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1 Executive Summary/ Introduction


The American Society of Mechanical Engineers (ASME) holds a design competition each year where teams across the country compete in their region and the winners go on to the Nationals competition.  This year ASME teamed up with Boeing to sponsor the competition where the objective was to design and build a remote controlled robot which can operate in a specific obstacle course to climb over wooden barriers, collect rocks, transport the rocks to a receiving area, and drop them off in a pattern of concentric circles where the center has the highest score multiplier.  The winning team has the highest score, which is given by a formula which takes into consideration: time, weight, power in milliamp-hours, location of rocks collected, ability to stay with in boundaries, and accuracy in dropping off rocks in receiving area.  The idea for the competition was based on the success of the Phoenix Mars Lander’s mission in collecting soil samples.  There is now a need for a vehicle to be sent to Mars that can be controlled by a remote from a space ship or even from Earth and can travel over obstacles to collect rocks.  Last semester we designed the robotic vehicle and ordering some parts.  This semester we manufactured and assembled the parts, and had to accommodate for changes due to size constraints.     


The design requirements were fairly open ended since only the tasks were specified, with the exception of a few competition rules.  A major problem that our group came across was the size requirement.  The vehicle and controller were required fit into a box with dimensions of 6.5 x 6.5 x 14.5 in before the start of the competition and needed to be able to climb over a barrier 3.5 in high.  Modifications on our original design had to be made to accommodate the size requirement after doing calculation, such as, an expandable body.


Last semester in the design phase we tested our design ideas on a method of collecting rocks by constructing prototypes.  This turned out to be useful in making our selection, and also in adding additional components to see if they are able to accomplish the tasks of gathering the rocks and dropping them at the receiving area.  The idea of adding a floor that pivots at the front and is lifted by a string in the back of the box was tested using the prototype that was selected and proved to be a useful means of dropping the rocks. 


Several ideas for getting over the barrier were discussed, including ideas with legs, wheels, and tracks.  Ultimately, we decided that wheels would be best for accomplishing our tasks of getting over the wall quickly, collecting the rocks, accuracy in dropping off the rocks, and also working with limited space and weight.  The final decision was using four sets of three-wheels, where the wheels can move independently for forward motion and each of the three-wheel sets can rotate to get over a barrier.  Since we have seen this work before on a You Tube video provided by Ariel Mecatronics University, we did not need to make a prototype at this point, we were able to simply do calculations.  


Ultimately, the vehicle had some binding issues that could not be resolved easily.  We attempted to improve the alignment of the belts that were used to drive the shaft and also to remove material from the inner shaft to eliminate the problem we had with the shaft catching.  This did help slightly, but did not fix our problem.  If stronger motors were used the vehicle may or may not run, and since we have used our entire budget this is not a feasible solution.  The belts used are also weak and if tensioned too much they will snap and too little, they will jump gears.  The tires we used were also an issue; because of the size constraint we had to cut off half of the tire and this made the tires angle from the weight of the vehicle body.  Since everything was so close together, the angled wheels were catching on the sides and were not turning smoothly.  All of these losses made our motor calculations incorrect.  In the end, we were able to experience the value of simplicity, appreciate the important lessons learned in working on this project, and also to incorporate a simple back up plan in the future.
2 Project Statement


The project is to design and construct a robot for the ASME Design Competition that will navigate through an obstacle course and transport rocks to a specific area in a timely manner.

3 Background


In order to cover all aspects in the ASME Design Competition we asked ourselves three questions: Who will be served, where will the product be used, and are there any existing solutions that have already been utilized?  These three questions gave us a foresight into what we needed to research in order to gather the correct information to assist our group in achieving the goal for maximum points in the design competition.  The purpose of this section is to inform the reader on our background information we used for our robot.

The answer that we used for the first question – who will be served: future company applications because based on the Phoenix Mars Lander’s success in collecting soil sample we are hoping the tasks of our robot can be implemented in robots for future space missions.  The teams in the competition will also be served because they will be able to learn about robotics, teamwork, time management and organization for a product based design project.  The answer that we used for the second question – where will the product be used: the product was used for a competition in a regulation obstacle course with three barriers of two 2 x 4’s nailed together, taped off boundary, and typical flooring.  The first two questions were used as guides to allow us to simplify a broad project plan and get us working towards a feasible goal.  The final question commenced the background research for our project.


In order for us to understand the overall anatomy of our robot that we desired to build, we first had to issue tasks that we wanted our robot to execute.  Given the rules of the design competition we broke up the tasks according to: robotic container or arm to gather the rocks, drive train simply for mobility through course and over obstacles, and assembled robots so we could see how each component of the robot would work in harmony with each other.

One of the existing robotic arms researched was the Robotic Arm built by the Jet Propulsion Laboratory (California Institute of Technology), Alliance Space-systems and Honeybee Robotics lead by Dr. Robert Bonitz. The arm was built for the Phoenix Lander to dig trenches, scoop up sand and water ice samples and deliver the samples to instruments for analysis.  It operates with four degrees of freedom with an elbow joint in the middle: (1) up and down, (2) side to side, (3) back and forth, and (4) rotate around.  This specifically gave us insight on how you design a component of a robot by the functions you want it to carry out.  

After we found a practical application, we researched how different degrees of freedom allow for certain mobility.  A degree of freedom (DOF) is a joint on the arm, a place where it can bend or rotate or translate.  DOF’s on a robot can be simply identified by the number of actuators on the robotic arm.  It is important when building a robot arm you want as few degrees of freedom allowed for your application, because each degree requires a motor, often an encoder, and exponentially complicated algorithms and cost.  The robot workspace is imperative also because it is all places that the end effector (gripper) can reach.  The workspace is dependent on the DOF angle/translation limitations, the arm link lengths, the angle at which something must be picked up at, etc.  The workspace is highly dependent on the robot configuration.  Below are examples of how different DOF’s will affect a robotic arm’s workspace.
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Cartesian Gantry Robot Arm
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Cylindrical Robot Arm
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Spherical Robot Arm


Drive trains give a robot the ability to move around environments.  For our robot we explored the traditional mean of getting around.  First, there was the classic tank trend or the continuous track. Continuous tracks are made of a number of rigid units that are joined to each other.  The tracks help the vehicle to distribute its weight more evenly over a larger surface area than wheels can. Tracks do this because as the tracked vehicle moves forward the segments are laid out flat on the ground at the front and are picked up again at the back.  The segments in between the front and the back end carry load too as they are supported by rollers.  This keeps it from sinking in areas where wheeled vehicles of the same weight would sink.

The second drive train that was research was the wheel system with Ackerman Steering.  This wheel configuration consisted of four wheels at the base of the robot in a car-type structure.  The Ackerman Steering is the steering system used in most motor vehicles, in which the wheels swivel at each end of the axle, instead of the whole axle beam swiveling at its central point.


The third tank drive setup was the tank drive hybrid.  This setup was exactly the as the wheel system, but the wheels were replaced with small tank drive configurations and steered using the Ackerman Steering.  This configuration is used for surfaces that are soft and traditional tires will sink.

The last subdivision that was researched was assembled robots.  This was to paint a picture in our heads about the different robots out there today, there functions and how their components worked together to achieve the goal that was specified for them.  The first assembled robot was the PackBot. PackBot is a series of robots by iRobot. PackBot EOD (Explosive ordnance disposal) can be controlled by radio or wired control to handle situations involving potential explosives, thereby reducing the risk of personal injury. The PackBot scout is the basic configuration. It has five payload bays for assignable purposes and can be dropped from a height of six feet (1.83m) onto concrete without causing self-inflicted damage. The PackBot scout version weighs in at about 40 pounds (18kg). PackBot explorer has a camera head equipped with multiple cameras, laser pointers, audio and other sensors. More than 1500 PackBots are currently on station in Iraq and Afghanistan, (which is low to the total amount of Robots in Iraq) with hundreds more on the way.

Mars Exploration Rover was another robot that was scrutinized.  The Mars Exploration Rover mission is part of NASA's Mars Exploration Program, a long-term effort of robotic exploration of the red planet.  Primary among the mission's scientific goals is to search for and characterize a wide range of rocks and soils that hold clues to past water activity on Mars.

Finally, we took a closer look at the humanoid robot ASIMO. ASIMO stands at 130 centimeters (4 feet 3 inches) and weighing 54 kilograms (119 pounds).  The robot resembles a small astronaut wearing a backpack and can walk or run on two feet at speeds up to 6 km/h (4.3 mph). With 2000's ASIMO model Honda added many features that enable ASIMO to interact better with humans. These features fall under 5 categories: recognition of moving objects, recognition of posture and gestures, environment recognition, distinguishing sounds and facial recognition.

In conclusion, scrutinizing each one of these robotic components as well as understanding the questions: “who will be served?” and “where will the product be used?” –gave us a clear sense of the objectives that our robot must carry out.  This was only the foundation of our design and all of these components were subjected to change during the duration of the design process and some did when our original method failed to fit or work as expected.
4 Design Analysis

4.1 Concept Generation

After evaluating the customer needs and establishing product specifications, concept generation took place. Concept generation creates solutions to meet the customer’s needs set forth by the functional requirements. Being that we are participants in a design competition our final robot was to perform multiple physical tasks to maximize our score. Given this fact it is best to decompose the large problem at hand in to sub-problems that are reflected in Figure 4.1. These sub-problems are depicted in the chart below. With much consideration we concluded that the three task of: Maneuvering over obstacles swiftly, Collecting and Transportation of rocks and dropping off rocks in receiving area should comprise our sup-problems.


[image: image12]
Figure 4.1 ( Sub problem break down) 
These sub-problems tackle the larger problem as a team. It is important to mention that all of the sub-problems were equally important to achieve the goal of performing effectively and efficiently during competition as represented by its chart.  For example, if we can not get our robot over the field barrier, as a result we won’t be able to collect the rocks beyond the first barrier to obtain a score to offset the point loss due to the weight and power consumption of the robot. Through this method of presenting solutions to smaller sub-problems our team had expectations of a winning combination to result. This search for possible solutions was the result of external sources as well as internal sources. External sources include scientific journals, assorted websites, books, existing machinery… etc. On the other hand the internal solutions to the sub-problems are the result of brainstorming. These internal solutions are some times “spin offs” of external solutions. For this reason the internal solutions follow the external search. The top choice in each of the three categories was integrated in to a final design for the design competition.   

The first sub-problem to be attacked was a reliable and practical means of crossing the barriers on the course.   
4.1.1 Maneuvering over obstacles

For this sub-problem our external search started by seeking out and evaluating robots capable of surmounting small obstacles including stairs. 

Stair Climbing Robot (three wheeled) by: Mechatronics, Ariel University Center is pictures bellow in Figure 4.2- this robot uses a triangular three wheel configuration. Also it has the ability to lock all three wheels about their own axis and rotate them about their common center. These features allow this robot the ability to climb moderately sized stairs. This robot utilizes a symmetrical configuration from front to back that consist of a outer-shaft, inner-shaft, gears, motors and some mechanism to regulate the motor’s power between both desired motions. This design is moderately complex, but clearly works to clear stair shaped obstacles. It is also important that the geometry of this method be customized to the obstacle being crossed and steering ability be incorporated.        
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Figure 4.2
Zaurus- pictured in Figure 4.3  is a hybrid of a walking robot and a traditional wheeled robot. It uses a five-wheeled configuration with wheels that are independently driven. When crossing an obstacle feed back from a “feeler” wheel relays the dimension of the step to the legs dictating their path and motion. This works fairly well to surmount multiple steps of inconsistent size. However, for our application this set up seems very complex and hard to control.       
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Figure 4.3

Spiral Stair ClimberShown in Figure 4.4  By: Mechatronics. Ariel University Center- This robot uses a cork screw configuration of wheel that rotate a bout a common axis with separate drive motors for each rotating axis. With this setup each wheel still is allowed to rotate freely about its own center. This configuration is a quick way to climb multiple stairs and looks simple to construct. On the other hand this design may be hard to scale down for the application of the competition.
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Figure 4.4  
Packbot- this robot pictured in Figure 4.5 employs two sets of tank treads.  During operation one set of treads remain fixed, while the other rotates 360 degrees to pull the robot over steps and other obstacles. This set up incorporates a tread with fins that run perpendicular to the tread’s rotation to provide extra grip. This treaded set up also has the ability to quickly climb steps. But this set up my be come problematic in the event of tread failure and tread construction.
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Figure 4.5  

Ramp Carrying Robot – This configuration illustrated in Figure 4.6 consist of R/C car that uses an on board ramp to place over obstacle and is left behind on course. This technique is allowed by the rules of the competition and is logical being that only one barrier has to be crossed. The other barriers can be driven around as opposed to over.  
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Figure 4.6

 Individual Tank Treads – This setup puts to use treads in the same fashion as traditional tank drive as shown in Figure 4.7. However, this set up has the ability to steer with its front treads as well as steer in the traditional tank drive manner with the use of individual treads. This method looks to be a more reliable but complex method of tank-drive, in the respect that more than two treads are being used in the design.  
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Figure 4.7

Expandable legs configuration displayed in Figure 4.8 allows the front and rear legs to fold under the main body of the robot. This allows the wheels to trail behind the body as an obstacle is crossed while keeping the body level to the ground. After the crossing the obstacle the legs then return to the fully extended position. This configuration will have independent drive to each of its wheels as well as the ability to fold the front legs independent of the rear.    
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Figure 4.8

The Front Spiral shown in Figure 4.9 integrates a rotating corkscrew to lift the robot on to and over an obstacle. This robot may have any number of wheels. It is the corkscrew device attached to the front that makes this design unique. The disadvantage to this design is that the corkscrew may damage the obstacle (resulting in a disqualification) or the screws them selves in its attempt to climb the obstacle. One advantage to this design is that there are no linkages and few moving parts.
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Figure 4.9
4.1.2 Collection and transportation of rocks - External solutions

 The Front-end loader shown in Figure 4.10- this common piece of construction equipment that uses a front mounted bucket to collects and store rocks. To collect the rocks the bucket traps them between a stationary object then rotates the bucket to keep possession of the material. It then transports the material to some other location then reverses the rotation of the bucked to purge the bucket of the material. This bucket also has a lip on its leading edge to help guide material in to the bucket instead of under it. The front–end loader is a very practical way of collecting and transporting rocks. However it utilizes multiple linkages and actuation that could fail during competition. Also being that the rock-collecting bucket is not full enclosed, rocks can be loss during transport to the unloading area.       
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Figure 4.10
Phoenix Mars Lander Robotic Arm shown in 4.11 - This arm was built for the Phoenix Lander to dig trenches, scoop up sand and water ice samples, and deliver these samples to instruments for analysis. This setup employs four pivot/rotation points that move independently of the others. This method gives a huge range of motion for rock retrieval. But with this added flexibility comes added complexity of the design.  




Figure 4.11
The Chassis Drop Down (Internal Storage) shown in 4.12– had sections of its chassis that lowers to scoop rocks from the playing field. These moving sections of chassis retract with the use of guide rails and D/C motors for actuation. Once the segments are fully extended the rocks are trapped between both panels to be retracted to the rock holding area. One adverse effect of this method of rock collection is that the driver’s view of the rock is obstructed. This is due to the fact that the driver must drive over the rock to pick it retrieve it. An advantage to this design is that the rock storage area is fully enclosed eliminating the loss of rocks during transport.
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Figure 4.13
The Robotic Arm shown in 4.13 – operates in the manner any robotic arm with one motor for every degree of desired motion. This method of rock collection offers an extremely wide range of articulation. This design comes with a few inherent drawbacks. The first drawback is that the manipulation of this arm by the operator has to be precise. Secondly the programming/control of this particular set up must be very responsive to user input.      
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Figure 4.14

The Street Sweeper shown in 4.14 – method make use of brushes to propel rocks into collection area inside robot. This technique of rock collection was inspired by street sweepers that are commonly use to clear public roads of debris and trash. This method uses vertically or horizontally mounted brushes that rotate inward with the help of D/C motors. The main weakness of this design is that these brushes may operate at high speeds. High speed brushed will require a fair amount of power to operate. On the other side a benefit to this design is that rock can be collected over a wide area much like a lawn mover. With this mover like ability this robot is effective in rock collection with out precise driving.        
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Figure 4.15

The Air Jet shown in 4.16– uses jets of air from nozzles mounted on a retractable rail to propel rocks up a ramp in to the rock holding area. These pulses of air will be supplied by an onboard rechargeable CO2 tank and regulating valves. This method moves the rocks with the use of air jets in the same fashion that a leaf blower uses air to moves leaves. This configuration is also able to collect rocks over a wide area effectively without precise driving. The unpredictable nature of using air jets to handle rocks can be problematic in the long run. However, the number of moving parts and power consumption is considerable reduced.
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Figure 4.16
4.1.3 Dropping off rocks in receiving area  

Dump Truck Style shown in 4.17– This method operates in traditional dump truck hopper fashion. It uses a linear actuator to raise one side of the hopper causing the rocks to fall on to the receiving area. Even though this is a practical approach it may drop rocks due to the fact that the collection area is not fully enclosed.   [image: image27.png]



Figure 4.17
Trap Door shown in 4.18– this set up locates two panels on the bottom side of the rock storage area that swing downward to release rocks on to the receiving area below. These doors will be put into action with the use of two motors. This configuration allows quick release of multiple rocks. But can adversely affect the robots the ground clearance and ability to climb obstacles.
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Figure 4.18

Single Door shown in 4.19– This configuration uses one single door mounted to the bottom of rock storage area that slides parallel to ground. The sliding motion is made possible by a rack and pinion gear setup paired with a D/C motor. The primary advantage to this is that ground clearance is not compromised much. 
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Figure 4.19
4.1.4 Final Design

 After a team review of all possible solution to the sub-problem several were eliminated based on difficulty design, manufacturing and overall design practically. The remaining concepts were compared with others of same sub-problem on a set of criteria in three separate elimination matrices. Each criterion’s weight was determined by its relative importance to the others. Our final design is based on the top choices from each elimination matrix. These matrices can be reviewed in the appendix.  In the design phase we decided that the wining combination was a combination of the stair climbing three-wheeled robot and street sweeper (Figure 1). The advantages of this combination are a proven method of climbing stair shaped obstacles and collecting rocks. It also provides the operator the capability of collecting rocks by simply driving across them in a non-precise manner. The apparent disadvantages are that the brush may be a high power consuming component and failure of the multiple drive train linkages may occur as well as minor control issues.  As a result we decided to use a servo motor to open and close two flaps used as doors to push the rocks into a storage box for transport to the receiving area.  Below and to the left is a rough sketch of the design that was decided on last semester (Figure 4.20) and on the right is a sketch of what we actually went with (Figure 4.21).     
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                               Figure 4.20




Figure 4.21

4.2 Prototyping
Being that our project was a design competition, early prototyping was seen as being essential to a solid design. For this reason our team elected to create three prototypes of possible street sweeper brush configurations as well as the idea of different mounting possibilities. These brush configurations included double vertical, single horizontal and a paddle design paired directly with a rock holding compartment. All prototypes are pictured bellow. After prototyping all three possibilities, the paddles paired with the rock holding compartment preformed the best (Figure 4.22 & 4.23). This top performing prototype features reversible paddles to propel rocks in to the collection area that also serve as doors during transportation. Also it has a floor that raises and lowers to eject rocks from the collection area.   This design served several functions with one component. This component collects, transports, and ejects rocks, as well as, provide an enclosed storage area for rocks. For these reason our group unanimously decided that this component addition will benefit the robots performance. With this addition the final design is now a combination of the stair climbing three-wheeled robot and the paddles paired with the rock holding compartment.
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Figure 4.22: Prototype of Rock Collector in the open position with Plaster of Paris rocks inside
	
	[image: image33.png]



Figure 4.23: Prototype of Rock Collector in the closed position
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Three-Wheeled Design- Exploded View
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Three-Wheeled Design- Assembled View
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Close up View for Three-Wheeled Design Gear Train
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Fully Assembled Rock Collector View 1
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Fully Assembled Rock Collector View 2
4.2.1 Need for an Expandable Body
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Figure 4.24

If the radius of the wheels is taken to be 1 in, then the spacing between wheels within the set (s) would be 1.18 in. The three-wheel set distance (D) with D = 4r + s would then be D = 5.18 in (Figure 4.24).  If two of the wheel sets are placed together with the wheels and rock collector all touching, then D*2 + 4 in (box size with 1/8 in space in back) = 14.36 in.  Since the maximum allowable length of our robotic vehicle is 14.5 in, this will not work; as soon as the vehicle attempts to climb the wall the rock collector will hit the back wheels and the vehicle will not move forward. 
The ideal position for the wheels is seen in Figure 3.  The barrier can either be 3.5 or 3 in thick, but to be on the safe side calculations were done with a 3.5 in thick barrier in order for both sets of wheels to be touching the ground at all times.  The calculations with figures can be seen in the appendix to get the distance, but the body needs to expand by 4.38 in.  To do this, our group thought of an idea for an extension placed in between the front and rear wheel sets.  The expandable body consists of six modified switchblade knives, two sets of three.  The knives will be folded as seen in Figure 4 when the vehicle is measured before the start of the competition.  After the competition begins, the front wheels will move forward causing the body to expand and lock at the three joints on each side.  This is legal according to the competition rules.  The vehicle just has to fit in a box (14.5 x 6.5 x 6.5 in) with the remote before the start of the competition.  The knives had to be modified additionally beyond what is pictured in Figure 4.26 to fit on the platform.  After the drive train was assembled with motor mounts, motors, belts, and wheels, there was very little space for the knives and much effort was placed into making the expandable body work, which ultimately did.  
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Figure 4.26: Expandable Body
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Figure 4.25

5 Material Selection   

Choosing the right material for the robot is a very important issue.  This can determine many things in the robots output, such as: power consumption, sustainability, durability and many more aspects that can allow the robot to work at its full potential.  The purpose of this section of the collective is to make the reader aware of the possible materials that can be used and their strengths and weaknesses.

5.1 Titanium AL6-4V


This material is used widely in the aircraft industry for turbines and “hot” structures.  Titanium AL6-4V is the most used and available of the titanium family.  It possesses the combination of strength and corrosion resistance; in addition it can be heat-treated.  But, due to its excellent strength it is hard to machine and a “fair” material to weld.

5.2 Aluminum 7075-T6


7075 is an aluminum alloy, with zinc as the alloying element.  It is strong, with good fatigue strength and average “machinability” (better than Titanium AL6-4V), but is not “weldable” and has less resistance to corrosion than many other alloys.  Its relatively high cost limits its use to applications where cheaper alloys are not suitable.


Aluminum 7075-T6 like Titanium AL6-4V is used prominently in the aircraft industry, but it is used to build fuselages and wings.  A number of rock climbing and bicycle manufactures use this material for its lightweight and superb strength.

5.3 Aluminum 2024-T3

Aluminum 2024 like aluminum 7075-T6, but more ductile, is more prone to denting and less prone to breaking.
5.4 Aluminum 6061-T6

Aluminum 6061 is a precipitation hardening aluminum alloy, containing magnesium and silicon as its major alloying elements.  It has good mechanical properties and exhibits good “weldability”.  It is one of the most common alloys of aluminum for general-purpose use.

5.5 Lexan/ Polycarbonate

Lexan (LEXAN) is a registered trademark for SABIC Innovative Plastics' (formerly General Electric Plastics) brand of highly durable polycarbonate resin thermoplastic intended to replace traditional glass and Plexiglas where the need for strength and impact resistance justifies its higher cost.

Polycarbonates are a particular group of thermoplastic polymers. They are easily worked, molded, and thermoformed; as such, these plastics are very widely used in the modern chemical industry. Their interesting features (temperature resistance, impact resistance and optical properties) position them between commodity plastics and engineering plastics.

Applications are mainly in three domains — building (glazing and domes), industry (machine protection and fabricated parts) and communication and signage.

5.6 Ultra-high Molecular Weight Polyethylene (UHMW)


UHMW is a relatively soft, waxy plastic with some interesting properties for robot builders.  UHMW may be a good candidate for many applications where Lexan would be considered.  UHMW is very light, weighing only 75% of what Lexan does.

Its tensile strength and yield strengths are both lower than that of Lexan. However, it will not crack under the stress of standard Izod impact testing.  UHMW is more prone to deform under stress than Lexan will, but it generally will not crack.  UHMW has certain shape-memory properties.  If dented, UHMW may over time return at least partially to its original shape.

It has a fairly low coefficient of friction. That's a fancy way of say it is slippery. It is also extremely resistant to wear. This makes it a popular material for use in food processing applications.  It also seems less prone to being chemically effected by Loctite like Lexan can be.  These properties may make it viable for use as armor, structural elements, or motor mounts in robots of various weight classes.
5.7 Carbon Fiber


Carbon fiber is a composite material made of strands of carbon thread held together with an epoxy laminate.  Carbon fiber is much, much stiffer than most other materials of the same weight.  It also has good impact resistance, but when it fails, it will shatter, as opposed to denting, and loses any useful structural strength it once possessed.


The density of carbon fiber is also considerably lower than the density of steel, making it ideal for applications requiring low weight.  The properties of carbon fiber such as high tensile strength, low weight, and low thermal expansion make it very popular in aerospace, civil engineering, military, and motor sports, along with other competition sports.

5.8 Garolite


Garolite is a high performance fiberglass composite.  Its properties are similar to carbon fiber at much lower cost.  But, it is not as stiff as and somewhat heavier than carbon fiber, and it does not conduct electricity.
Table 5.1 - Material Cost

	Material
	Density (lbs/in^3)
	Tensile Strength (kpsi)
	Yield Strength (kpsi)
	Impact Test (ft-lb/in)
	Price/ lbs

	Titanium AL6-4V
	0.174
	145
	132
	
	$25

	Aluminum 7075-T6
	0.102
	82
	73
	
	$12

	Aluminum 2025-T3
	0.102
	70
	50
	
	$10

	Aluminum 6061-T6
	0.102
	45
	39
	
	$5

	Lexan/ Polycarbonate
	0.043
	9.8
	9
	15
	$6

	UHMW
	0.034
	6.8
	3.4
	“No Break”
	$4

	Garolite
	0.065
	40-50
	
	6.5-9
	$10

	Carbon Fiber
	0.05
	120 (varies)
	
	
	$100


In conclusion, the two main materials used for the robot were cast acrylic, and aluminum 6061.  The rock collector was originally designed to be built using aluminum 6061 for the sides, and cast acrylic for the back, bottom, and top with a thickness of 0.10 in.  When we priced ½ thick aluminum and discovered the weight, we changed the sides to two matching pieces of cast acrylic spaced apart by mighty putty.  The axel guides on the sides were made out of thin pieces of aluminum with ¼ in holes drilled and placed on the top and bottom tabs extruding from the sides and bridging the two pieces.   The cast acrylic thickness was chosen because of the minimal forces that were applied to the rock collector (weight of the rocks) and to minimize the weight of the robot as much as possible.  The flaps for the rock collector were originally designed to be fabricated from high-density polyethylene, but due to the complexity of carving a piece of polyethylene into the shape of a paddle and the unnecessary weight added, the material was changed.  We ended up using a thin piece of plastic folded in half with aluminum strips used to add support and mighty putty was used to hold the strips.  The empty volume was filled in with spray foam.  The body of the robot (platform) was manufactured from cast acrylic.  This material is also known as Plexiglas.  The cast acrylic material allowed us to utilize its high-density that enabled us to use a small amount of material, which in our case will be 0.25 in.  The knives are made out of stainless steel and proved to be difficult to machine.

6 Design Changes
6.1 Rock Collector

Walls were changed from one ½ in piece of aluminum to two .1 in thick pieces of Plexiglas spaced with Mighty Putty.  This decreased the weight by…  Thin aluminum rectangles had to be added to the top and bottom of the two side pieces to act as an axel guide.  We needed to have rigid walls so that the rocks would not get stuck while trying to eject.  The paddles were changed from high density polyethylene to a thin piece of plastic folded in half into a paddle shape and supported with aluminum strips.  The empty space was filled with spray foam.  This made the paddles easier to manufacture and assemble and also lighter.  


The position of the servo to open and close the door was shifted vertically from Picture A1 the final design in Figure 6.2.  In Figure 6.2, the servo rotates about 90 degrees counterclockwise and pulls the cables attached to the motor arms and also fixed to tabs on the axels.  This causes the doors to open about 90 degrees because the axel tab and motor arm are equal and are aligned.  This allows the rocks to be collected and stored.  To close the doors, the servo rotates clockwise 90 degrees and there are rubber bands attached to the inside of each door and to the inside top of the box which allow the doors to shut.  There are magnets on the door and hanging from the top of the box in the center which allow the doors to stay shut when transporting the rocks.
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Figure 6.2
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Figure 6.1

A servo was added to lift up the false floor and a sewing machine bobbin was added to the output shaft to guide the thread. This can be seen in the top left corner of Figure 6.2.  The false floor is hinged at the front using electrical tape and a hole is drilled in the back to attach the thread.  We wanted to modify the smaller Vampowerpro 29 servo for continuous rotation, but were unable to, so we went with a larger servo already made for continuous rotation, the Parallax.  Both of these servo motors and their specs can be seen below in Figure 6.3 and 6.4.
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6.2 Expandable Body


Due to the difficulty in finding companies that sell knives for under $15 a piece and accept university purchase orders, we were not sure which knives we were going to be using last semester.  The knives originally ordered from knife-depot.com were smaller and had wooden handles which would have been much easier than stainless steel to modify, unfortunately they were out of stock and we did not find out for three weeks when the knives were suppose to arrive.  We called several other companies and eventually found a knife from bladeplay.com that would work, but was much more difficult to machine (Figure 6.5 and 6.6).  It can be seen from the bottom view that the knife locks out by the clip on the back compressing the blade, so when the blade is fully extended the clip will shift forward and lock the blade out.  Unfortunately the mechanism for springing the blade outward had to be removed for the body to be modified, so there is no springing mechanism in the knife.  The expandable body did have to have more material removed than was previously planned.  After the two expandable bodies were made and we tried to fit them on the platform, we were unable to do so with out making more modifications.  The platform had to be cut because the knives were slightly offset from each other and material was removed from the top part of the knife so the expandable body could be directly screwed into the platform.  
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Figure 6.5 and 6.6: Top and Bottom views of The Turbine Dragon Spring Assisted Knife
http://www.bladeplay.com/item--The-Turbine-Dragon-Spring--5207--2
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Figure 6.7:





Figure 6.8

Original Expandable Body Configuration                    Current Part of Expandable Body

Note:  By looking at the individual modified knives in Picture A7 and comparing them with Picture A8, it is clear that the top of the knife has been reduced to a circle, and the protruding piece of metal on the bottom of the knife blade has been removed.  We were also uncertain of the locking mechanism of the knife last semester, so it was left off and a general knife drawing was made.

6.3 Transmitter and Receiver

Last semester we were unsure as to what type of controller we were going to use.  There are advantages and disadvantages of both.  The wireless is preprogrammed and easier to use, where the tethered is lightweight and small.  We decided to go with the Spektrum RC DX-6i six-channel remote since we needed exactly six channels.  We knew we would have to modify the remote to make it fit the size requirement to fit into the 6.5in by 6.5in by 14.5in box before the start of the competition.  The biggest issue was reducing the width to 6.25 inches and the thickness to two inches.  We decided to make CAD drawings and use the 1:1 scale print outs to test to see if all of the components would fit into the new transmitter box.  The fit was very tight and it was necessary to continue modifying the drawings and making new cutouts until all of the components fit just right.  The battery had to be removed and placed next to the antenna.  The wire attaching the battery to the circuit board was not long enough and had to be cut and soldered with two extra wires that were not needed in the controller.  The before and after pictures of the transmitter are shown in Figure 6.9 and 6.10 respectively.    
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Figure 6.9: Original Transmitter 

Figure 6.10:
Modified Transmitter

6.4 Design Changes Drive train

Even with much time devoted to the initial design of the drive train. After reviewing the final configuration of the drive train as a whole several changes were deemed necessary to enhance its performance. Although the concept of the drive train had been conceived smaller details were still open for confirmation at a later date. This open ended design was due to possible need of custom part that may or may not be available from vendors. These changes were the result of common factors that engineers consider during a design project. The factors include ease of assembly, ease of control, increased accuracy, reduction of forces on components, reduced machining time, as well as cost reduction. While other design changes were implemented for a possible better score during competition.

The drive train encountered many small design changes to ensure its proper operation.  These small design changes included the removal of washer located between the idle gears and the “Y-braces”. The removal of these washers added additional clearance between the wheels and the motors. The removal of these washers did not add additional friction on these gears. Also to provide additional clearance the screw heads that secure the idle gears were counter sunk. Another small change to the drive train included the reduction of the width of all wheels. This reduction is wheel width reduced the robot’s overall weight, as well as a possible score increase.

The robots drive rain encountered more considerable changes. These considerable changes were implemented in hoped to enhance the robot’s performance. While product performance was the primary contributor to these changes, some changes reduced machining time, weight and cost. These secondary benefits will contribute to the robots performance and production as a whole. The numbers of “Y-braces” were reduced from two per corner to one per corner. This change was made after considering the weight of the robot after construction. It was then determined the wheels would have no adverse effects from this cantilever configuration. Also this new configuration reduced the robot’s weight and machining time. After much deliberation our team determined it would benefit us to reverse the functional roles of the inner and outer shafts. This change considered the fact that as the robot traverses obstacles it is desirable to maintain synchronization of “Y-braces” with a common shaft. This particular change reduces the number of motors required from eight down to six, three located on the front deck and 3 located on the rear deck. This role reversal of the shafts made it necessary to locate the wheels and gears to the inside of the “Y-brace” for them to function properly. This change is reflected in Figure 6.11 made the use of the proposed mechanism consisting of a bevel gear set, linkages and a servo, those dual purposes the motors in Figure 6.11 unnecessary. This particular change decreased the complexity of the robot while increasing its reliability. During the first iteration of this design it was thought that a press fit to secure the “Y-braces” to their common shafts would be appropriate. Ultimately that configuration would make disassembly and reassembly considerable more difficult. To solve this problem a simple “shaft-lock” was pressed in to the “Y-brace” to secure the “Y-braces” to their common shafts. These “shaft-locks” allow the braces to be secured to the shafts via a setscrew. This change made the inner working of the robot more accessible.  Another change was incorporated to the nature of shaft that are to be inserted in to the “Y-brace” that the idle gears and wheels would revolve about. In the original design called for smooth shafts with a threaded tip for a nut to be pressed in to the braces. It was later during construction found that a simple fully threaded 10-32 screw would be use as a shaft instead. Although this change required 10-32 threads to be tapped in to the “Y-brace” it made enhanced the adjustment and assembly of the robot.                
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Figure 6.11

The final use of brass sleeve bearing blocks to support the shaft assembly was a result of a cost reduction while serving the same mechanical function. It was originally proposed to use ball bearing in conjunction with custom built bearing blocks. These sleeved bearing blocks made it unnecessary to machine custom blocks, reducing production time as well as compensation for a slight degree of misalignment. If the custom bearing block was employed it would require perfect alignment for proper operation. Additionally the relation ship between the wheels and their input gear was altered. Initially a solid connection between the wheel and gear was proposed. Finally it would be easier to keep the shaft stationary. In order to achieve this goal it was essential to solidly mount the gear to the back of the wheel hub. This change allowed the same fully threaded screws to be used as shafts for the new wheel and gear assembly rotate about. Additionally various parts were shaved slightly to achieve a better fit. This change had the same benefits as when applied to the idle gear. As with every design changes are necessary to enhance performance or better meet product specifications or requirements. The fore mentioned design changes were all included as part of a dynamic nature of this design competition. 

7 Manufacturing and Assembling

7.1 Rock Collector

The walls of the rock collector were all made out of cast acrylic, so a Dremel rotary tool with a cut-off wheel attachment for plastic was used after all of the pieces were measured and marked.  The walls were glued together first with J.B. Weld, then with Mighty Putty, and finally when both of those epoxies failed, super glue.  The super glue held the cast acrylic together well, looked much cleaner than the other two glues, and dried quickly.  For the paddles, the material has already been mentioned, but the assembly has not.  After the thin plastic sheets were cut into paddle shape, the axel was placed at the correct height and then Mighty Putty was wrapped around the axels and strips of aluminum were stuck into the putty and then allowed to dry.  This allowed the paddles to be light weight and still have strength and structure.  The remaining space was filled in with spray foam and the sides were taped with clear tape.  The bearings were press fit on to the axel, and were anchored to the bottom of the box by placing a small amount of Mighty Putty on the outside of the bearings being careful not to get any inside the bearings.  Rubber bands were connected from the inside of the doors to a hook glued to the top of the box.  This allows the rubber bands to be replaced easily in case they happen to break.  Magnets were placed on the doors and hanging on the top of the box in front of the doors in order to keep the doors shut when the rocks are transported.  The aluminum false floor was cut in the machine shop using a break stomp machine and also a machine that bends metal 90 degrees.  A completed picture of the box with the rubber bands and magnets can be seen in Figure 7.1.  
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Figure 7.1: Rock Collector

Note: Additional modifications were made to the box for the purpose of the competition when placing electrical components on top of and inside the box.  These modifications include cutting some material from the back of the false floor, and shifting the continuous rotation servo around.

7.2 Expandable Body


The modifications to the Expandable Body were done using a Dremel tool with a cut-off wheel for metal.  The pieces were measured and then marked with a permanent marker.  This proved to be tedious since stainless steel was being cut.  Six knives were completely modified in the end, and the blade of one was glued to the body of another on one side, and on the other, two blades were glued together using Mighty Putty (Picture A7).  Two holes on each side attaching to the body had to be drilled in precise spots in order for the knives to fit above the axel guides on the drive train.  Several drill bits were broken and it took a couple of hours to drill eight holes on the drill press in the machine shop, but the holes did get drilled and the Expandable Bodies were able to be attached to the front and rear platforms.  The joints holding the knife blade to the knife body are a bit lose from all of the material that was removed and needs to be tightened with an Allen wrench occasionally.

7.3 Transmitter 

The modified transmitter case was made using ¼ in cast acrylic on the sides and 0.1 inch blue-tented transparent cast acrylic on the top and bottom.  After determining where the holes needed to be cut out in the top by gluing the paper 1:1 scale template to the peal-off cover on the cast acrylic sheet, a Dremel cutting attachment was used and a sanding attachment was used to smooth out the edges.  Since it is only necessary to get into the bottom of the controller, all of the sides were attached using super glue except for the bottom, which was screwed in using four screws.  

8 Testing and Data Analysis

8.1 Rock Collector 

Three different magnets were purchased to determine which sets should be used on the doors to keep them shut when transporting the rocks.  Rocks were made to approximate the weight of the rocks used during the competition ranging from 10 to 80 grams.  Six rocks of the maximum size and weight and one rock of the minimum weight were placed in the rock collector with the doors closed and the rock collector was tilted back 45 degrees to see which magnets would hold the rocks in.  The only ones that held were the largest ones purchased and are 3/4in in diameter.  


Then tests were done to see if the small servo motors that were purchased had enough torque to turn the axels attached to the doors for them to open.  The image Picture A12 shows an aerial view of the cable attached to a plastic tab fixed to the axel and the other end is attached to the motor arm.  The motor arm is in the vertical position when the doors are closed.  When we attached a digital strain gage to the axel tab and pulled it in the same direction as the servo would be pulling the cable, the following graph was generated (Figure 8.4).  From the graph, we determined that 8N are required at the axel tab location to break apart the magnets and open the door.  In Figure 8.1 a diagram of the forces on the motor are shown and the required torque to open the doors was calculated to be 2.01 kg-cm.  Since the stall torque on the Vampowerpro servo is 1.8 kg-cm, the servo should not work.  We decided to try it out since we had already purchased the servo, and we have not experienced any problems so far.  The door opens without any problem, and only the initial break of the magnets requires a torque of 2.01 kg-cm.  After that, the only force resisting the servo is from the rubber bands pulling back on the door.  In the competition we found that actual rocks were used and the weights ranged from 10-40g.  If we were to design for this weight change, we could easily replace the larger magnets with smaller ones at no cost since the smaller magnets were already purchased.  
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Figure 8.3: Forces on the motor and the torque required to open the door
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Figure 8.2: Aerial view of rock collector with forces generated in opening the doors
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Figure 8.4

The angle of the false floor was also tested before the rock collector box was designed.  The height of the box was determined by how much the floor needed to be lifted up to dump all of the rocks.  We placed a protractor on the edge of a table and lifted a sheet of aluminum with the rocks placed on top of the sheet and on the front edge with three in the front and four in the back and lifted up on the sheet until all of the rocks were dumped out.  The angle after several trials was a little less than 30 degrees, so we went with 30 degrees to be on the safe side.     

8.2 Electrical Components


The testing of the electrical components comprised of sizing the batteries and choosing a wiring configuration that will allow the least amount of milliamp-hours (mAh) and reduce the number of power sources.  The purpose of this section is to educate the reader on the tests that were conducted by the group for the electrical components.


The first test that was administered was finding a successful wiring configuration for the robotic system.  This test was extremely important because the group needed to find a way that would successfully provide power throughout the robot.  First, the group put all the components on a temporary pegboard arrangement.  This step allowed the students to visualize how many electrical parts they had and was the “pre-wiring” phase of the project.  Next, once the radio transmitter and receiver were gained the group “soft-wired” the components together.  “Soft-wiring” simply means that the group used temporary methods to bind the components together by using wiring nuts.  Figure 8.5 below show the “soft-wiring” setup for the electrical components.
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Figure 8.5
After, the “soft-wiring” was completely wired correctly, the group manufactured a wiring diagram of their setup.  Then, the group asked for help from an Electrical Engineering Graduate Student.  The graduate student suggested that even though the group had a legitimate system, the system might still be underpowered when the robot was completely constructed.  The reason behind this hypothesis stemmed from the types of batteries that the group was using.  The nickel metal hydride (NiMH) batteries that were being used for the project could not provide sufficient peak power to set the robot in motion.  The graduate student also noticed that the current setup that the group had, which used two 1600-mAh batteries, would not provide enough power to complete the electrical circuit.  The two solutions that the graduate student suggested were to incorporate another power source into the current circuit and place the said power source in parallel to the two current power sources.  This problem alleviated both of the group’s problems by providing enough power to satisfy the peak power requirement and all of the power from each battery successfully cycled through the electrical circuit.  Finally, the group “hard-wired” the electrical circuit together and provided a wiring diagram that illustrated the new setup.  The figures below shows the evolution of the wiring setup via wiring diagrams.
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Figure 8.6 - Trial 1
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Figure 8.7 - Trial 2
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Figure 8.8 - Trial 3
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Figure 8.9 - Final Result

In the event of trying to find the correct arrangement the circuit had an electrical short in the 7.2 V speed controllers in trial 1.  In trials 2 and 3 there was an electrical short in the 14.4 V speed controllers.  The final result contained no electrical shorts and was reliable and safe.  But, due to three power sources the final result had too many sources to charge and had too much excess weight.


The second test was executed in order to find out how many mAh were being pulled from each battery.  This test is important because the design competition would record how many mAh that the robot used and subtract it from the group’s total score.  First, the group took the setup that was stated previously and provided a simulated load by squeezing the shafts connected to the motors.  The loads that were tested were “light” and “heavy” loads in order to gain some consistency within the test.  The mA were recorded by using a multi-meter.  Once, the mA were recorded the batteries were sized by using the following equation.
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                                                        (1)
The group knew how many mA the batteries used for the different loads and they also knew that the competition would last in four minutes.  Therefore, the group could find out the exact amount of mA that they needed for the competition.  The overall mAh that was calculated was 1500 mAh.  This calculation factored the peak power, which is four times the calculated mAh.  Below is a depiction of how the test for sizing the battery was conducted.
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Figure 8.9
8.3 Drive Train


The first construction of the completed robot resulted in misalignment of the drive train.  So, the group went to the hobby shop to gain some information on how to get the shafts in the drive train in circular motion.  The sale associate spotted several binding areas that restricted the motors from spinning freely.  The sales associate then consulted the group to solve their binding issue by aligning the bearing blocks in the correct position and by shaving the belts down in order to avoid the belt and gear system to misalign as well.


The group took the advice of the sales associate and shaved the belts and the deck of the robot in order to provide enough space for the misalignment error to be fixed.  The result of this test was that the drive train would not spin at all.  The preparation for the second test was shaving off more of the belts and decks for the robot.  Also the belts were detached and reattached in order to create a cleaner mess of the gear-belt system.  The results of the second test were minimal intermittent movement of the shafts as well as damage to the belts.  The third test’s preparation was similar to the second, with more precision shaving and alignment of the robot’s components.  The results of the test were that there was some free movement from the gear-belt system but not enough to overcome the weight of the robot, friction of the floor and the multiple mechanical losses of the system.

9 Budget Analysis


Since the group was issued a budget, it was imperative for the group to stay within the means that the sponsors provided.  The purpose of this section is to enlighten the reader on the purchases of the group’s project.
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Figure 9.1
In the figure above is the budget breakdown for the overall project.  The majority of the cost went towards the materials of the robot.  The material aspect of the project was stressed due to the negative effect that the weight of the robot has in the final score of the design competition.  Therefore, it was important to build the robot from Plexiglas, which is a relative inexpensive and light type of material.  Even though there was a hefty amount of money spent on Plexiglas relative to the amount that was used in the final design, most of the Plexiglas used was not used due to machining errors, physical damage, etc.

The second financial agent in the material division of the project was bearing blocks, gears and belts.  The bearing blocks that were acquired was aluminum housed, self-lubricating bearing with a soft copper coating.  These bearing blocks were greatly needed in the application of the group’s robot, because the shafts of the robot would be in constant rotational motion.  The gearing of the robot was unique because the final design of the robot used 40 gears.  This includes all the gears attached to the Y-brace, shafts and motors.  In addition, the gears were purchased for a price of $2.99 each.

Since the group was building a robot from the ground up and there was no kit on the market that who assist the group in there final design, the third leading fiscal factor was fasteners of the robot.  The fasteners category consists of 1/4 -20 screws and 10-32 screws and nuts.  The group purchased a bulk of these items because a large portion of the fasteners were machined in order to fit the size needed for the robot, and there were many mistakes that were encountered in the construction process.

[image: image67.png]Budget Analysis

Materials

= Pleiglas

= Faserners (Screws, Bolts,
Nuts, etc)

= Bearing Blocks

aShatts

Wheels

= Gears/Belts

 Aluminum




Figure 9.2

The controls of the robot were a critical component of the robot considering that the elements governed the motion of the robot.  The only two items that were procured were the radio transmitter/receiver and speed controllers.  The group used a six-channel radio transmitter that enabled the group to simply “plug-n-play”.  The six channels were needed because of the robot’s distinct design to carry out the following steps: move, traverse over obstacles and collect rocks.  Each channel of the receiver was used in order to allow the robot to have all these different abilities.  This radio transmitter/receiver was very user-friendly because there was no programming required and it was a preferred product in the model airplane market.  The speed controllers that were used were purchased due to their compatibility with the receiver as well as their ability to reverse the polarity in the motors.  This effect gives the motor to move in forwards and reverse.  Also, the speed controllers governed the speed that the motors spun by the input from the transmitter’s joysticks and switches.
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Figure 9.3

Even though, this was not an electrical senior design project, the group encountered some issues of syncing electrical components of the robot.   Ergo, a significant amount of the budget was devoted towards electronics to power the robot.  The overall distribution of the electrical components is as follows: DC motor, wire connectors, batteries and a battery charger.  Each of these systems positively impacted the final design whether the application was power for the robot or torque to allow motion for the robot.
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Figure 9.4

10 Conclusion
This build was divided in to separate components. with that in mind it is best fitting to analyze the results from an individual stance and then evaluate the performance of the components as a whole. The rock collector portion located at the front of the robot shown in Figure 10.1 preformed as expected. 
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Figure 10.1

The functions that this component were to perform included fully opening and closing its doors, have doors remain closed while transporting rocks, and eject rocks. This component’s performance was mechanically. The actuation of the doors by its servo motors was smooth and forceful. The method of ejection was smooth as well. The thread and spool operated as expected with no entanglement what so ever.  The rock ejections were accurate when placed over the ejection area. This collector box was attached to the remainder of the robot with a simple hinge. The purpose of this hinge was to allow the robot to traverse the barriers with out the collector being driven in to the ground. This hinge held the collector securely as intended. The function of the expandable body portion was effective. The expandable body is shown in the fully extended position
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Figure 10.2

In addition all parts fit together as anticipated. This included the motor, gears, belts, motor mounts, front and rear decks, shafts, “Y-braces”, retaining clips, inner and outer shafts, bearing blocks, sleeve bearing, and other components. A positive response resulted from the electrical components. All motors corresponded to its intended signal transmitted to the receiver. This includes all 4 speed controllers, 2 servos and 6 drive motors.  The results of robot were over all positive. The sole adverse result was encountered in the drive train. As previously mentioned in the testing section the shafts and belt components continued to bind even after multiple trails to free them up. This adversity was encountered despite the fact that the parts were assembled and fit as intended by the designers. The similarities are reflected in Figures 10.3.
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Figure 10.3

 
Although improvement in the binding issues resulted after testing, it never fully cleared. It is for this reason that our team was not able to compete in the actual competition. It is our belief that with a few changes to this system that a fully operational version will result.

10.1 Cause of Problem / Recommendations  

 
This binding of the shafts is thought to be the result of multiple contributing factors. The primary contributor is excess friction between shafts and sleeve bearings. This friction is the product of shaft misalignment. The ideal shaft alignment is illustrated in Figure XXXX with an exaggerated clearance. Although the shafts have a very minute amount of clearance between themselves and the sleeve bearing vertical displacement is still possible.


[image: image74]
Figure 10.4

In the ideal alignment of the drive train’s shafts and bearings no binding would occur. Each shaft would distribute evenly its friction across the sleeve bearing that holds it. Also the belts would not place more friction on the shafts than is necessary to keep the belts and pulleys in mesh. However, in actuality the shafts were not in perfect alignment. Figure 10.4 illustrates this misalignment. In this figure it is apparent that by the nature of operation those belts require tension to transfer mechanical energy between pulleys. It is this tension that exerts a radial load on the shafts causing multiple concentrated friction points between the shafts and their bearings. These concentrated points are represented with red outlines in Figure 10.4. Also the misalignment is apparent by the dark voids between shafts.   


[image: image75]
Figure 10.5

The binding problem is further magnified by additional friction introduced by the multiple gears in the design. Ultimately it is this friction that is the main contributor to the unfortunate malfunction of the drive train. This friction proved to be too great to be over come by the present motors on the robot.

10.1.1 Recommendations

There are many possible solutions to this problem. Most of which would be suitable. This problem can be corrected with a mechanical solution or an electrical solution. However, a hybrid of a mechanical and electrical solution looks to be the best fit. If this project was to continue a few design changes will contribute to a more successful design. The use of ball bearings instead of stationary sleeve bearings is suggested. These ball bearings will more evenly distribute the friction between shafts as well as provide a reduction in friction. Ultimately ball bearings would eliminate the concentration of friction observed earlier in the text. Each shaft should also be equipped with 2-bearings. This redundancy will reinforce proper alignment while avoiding the shaft from twisting. The utilization of a chain sprocket sets as opposed to the presently employed belt pulley sets. Being that belts require tension to operate while chain sprocket sets don’t require as much tension. With this reduction in radial load better shaft alignment will result. The incorporation of a gear box would produce more torque to possibly over come the friction presently in the system. Another mechanical solution is to take advantage of the fact that the outer shaft’s gear train serves as a compound gear train. Given that only compound gear trains can increase torque. This can be done by attaching a larger gear or sprocket to the inner most part of the outer shaft. While the larger shaft is being driven by the pinion gear, the smaller gear opposite serves as the drive shaft for the idle gear. This set up will serve to increase torque. Without drastic alterations to the electronics of the system possible electrical solutions are limited. One obvious solution is to use motors with a higher torque rating. Also being that speed is not a goal in this competition the use of servo motors may be fitting. This suggestion considers the fact that servo motors provide excellent torque for their size. Servos have integrated gear boxes. Finally the battery packs can be reduced to the sizes of our exacting calculations to increase overall score. All of these design suggestions are echoed in Figure 10.6.
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Figure 10.6
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Updated Rock Collector Drawings 

All units are in inches
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Previous Rock Collector Design                     
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Current Rock Collector Design
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Note: Four of part “Side Walls” are made
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Note: All sides were attached using super glue.  An attempt to use J.B. Weld and Mighty Putty were made, but failed.  The paddles were attached using Mighty Putty.  The bearings were fixed in place by a small amount of Mighty Putty epoxy placed in the corners.  Also, some drawings need to be bigger than others for visual clarity.

Drawings for Expandable Body
Note: All drawings for the Expandable Body are in inches. 

The drawings for the expandable body changed significantly when the knives were received, an exploded view of the old knife assembly can be seen below followed by drawings of the current modified knives.  The actual knife modifications are not exact due to the machining process of using a Dremel Tool, but the length of the blade, body, and knife thickness are close to exact which are the important dimensions. 


[image: image89.emf]Note: The modified knife blades were connected to the other knives using Mighty Putty to fill in space and to give us adequate time to align the knives with out having to worry about the glue drying too fast.  Then two C-clamps were places on the parts being connected and adequate time was given to allow for the epoxy to set. 
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Drawing K3 is just an approximation of the size and shape that we were trying to achieve.  Cutting stainless steel with a Dremel tool in the shape of a circle is not an easy task.  If a washer of equal thickness was used, the washer would have had to be tapped so that the screw is not coming off of the surface completely due to size constraints.  It was also not our intention to have to modify the knives by as much as we did, but it was necessary in order to make the Expandable Body fit on the platform.  Also, the drawings for the screws holding the knife together were not given because we just used a rivet of equivalent size to simplify the drawing in the assembly.
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Transmitter Case Drawings
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Modified Transmitter
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Calculations

Free Body Diagram- Shown in Figure A1 is the position for the vehicle to most likely tip over.  Figure A2 and A3 are free body diagrams in this position.
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Figure A1
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Figure A2
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Figure A3

From the free-body diagrams, it is demonstrated that the vehicle will not tip over when it is positioned on top of the barrier as seen in Figure A1 since all forces are positive for the directions shown on the diagrams.  Figure A4 and A5 are a rough drawings indicating where the dimensions for the free body diagrams came from.
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Figure A4
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Figure A5

 Platform Setup
Figure A6 is a sketch of how the platform was designed last semester to fit within the 14.5 x 6.5 x 6.5 in box.  The wheels that have been selected were 0.75 in thick and have a 2 in diameter and ½ of the wheel had to be removed for the expandable body to be attached to the platform (Picture A1).  The spacing between the brackets and the wheels are 1/8 in and the bracket is 1/8 in thick.  The second platform design is below the first setup (Picture A2).  The final platform has the expandable body fitting on the outside corner of the platform, with some platform material removed, and the platform is inside the wheels and has cutouts for the belts and tapped holes for the motor mounts.
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Figure A6-Platform Setup 1
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Figure A7-Platform Setup-2
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R/C Vehicle for ASME Design Competition
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Figure 6.4:


Parallax Continuous Rotation Servo 


Size: 40.5 x 20 x 38 mm


Weight: 45g


Stall Torque: 3.4 kg-cm





Figure 6.3: 


Vampowerpro VP-LDS-29


Size: 22.8 x 11.6x 24 mm


Weight: 11g


Stall Torque: 1.8 kg-cm
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