabrication of the main wing using composite materials, similar techniques were applied to the fuselage construction. The fuselage shape was developed by generating bulkheads shaped by using spline fits to minimize cross-sectional area about the payload bay. After being appropriately sized, the bulkheads were laid out in a wood template at the suitable axial stations and a Graphlite carbon rod was laid at each corner in a minimum-energy bend to run from the engine mount at the nose to the tail boom.

Carbon fiber bulkheads were used to bear the loads transmitted to the fuselage from the tail and wing loading. Between each bulkhead, hollow foam was placed to create the fuselage shape. Four Graphlite carbon rods, of dimension 0.057” x 0.177” (same size Graphlite carbon rods used as main wing spar caps), were used as fuselage boom rods to increase the structural stability of the fuselage and reduce weight. Fiberglass cloth was used as skin for the fuselage covering. 

1.1.3 Connection Points

The structural design concern that posed the greatest difficulty was to properly engineer the connection points. To ensure a strong and stable airplane, all connection points had to be designed with consideration of load paths as well as the integrity of each specific joint. This was relatively simple for the fuselage, because the bulkheads provided natural connection points, as their placement had been initially designed for this purpose. Attachment of the main landing gear to the back bulkhead was achieved by integrating the landing gear into an appropriately angled carbon fiber bulkhead about the payload bay using a carbon fiber cloth and sewn carbon fiber toes. The front landing gear was similarly integrated into the front bulkhead. The fore end of the tail boom was inserted through the back bulkhead of the fuselage and the fuselage boom rods were wrapped to the boom with composite fiber toes and cloth. The aft end of the tail boom was inserted into the leading edge of horizontal tail and the vertical tail was placed atop the boom. Composite material was then wrapped about the tail system and the tail boom to ensure torsional rigidity. 
1.1.4 Landing Gear

For the main landing gear struts, steel and extruded Graphlite carbon rods were compared. Extruded Graphlite carbon rods were chosen as the construction material due to their inherently high strength-to-weight ratio. These struts were manufactured by stacking two layers of carbon fiber rods, each measuring 0.125” x 0.5”, creating a spring-leaf gear system which met the analyzed landing strength requirement discussed in the following paragraph. The main gear was inserted into a hollow aluminum tube which bent into the axle of the 4” aluminum wheels. A more traditional spring steel strut was used for the front landing gear with the same aluminum wheel.

The necessary dimensions of the landing gear were calculated as a function of the stroke and the bending stress. The analysis was conducted assuming the aircraft was at a worst case landing scenario of a 4-g loading (where the landing gear sees a 3-g loading and the wing sees a 1-g loading) while maintaining an adequate safety factor for stroke and bending stress. Equation 4.1 is the equation for the stroke of a solid-spring gear leg with a built-in safety margin.
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This produces a stroke (S) value of about 8.5 in. Then equation 4.2 and 4.3 were used to calculate the unknown dimensions of the landing gear, the thickness and the breadth, from the known values of the stroke and yield stress for the Graphlite carbon rods.
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With a bending stress factor of safety (F.S.) of 1.5 and a perpendicular load (FS) of 48.75 lb., the necessary dimensions for the landing gear are as follows: a strut length (l) of approximately 17”, a front angle (θ) of 57º from the vertical, a thickness of approximately 0.125”, and a breadth of approximately 1.0”. 

1.2 Components and Total Weight Summary 

Table 4.1shows the weight of each component and the position of that component relative to the aerodynamic center. The weights of the components were obtained using a combination of manual weighing of materials and approximating weights of the aircraft structure. The position of the specific components were adjusted such that CG of the aircraft is located 1.4 inches behind the aerodynamic center. The payload bay is located directly over the CG do that changing the weight of the payload has a minimal effect to the overall performance of the aircraft. 
Table 4.1: Component weights and CG summary
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Position of Component CG Relative to AC

Propulsion System

(lbf)

x (in)

y (in)

z (in)

Engine & Prop

1.8

-24.8

0.0

-1.8

Fuel Tank (Empty)

0.1

-23.8

0.0

-1.8

Engine Servo

0.2

-20.0

0.0

-1.8

Controls

Batteries

0.1

-20.1

0.0

-1.8

Receiver

0.1

-20.1

0.0

-1.8

Wing Servo 1

0.3

2.7

33.5

2.4

Wing Servo 2

0.3

2.7

-33.5

2.4

Horizontal Tail Servo

0.1

68.1

0.0

3.4

Vertical Tail Servo

0.1

61.2

0.0

11.3

Structure

Fuselage

0.3

-2.2

0.0

-1.8

Wing

3.6

0.9

0.0

2.6

Horizontal tail

0.5

67.4

0.0

3.4

Vertical Tail

0.3

60.6

0.0

10.0

Fire Wall

0.0

-24.8

0.0

-1.8

Front Bulkhead

0.0

-6.8

0.0

-1.8

Rear Bulkhead

0.0

9.7

0.0

-1.8

Tail Boom

0.3

37.8

0.0

1.3

Fronf Landing Gear

0.4

-24.8

0.0

-10.9

Rear Landing Gear 1

0.3

8.7

13.5

-10.9

Rear Landing Gear 2

0.3

8.7

-13.5

-10.9

Payload

1.4

0.0

-1.8


[Missing a payload here, and total weight is not final]
Table 4.2 shows the empty weight and maximum weight of the aircraft as well as an estimate of the moments of inertia of the aircraft. The moments of inertia of the aircraft were approximated using the weight and location of each component as well as the approximate moments of inertia of a few of the larger components (e.g. the wing). 

Table 4.2: Total takeoff weight and aircraft moments of inertia
	Takeoff Weight
	Ixx
	Iyy
	Izz

	30 lbf
	0.48 slug∙ft2
	1.31 slug∙ft2
	1.71 slug∙ft2
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