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Abstract
To be completed at a later date.


Teambuilding Report

For the teambuilding exercise, Group 15 played pool at Crenshaw lanes, and discussed plans for project( See cover picture).
Code of Conduct
1. Treating each other and the sponsor with respect is the greatest concern.

2. Complete each task with quality and in a timely fashion.
3. Plan ahead – Communicate ideas and keep track of the group schedule as a whole, and stay of abreast of group members’ and sponsor’s individual schedules.

4. Establish an agreed upon group schedule.  There will be set times every week to discuss and work on the project.

5. Checking Email daily is a critical requirement.

6. Keep a dialogue with the sponsor.  The groups will form an organized way of communicating with the sponsor without wasting time.

7. Be on time and prepared for each scheduled event.
8. Maintain positive communication with group members, sponsors, and faculty.  
9. Uphold the Code of Ethics of the American Society of Mechanical Engineers and the College of Engineering.

10. Have a positive attitude – Leave problems at home; be fair to the group and encourage open dialogue and idea sharing.  Brainstorming is a vital part of Senior Design.
11. Be respectful of the materials, facilities, and personnel at FAMU-FSU College of Engineering.

12. Visit the sponsor on location at Eglin Air Force Base.

Signatures:
Scope

The United States Air Force has developed Unmanned Aerial Vehicles for use in situations where conventional piloting is not needed or is not possible.  It was seen that this technology could be shrunk to be carried and operated by a person in the field.  This Micro Aerial Vehicle (MAV) technology was adapted for use by Combat Control troops.  These troops are Air Force Personnel that are deployed in small, independent units or with joint service ground units.  The job of these troops is to identify targets and communicate with other personnel to neutralize those targets.  Many times, these troops on the ground are talking directly to the pilots who are overhead deploying munitions.  

In the past, these troops carried and average of 150 pounds of gear.  Recently, there was a major push to lighten this load and increase the effective area of these troops to protect them and to make these outstanding troops even more effective.  

One of the newest MAV’s is known as “Bullwinkle.”  Bullwinkle is a 19in carbon fiber vehicle in the range of 4 pounds.  The vehicle is controlled by a “Toughbook” laptop PC which has also replaced some of the troops’ other communication and control gear.  Bullwinkle is equipped and special because it can lock onto a point and is has the capacity to carry a payload.  

Currently, the Air Force Research Laboratory constructs the fuselage of Bullwinkle using vacuum bag molding.  In this process, the fuselage is constructed in two equal parts.  Carbon fiber is impregnated with resin and laid onto a mold of the fuselage.  The mold is placed into a vacuum bag that removes all the air from the resin and ensures that the composite takes an accurate shape.  The material is cured at high temperatures in an autoclave.  The two halves of the fuselage are then bonded together.  

Group 15 will have a support system directly from Jeff Wagener, Micro Aerial Vehicle Program Manager at the Air force Research Laboratory.  Additional assistance will be provided by Dr. Richard Liang of the Industrial Engineering Department, who specializes in composite manufacturing technology and Dr. Chiang Shih of the Mechanical Engineering Department.  Dr. Liang and his colleagues will provide Group 15 with the tools, training, and theory to perform needed analyses.        
Needs Assessment
Group 15 has been tasked with selecting a process to mass manufacture the Bullwinkle fuselage by the tens or hundreds.  The shape and basic mold for the fuselages have already been developed and are provided by the sponsor. The sponsor requested test data from fuselages constructed with different materials and using different methods.  With these results, the group should be able to draw a conclusion on the best material and manufacturing process for this application.  Also, a recommendation is desired by the sponsor that should include pertinent information such as time, cost, tolerance, weight and required manufacturing expertise.  Group 15 should work on functionality by redistributing material to increase strength and minimize weight.  The feasibility of the reduction of length to 16 inches should also be tested.  The goal of this group is to make it possible for the Air Force to be able to contact the specified manufacturer and order Bullwinkle fuselages to assemble MAV’s and deliver them to the troops.  

Product Specifications

Current MAV Specifications

· Weight – 4.3 pounds

· Length – 19 inches 

· Material – Carbon fiber

· Fasteners – Polyester screws

· Controls – Autopilot, Laptop PC input

· Maximum Velocity – 190 knots

· Propulsion – Batter powered pusher propeller

Fuselage End State Specifications

· Size – 19 inches/ using supplied mold

· Shape – Using given mold/ two part shell design

· Payload – Batteries, control systems, propulsion system, other unspecified payload

To be Determined by Project

· Weight Range

· Material 

· Manufacturing Method

· Unit Cost

· Manufacturing Time

· Fasteners 

Manufacturing Research

Materials

Glass Fiber

Glass fiber, commonly called fiberglass, is a Versatile and Relatively Inexpensive Composite Material.  To understand fiberglass, there are some key terms that must be understood.  The finished product is referred to, so eloquently, as the piece.  The item constructed in the mold is called the plug.  The mold is the basis for the manufacturing of the part.  There are two types of molds; male and female.  Male molds are the actual shape of the intended piece and female molds are the negative space that the piece could be formed in.  A laminate is the solid part constructed from a combination of resin and reinforcing fabric. Also refers to the process, i.e. laminating.  The gel coat, also know as the surface coat.  Gel coat is a term that technically applies to polyester-based materials. The term surface coat is used to describe epoxy or polyester materials that are thickened formulas of resins which can be used on the surface for cosmetic and protective reasons.  Release agents are chemicals added to the surface of the mold to help the release of the part from the mold.  The last term discussed will be the parting dam or flange.  This tool “creates a surface for materials to be molded against, perpendicular to the parting plane of symmetry.  The flange aids in clamping or bolting the mold sections together, as well as serving as a mounting point during vacuum bagging operations.”  

Because it is considerably cheaper than carbon fiber and Kevlar, fiberglass cloth is more widely used for. “Fiberglass cloth comes in a wide variety of styles and weights, making it ideal for many applications. High-strength weave styles are available, and these could be considered cost effective alternatives to the advanced fabrics” (Fiber Glast).    

Kevlar

Kevlar was developed in 1965 at the Dupont Company by Stephanie Kwolek by synthesizing two monomers and drawing the solution into a fiber.  Kevlar is commonly used as reinforcement in marine and aviation industries.  Kevlar has become most famous for its military applications. It is used in body armor, gloves, helmets, vehicles, and many more applications. Military body armor used to be made from heavy metals and ceramics.  The Kevlar used in the new Interceptor Outer Tactical Vest is five times the strength of steel by weight.  This weight reduction drastically increases a soldier’s mobility and decreases fatigue.  Kevlar has become such an integral part of the military that many soldiers refer to their Kevlar helmets as “my Kevlar.”  Kevlar has a tensile strength of 3000MPa. It is very light but is heavier than fiberglass and carbon fiber (Kevlar).

Carbon Fiber

The idea of carbon fiber first came to life when Thomas Edison took out a patent for the manufacture of carbon filaments for use in electric lamps.  Commercial production of this product was not started until the early 1960’s by Royal Aircraft Establishment at Farnborough, Hampshire in England.  Recently applications of carbon fiber have been extended to products in numerous industries such as sporting, transportation, and manufacturing.  Improvement in materials, technologies and customer awareness are allowing for carbon fiber to be produced at a steadily decreasing price.  

The product itself is generally the same in its composition, and only varies in the care taken to create it as well as its quality of carbon.  Its atomic structure is very similar to graphite, where it is basically sheets of carbon which are in a hexagonal shape, but instead of being in parallel with each other as in graphite, the hexagons of carbon are chaotically strewn together, making the end product a lot stronger and more flexible.  A carbon filament is a thin tube with a diameter between 5 – 8 microns.  The fibers have high electric conductivity and low thermal conductivity. 
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Figure 2: Hexagonal Structure (James)

Carbon filaments are commonly made by using oxidation and thermal pyrolysis on polyacrylonitrile (PAN).  This is a polymer which when heated under the correct conditions, most of the non-carbon contaminants evaporate away.  The result is after drawing is a filament which is 93-95% carbon.  Lower quality filaments can be made by using pitch or rayon instead of PAN.  
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Figure 3: A 6 μm diameter carbon filament compared to a human hair. (Carbon Fiber)

Resin

Polyester

           “Polyester resin is a general-purpose resin suitable for a wide variety of applications. Methyl Ethyl Ketone Peroxide (MEKP) must be used as the catalyst to begin the curing process. Catalyzation rates can be varied with polyester resins and environmental conditions. In thin laminations or when gel coat is sprayed as a topcoat, the surface may remain tacky and not cure properly if left exposed to the air. To get a complete cure, thin laminations or top coats must contain either styrene wax solution of have a coat of polyvinyl alcohol (PVA) solution sprayed over them to seal out the air” (Fiber Glast).

Epoxy  

“Epoxy resins are not as forgiving in their measurement as polyester resins, but epoxies provide a greater part strength and dimensional stability. They also adhere to other materials better than polyester resins. Epoxy hardener ratios can’t be varied, and adequate temperatures (at least 70 degrees F) must be maintained during the curing process. Epoxy resin systems tend to cost more than polyester resins, but they are a virtual necessity in some repair applications, such as with Sheet Molded Compound (SMC). Epoxy resins are also highly recommended for use with Kevlar® and carbon fiber” (Fiber Glast).  

Vinyl Ester

“Vinyl ester possesses qualities that fall between polyester and epoxy resins for the most part. It excels above both, however, in the areas of corrosion resistance, temperature resistance (it’s good to 300 degrees F), and toughness. Common uses include boat hull repair, full tank construction and chemical storage tank linings. Like polyester resin, it is catalyzed with MEKP, but vinyl ester has as shorter three-month shelf life” (Fiber Glast). 

Bonding Processes

Resin Transfer Molding

Resin Transfer Molding (RTM) is a process by which reinforcing fiber is held in a closed mold at room temperature and atmospheric pressure.  Resins are injected into the mold via injection ports.  Air and excess resin escape the mold through vents.  This process provides a smooth, defined finish on both sides of a part. Resin Transfer Mould Provides a part with very few voids and consistent resin concentration.  In common applications, the reinforcing material is glass fiber and the resin is an epoxy that is a mixture of a resin and a catalyst.  Figure 4  is a basic diagram of the process.

[image: image4.png]Resin Catalyst  (closed before ijoction)




Figure 4 (Resin Transfer Molding)

Vacuum Bagging

The concept of vacuum bagging is to place the object in construction in an airtight bag and then remove the air from it creating an airtight seal around the product.  Some of its uses include wrapping items for storage and transport, creating a tight seal around products in which the chemicals of the process must not escape, and laminating products.  Some of the pros for this process is an unnoticeable increase in weight, the bag is evenly distributed which in turn increases strength and durability (Vacuum Bagging).  

Contact Molding


Also called hand lay-up, in this process, a mold is layered with various materials to produce the product.  Then using a roller press, the material is pressed to form one component as shown in Fig 1.  Or perhaps before the product is finished, more layers are added after the initial set of layers dry.  
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Figure 5 (Hand Lay Up Process)
The main ingredient is resin, which promotes adhesiveness and rigidity.  Products of any size can created through this process however, it is a timely process.  Examples of applications are plane wings, motorboats, and train noses such as Figure 6 (Hand Lay Up Process).  
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Figure 6 (Hand Lay Up Process)
Curing

Autoclaving


An autoclave is a device that sterilizes an item at values of high pressure.  Some examples are needles and surgical instruments.  An autoclave could possibly be used in the space industry where the parts and components need to be as sterile as possible (Autoclave).  

Room Temperature


Many composites can be cured at room temperature.  This process is simple, and inexpensive and is capable of producing very strong parts.   

Concept Generation and Selection


The purpose of Group 15’s project is to pick a manufacturing process for a composite part.  Thus, the selection is not a specific design but rather a plan on how to choose the optimum process.  The group is researching different methods and materials continuously to be more informed.  A summary of basic research can be found in the “Manufacturing Research” section (included).  This section is a living document that will be updated as research continues and decisions are made.  


Group 15 has narrowed down the world of composites and decided to focus on four main areas; reinforcing material, resin, bonding process, and curing.  The possibilities for each area as follows

· Reinforcing material

· Glass Fiber

· Carbon Fiber

· Glass Fiber

· Resin

· Polyester

· Epoxy

· Vinyl ester

· Bonding Process

· Resin Transfer

· Contact Molding 

· Vacuum Bag

· Curing

· Autoclave

· Room Temperature

With research, the group will combine the best of these areas to create four fuselages.  These will be tested with a drop test at different angles and velocities to simulate different landing and crashing situations.  These models and their performance will be compared to expected properties in order to narrow the field.  Any unusable design will be removed at this time.  The group will then rebuild and test practical design to ensure consistency.  A selection will be made from information gathered from these constructions and test.  After a selection is made the group will get quotes from manufacturers on small-scale to large-scale production of this fuselage.

Selection and Focus

Because of the number of options in the composites world, the field of options had to be narrowed to bring this project into focus. After research and help from expert advisors, decisions were made based on the feasibility of each portion of the project.  In this case, a design matrix was not used because the nature of the project provided enough constraints to vastly narrow the field. The areas of research were materials, resin, molding, and curing.   

Material

Because of weight restrictions, the main fuselage shell will have to be constructed from carbon fiber.  Glass fiber and Kevlar are very strong, but in order to keep the fuselage within 130% of the weight of the current model, the shell must be made predominantly from light carbon fiber.

Resin

The first structures will be constructed with Epon epoxy because of strength and availability.  According to resources, this is one of the main industry standards for use with carbon fiber.  If weight reduction is required, less dense epoxy from Epon can be used.

Molding

To increase aerodynamics and shell integrity, the group will explore the possibility of creating a female mold.  The current fuselage is constructed from a male mold where the material is wrapped around the mold.  This makes the inside of the shell very smooth and precise and leaves the outside very susceptible to imperfections that can cause drag.  A female mold would lay the carbon fiber into a mold with the outside of the shell being formed by the mold. This increases aerodynamics and efficiency.  

Curing

The shell will be cured at room temperature because of the availability of an autoclave.  With proper catalysts, this process creates a strong part that allows for mass production without the requirement of a large autoclave.   

Focus

The new, narrowed focus will deal with the construction of more accurate and efficient female molds.  The team will examine the feasibility of making a mold that can produce multiple shells at one time.  Along with molding, the team will investigate the most efficient ways to reinforce the carbon fiber shell with composite foam, Kevlar and other materials.  This will increase the MAV’s ability to absorb energy on landing or impact without structural failure.   A new area of focus is fastening the two molded halves of the fuselage together.  Currently, the fuselage is assembled with polymer screws so that, on impact, the screws shear instead of cracking the shell.  The group will investigate other methods of joining these halves to more efficiently spread stress concentration and reduce weight.  

Final Design
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