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1.0 Abstract
Lockheed Martin’s Training and Simulation Division delivers training and simulation technologies to defense and civil customers worldwide.  One of the infamous training solutions developed for the United States military is the Virtual Combat Convoy Trainer (VCCT).  Using a full-scale Humvee and simulation system that replicates scenarios troops might encounter, it enables combat crews to communicate, maintain situational awareness and acquire targets while moving at highway speeds operating in a convoy environment.  The purpose of this project was to design a wind generation system that replicates vehicle movement at 40 mph for the simulators and a system that provides wind bursts to the simulators that replicate conditions around IED/explosions.  It was recommended that the system must be inexpensive, sources of wind should be hidden, and excessive amounts of heat should not be added to the system.  After careful consideration of the clients needs, the design team decided to create two subsystems, the Vehicle Movement System and IED/Explosion System.  The addition of these two subsystems to the VCCT would provide a more realistic training experience for all occupants in the simulator.  The Vehicle Movement System would stimulate the soldiers’ senses as if the vehicle would actually be traveling through the desert and the IED/Explosion System would stimulate the soldiers’ senses as if they were actually in a vehicle around explosions in a convoy environment.  Therefore, military troops are able to test their maneuverability skills on unfamiliar terrain conditions, practice the techniques, tactics, and procedures that would come into play if they were in a real-world combat situation.  
2.0 Introduction
2.1 Project Background
Lockheed Martin Corporation was formed in 1995 as a lead systems integrator and information technology company.  Lockheed Martin’s Training and Simulation Division delivers training and simulation technologies, as well as live training, to defense and civil customers worldwide.  One of the infamous training solutions developed for the United States military is the Virtual Combat Convoy Trainer (Figure 2.1).  The Lockheed Martin VCCT consists of a 53-foot, self-contained, deployable commercial trailer (Figure 2.2). Using a full-scale HUMVEE and simulation system that replicates scenarios troops might encounter, it enables combat crews to communicate, maintain situational awareness and acquire targets while moving at highway speeds operating in a convoy environment.     
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                 Figure 2.1 VCCT                                  Figure 2.2 VCCT Deployable Trailer


The VCCT provides training for drivers, shooters, communicators, and decision makers—each according to the unique requirements of their position, tactical circumstances, and unit or service standard operating procedure.  Therefore, military troops are able to test their maneuverability skills on unfamiliar terrain conditions and practice the techniques, tactics, and procedures that would come into play if they were to find themselves in a real-world combat situation.  
During the simulation, troops come in contact with a variety of unpredictable situations such as: enemy-made obstacles, IEDs (Improvised Explosive Devices), friendly civilians, and enemy fire.  Military troops learn the importance of being able to accomplish a mission effectively without being distracted and thrown off course by surrounding obstacles during the simulation. 
2.2 Needs Assessment
On September 14, 2006, the team made initial contact with the Lockheed Martin representative requesting details of the project.  On September 25, 2006, the client responded via email with the following request: 

 “Hot wind bursts are desired to be added to the GVSC/VCCT/RVS systems in order to stimulate soldiers’ senses during training exercises.  An inexpensive means to stimulate the senses in the desert training and near an IED/explosion is needed.  The GVSC is our in house training solution center.  The VCCT and RVS are deliverable simulators used to train soldiers on tactical operations.  The challenge here is to “hide” the source of the wind blasts.  It is a must that the velocity of the wind blasts be software controlled.  Adding more heat in the simulator is not desired.”
2.3 Project Scope
The scope of the Combat Vehicle Simulator project is to design a wind generation system that replicates vehicle movement for the simulators and a system that provides hot wind bursts to the simulators that replicate conditions around IED/explosions.  The team will address the issue of adding hot wind bursts to the training module without adding excessive amounts of heat to the simulator; an excessive amount of heat may cause problems with the electronic components in the training environment. The team also wants to provide variable wind conditions within the system that mimic the velocity, frequency, and variations of a vehicle’s movement through the desert.  The system will be software controlled allowing for minimal maintenance and easy ability to change the settings if necessary. In designing this system, the client’s requirement that the system be as discreet as possible, will be kept in mind. The client also wants the design to be as inexpensive as possible. Ultimately, the team will design an inexpensive, yet optimal vehicle movement system and an IED/explosion system that will stimulate the soldier’s senses during training exercises.
3.0 Initial Conceptual Design & Selection

3.1 Background Research
Once the needs assessment was received from Lockheed Martin, the group immediately began the brainstorming/ideation process.  During this process, all ideas about how to possibly construct this wind system for Lockheed Martin were discussed. Fans, blowers, or compressors were considered to function as the wind sources for the system.  The addition of heating coils to the system was suggested as a means of allowing the system to emit hot wind.  Background research was done on HVAC systems in order for the team to gain a clear understanding of how duct systems operate, since the system will operate very similar to a HVAC system.  Fans, blowers, and compressors were researched so that the one that best met the needs of the system could be selected. 
3.1.1 HVAC Systems and Materials
HVAC (Heating, Ventilation, and Air-conditioning) systems control the temperature and the humidity of the air within a building.  The three components of the HVAC system perform three different, but closely related functions.  
The heating system consists of a heating element, such as, a boiler, furnace, or a heat pump that heats water, steam or air in a central location.  The system also consists of piping or ductwork to ensure that the heated fluid is distributed and radiators to transfer this heat to the air.  The types of ductwork most common in the United States are flexible types, rigid types, or sheet metal types.  These various types of ducts may be comprised of the following materials:  uncoated carbon steel, PVC plastic pipe, Aluminum, galvanized steel, fiberglass, flexible metallic and concrete. The material composition of the duct depicts how much of a frictional loss the airflow will incur inside the duct.  Uncoated carbon steel, PVC plastic pipe and aluminum ducts have smooth surfaces, which will yield a smaller frictional loss.  Galvanized steel has a medium to average smoothness.  Fiberglass, flexible metallic and concrete materials have a rougher finish which yields a larger frictional loss.  Ducts most commonly used to carry air are round, square, or rectangular in shape.  

Ventilation is the changing of air in any space to remove moisture, odors, smoke, heat and airborne bacteria.  The ventilation consists of the exchange of air to the outside as well as the circulation of air within a building.  Forced or mechanical ventilation, such as an exhaust fan, is used to control indoor air quality.  Natural ventilation exchanges outside air with the air inside of a building without the use of a fan or other mechanical systems. The air-conditioning component provides heating, cooling, and ventilation and humidity control for the building. 
3.1.2 Fans and Blowers
Fans and blowers are devices used for agitating air or gases, or moving them from one location to another.  Fans are generally used for ventilation or cooling purposes.  The axial fan consists of moving blades that force air to move parallel to the shaft about which the blades rotate. Fans are ideally designed to deliver a high flow rate in low pressure applications.  Blowers have an impeller that consists of a single shaft about which a set of blades form a spiral pattern.  When the impeller rotates, air enters the blower and exits in a direction perpendicular to the shaft.  A blower has a flow rate that is relatively lower than that of a fan and is typically used for higher pressure applications.
3.1.3 Compressor Systems
Compressed air is air that is under greater than atmospheric pressure.  An air compressor is a device that uses pressure to compresses air.  Compressors are classified as reciprocating, rotating, centrifugal, or axial flow compressors.  Reciprocating compressors use the action of a piston to draw air into the cylinder, pressure is created on both sides of the piston which allows the compression of the air.  The rotary vane compressor uses a non-centered rotor with sliding vanes.  As the rotor rotates, spaces are formed by the sliding vanes.  These spaces expand and contract while the rotor rotates allowing air to enter and become compressed.  Rotary screw compressors (axial flow) consist of two meshing helical rotors that rotate in opposing directions.  The space between the rotors decreases axially, which compresses the air trapped between the rotors.  Centrifugal compressors use high speed rotating impellors to accelerate air into the tank and compress it.  
Reciprocating compressors are most suitable for applications that are short-term or intermittent and a fluctuating load may be involved.  Rotary screw compressors (axial flow) are best used in situations in which a constant supply of air is needed.  Centrifugal compressors can be used in various applications, but they are best suited for applications in which large quantities of air are in demand.  A chart that compares the different compressors is displayed below in Table 3.1.
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Table 3.1 Compressor Comparison
3.2 Concept Selection
After individually analyzing each design concept (reference in Appendix B Concept Generation),  SEQ CHAPTER \h \r 1they were collectively analyzed by a decision matrix shown in Table 3.2 below. 
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Table 3.2 Decision Matrix

The decision matrix consisted of the five categories which the group felt were most important in designing the system. The coverage area of the design held the most weight in the matrix since the team felt that it was the most important.  The team has a limited budget for this project; therefore cost was the second most important category on the matrix. Safety is always a concern, so safety held the third highest weight.  The size of the system was also important since there was limited space inside the training module, so size held a slightly higher weight than durability.  Durability is an important design factor even though it does have the least weight in the decision matrix. 

After imputing all of the values for each of the designs into the decision matrix, design number one was chosen because it achieved the highest overall rating in the matrix.  The performance of design #1 was high, because it had the best coverage area for the simulator with its vents being positioned on all sides of the simulator and in the corners as well.  It has simple ductwork and does not require any rotating or complex parts which may raise maintenance costs.  The size of the design is desirable since it does not require much material to construct it.  The design had a high durability rating because it does not present many maintenance problems and can easily withstand the normal operating hours of the simulator.  For safety, design number 1 received a high rating because it does not present any real hazards (tripping, high noise, burning, etc.) for the participants in the simulator. 
4.0 Final Design

4.1 Project Scope Update
After the initial design concept was selected, the team was able to schedule a teleconference with the Lockheed Martin sponsor, David Bogle.  After he reviewed the initial design, more particular specifications that needed to be incorporated into the design were discussed.  The teleconference was very helpful in that it clarified what Lockheed Martin wanted the system to accomplish, which had been slightly misinterpreted by the team initially.  Initially, it was thought that the team should create a system that could simulate the wind conditions found in a desert environment.  After speaking with the sponsor, it was found out that the focus of the project was not to actually simulate desert winds, but to simulate the wind felt by the occupants of a vehicle traveling through the desert.  This actually reduced the complexity of the system by means of requiring wind from only the front of the simulator vehicle.  Another aspect that needed to be added to the original concept was wind bursts that simulate winds caused by Improvised Explosive Devices (IEDs) and other explosions.  

After the teleconference with the sponsor, it was decided that it would be helpful to view the simulator for which this system was being created.  Viewing this system gave the team a better understanding of the constraints to which the system would be subjected.  From the visit, the team got a much better idea of how the simulator worked and of all the restrictions that may possibly interfere with the design.  It was also discovered that the space in which the design must fit in was very limited.  It was helpful to see the components that were currently being used in the pre-existing system. This helped to determine if there was a way of integrating some of the pre-existing hardware into the new design in order to reduce the overall system cost. 

Although many of the design concepts of the initial design could be reused to complete this new task, there were still some aspects for which solutions had to be found.  Due to this new change in the understanding of the sponsor’s wants, there were some extra aspects that needed to be evaluated and researched.  It was decided that the task should be divided into two different subsystems.  The first system would be that of the wind generation due to the vehicle movement and the second system would handle the tasks of creating wind bursts as seen from IEDs and other explosions
4.2 Vehicle Movement System
4.2.1 System Specifications
The first subsystem of the design will simulate the wind felt by the occupants of a vehicle while traveling in combat situations.  Due to the many different training scenarios that the soldiers are exposed to, this system must be able to handle a variety of wind speeds that can be integrated into a computer controlled system.  Based on sponsor recommendations and what the design team had seen during the visit of the simulator, the specifications seen in Table 4.1 were chosen for the Vehicle Movement System.
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Table 4.1 Vehicle Movement System Specification Table
4.2.2 Concept Generation and Selection
From these specifications, and a better understanding of the sponsor’s requests, it was determined that the final design would resemble the layout seen in Figure 4.1. 
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Figure 4.1 Placements of Wind Generators for Vehicle Movement System

 Due to the limited amount of area available for use in the simulator, it was determined that the best placement for the wind system would be on the front corners of the simulator training room, behind the projector screens.  This would allow the wind systems to be hidden and out of the way of the simulator training area.  Alternate designs called for the wind system to be placed directly in front of the vehicle, however, lack of space and pre-existing hardware greatly hindered these designs.  Two wind generators were selected so that the occupants of the vehicle would experience a more realistic forward motion rather than wind coming from only one side of the vehicle.  

Because the vehicle in the simulator can be reconfigured to face in either direction, it is necessary for the design to be able to produce wind from the front of the vehicle no matter which way it is facing in the training module.  This brought the team about two options.  The first option would be to have a system that was stationary and could produce wind from either direction or to have a system that could be moved and repositioned to provide wind from the alternate side of the simulator as a second option.  Another factor that had to be considered was the fact that the area inside the trailer is not always constant.  When the simulator is being used, the sides of the trailer are expanded outward to create enough room for the simulator to be set up.  However, when the trailer is in transport mode, the sides of the trailer are folded in so that it is roughly the same width of a commercial trailer.   On the inside of the trailer, the only area that remains unchanged is the area that encompasses the width of the simulator vehicle.  This means that everything located to the sides of the vehicle during simulation, must be able to easily store when the simulator is being transported. Due to this restriction, and the reduction in cost, weight, and size, the design team opted for the moveable design. 

Another request of the sponsor was to have the wind heated so that it resembles that of a desert environment.  They also ask that the system not add an excessive amount of heat to the simulator due to the fact that there are many electronic components in the simulator training room.  To complete this task, we determined that the best approach would be to add a heat generating device within the ducting so that the air is heated as it flows past it.  If the temperature of the room becomes too high, the amount of heat given off by this device would be reduced, and the warm air in the room would continue to be circulated through the system.

After carefully considering all the variables that we were faced with for this part of the design, a prototype for the vehicle movement system was created.  This design can be seen in Figure 4.2.  It consists of a fan, ducting, heat generator, and a directional vent.  
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Figure 4.2 Wind Generator for Vehicle Movement System
It was decided that the fan should be oriented vertically rather than horizontally to reduce the amount of losses that would be incurred if the air flow path had to make another 90 degree turn.  When mounting the fan in this orientation, one factor that had to be considered was that there would have to be enough room left below the fan to provide the required air intake.  After speaking with some fan manufactures about this, it was said that a general rule of thumb is to leave a space equal to at least one diameter of the installed fan below the intake portal.  However, due to the space restrictions of the training module, it was determined that there would not be enough room to fulfill this with the fan mounted in either a vertical or horizontal orientation.  Therefore, it was decided that this height would be reduced so that the system would be able to fit into the available space.  To have this fan mounted vertically, it would be necessary to have a way of mounting it in that position.  This mounting device would not only have to withstand the weight of the entire vehicle movement system, but it would also need to keep it from tipping when the wind is being generated from the system. 

The components of this system must be able to assemble and disassemble fairly easily and in a timely matter.  This is because the entire system must break down into smaller pieces to be moved and stored when the trailer is being transported.   The system must also be moved to the other end of the trailer when the opposite side of simulator vehicle is used as the front.  Because this simulator is designed for the government, there are requirements for the time required for the entire system to be assembled and disassembled.  Therefore, it is necessary to have connections that allow quick and easy assembly and disassembly.  The system will be designed to break down into five different parts.  These include the fan mount, fan assembly, reducing duct section, heat generating device, and exiting vent section.  These sections can be seen below in Figures 4.3 through 4.7, respectively.

	[image: image8.png]



Figure 4.3 Fan Mount
	[image: image9.png]



Figure 4.4 Fan Assembly
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Figure 4.5 Reducing Duct
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Figure 4.6 Heat Generating Device
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Figure 4.7 Exiting Vent


4.3 IED/Explosion System

4.3.1 System Specifications
The second subsystem of the design will simulate conditions around Improvised Explosive Devices (IEDs) or explosions.  Wind burst will be added to the training module to stimulate the soldier’s senses when explosions occur during the training sessions.  The wind bursts will be software controlled to ensure that the system that the team has designed will operate proficiently when the explosions occur during the training sessions.  Based on the sponsor’s recommendations, the design team has developed a list of system specifications listed in Table 4.2.
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Table 4.2 IED/Explosion System Specifications
4.3.2 Concept Generation and Selection
From the specifications listed in Table 4.2 above and the design teams understanding of the training modules space restrictions, the final design will resemble the layout in Figure 4.8.  
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Figure 4.8 IED/Explosion Subsystem

The wind bursts will be generated from a compressed air system that will be integrated into the simulator.  A hose will run from the tank, located in the storage room, into the HUMVEE to provide wind bursts to the occupants inside of the vehicle. The air bursts will be provided by nozzles located in the top corners of the vehicle’s door pillars as shown in Figure 4.8.  At door pillar A, the front pillar of the vehicle, a nozzle will be located on each side of the vehicle to provide a frontal stimulation for the driver and front passenger.  At door pillar B, the middle pillar of the vehicle, two nozzles will be located on each side of the vehicle to provide rear stimulation for the driver and front passenger and a frontal stimulation for the rear occupants.  For door pillar C, the rear pillar of the vehicle, a nozzle will be located on each side of the vehicle to provide rear stimulation for the rear occupants.  In addition, a hose will run from a T-fitting (connecting both lines to one tank), from the storage room along the ceiling to where the projectors are located to provide wind bursts to the gunner.  Four nozzles will be located overtop the gunner in four orientations as shown in Figure 4.8 above.
The IED/Explosion subsystem will have two electrically actuated valves.  One valve will be located in the HUMVEE and the other valve will be located overtop of the gunner.  These electrically actuated valves will be used as controlling devices that will be operated by computer software.  Therefore, when explosions in the training module occur on the left side of the vehicle, the electrically actuated valves will only allow the nozzles on the left side of the vehicle to release wind bursts to the occupants inside the vehicle and the gunner.  In contrast, when explosions in the training module occur on the right side of the vehicle, the electrically actuated valves will only allow the nozzles on the right side of the vehicle to release wind bursts.  

5.0 Component Selection
After the initial design was modified to fit the specific requirements, components that would bring the concept to life were selected.  As stated previously, the overall system has been separated into two distinct subsystems and the components for each system were selected. Once each subsystem had the proper components, the next step in the process was to ensure that both systems could be properly integrated with the client’s software.

The main focus of the component selection is to use components that are readily available in the market. Therefore, in the event a part needs to be replaced, it will be very easy to reorder from the manufacturer with little wait time. Designing and building custom components will only increase the costs of any project significantly.
5.1 Vehicle Movement System
The components for the wind simulation will be produced by an axial fan that will push air through a duct system and out of a vent near the ceiling. There will also be a heating duct located in the duct system that will provide heat to the wind throughout the simulation as shown previously in Figure 4.2  
5.1.1 Fan

The design required a wind producing device that could fit in a compact area and sufficiently provide a required volume of air to the training module. After doing extensive research, it was proposed that an axial fan would be used as the wind source. An axial fan was chosen because it was compact and available in a variety of sizes. Using the determined specifications, it was calculated that the fan must be able to produce at least 28,700 CFM.  From research and networking with various fan companies, it was found that a fan that could produce this amount of flow volume would be fairly large. This setup could turn out to be quite expensive due to its large size and specifications. After thorough research and talks with the New York Blower Company, the 427 Direct-Drive Duct Fan (Figure 5.1) was selected as the best option. This fan would be able to provide 40 mph winds to the training simulator. 
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Figure 5.1 Direct-Drive Duct Fan
The 427 Direct-Drive Duct Fan will include the optional inverter-duty motor with the variable frequency drive (VFD). The addition of the Variable Frequency Drive motor will allow motor speeds to be varied by changing the input frequency to the AC motor. In the event the gust is too powerful, the fan speed can always be reduced down to a reasonable level.  This fan has a blade diameter of 42 inches and weighs approximately 396 lbs. The fan also needs a 460V, 3-phase connection.  This exceeds the size, weight, and voltage specifications that were determined for this part of the design.  Other fans that were found were slightly smaller and lighter however, they would cost over twice as much as the 427 Direct-Drive Duct Fan, and the power requirements would still be similar. From all the information and comparison the 427 Direct-Drive Duct Fan was the best fan for the job.

It is the team’s opinion that this much wind may be a bit excessive in stimulating the senses of the soldiers.  The effects of this much wind to the screens and other components in the simulator would need to be examined to determine if they could withstand the forces created by these wind speeds. 
5.1.2 Duct Work
From the fan, the wind will be channeled into an aluminum duct system. The duct system will be made 1/8” aluminum sheets. The duct will be 2 feet in width by 2 feet in length. Aluminum 2024-T3 sheet metal was chosen as the duct material because it is a strong, lightweight material that is commonly used in industrial HVAC applications. This type of aluminum alloy was also less expensive and easier to machine compared to other aluminum alloys. Aluminum will easily handle the pressure of the air in the duct system. Using aluminum also ensures that the duct will have strength as the air passing through the duct is heated to a high temperature. Other plastic materials might melt, ignite, or lose structural integrity at our operating temperature. 
The duct system will consist of a 1/2 of an inch thick rectangular aluminum plate that will connect to the outlet of the fan with 9/16 of an inch screws and accompanying washers and nuts. This plate will serve as a connection between the end of the fan and the beginning of the reducer. This plate will also support the bulk of the weight from the rest of the duct system and its accompanying components. A reducer will condense the duct area from about 12 square feet to 4 square feet in a matter of 24 inches. Constructing the reducer will require cutting and welding of the aluminum sheets (See Appendix C). The heat duct will be installed 2 inches after the reducer. The vent will attach directly to the heat duct completing the wind system. The event will also be a custom piece that requires cutting and welding of the aluminum sheets. More on the vent will be mentioned later. The entire duct system will be connected by 3/4 of an inch flanges and 1/4 of an inch screws with accompanying washers and nuts.  An 8 feet in width by 8 feet in length section of sheet metal will provide all the material needed to construct the reducer, the vent, and the flanges. The cost of this 1/8 of an inch thick sheet was $1,935.36 from Online Metals.com.
5.1.3 Heat Duct
A heat duct will be installed to heat the airflow between 70 and 100(F. The heat duct is essentially a duct with a number of heat coils on the inside of the duct. There is a controller box on the outside of the duct that controls the amount of voltage the coils receive at a given period of time.
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Figure 5.2 INDEECO Heat Duct

The heat duct will have the same dimensions as the original duct work allowing for a perfect fit. INDEECO Heating Solutions is a company that specializes in the heating of different fluids for industrial HVAC applications (See Figure 5.2). This company would be able to provide a coil heating system in any size with flanges to connect to the surrounding duct work. The optional SCR proportional power controller with an electronic step controller will also be needed. The SCR controller has the RS-232 port which will connect the client’s system to the heating system. This is very convenient because there is no need for a separate controller to regulate the amount heat provided by the coils. It will also allow for simple integration and control with Lockheed Martin’s software. From calculations and charts located on INDEECO’s website, the aforementioned system will use a 220V connection. The Heat Duct will have a 117 KW power rating. This heat duct will provide an additional 13(F of heat to the wind while the fan is moving its maximum volume of air.  The specified heat duct will cost $4,297.00 per talking to INDEECO sales representatives.
5.1.4 Vent
The last part of the wind system is the vent. The vent will be custom made from 1/8 of an inch aluminum sheets. The entrance of the vent will be 2 feet in width by 2 feet in length to match the heat duct. The exit of the vent will be 2 feet in width by 1 foot in length. Once cut and formed into its proper shape the vent can be welded together. It is very important that the expansion of the vent area is not too great. A dramatic expansion of the area can cause excess turbulence in the air flow. This will ultimately cause the speed of the wind to decrease dramatically. The vent for the wind system will not have an expansion because the cross-sectional area of the vent was wide enough already. All parts of the vent protruding into the simulator should be painted black to match the surrounding sheet cover. This black sheet cover (already provided in the simulator) blocks any outside light from appearing in the simulator. The black sheet can be secured to the vent section of the system by Velcro or any other means to ensure that no light will shine trough into the simulator.
5.1.5 Software Integration
The only devices that needed to be controllable were the fan and the heat duct. As mentioned earlier both components were selected with integration requirements in mind. The Variable Frequency Drive motor in the fan was designed to be controlled by software similar to that of the client.  The heat duct uses an SCR controller with an available RS-232 port output.  Both products allow for total custom control by the user. 
5.2 IED/Explosion System
The compressed air system will provide the bursts of wind simulating a blast from an IED. The compressed air system consists of an air compressor and tank, two electrically actuated valves, air nozzles and hoses. Although there is an air compression system currently being used in the training module for other pneumatic devices, it is recommended that a separate air compression system should be used. This will prevent any chances of loss of air pressure to other simulator components during times where the compressed air system will be put in strenuous use. The compressor and tank will be located in the storage room behind the simulator. From there, a hose will run from the tank to the ceiling of the simulator, right above the gunner. This hose will be connected to a 5-way solenoid valve. The valve will transport the air to the four nozzles located in its perspective quadrant. There will be another line that will run underneath the HUMVEE and it will connect to a 3-way solenoid valve. There will be two smaller lines that will branch of to the 3 pillars of the vehicle the nozzles will be attached at the end of the hoses. For ease of design, all hoses will be male NTF connections.  All other components will have female NTF connections.
5.2.1 Air Tank and Compressor

The tank and compressor is a vital part of the system. From research and talks with experienced nozzle producers, a way to relate the pressure to the force of the air when it leaves the nozzle was found. Their test system used a tank pressure of 80 psig. There is a chart that relates the force (in ounces) each nozzle will produce according to the standard tank pressure and a standard distance of 12 inches. Using this information it was determined that only a maximum pressure of 80 psi was needed to produce between 9 ounces to 10 lbs of force. Using McMaster-Carr and Grainger we are easily able to select a 100 psi compressor. Since an IED burst is sporadic it is not necessary to have a large tank. A 20 gallon tank will provide more than enough air for a 2 second burst of wind. A lot of simulated IED bursts can be produced because the nozzles use very little air to produce a significant wind burst.

5.2.2 Valves

The system needs valves to control the flow of the air bursts. The valves will determine what path the bust will go to and how long each burst will last. The IED system inside the HUMVEE will require a 3-way valve. This valve will allow air to travel to the nozzles located on either the left or right side of the vehicle. The IED system for the gunner will require a 5-way valve. This will allow the wind blasts to come from any one of the four nozzles located above the gunner. 
Because this system must be integrated with the client’s software, it was decided to use electrically actuated valves. This was the best choice because it allows the opening and closing of valves to be controlled by a voltage input. This voltage signal can easily be controlled by the client’s computer system. (Controllers will be discussed later on). 
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Figure 5.3 Example of an ESCO Electrically Actuated Valve
EVSCO Elliptic Valves provide a wide range of electrically actuated polypropylene valves that fit the application needs (See Figure 5.3). Their valves need little to no maintenance, are adjustable, and are corrosion resistant. All of their valves handle at least 100psi, which is acceptable for this system’s pressure specifications. The RE series, 3P 3-way valve with 90 degree rotation was chosen for the 3-way valve (See Figure 5.4).
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Figure 5.4 Flow positions of 3-way valve
 For the 5-way valve the team recommends the RE series “Single L” model with bottom entry. This valve has 4-way positioning with 360( of rotation as shown in Figure 5.5. 
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Figure 5.5 Flow positions of 5-way valve

The Re series 3-way valve will cost $339.75. The RE series 5-way valve will cost $573.75.
5.2.3 Nozzles
One of the most important parts of the IED design is nozzle selection. All factors of the design can change depending on the type of nozzle selected. There are infinite combinations of pressures and nozzle types that will produce just as many different forces. It was very important to have a standard basis for the pressure so that the components can be established accordingly.  Nozzles work by increasing the incoming air velocity by reducing the cross-sectional area of the exit.  They produce a higher flow velocity with less noise than an open pipe. Force and noise are the greatest concerns with this component of the compressed air system. 

EXAIR Corporation is a company that provides compressed air products for industrial applications.  From their website, the team was able to obtain a table that relates air pressure to the amount of force a nozzle would impose on a subject at a distance of 12 inches from the nozzle. It was estimated that the occupants inside the HUMVEE would be in a range of 6-12 inches from the interior nozzles, while the gunner would be at a maximum of 24 inches from the overhead nozzles. Using the air nozzle specification chart, the EXAIR 1100ss Stainless Steel Super Nozzle was chosen for the interior nozzles (See Figure 5.6).  It produces 13 ounces of force from 80 psi and has a sound level of 74 dBA. The inlet size of this nozzle is 1/4 inch. Eight of these will be needed for the interior of the HUMVEE. 
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Figure 5.6 EXAIR 1100SS Air Nozzle with diagram

 For the exterior gunner setup, the EXAIR 1104 Zinc-Aluminum Super Nozzle was chosen (See Figure 5.7).  It produces 30 ounces of force from 80 psi and has a sound level of 82dBA.  The inlet size is 3/8 of an inch. The extra force was needed to accommodate for the extra distance between the nozzle and the gunner.  The gunner IED system will require 4 nozzles.
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Figure 5.7 EXAIR 1105 Super Air Nozzle with diagram
5.2.4 Compressed Air Hoses and Connections

Air Hoses are widely available in the market and come in many lengths and sizes. The main focus for the hoses is that they will be able to provide the required pressure air and properly fit the various components of the system. Hoses were chosen over a hard-line due to their flexibility.  The hoses will need to maneuver around impeding obstacles, which are frequent in the crowded simulator room. The air hose going to the interior of the HUMVEE will be a standard 3/8 inch diameter hose that is 50 feet long shown in Figure 5.8. This will give a lot of length with extra to spare if it is needed. It will have 1/4 inch MNPT fittings at the end to connect the air tank to the 3-way valve. From the outlet of the 3-way valve, a 3-way splitter would be used to split the burst into its three quadrants inside the vehicle. As seen in Figure 5.9, DynaQuip Controls provides a 3-way hose manifold through Grainger (item # 4hk96).  After the manifold, 3/8 of an inch hoses with 1/4 inch fittings can be used to connect the splitter to the nozzles. The gunner system will also use a 50 foot, 3/8 of an inch diameter hose and fittings to extend from the compressed air tank to the gunner system. Both hoses are available through Grainger (items# 6z788 and 4z899). 
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Figure 5.8 50’ PVC hose                  Figure 5.9 DynaQuip 3-way manifold
This hose will connect the air tank to the 5-way valve. From there hard-lines with 3/8" fitting can be put in to connect the valve to each nozzle. A hard-line would be more appropriate to add strength and sturdiness since this system will be hanging from the ceiling.

5.2.5 Software Integration

The only components that need to be controlled are the electrically actuated valves.  These valves were specifically designed to work with a programmable logic controller (PLC). Lockheed Martin has the PLC needed to control the valves for this system.
6.0 System Prototypes 
6.1 Vehicle Movement System
The prototype design of the vehicle movement system consisted of a 5080 CFM fan, a duct system, and one vent.  The dimensions of the actual system were scaled down by 1/2 for the prototype. One fan was chosen to model the system since the two fans in the actual system are the same.  The heat duct for the system was not be integrated into the model because attempts to locate one within the project budget were unsuccessful.  A pitot-static probe was used to measure the pressure of the jet produced by the system.  These pressure measurements were used to analyze the system’s velocity profile.

The purpose of this prototype was to prove that its acts similarly to a turbulent plane jet.  The centerline velocity vs. distance relationship for a turbulent plane jet can be modeled by:

Y= x -½



Equation 6.1
If the velocity vs. distance relationship of the prototype behaves in a similar manner as the above function, then we can assume that the actual system will behave similarly.  

6.1.1 Fabrication & Assembly

The vehicle movement system consisted of an axial fan and a duct system. The duct system was fabricated before it could be attached to the fan.  Prior to fabrication, engineering drawings were developed for the duct system. Once the pieces of the duct system were fabricated, the assembly of the duct system was scheduled to begin.  The initial plan was for all of the fabricated pieces to be welded together. However, due to the thinness of the metal, welding could not be done. The welding process would have burned straight through the material.  It was determined that the best possible solution was to use rivets to connect all the fabricated pieces. Once all the pieces were joined, silicon sealant was used to create airtight seals where the sheets were connected. Once the fabrication and assembly of the duct system was completed, the duct was attached to the high speed fan, using 3/8" bolts and nuts.  The complete prototype system is shown below in Figure 6.1.

[image: image25.jpg]-




Figure 6.1 Vehicle Movement System Prototype
6.1.2 Testing Method

To study the decay of the jet velocity over distance, velocity profiles of the jet were examined at specified locations downstream of the vent exit.  A pitot-static probe was used to obtain pressure measurements of the jet, because of its high level of accuracy.  The fan assembly was placed at a designated position and the pitot probe was placed directly at the center of the vent exit.  The fan was turned on and the pressure reading at the center of the vent exit was obtained by means of a digital pressure meter.  The pitot probe was then moved upwards in one centimeter increments and the corresponding pressure readings were recorded.  This process was followed until the upper boundary of the jet had been found.  The same procedure was followed on the lower portion of the jet.  From these pressure readings, the vertical velocity profile at the exit of the vent was calculated.  Following the same procedures, the vertical velocity profiles were calculated at one foot intervals to a maximum distance of six feet.  A maximum distance of six feet was chosen because it is the half scale distance to the gunner position in the actual system.  This gunner position is the primary target of the vent system.               

6.1.3 Testing Results & Analysis

The analysis of the data obtained from the testing of the Vehicle Movement System prototype produced the flow profile seen in Figure 6.2.  This figure shows how the air flow developed over the testing distance.  Both the spread of the jet and its relative velocity can be seen for the different testing locations.  It can be seen in this figure that there was a negative velocity obtained at the top of the vent exit.  This is most likely due to a large turbulent formation occurring from the sharp 90 degree turn of the duct system.  This sharp turn was caused by a mass flow separation, which introduced vortices into the air flow.  
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Figure 6.2 Vertical Velocity Profile of Prototype Over Distance

** Note:  X-axis distance is not to scale**

The spread rate of the air flow from the vent and the velocity vs. distance relationship of the air flow were analyzed.      

The theoretical spread rate of a plane rectangular jet is 0.11 (Chen 99).  This theoretical spread rate was compared to the experimental spread rate of the air flow from the vent.  From the spread rate data collected from the experiment (Figure 6.3), the spread rate from the vent of the prototype was 0.1181 for the flow above the centerline velocity and 0.1083 below the centerline velocity.  The first two points were disregarded for the spread due to their deviation from the rest of the points.  It is most likely that this deviation is due to the large turbulent area found at the top of the jet exit.
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Figure 6.3 Spread Rate of Rectangular Vent

As a result, the spread rate of the air flow from the prototype is very similar to the expected theoretical data.  The flow above the centerline velocity had a percent error of 7.36% and the flow below the centerline velocity had a percent error of 1.54%.  

From the test data the centerline velocity was plotted against the distance from the vent exit.  The maximum velocity of the air flow at the vent exit was 42.76 mph and it decreased to a velocity of 15.79 mph six feet away from the vent exit.  This can be seen in Figure 6.4 below.  
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Figure 6.4 Centerline Velocity vs. Distance Graph

Theoretically, the velocity of a turbulent plane jet decreases as the distance from the jet increases at a rate of x-1/2, where x is the half width of the jet (White 512).  The velocity vs. distance graph (Figure 6.5) shows that the velocity of the air flow decreases at a rate similar to x-1/2.   
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Figure 6.5 Non-dimensional Velocity vs. Distance Graph

This graph is in non-dimensional units and can be scaled to any size model.  Assuming that the actual system follows this model, the centerline velocity at the vent exit should be approximately 115 mph in order for the target to attain 40 mph winds.  With no losses, the average velocity exiting the actual vent system would be 163 mph.  Assuming this is the centerline velocity, the duct system must be at least 72% efficient for this fan to reach the specified wind requirements.  
For a turbulent rectangular jet, the potential core vanishes at a distance of about one diameter from the exit (White 471).  As the distance from the vent increases, the theoretical profile of the velocity develops a flatter shape.  Velocity profiles for the prototype were developed at 0, 12, 24, 36, 48, 60, and 72 inches away from the exit of the vent.  Based on the velocity profile data collected from the experiment, which is referenced in Appendix F, the velocity profiles developed a flatter shape as the distance from the vent increased.  As a result, the velocity profiles developed in the experiment followed the theoretical trend.  
It was also observed from the data collected that the centerline height of the velocity drops as the distance from the exit of vent increases.  The total drop in height of this centerline velocity at a distance of six feet from the exit of the vent, shown in Figure 6.6, was 26 cm.
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Figure 6.6 Centerline Height vs. Distance Graph
After analyzing the data acquired from the Vehicle Movement System testing, conclusions were made in order to help improve the originally proposed design.  The prototype model experienced a mass flow separation prior to the exit of the vent.  This flow separation led to a lower exit velocity and a non-uniform flow profile.  Due to the fact that the prototype had a sharp 90 degree bend in the duct system, it is likely that it experienced more turbulence than the actual design would.  The actual designed system incorporated a rounded turn, which would help reduce some of incurred turbulence.  In order to further reduce the amount of turbulence created by the system, guide fins could be added to help direct the flow around the 90 degree turn to the vent exit.  Extending the length of the vent exit would also help allow the flow to redevelop before it leaves the vent exit.  A directional vent could also be added to the vent exit in order to help direct the flow to the desired target location.
6.2 IED/Explosion System

The IED/Explosion System prototype was built on a full scale to analyze the actual behavior and performance that the IED/Explosion System designed in Fall 2006 will produce.  The purpose of the prototype model is to determine the pressure at which this system will significantly and safely stimulate the soldier’s senses during training exercises to meet Lockheed Martin’s wind simulator needs.  It is not the purpose of the project to prove that the burst of wind from the system is the exact gust of wind that will occur at an actual explosion or IED.    Standardized testing of the prototype model will determine if the behavior and performance of the actual model will meet Lockheed Martin’s wind simulator needs.  If the wind simulator needs are not met, a system optimization proposal will be generated in the testing results section if the initial specifications of the actual model are changed.

A full scale model of a HUMVEE, constructed from plywood, was used to represent the HUMVEE in Lockheed Martin’s VCCT simulator.  The team chose to construct the driver side of the HUMVEE only (Figure 6.7), so that the setup and location of the nozzle components and hoses inside the prototype model can be viewed from the open side to show a representation of the setup of the actual model.  
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Figure 6.7 Driver Side Plywood HUMVEE

The IED/Explosion System model consisted of an air compressor, five air nozzles, five hoses, one air manifold, and one 2-way off/on switch valve.  The air compressor will provide compressed air to the system when the 2-way off/on switch valve was in the open position.  The compressed air exited out from the five nozzles in the system, one nozzle located at door pillar A, two nozzles located at door pillar B, one nozzle located at door pillar C, to provide air bursts to the individuals inside the HUMVEE and one nozzle located at door pillar B above the HUMVEE that provided air bursts to the gunner shown in Figure 6.8.  
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Figure 6.8 Interior and Exterior Nozzle Placement

With chairs located inside of the prototype model in their respective position to replicate the seats in an actual HUMVEE, individuals were able to actually experience the effect of the system when IED/Explosions occur during the training sessions.

6.2.1 Fabrication & Assembly

The dimensions for the model HUMVEE were found from direct measurements taken from an actual HUMVEE as well as measurements estimated using CAD software and photographs.  Once all of the necessary dimensions for the HUMVEE were found, CAD drawings were created to ensure that the parts could be fabricated with the available materials.  Due to the large size of the HUMVEE model, it was necessary to build the model in a way that it could be disassembled in order to move it.  It would be necessary for the HUMVEE to be separated into pieces small enough to fit through a standard doorway.  Once the CAD drawings were completed and met the required specifications, the fabrication of the model HUMVEE was started.  The body of the HUMVEE was cut from sheets of plywood using a jig saw.  Two-by-fours were used for support and for connecting the separate pieces of the plywood together.  A miter saw was used in order to quickly and accurately cut the two-by-four lumber.  

Once all of the body pieces were cut from the lumber, they were pieced together using various length wood screws.  In order to keep the system as hidden as possible, the air compressor was stored under the hood of the HUMVEE.  A firewall was placed between the passenger compartment and the hood area in order to keep the air compressor away from the passengers.  The air hose was connected to the air tank which ran to the side of the vehicle.  A switch was installed on this part of the air hose in order to control the blasts of air.  A hole was drilled into the firewall so that the air hose could be passed into the passenger compartment.  This hose was then connected to an air manifold which split the single line into five separate lines.  Each one of these lines would run to their respected air nozzle (Figure 6.9).  
[image: image33.jpg]



Figure 6.9 Firewall and Hose Installation 
Each of the five hoses was run against the interior wall of the HUMVEE as seen in Figure 6.10.  
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Figure 6.10 Hose Configuration

The entire length of hose was then enclosed within a small wooden casing in order to hide the system.  The nozzles were connected to the air hose using the designated set of fittings.   Each nozzle was connected to a swivel type fitting allowing some adjustability to different size passengers within the vehicle.  Holes were drilled in the wooden covering allowing the nozzles to protrude at their desired location, shown in Figure 6.11 below.
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Figure 6.11 Hose Enclosure

A hole was drilled through the roof of the HUMVEE model to allow the aerial nozzle to be placed.  The aerial hose was run up a two-by-four support and mounted to its proper location, shown in Figure 6.12 below.
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Figure 6.12 Exterior Nozzle Configuration
In order to reduce the risk of air leaks, all hose connections were secured by hose clamps and all pipe connections were sealed using pipe tape.  
6.2.2 Testing Method
Our purpose of testing the IED/Explosion System is to optimize the proper level of pressure of the system that safely but sufficiently stimulate the senses of trainees in the model.  Standardized testing of the prototype model determined if the behavior and performance of the actual model will meet Lockheed Martin’s wind simulator needs.  A qualitative testing approach was used to analyze the IED System prototype, in which, the force of the air burst, level of distraction, and level of the noise output from the nozzles was analyzed through a survey taken from those individuals that experienced the wind bursts from the system.  
To test and analyze the IED/Explosion System prototype, two individuals sat in testing model and with one individual in the gunner position.  A video clip was played to catch the attention of the individuals inside the testing model.  Then, the 2-way off/on switch was opened for 2 seconds to provide air burst to the testing model at 20 psi.  The three individuals rated the air burst experience using the survey (Appendix G) in Table 6.1 below.  The procedure was repeated as the pressure increased at 20 psi increments up to 120 psi.

	Your Experience
	20 psi
	40 psi
	60 psi
	80 psi
	100 psi
	120 psi

	Force of Air Burst
	1   2   3   4   5
	1   2   3   4   5
	1   2   3   4   5
	1   2   3   4   5
	1   2   3   4   5
	1   2   3   4   5

	Noise Level
	1   2   3   4   5
	1   2   3   4   5
	1   2   3   4   5
	1   2   3   4   5
	1   2   3   4   5
	1   2   3   4   5

	Level of Distraction
	1   2   3   4   5
	1   2   3   4   5
	1   2   3   4   5
	1   2   3   4   5
	1   2   3   4   5
	1   2   3   4   5


Table 6.1 IED/Explosion System Survey
To ensure that the IED/Explosion System prototype had a safe noise level, all nozzles used for the prototype meet the Occupational Health and Safety Administration (OHSA) requirements and standard CFR 1910.242 (b).  Our IED/Explosion System prototype will not operate more than 0.5 hours per day at a constant noise level and therefore the maximum sound level that our nozzles can output is 110 dBA according to OSHA Standard 29 CFR 1910.95 (a) seen in Table 6.2 below.
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Table 6.2 OHSA Noise Exposure Requirements 

As a result, the nozzles used for the prototype output 82 dBA of noise and the OHSA allowable noise exposure requirement and standard was met.

6.2.3 Testing Results & Analysis
Upon the completion of all of the surveys (Appendix G), the responses were compiled into a graph so that the most effective level of stimulation could be determined.  Based on the rating scale for the survey, the most desired rating was between 3 and 4.  It was determined that a rating within this range should effectively and safely stimulate the senses of the occupants. As shown by the results of the survey in Figure 6.13, 60 psi proved to be the optimal pressure level that met the desired rating level. 
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Figure 6.13 Nozzle Rating vs. Tank Pressure Level

The next step in the analysis of the prototype was to relate the survey results to a quantifiable measurement.  The distances that the nozzles were positioned from the occupants in the prototype were measured. The nozzles in front of the occupants were measured 10” away, the nozzles behind the occupants were measured 15”, and the gunner nozzle was approximately 24” away from the occupant in the gunner turret.  A pitot-static tube was used to measure the pressure of the nozzles at their respective distances. The velocities were calculated from the measured pressures and are displayed below in Figure 6.14. 
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Figure 6.14 Nozzle Velocity vs. Tank Pressure

The optimal pressure of 60 psi produced a gunner velocity of 18 mph, a front nozzle velocity of 19 mph, and a rear nozzle velocity of 13 mph.

The testing and analysis showed that the optimal tank pressure was 60 psi.  Due to the more distractive environment of the actual training simulator, it is recommended that a tank pressure of 80 psi be used for a greater emphasis of an IED explosion.
7.0 Conclusion

In conclusion, this primary concern of this report was to design a system that would stimulate a soldier’s senses in a vehicle combat trainer.  This was accomplished by a wind generation system that simulates the vehicle movement and a system that provides hot wind bursts to simulate conditions around IEDs and other explosions.  The Lockheed Martin I Design Team has successfully developed an optimal conceptual design to meet the client’s requirements.  The problem was defined by the sponsor and in developing an optimal solution for the Combat Vehicle Simulator, the design team performed sufficient research on HVAC systems, wind sources, flow controlling devices, compressor systems, and valve systems.  With a knowledgeable background of HVAC and compressed air systems through extensive research, the design team brainstormed creative ideas and generated four initial conceptual designs.  After an extensive teleconference conversation with the client and a visit to Lockheed Martin’s Training and Simulation Division, the design team had the opportunity to see the training module and ask the client questions about the deployable functions, space restrictions, and existing component availabilities of the training module.  The design team gained more insight on the client’s requirements and therefore a need to modify the initial design selection was the next stage.  The design team decided to decompose the system into two subsystems, the Vehicle Movement System and the IED/Explosion System. System specifications and concept generations were developed for each subsystem and the design team analyzed each subsystem proficiently to find optimal components for each subsystem.  As a result, the addition of this system to the VCCT would provide a more realistic training experience for all occupants in the simulator.  The Vehicle Movement System would stimulate the soldier’s senses as if the vehicle would actually be traveling through the desert and the IED/Explosion System would stimulate the soldier’s senses as if they were actually around explosions encountered on the battlefield.  Therefore, military troops are able to test their maneuverability skills on unfamiliar terrain conditions, practice the techniques, tactics, and procedures that would come into play if they found were to find themselves in a real-world combat situation.  
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