1.0  Executive Summary
Over the past fifteen weeks, the Spin Doctors have developed an innovative design for a toy spinning top, called the Gaming Top.  The design of the top itself is very simple and similar tops can be found in the commercial market.  There are five main manufacturing processes that are required to produce and package the Gaming Top.  The team will divide up into the following groups: mold manufacture, abrasive water jet machining of “RPI” track, manufacture of pin using CNC lathe, robotics and assembly processes, and packaging of all components.   

The Gaming Top provides additional functionality than a traditional, hand spun, toy top.  The top comes with a handle and pin assembly that can be inserted into the shaft of the top and used to spin with a string.  This allows the user to spin the top at a faster rotational speed to attain a longer spin time, with most spins well over a minute long.  If the top is spun by hand a spin time of thirty seconds can still be achieved, thus satisfying the requirement for minimum spin time.  The top and handle are plastic injected using polypropylene plastic.  This will provide a lightweight yet durable product.  The pin is made of aluminum bar stock and will be knurled on one end using a Computer Numerical Control (CNC) machine.  The pin will be inserted using an interference fit assembly into the handle.  

Additionally, the product is packaged with a base that has two components in itself.  On one side is a plastic injected roulette base, again made of polypropylene plastic.  The roulette base provides an additional game for the user, where the top can be spun in the middle of the base and guesses can be made as to which number the top will point to when spinning stops.  The final aspect to the Gaming Top is the “RPI” track, which is a sheet of 16-gauge stainless steel sheet metal with a mirror finish on one side.  The symbol “RPI” will be manually cut out of the middle of the 4” x 4” sheet using an abrasive water jet machine.  This allows the user to maneuver the spinning top within the “RPI” section as an additional game.  Cost for all polypropylene, stainless steel sheet metal, and aluminum bar stock will be $950. 

The manufacture of the mold and mold components is one of the most important aspects to the production process, since three components are to be plastic injection molded.  It was determined that it would be easier to split up the parts and produce the top and handle on one mold and the roulette base on the other to prevent crowding on the mold.  One mold set will contain the mold cavities of the top and handle and the other mold set will contain the mold of the roulette base.  Although production time will increase because of separate molding, it will lead to less debugging during the production process.  A large volume of plastic would have been required to injection mold all three components at once on the same mold.  Cost of mold manufacture will be approximately $400, even with two mold sets because the molds are very simple and can be manufactured in the AML using the Cincinnati CNC Milling Machine.  

At the Staubli workstation three independent mechanisms will be utilized, along with the robot itself, to automate the pin assembly.  The mechanisms include: a handle feeder mechanism, a pin feeder mechanism, and a pressing station.  The pin insertion into the handle will be done in one stroke of the pneumatic cylinder.  The SCARA robot will be used in the assembly process to join the two halves of the base (roulette wheel and RPI track.) Essentially, the SCARA robot will load and unload the parts from the thermal press machine which will join the base together. The heat stake process will be carried out on the thermal press machine which will be rigged with a Geneva Mechanism, which allows the base to rotate.  


Packaging of the product will consist of bagging all components of the top with instructions.  The bag will be similar to a Zip-Loc bag allowing for a reusable package that is beneficial in storing and carrying the spinning toy top and its added features.  The bag will be held in a wire frame and the top, handle/pin assembly, and base will be loaded automatically using fixtures on the conveyor line.  The only manual features of the packaging system are to load the instructions off of the printer into the bag and closing the bag.  Overall, the Gaming Top provides the user with several functional dimensions to the product and an effective package.
2.0 Introduction
The main objective of the AML, Spin Doctors, is to design and develop a manufacturing plan for producing 600 spinning tops by the end of the spring 2002 semester.  There are several criteria which must be met for the top, including:

· Be dynamically balanced to allow it to spin under its own power for 30 seconds

· Be safe for ages 5 and up

· Utilize BASF colorants

· Be an aesthetically pleasing and a quality product

· Incorporate all or a majority of the manufacturing processes within

the AML including:

· Plastic injection molding

· Metal working

· CNC machining

· Plastics joining(ultrasonic welding and or thermoforming)

· Automated assembly(robotics and assembly line formation)

· Rapid prototyping and or tooling(SLA, AWJ, Thermal Pressing)

· Display customers & Rensselaer logo

· Be individually packaged

· Be produced with a $3,000 budget

· Provide a challenge for the users

· Stimulate the mind and other senses

· Be used to perform more than one function

· Increase user interaction in comparison to traditional top designs
3.0 Product Design
3.1 Design Evolution
Based on the given criteria, the team set goals to fabricate new ideas rather than conventional top designs, in particular creating more interaction between the top and user.  To develop further details regarding the public’s interest in tops, the Spin Doctors analyzed several tops currently on the market.  Additionally, a survey was created to understand the customer’s interests in spinning top designs. 
After reverse engineering several tops, ideas that were considered included powering the top through the use of a rip cord, air, spring and solar power.   Other methods featured rotational inertia created through the use of liquid and using motorized spring mechanisms to continue the top in motion.  Survey results from several age groups ranging from young children to college students and working engineers suggested; implementing lights while in rotation, colorful graphics, incorporating sounds, using colors to create a spiraling effect, creating an R.P.M. display and converting the top into a pen.  
Through the incorporation of current top designs and suggestions from surveyed customers, the Spin Doctors have developed a final design.  The design is unique because it not only involves a spinning top but also several other elements.  The addition of these “pieces” allows for greater functionality, a challenge to the user, a game of chance, and of course a fun toy for all ages.  This wide array of uses has helped in the creation of what is termed “the gaming top”.   
3.2 Design Description
3.2.1 Top / Handle Design
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Certainly a main aspect of the overall product design is the top itself.  Although the design is fairly simplistic, it offers both reliability and functionality.  As Figure 1 shows the top is symmetrical around its axis of rotation. Additionally, the top has two methods for being powered.  The first method, which is the traditional operation, requires the user to hold the top and spin it between two fingers.  The second method requires the handle design.  By holding the handle and inserting the pin into the top the user can set the top in motion through the use of a string.                 FIGURE 1

The handle can also be used to help stabilize the top when it’s first powered.  The use of the handle and string allows the user to spin the top at greater speeds for longer periods of time.   For a more detailed description of how to specifically use the top and its handle see Appendix D-1 (Spinning the Top.)  The CAD drawing of the top can be found in Appendix A-1. 
3.2.2 Roulette Wheel Design
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The roulette wheel is one side of the base design, which helps to create “the gaming top.”  The roulette wheel helps to enhance the stimulation of the user’s senses. The wheel is a unique component of the design and features the four corporate sponsors. Roulette is a common game found at all casinos and has been adapted to the design of “the gaming top” to be a stationary roulette wheel, with the top spinning in the 
FIGURE 2          
      center.  When the top comes to a stop it will fall over within the wheel and point to one of the ten numbers located on the wheel.  More detailed CAD drawing can be found in Appendix A- 4.
3.2.3 Track Design

The RPI track is on the opposite side of the base design.  The track provides another use for “the gaming top” in which the user is mentally challenged.   
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By tilting the base and trying to keep the top within the compounds of the RPI letters the user is challenged to maneuver the top from the beginning to the end. This game is similar to commercial games where the user maneuvers an object through a labyrinth of obstacles.  Appendix A-5 contains the detailed CAD sketches of the track design.  









FIGURE 3
3.3 Material Selection 

The material selected for the plastic injection molded parts is polypropylene.  This particular material is a thermoplastic that is rigid, strong, and ductile.  Each of these characteristics are of importance when designing a toy.  It’s essential that the material withstand various conditions including being dropped, chewed, and thrown.  For these reasons, polypropylene is traditionally used in toys.  Polypropylene is also economical, costing approximately 86 cents per pound.  Although polyethylene is the same price it’s physical properties don’t fit as well.  In comparison, polystyrene is amporphous (no crystal structure) making it clear, hard, and brittle.  Polystyrene is also more difficult to injection mold due to the complexity in achieving consistent runs.  Acrylic, Polycarbonate, ABS, and Nylon offer additional material choices but due to expenses are outside of our budget constraints.  

	Plastics Comparison

	Plastic
	Price per lb.
	Price per lb. over 1000lb.
	Examples

	Transparent
	 
	 
	 

	Polyethylene
	0.86
	0.65
	Plastic Bags

	Polystyrene
	0.86
	0.65
	Reusable Drinking Glasses

	Acrylic
	3.08
	2.48
	Picture Frame

	Polycarbonate
	7.9
	3.9
	Bullet Proof Glass

	Opaque
	 
	 
	 

	Polypropylene
	0.86
	0.65
	Toys

	ABS
	4.02
	2.99
	Cell Phones

	Nylon
	5.13
	3.8
	Structural Members


The material chosen for the RPI track is 16 gauge stainless steel with a mirror finish.  The prototype of the track was created using 1/16” and 1/8” thick aluminum.  After testing each, it was decided that 1/16” thickness was suitable to keep the top within the RPI track.  Although aluminum is functional and cheaper than stainless steel, the finish left on the surface of the aluminum needs to be processed to be aesthetically pleasing.  However, the stainless steel eliminates the need for post processing due to the protective layer on the mirror finish. 
Lastly, the material selected for the handle pin is aluminum.  Aluminum will be used for several reasons; strength, availability and cost.  Due to the fact that the handle pin has a small diameter, plastic is not a suitable choice for the pin.  Aluminum, however, is strong enough to be used despite the small diameter.   The amount of material needed to make 600 pins is quite large.  The availability of aluminum in long bar form also makes it a suitable choice for the handle pin.  Finally, aluminum is the cheapest material to make the pin from; raw aluminum is fairly inexpensive.  Plastic pins would require more complex mold work, adding to the cost of the mold.  The aluminum pin can be easily machined from the bar stock at minimal cost.

4.0  Manufacturing Process Plan

4.1  Mold Design 

The design and manufacture of the molds is the most important aspect of the production of the top.  Plastic injection molding will be used for three components of the overall design:  the top itself, the handle, and the roulette wheel. 

4.1.1 Mold Features


Since the early stages of the design process considerations for mold design were taken into account.  The parts were designed with approximately constant nominal wall thickness to prevent voids, sinks, warpage, dimensional instabilities, and pack out difficulties.  Wall thickness for the handle is uniform at .50” and should allow for uniform shrinkage after injection. The roulette base was designed to minimize the number of thickness variations.  The protrusions off of the roulette wheel are similar to ribs and therefore have a different wall thickness than the rest of the part.  This was justified since any non-uniform shrinkage that occurs will be on the backside of the part.  The backside of the roulette wheel will be covered by an abrasive water jet (AWJ) cut stainless steel track after assembly.  Also, the parts were designed to minimize sharp corners since these act as flow disrupters and draft angles were incorporated for easier part ejection.  Draft angles of 1.5 degrees were used on all major vertical surfaces to reduce the amount of friction between the parts and the mold cavities during the ejection process.  See Appendix B-9, B-10, B-11 for CAD drawings of the stationery and moving mold plates of the roulette wheel.

The runner system will be a full-round system with cold wells built in at the end of the runners.  The cold wells are 2 times the diameter of the runner and are used to allow the plastic to first solidify in the well and then eliminate cold flow fronts.  The runners are designed to be balanced to deliver the molten plastic to all the mold cavities simultaneously.  The runners need to be polished and large enough that laminar flow of the plastic is achieved.  


The gate will be finalized once the molds are on hand so that experiments can be run on the injection molding machine to determine optimum gate size.  The size of the gate will be initially small and increased as needed, again to promote simultaneous flow to all mold cavities.  A fan type of gate will be used to allow for complete filling of the parts, to allow for easy removal of the parts from the runner, and to minimize surface defects.   Both the gates and runner systems can be seen in the stationery plate drawing in Appendix B-1, B-2, B-9, B-10. 
Vents will be incorporated into the mold design to allow trapped gases to escape from the mold.  These vents are needed to avoid auto-ignition.  The vents will be added after the mold tooling is manufactured.  This is done by simply adding a 0.0007 – 0.005 inch groove at the parting line of the molds.  Next semester the team will further evaluate the molds to be sure an adequate venting system will be incorporated, since the molds can be physically examined at the time.

4.1.2 Mold Configuration

Two mold sets will be used to manufacture the top, handle, and roulette base.  It was determined that it would be easier to split up the parts and produce the top and handle on one mold and the roulette base on the other.  This way all the parts would not be crowded together and it will allow for sufficient filling of the mold cavities.  One mold set will consist of the moveable and stationary mold plates and ear plates of the top and handle (Appendix B-1, B-2, B-3), the ejector plate (Appendix B-13), the retainer plate, and the core plate (Appendix B-14).  The core pin plate will have the core pins and ejector sleeves.  Core pins are required to produce the holes on the top and the handle only.  The other mold set (Appendix B-9, B-10, B-11) will consist of the one large mold which will contain the cavity to make the roulette base.  This will allow the team to injection mold the top and handle separately from the base.  Although production time will increase because of this, it is believed it will lead to less mold design problems due to the volume difference between the top and handle compared to the roulette base.  


Although two mold sets will be used in the injection process, the cost associated with mold tooling will be relatively low.  The molds are very simple and can be made in the AML with the CNC Milling Machine.  The largest costs associated with the molds will be in the block of aluminum, the steel for the ear plates, retaining plate, ejector plate, and core pin plate.  Also, an endmill may need to be purchased that will be capable of milling fine detailed work on the roulette base, since there is small text extruded on the actual part.  The tooling should not take long to manufacture and be within the 30 free machine shop hours that were allotted to the team.  The total estimated cost of mold manufacturing is $400 based on approximations from past mold designs in the AML.

4.1.3 Post Processing

Once the molded parts are removed from the mold, they need to be removed from the runners.  This will be done by hand during the molding process.  Once the parts are ejected from the mold and the mold cycle restarts, the operator can manually remove the runners.  By doing so, the molder continues to operate while the previous part is being post processed.  The runner design is such that a minimum amount of work is necessary to remove the runners.  This manual operation will eliminate the need for complicated sheers and punches.

4.2  Abrasive Water Jet Machining

The RPI track, which is a subassembly of the base, will be produced using the abrasive water jet (AWJ) machine located in the AML.  The AWJ cuts through a material using a 0.030” diameter high-pressure stream of water containing suspended abrasive particles.  The machine located in the AML uses garnet as the abrasive and operates at 40,000psi. [image: image10.png]



FIGURE 4: Base – RPI Track

4.2.1 Material Selection and Preparation

Due to the simplicity of the mold design, excess money may be allotted to purchase a material that will not only meet the design needs but also be aesthetically pleasing.  It has been decided that stainless steel with a mirror finish will be used for the RPI track.  ‘Nationwide Architectural Metals’ quoted a price of $155 per sheet plus a $200 freight charge for three 48” x 96” sheets of 16 gauge (approximately 1/16”) stainless steel with mirror finish (~$700 total cost). 

It will be necessary to cut each sheet to 24” x 48” so that it will fit on the cutting table.  Six sheets will be stacked during each cutting run on the water jet, which is a total height of approximately 3/8” (under the allowable total height).  Since each RPI track is 4”x 4”, duplicating the part (see Generating Program) allows five rows and ten columns (fifty parts per sheet).  Therefore, two runs of six sheets each will produce 600 parts.
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FIGURE 5
The six sheets will be secured to the slats in the Water Jet through a common U-bolt design.  The mounting fixture will prevent the sheets from sliding while the water jet cuts the parts.  This requires that holes be drilled into each sheet of stainless steel.  The hole will be located approximately 12” in the y-direction and 1/2” from the edges of the sheets in the x-direction.  To assure that the mirror finish is not scratched on the top or bottom sheets, two sheets of thin plastic or aluminum sheet metal will be used.  The final process in the manufacture of the track is to remove the protective white paper on the mirror side of the stainless steel sheets.  The final process for manufacture will be completed manually.
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Figure 6
4.2.2 Program Generation
In order to create a program to cut the part on the abrasive water jet machine, a .dxf file is needed.  A .dxf file is a standard 2D line drawing of the part and can be created in ProEngineer, Solidworks, or other CAD packages.  The .dxf file is imported to FlowPATH and used to generate tool paths for the Abrasive Water Jet Machine to cut.  FlowCUT is used to duplicate parts into a rectangular array.  This allows several of the same parts to be cut from the same material.  Using an .ord file created by FlowPATH (and settings inputted) the parts are ready to be produced.
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Figure 7: Dimensioned CAD for RPI Track

4.2.3 Part Production

Once the finalized program (.ord file) is created and the stainless steel is prepped (cut, drilled, stacked, and secured) manufacturing of the RPI track may begin.  Based on the time necessary to produce the prototype (set-up time + cut time), an estimated five hours will be needed (at a cost of $20 per hour) to use the abrasive water jet machine in the AML lab.  Because the sheets will be stacked to only 3/8”, the taper that occurs as the water jet cuts the material should be minimal.

Using the abrasive water jet machine to produce the RPI track is a viable option and will cost approximately $800 in materials and machining time.  The part accuracy and tolerances are met by the 0.010” accuracy of the water jet, repeatability and duplication are easily achieved, and the process is cost effective.  It is also provides an additional manufacturing technique to the overall process of producing the toy top.        

The only disadvantage to using the abrasive water jet machine in the production process is that automation is very difficult.  At least one operator will need to stay at the machine to make sure the parts that have been cut do not float around in the machine.  Setup time will also add to the total cost of producing the parts on the water jet machine, since, there is a $20 / hour cost associated with using the machine.

4.3 CNC Lathe Process
While the symmetric aspect of the top lends itself to a lathe operation, only the support pin will be produced on the CNC lathe.  There are four basic operations to produce the support pin.

· Forming the tip – the design calls for a rounded tip on the pin to reduce friction.

· Knurrling end – the end of the support pin will be knurled for assembly purposes.

· Parting – the finished pin must be removed from the stock material.

· Post Processing – A finished pin may require post processing to create a uniform surface finish and to remove burrs.

To reduce machine time and costs, a HAAS SL-10 horizontal lathe will be used.   In order to further reduce costs, only four tools will be used: a puller, forming tool, knurling tool, and a parting tool.  The SL-10 is equipped with an hydraulic collet closer or chuck.  This will be used to eliminate wasted time in advancing new stock.  The process is as follows.

1. Form tip – with the material protruding from the collet about .375 inches, a standard forming tool forms the rounded tip.  Another option is to use a profiled lathe tool to form the tip in a “one shot” operation.  The tip is ground to the inverse of the desired shape and with a single z-axis move, the geometry is cut into the stock.

2. Advance stock – Once the tip is formed, the stock puller engages the stock.  The collet is released and the stock is pulled out a predetermined length.  The collet then re-closes and the puller disengages.  The stock must be pulled out enough to allow for the rounded tip of the next pin, as well and the knurl on the current pin.

3. Knurling – The end of the pin is knurled with a standard knurling tool.

4. Parting – The pin is then removed from the stock with a standard parting tool.  The finished pin simply falls into a part catcher with transfers the part outside the machine.

5. Cycle restart – the cycle then repeats with forming the tip with the material still protruding from the collet.
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	Step 1
	Step 2

	Tip is formed using standard turning tool
	Stock is pulled to predetermined length.

	
	

	
	

	Step 3
	Step 4

	Knurled feature is added
	Completed part is removed from stock

	
	

	


	Step 5

	Completed part is moved outside machine by part catcher, process begins with step 1


FIGURE 8

5.0 Assembly Setup / Packaging
5.1 Base Assembly by SCARA

The SCARA robot will be used in the assembly process to join the two halves of the base (roulette wheel and RPI track.) Essentially, the SCARA robot will load and unload the parts from the thermal press machine which will join the base together.

SCARA will use a three sectioned end effector.  Refer to Appendix C-19 and     C-20 for detailed CAD drawings.  One section will pick up the molded base, one section will pick up the metal track, and the third will pick up the completed part.  In order to pick up each of the three parts, a suction system similar to the one in the AML will be used.  Ordinarily, three moves would be necessary to assemble the base; one move for each piece.  However, using the three ended effector design, these moves can be combined into one move, thus reducing assembly time and increasing productivity.  In addition to reducing the time necessary to move the pieces from fixture to fixture, the three ended effector enables parallel assembly.  The heat stake machine will assemble the base autonomously, while SCARA is free to do something else; namely load new pieces onto the effector.  See Figure 8 below as a visual representation of the SCARA assembly setup.

The heat stake process will be carried out on the thermal press machine which will be rigged with a Geneva Mechanism.  Appendix C-7 and C-8 provide detailed drawings of the thermal press fixture.  The Geneva Mechanism allows the base to rotate once placed on it.  The Geneva Mechanism will be mounted to an air cylinder which will move the base in and out of the thermal press machine.  When in the thermal press machine, the Geneva Mechanism will align the heat stake over one of the 4 corners to be pressed.  It will then rotate the base 90 degrees to press the next corner. After all 4 corners have been pressed the air cylinder will retract the base from the thermal press machine, and the SCARA robot will pick the base up then put the two new halves of the base onto the Geneva Mechanism. 

While the base is being heat staked, SCARA will pick up two new halves and drop the previously completed base into the bag on the conveyer belt.  Two new halves of the base will then be fed to the pickup station for SCARA.  The halves will be stacked on their respective feeder cylinders.  Each time the air cylinders cycle another base piece will be presented for SCARA to pick up.
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FIGURE 9
Note: Use 3 sectioned end effector, one section for molded base, one section for metal track, one section for complete part so SCARA can carry 3 things at once.
1. SCARA approaches fixture with molded base and metal track.

2. Heat stake completed, SCARA picks up complete part (SCARA now holds all three pieces, base, track, and complete part but does not move away from the fixture)

3. SCARA places molded base and metal track into fixture

4. SCARA moves away from fixture (only holds the completed part now)

5. Heat Stake Process begins / SCARA deposits complete part and loads new base and track

6. Repeat from step 1.
5.2 Handle Assembly by Staubli

The handle assembly is the process in which the turned aluminum pin is pressed into the hole in the polypropylene handle.  For efficient manufacturing it is ideal to have this process as automated as possible.  To automate the process several devices will be implemented such as handle feeder mechanism and pin feeder mechanism.  This process will be carried out in the AML.


Since the finished pin and handle assembly will be placed directly in the product package it is wise to perform the assembly near the flow line of the packaging system.  Therefore, the assembly will take place at the Staubli workstation.  This will allow for the utilization of the robot and provide a sturdy workspace conveniently located along the packaging line.


At the Staubli workstation three independent mechanisms will be utilized, along with the robot itself, to automate the pin assembly.  The mechanisms are a handle feeder mechanism (Appendix C-31), a pin feeder mechanism (Figure 10), and a pressing station (Appendix C-11).  All three of these will be fastened to the same worktable as the Staubli robot.


[image: image3.wmf]
FIGURE 10: Pin Feeder Mechanism


The first step in the assembly process is getting a handle.  This will be performed by Staubli and the handle feeder.  The feeder design allows only one handle, hole side up, to be discharged at a time.  The force that keeps the handles continuously feeding through the machine is gravity.  This makes for a cheap and efficient way of moving the handles through the mechanism.  Staubli will use the current end effectors that are attached to its wrist.  It will be programmed to move to the discharged handle and grasp it.  The next step is for Staubli to take the handle and place it in the pressing mechanism.  Once the Staubli moves the handle into position and releases it, the spring retainer in the press mechanism will keep it in place.  The third step in the assembly is for the robot to obtain a pin.  This will be carried out by Staubli and the pin feeder.  The pin feeder will separate a single pin oriented consistently the same way with each stroke of the pin extractor.  The force which the pin feeder uses to feed the pins through the hopper is gravity.  The pin extractor will slide back and forth by means of a pneumatic cylinder.  A pneumatic cylinder will be used because the motion is only in one direction and the there are only two positions, open and closed.  
The pin extractor is designed so that the rounded end of the pin is hanging off the edge.  This allows for the end effectors on Staubli to grasp it.  The next step, once the robot has the pin in its end effectors, is to place the pin in the pressing mechanism.  The robot will be programmed to set the pin, knurled end down, into the sleeve on the top of the press mechanism and then release it.  This sleeve will line the pin up with the hole in the handle.  Once it is released the robot will move a small distance away from the mechanism.  The fifth step is to physically press the knurled end of the pin into the hole in the handle.  This will be done in one stroke of the pneumatic cylinder located above the pin.  Pneumatics is again chosen because one direction with two positions is needed.  Only .25 inches of the pin will be protruding above the sleeve encasing it.  This will keep the pneumatic cylinder from pushing the pin into the handle too far.  After the pin is pressed the assembly is complete.  The finished assembly is now ready to be packaged.  This is another function of Staubli.  The robot will be programmed to grasp the assembly by the handle and remove it.  The product is then moved via the robot and released into the packaging bag, which is riding on the conveyor.
5.3 Packaging 
5.3.1 Tops

In the design of a packaging system for the tops being placed in the bags, several requirements including ease of use, efficiency, and reliability were considered. Based on these requirements and restrictions, the system shown in Figure 13 below was designed.  Detailed drawings can be found in Appendix C-2.
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FIGURE 11: Basic Hopper System Sketch

The system itself is easy to use and requires minimal human involvement.  Ideally, the only time an operator is needed is to place the tops in the hopper system.  This helps to create an efficient system that can be maintained on its own without constant watching.  No skill or special technique is necessary as the tops can be thrown into the hopper without regard to orientation, feed rate, or quantity.   Once the tops are placed in the hopper, they are filtered into the tube structure.  The dimensions of the tube structure (1.56” inner diameter and 15” in length) align the tops in a completely upward or downward position, as the figure shows.  This particular alignment allows for ease in monitoring the release of only one top at a time.

Within the tube structure, two solenoids are used to help in the preparation and release of the tops.  As the bottom valve is opened, the top is released and placed in the bag on the conveyor belt.  Then, the bottom valve is closed and the first valve is opened releasing a top to the bottom valve.  In this manner, one top is released at a time into the bag.

The overall system for the packaging of the tops is dependent on the timing of each of the actions.  Sensors are placed appropriately to identify when a new package has arrived and when to release a new top for the packaging stages.  Additionally, the hopper system will be electronically enhanced with a sensor to identify when the tops jam or there are no tops in the tube structure.  In this manner, the operator will be alerted to fix the jam before a loss of production occurs.  The hopper is also equipped with a vibration system to help in the prevention of the jamming of the tops.  By enhancing the movement of the tops, it is less likely that they will be lodged in the hopper.  These added sensors and features help to maintain an added degree of reliability as the operator is signaled when the hopper system is encountering a problem.

 5.3.2 Bag Selection

In the design of an appealing package for the final product, many ideas were considered. Some of these include: bags stapled close, bags with printed labels, a thermoformed plastic case that would aid in the storage of the top and base, and shrink wrap.  The final decision was to use a bag with a “zipper” closing system similar to a Ziploc bag.  

This particular bag style allows for a reusable package that would be beneficial in storing and carrying the spinning toy top and its added features.  Factoring the dimensions and sizes of the top, handle, track and string, a bag size of 8”X10” was the most feasible choice.  The bags will be purchased from Universal Plastic Bag Mfg. Co. at a price of $48 for a quantity of 1,000.  They can also design labels and logos on the bags before they ship them, however an order of 50,000 bags is required for placement of the logo.  Therefore, instead of displaying the teams’ name on the bag, the logo will be placed inside the package on the exterior of the instructions.  In this manner, the logo will still be visible as if printed on the bag.   The instruction card with the logo will manually be placed inside the bag prior to closing the “zipper”.  For a further description of the instructions and logo refer to Appendix E.
5.3.3 Bag Carrier  Design
A bag carrier has been designed to collect the finished parts on the conveyor belt.  The carrier was designed with several factors in mind.  Dimensioning the bag appropriately for the various pieces and instructions was the first design consideration.  Second, it was necessary to make the carrier dynamically sound properly holding the bag throughout the whole packaging process.  Lastly, the decision was made that a minimal amount of human involvement would be necessary to place/remove the bag from the carrier.  Therefore the bag carrier was designed for easy use (i.e. requiring simple repetitive motions.) 
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Figure 12: Bag Carrier Design
Refer to Appendix C-29 for detailed CAD
The design consists of a wire frame that the bag is tucked around.  The dimensions on the frame allow for three to four inches of the bag to be wrapped around the wire so that the bag does not slip off when items are placed into it.  
Note: The base dimensions are an approximation and can be adjusted to the size of the conveyor.  Additionally, the frame can be made of any rigid material including heavy wire, aluminum, or wood.
6.0 Manufacturing Layout

To optimize production and minimize costs, the manufacturing layout is simple and efficient.  The design is separated into three sections: base assembly, handle assembly, and packaging.  The SCARA robot will assemble the molded base and the metal track pieces with the thermal press, while the Staubli robot will assemble the pin and the handle.  Completed bases will then travel to the Staubli robot where they will be packaged with the handles and tops.  By distributing the assembly between SCARA and Staubli, time is decreased while overall production increases.
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FIGURE 13: Manufacturing Layout

7.0 Production Plan, Schedule, and Resources
7.1 Production Plan
The group of 22 members in AML II for the Spring of 2002 will be broken down into 5 main groups.  Each group will be responsible for logistics such as purchasing materials for the specific operation and also providing information for the report and presentation.  Some groups will require considerably more work and will therefore have more team members.  Next semester team sizes will be examined and determined.  A Gantt Chart, included in Section 7.2, provides a general outline for planned activities through the semester and an approximate length of time required for each activity.  
The 5 groups will be divided as follows:

1. Mold

· Purchase Aluminum and Steel for mold parts

· Review mold design for feasibility 

· Write CNC code for the milling machine

· Design fixture and manufacture/contract fixture

2. Abrasive Water Jet

· Purchase Stainless Steel sheet

· Fixture design/manufacture

3. CNC Lathe

· Purchase Aluminum bar stock

· Write CNC code for lathe

4. Assembly / Robotics

· Write code for SCARA and STAUBLI

· Robotics fixtures design/manufacture

· Press fixtures design/manufacture

· Organize Press / Heat Staking Operations

5. Packaging

· Purchase bags and labels for packaging

· Produce 600 instruction sheets 

· Bag fixture design/manufacture
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