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1. Abstract


The purpose of this project is to design a machine that tests the properties of materials inside of a very volatile environment.  The National High Magnetic Laboratory and the group’s sponsor, Dr. Ke Han, would like this machine to be able to work inside a magnetic field of 20 Telsa, a temperature of 4.2 Kelvin, and the machine must fit inside a cylinder that has a diameter of 150 millimeters.  The machine must also be able to exert both a compressive force and a tensile force on the sample it is testing.  Right now Dr. Han has a machine that can only create a tensile force on a sample.  The group used this old machine as a basis for the design of the new machine.  The group came up with three design ideas and, through the use of a decision matrix, chose the idea that required the least amount of change to the old machine while still accomplishing all of the objectives set for the new machine.  Using this new design template, the group made three-dimensional drawings of the new design using Autodesk Inventor 2008 and assembled it in the program.  In order to prove to Dr. Han that the new machine would not fail during use, the group again used Inventor to perform stress tests on the new parts.  The tests showed that the new parts could stand up to the forces required and the next step for the group will be building the new machine.  The group built two of the parts after encountering a few major problems with the project and was able to prove the concept of the new machine.  They were able to prove the machine would input tensile and compressive stress on the sample and, when completed, the machine will do as it was designed.       
2. Project Background:
[image: image79.emf]

[image: image80.emf]

[image: image81.emf][image: image82.emf]


Currently the National High Magnetic Field Laboratory has a machine that is designed to test a variety of materials inside a high powered magnet and at very low temperatures. This device is pictured in Figure 2.1.  The current device is composed of mainly stainless steel, soft yellow brass, and aluminum.  These metals all have one main thing in common; they are not affected in any way by a magnetic field.  The main part of the machine is shown in Figure 2.2.  The machine works by using a motor that turns a gear, illustrated in Figure 2.2, which in turn causes the block on the right, called the sliding block, to move away from the center of the device.  This movement stretches a material sample, held between the two blocks, and exerts tension on it.  While this is happening, helium is pumped around the machine, lowering its operating temperature to 4.2 Kelvin.  The main limiting factor of this machine is it cannot compress the sample, it can only pull it.  This device also cannot measure the amount of force the block exerts on the sample.  Learning about the properties of different materials at extremely low temperatures is very important to Dr. Ke Han of the Magnetic Lab and with this machine he is not able to learn all that is possible about the samples he is testing.

3. Project Scope and Needs


The scope of this project is to design a machine that can make a sample of material feel both tension and compression and measure the amount of force that is being exerted on the sample.  The team must make sure that the machine contains no magnetic parts and the materials will not fail at the extreme low temperatures that the machine will operate in.  The team also must make sure every step is approved by Dr. Han before moving on.  He is the expert here the group will regularly rely on him.  Ultimately the team will design a machine that meets all objectives, satisfies all specifications, and is approved by Dr. Han.

 4. Specifications


This project requires very specific objectives and constraints.  Because the group is modifying a pre-existing machine, the ground work is already completed. The first steps of the project are already done and the project can only move forward, not backwards. 


4-a: Objectives:
· Design a machine that can exert both tension and compression on a sample.

· The existing machine can only exert tension on the sample being tested.  In order for this team’s design to be considered successful, the new device must be able to put a sample under both tension and compression without changes being made to the device while it is being used.

· Increase the translational motion of the sliding block.

· To successfully cover this objective, the group needs to design the new machine so the block that pulls on the sample can move farther away from the center than the old machine could.   The minimum allowable distance the sliding block must be able to move for the design to be considered a success is 5 millimeters.  This distance will allow the sample to be stretched far enough for the machine to obtain usable data regarding the material samples properties.

· Add a load cell to the machine. 

· In order to determine the forces being exerted on the sample, a load cell must be added to the design.  The original machine did not have a load cell and was not able to measure force.  It could only measure the strain of the sample.  The new machine must be able to measure the stress the sample is under during both tension and compression; the right load cell will do this.

· Make minimal changes to the original machine.

· In order to save money and time, the group will try and accomplish all of the previously mentioned objectives while making as few changes to the old design as possible.  The only part of the machine the group needs to modify is the bottom part, or the working part shown in Figure 2.2.  If possible, the new design must be able to take the place of the bottom part of the old machine.  This way, Dr. Han will be able to simply reproduce the top part of the old machine with no design changes and attach the new design the group is making to it.  If the group can accomplish this, a lot of money and time could be saved.

In order for this project to be successful, the new design must cover all of the aforementioned objectives.  There is no room for error for the group.  All of these objectives are equally important and if one of them is not met the new design will not perform as expected by Dr. Han and will be considered a failure.


4-b: Constraints:
· The device must be able to operate inside of a 20 Telsa Magnetic Field.

· Since the whole purpose of this device is to test materials inside of a magnet, it makes sense that all of the materials used in the design must be non-magnetic. The materials that are used now consist of mostly bronze, aluminum, and stainless steel.  Other materials such as composites could be utilized, but the group will try and use the same materials in the new design as much as possible.

· The device must be able to operate at a temperature of 4.2 Kelvin.

· In order for extreme low temperatures to be reached, Dr. Han runs liquid helium through tubes that are attached to the old device.  This lowers the operating temperature of the old machine to an astonishing 4.2 Kelvin.  The group’s new design must be able to operate in this environment as well.  Since the materials used in the old machine are able to operate at this temperature, the group will try and use the same or similar materials for the new design.

· Size.

· Size is a major constraint in this project and is absolutely non-negotiable.  This new design cannot be a millimeter bigger than the old machine.  The new machine has to fit into a pre-made cylinder that is 150 millimeters in diameter.  The cylinder with the device inside is then inserted into the magnet.  In order to prevent the design from getting too big, the group is going to design the new machine around the old machine’s base plate.  This base plate is 143 millimeters in diameter.  The group must make sure that none of the new design overlaps this base plate because if it does the new design may not fit into the cylinder, causing the project to be a failure.

· Cost.

· Dr. Han has not given the group an exact budget.  He says the group should do the buying through him and he will approve or disapprove of each individual purchase.  Even though there is no exact number, the group will try to save money whenever possible.  Some examples of this are using scrap metal leftover from the machine shop instead of buying new metal, and making as few changes to the old machine as possible while still accomplishing the objectives.  Actions like this will allow the group to keep their spending to a minimum and satisfy this constraint.

5. Design Concepts

5-a: Introduction:

In order to choose the best design, the group had to first come up with several good ideas of how to best solve the problem.  The first step to any design process involves some kind of a brainstorming session.  During this process the group called out any idea that came to mind.  Out of the many ideas that were mentioned, the group was able to pick out the best three by a vote. These three are explained in detail in the next section.
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5-b: Design one:
[image: image84.emf]


With design number one, the group was trying to implement design ideas that were learned in previous classes.  Slider and rocker mechanical designs are two examples of the types of mechanical systems that have been taught in previous classes.  Design number one, shown in Figure 5.1, implements a typical slider mechanical design.  This design consists of a motor that sits raised above the base plate of the machine.  This motor will rotate a small arm, which must be at least five millimeters in length, which is connected to a longer arm that is connected to a slider block.  This slider block will be able to slide along a track on the base.  The purpose of the track is to keep the slider block moving in a straight line.  Securely connected to this slider block will be the sample that is being tested.  The other end of the sample will be attached to a block that will remain stationary on the base, connected by at least four bolts.  As the motor rotates the small arm in a full circle the sample will be subjected to alternating tension and compression, which is one of the goals.  One major problem with this design is the fact that the motor will be in the magnet along with the machine.  In the original machine, the motor was located at the top of the machine, outside of the magnet. This protected the motor from the magnetic field and the extreme cold.  With this new design, the motor must be able to withstand the 20-Tesla magnetic field and temperature of 4.2 Kelvin that are found inside the magnet.  Any motor that can run in that volatile of an environment will be specialized and very expensive.  Another problem with this design is the group would have to vastly change the design of the upper part of the old machine to make room for this design to fit on the base plate.  This would fail one of the goals because major changes to the old design would have to be made.  Overall this design is a good idea and uses some very creative thought, but difficulties would have to be overcome to implement it.
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5-c: Design Two:
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Design number two, pictured in Figure 5.2, is taking the sliding part of the old machine and mirroring it. The group came up with the idea of adding another motor that will control the movement of the previously stationary block, making it a new sliding block.  The original design used one motor that made one block that was attached to the sample move one way, while the other end of the sample was anchored to a block that stayed still.  This made it impossible for the machine to exert both tension and compression on the material sample because the sliding block could only move in one direction.  If an additional motor is to be added and connected to an additional gear, this new gear will allow the previously anchored block to become a new sliding block.  Since both blocks will now have the ability to move, the person controlling the machine will be able to make the blocks, with the material sample securely connected between, move in opposite directions of one another.  This will allow both tension and compression to be applied to the sample, accomplishing one of the goals.  A major problem with this design is its complexity. This will be a very hard design to implement because it almost doubles the amount of moving parts.  Also, this design will require major changes to the original machine, just like the first design idea, for it to fit on the base plate.  Another major problem with this design is its size.  The addition of a new motor, gear, shaft, and gear housing will take up a tremendous amount of space.  Since size is a major constraint on this project, these new parts may just take up too much space.  Again, the implementation of this design idea will require the group to overcome many tough problems, but it is possible. 
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5-d: Design Three:
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This idea is by far the group’s favorite design choice.  It is the simplest, and while still needing a lot of work, it will require the least amount of change to the original design.  Design number three centers around the “V” cut that is present on both the sliding and stationary blocks on the original machine.  The purpose of this “V” cut, in the words of Dr. Han, is to “pull the sample in one direction with tensile stress and align the sample”.  Figure 5.3 shows a very clear illustration of the “V” cut.  This is a very important aspect of the old machine, but it is also the reason the old machine can only put a tensile force on the material sample.  This is because the “V” cut only guides the sample holders.  It is in no way connected to the sample holders, it only pushes against them because they are the same shape.  Design three entails getting rid of the “V” cut completely and designing a stationary and sliding block that can connect to the sample holders instead of just guiding them.  Design three will also require the group to completely change the material sample holders, making it possible for them to connect to the blocks.  This design idea sounds simple, but there are still some complications and problems associated with it.  The first problem will be obtaining a motor that has the capability of operating in both forward and reverse.  Since this design uses the idea of only having one sliding block, that block will have to move in both directions in order to place both a tensile and compressive force on the material sample being tested.  Purchasing an electric motor like this could get expensive, but the Magnetic Lab might have a motor that will suit the group’s [image: image89.emf]needs.  Another potential problem with design three is the fact that the sample holders will now be connected to the sliding and stationary blocks.  This additional mass, plus the addition of a tensile and compression force may be too much for the blocks and they may physically fail.  Extensive stress tests will have to be done to ensure that the new design will be safe and the additions will not increase the potential for failure.  An engineering drawing for design three is [image: image90.emf]

shown in Figure 5.4.  This drawing shows some possible replacements the group generated for the “V” cut.  The first replacement is called the “T” cut.  The theory behind this idea is a “T” shaped sample holder could fit directly into the blocks, and because the block supports the holder on both the front and the back, tension and compression can be accommodated.  The second idea is a through cut.  For this replacement the group could use the “T” shaped sample holder again, but instead of the block supporting the holder, bolts will support it.  This cut makes it easy to bolt the holder to the block.  The third idea is a “direct connect”.  The group came up with an idea to directly connect the sample to the blocks, negating the need for a sample holder.  This will simplify the process and make the design cheaper if it is possible.  If design three is chosen the group will have to consult Dr. Han and use three dimensional programs to determine which replacement for the “V” cut would work the best.


5-e: Load Cell



5-e.1: Background

[image: image91.emf]
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The final step in the design process is determining what load cell to use to measure the force being exerted on the material sample.  Before choosing, the group wanted to learn as much as possible about how load cells work.  Load cells are typically “electronic devices that convert mechanical energy into an electrical signal” (Shelke).  The force applied to the load cell deforms small beams inside of the load cell, beams that have a strain gauge attached to them.  Inside of the load cell the deflection of the beams is “read by the strain gauges whose resistance changes as they are bent” (Shelke).  In traditional load cells there are four strain gauges attached in a Wheatstone bridge arrangement set up as shown in Figure 5.5.  The strain gauges measure the resistances through R1, R2, R3, and R4. An outside controlling system is used to measures the changes in resistances.  The output voltage range is in the millivolts and must be read by this controlling system.



5-e.2: Constraints:


The constraints that are present for the new machine all apply to the load cell as well.  The load cell must be made of materials that are non-magnetic, the load cell will have to work in a temperature of 4.2 Kelvin, and the load cell cannot be any wider than .38 inches.  Another major constraint for the load cell is it must be able to measure both tension and compression.  Not every load cell can measure both.  The major size constraint means that the group will have to use cylindrical type load cells, as they are the only types that are made small enough.



5-e.3: Types:

· [image: image93.emf]

Digital Load Cell:

· [image: image94.emf]

Figure 5.6 shows a digital load cell.  This load cell functions like any other load cell, however this one has multiple load cells built into it that can be read independent of one another.  This vastly increases the overall accuracy.  This load cell is a definite option, but the constraint of a magnetic field of 20 Tesla would require the circuits to be calibrated for such an extreme and may cause the load cell to not work at all.  

· [image: image95.emf]

Hydraulic Load Cell:  

· [image: image96.emf]

A hydraulic load cell, pictured in Figure 5.7, transfers the force of the sample onto a piston which increases the pressure inside the load cell.  This difference in pressure is measured and the force can be calculated from this.  The size constraint would make it very difficult to make this load cell precise.  For application its advantages are that it is not a complex system and can be easily read by a computer.  The downside of this load cell is that, at the operating temperature of 4.2 Kelvin, the properties of the fluid inside the cell would change and the cell would need to be tested and calibrated for our use.

· Fiber Optic Load Cell

· [image: image97.emf]
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Figure 5.8 shows an example of a fiber optic load cell.  This type of load cell operates in a completely different way than a normal strain gauge load cell.  The design of this is still fairly new so little is known about these by the general public.  The way it works is always changing as well.  The main advantage of this type of load cell is that it does not need to physically contact the material being tested.  The way it operates is very complex, utilizing a “fiber optic micro-displacement sensor probe” as its main component (www.globalspec.com).

· Custom Load Cell

· [image: image99.emf]
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Since there is never a common way of using load cells and many different people need many different types, there are companies that can create custom load cells.  The load cell pictured in Figure 5.9 is an example of a miniature stainless steel load cell.  It works just like the load cells mentioned in the background research, using strain gauges to measure force.  These load cells can be made to any dimension, and can be made to work in any environment if possible.  This load cell would be a very good choice for the group since the new machine will be such a unique design.

5-e.4: Selection:


The flow chart pictured in Figure 5.10 is a visual representation of the analysis used to select the most suitable load cell.  Using the process described in the flow chart, the group decided that a custom, cylindrical load cell would be the best choice.  The group then went to Dr. Han for information on how to order a custom load cell.  Dr. Han directed the group to Andrew Lienkei. Mr. Lienkei founded A.L. Design Inc., a company that specializes in making custom load cells, among other things.  The group then had to contact Mr. Lienkei about making a load cell that would be non-magnetic, would work in a temperature of 4.2 Kelvin, and would be small enough to serve the purposes of the group.  Figure 5.11 is a copy of the load cell the group designed that is to be built by A. [image: image101.emf]

L. Design Inc.  Mr. Lienkei has also informed the group that his supplier can build a strain gauge that will work in the [image: image102.emf]

magnet environment. Now the group will have to choose a design that best utilizes the type and size of load cell that is being designed.    

6. Final Design

6-a: Decision Matrix:
	Design #
	Simplicity
	Cost
	Safety 
	Load Cell
	Meets All Goals
	Total

	1
	2
	2
	3
	3
	3
	13

	2
	1
	1
	5
	3
	3
	13

	3
	4
	4
	5
	4
	5
	22
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Figure 6.1 is the decision matrix the group used to decide which design idea to use as the final choice.  The decision matrix employed a five point scale, five being the highest amount available, spread over five different categories.  The first category is simplicity.  This category covers the possible difficulties that may be encountered while turning the design into the real machine.  If the design has complex parts or will require extensive machining that greatly deviates from the original machine, points will be deducted from this area.  The next category covers the overall cost of the design. Points will be deducted from this category if the design will require expensive parts, a lot of extra materials, or a specialized load cell.  Safety is another category.  This one covers the likelihood of the design violently failing due to excessive stress or electrical problems.  If any one of these designs were to fail or explode for any reason while inside of the magnet, the consequences would be costly and dangerous.  The following category, load cell, covers how easily and readily a load cell can be connected to the design.  If extensive changes must be made to the design to allow for the installation of the load cell, points will be deducted.  The final category is “meets all goals”.  This is just as it sounds.  A design will score all five points in this category if it will theoretically meet all of the goals unequivocally.  The design that has the highest points at the end of this process will be the choice, pending approval by Dr. Han.

Design number one received a thirteen overall.  Its lowest marks were in simplicity and cost.  Being a slider design, this would not be very simple. Having the motor inside of the magnet also accounts for a lot of the complexity.  This design would cost a lot as well.  Implementation of this design would require a complete overhaul of the existing machine.

Design number two received its lowest marks in the same categories as design number one.  This design would definitely not be simple.  This design would actually be so complicated, the group does not even know if it would be possible to build it.  Adding another motor would also be very expensive.  Immediately it is clear that this design would need major overhaul of the original design, and the structural integrity of the base plate could be in jeopardy because of the extra cuts that would have to be made into it.  These are the reasons that design two received a thirteen.

Even from the beginning, design number three was silently the group’s favorite.  This decision matrix only proves what the group already expected.  Design three is by far the simplest; it requires the least amount of overall work while still accomplishing all of the goals.  This design should also be as safe as or safer than the original machine, so there is little fear of failure.  The group also believes that adding the load cell to this design would be much easier than adding it to the others.  With design number three as the group’s choice, Dr. Han was approached with all of the information.  Luckily, he agreed and loved what the group’s idea was.  This allowed the group to move on to the final design and detailing aspect of the project.
6-b: Detailed Explanations:

All of the detailed, ready to be sent to the machine shop, drawings can be viewed in Appendix i.  The purpose of this section is to fully explain what the group did to modify the new design to accomplish the goals.  Each individual part of the old machine had to be looked at and changed to fit the group’s needs.  What follows is a rundown on what had to be done to each and every part.

· Stationary Block:

· [image: image104.emf]
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Figure 6.2 shows the transition from the old stationary block to the new stationary block.  As the illustration shows, the group completely trashed the “V” cut.  Because this part has a much bigger base and more room to work with, the group also decided to make this block responsible for holding the load cell.  Because of this, the sample holder cannot be bolted to the stationary block, it must be connected to the load cell only and it must be able to move ever so slightly forward and back.  This is why the “T” cut was chosen for this part.  This cut provides support for the load cell and the sample holder; the load cell can connect to the back of the cut and the “T” shape can guide the sample holder, making sure it can only go straight backwards and forwards.  

· [image: image107.png]ANSYS



[image: image108.emf]

Sliding Block:

· [image: image109.emf]

Figure 6.3 shows the comparison between the old sliding block and the new one.  Again, as with the new stationary block, the “V” cut was completely discarded.  Since the stationary block already has the load cell, this block’s only purpose is to securely hold the sample holder and move back and forth.  The bottom half of this block remained relatively unchanged.  The entire new sliding block is, however, about five millimeters thinner than the original sliding block, allowing more room for the block to move back and forth.  The through cut was determined by the group to be the best selection for the new sliding block.  Adding threaded holes to one side of the block made it possible for the group to bolt the sample holder to the block.  These bolts will support the sample holder when the machine is providing either tension or compression to the material sample.         

· Stationary Sample Holder:

· [image: image110.emf]
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[image: image113.emf]

The stationary sample holder is the part that is responsible for connecting the material sample to the stationary block.  Figure 6.4 shows the old machine’s sample holder and the new design’s sample holder.  Basically, this sample holder had to be designed to be placed in the “T” cut of the stationary holder.  It also had to have a space on the back that could connect to the load cell.  This connection is done by using a threaded hole the load cell can simply screw into.  The group kept the same design for how the material sample connects to the sample holder.  Dr. Han said the material sample is soldered to the sample holder, so the group will continue to use this method.   

· Sliding Sample Holder:

· [image: image114.emf]

This sample holder is almost the same as the stationary sample holder.  The only difference is this sample holder must connect securely to the sliding block.  Figure 6.5 shows how this is done.  There are two screw holes in the back of the sliding sample holder.  These holes line up perfectly with the threaded holes on the backside of the sliding block.  These holes are also countersunk so the heads of the screws will not stick out of the holder.  This is simply a precaution to keep the size constraint out of play.  The material sample will connect to this holder in the same way the material will connect to the opposite holder.

· Base Plate:

· [image: image115.emf]
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[image: image117.emf]

The base plate required little alteration by the group.  Dr. Han told the group to “clean up” the base plate of the old machine.  What he meant by this was the old base plate had a lot of extra holes drilled in it that were not needed.  He told the group to get rid of these extra holes and only include those holes that were needed the new design.  On top of cleaning up the unneeded holes, the group also had to move a few of the existing holes to make more room on the base plate.  The holes that the stationary block is screwed into were moved about three millimeters towards the edge of the base plate.  This was done to add extra space for translational motion by the sliding block, which is one of the group’s goals.  Figure 6.6 shows the old base plate and the new one side by side. 

The rest of the new design is identical to the old machine.  This fact is why Dr. Han liked design number three more than the other designs.  This fact also helps to keep the cost of the new machine down.  Since the new design is fully compatible with the top part of the old machine, shown in Figure 2.1, the Magnetic Lab will simply have to reproduce this old top part and will not have to design anything new.  Figure 6.7 is an illustration of the new design completely assembled.  The next step, after designing and drawing all of the new parts, is to make sure that none of these new parts will break under stress.  This process is detailed in the next section.  

7. Stresses

7-a: Assumptions:

The first act that should be done by anyone trying to figure out the forces acting on a body is the making of a free body diagram.  Figure 7.1 shows the forces acting on the new design, in both tension and compression.  Clearly shown are the forces will only act on the stationary and sliding blocks and the two sample holders.  The base plate will also feel a moment, but the group is assuming that the base plate will be able to withstand this moment.  This is being assumed because the new base plate is almost the same as the old base plate and if the old one could withstand the moment the new one will be able to.  The next step in determining whether or not the parts will fail is finding the value of the force that is acting on the blocks and holders.  Dr. Han told the group, based on the torque of the motor that will be used and the length of the shaft turning the gear, that the material sample will exert a force no greater than 2000 Newtons on the blocks and holders.  Using this information, the group was able to perform stress tests on the individual parts using Autodesk Inventor 2008.  This program has a FEA program built into it and is able to determine if a force will cause a part to fail.

7-b: Individual Parts:      

· Stationary Block, Appendix ii, pg. 56-67
· The first test the group did on the stationary block was compression.  The material that will be used for this part is Brass.  Brass has a Young’s Modulus of 1.096 x 10^5 MPa and a tensile ultimate strength of 275 MPa.  For compression, the group assumed the force would act on the hole drilled where the load cell is going to be inserted.  At a worst case scenario, the full 2000 Newtons will act on this spot.  During this case, the maximum deflection of the part is .0753 millimeters and the factor of safety is 1.125.  The group is also assuming the block will be securely constrained to the base plate because the old stationary block had no problem in this area.  According to the program this part will not fail under compression.

· Under tension, the same assumptions were made as when the part was under compression.  The force will act on the hole where the load cell will be inserted, but this time it will act in the opposite direction.  The maximum force will still be 2000 Newtons, and the material will be the same.  Under these conditions, the AutoCAD program determined the maximum deflection is .0753 millimeters and the factor of safety is 1.125.  This is the same deflection and factor of safety as when the part is under compression.  This makes perfect sense because the forces would be the same amount, just acting in the other direction.  Again, this part will not fail under these worst case conditions.     

· Sliding Block, Appendix ii, pg. 68-79 

· The first force the sliding block was subjected to was the tensile force, meaning the force was acting in the direction away from the center of the machine.  The sliding block, like the stationary block, is made out of Brass.  The sliding block was assumed to be constrained securely at the holes where the two shafts are screwed into it.  It in no way touches the base plate.  The forces were assumed by the group to act on the holes where the sample holder will be screwed into it. Since the forces are spread over two even areas, each force is 1000 Newtons, instead of one 2000 Newton force.  With these settings, the program concluded that the maximum deflection is .0312 millimeters and the factor of safety is 2.534.  Just like the stationary block, this block will not fail using this material in this machine.

· For the compression force, or the force acting towards the center of the machine, the same assumptions were made by the group regarding the amount of force and the location of the force.  Again, the direction of the force was simply flipped for this test.  For compression, the Autodesk program theorized that the maximum deflection is .0312 millimeters and the factor of safety is 2.534.  These numbers match the deflection and factor of safety for tensile force, and they should.  Using this information the group determined that the sliding block would work just fine if made out of Brass. 

· Sliding Block Sample Holder, Appendix ii, pg. 80-90
· Tension was the first direction of force that was tested for the sliding block sample holder.  The material the group used for this part was Copper.  Copper has a Young’s Modulus of 1.175 x 10^5 MPa, which is similar to Brass’s, and a tensile ultimate strength of 380 MPa.  For this part under tension, the force was assumed to act on the surface facing the center of the machine.  This created a shear situation, which it should have under the circumstances.  Just like the sliding block, there were two equal forces acting on this part, each one having a value of 1000 Newtons.  The maximum deflection for this part is .01155 MPa and the factor of safety is 7.276.  This maximum deflection and factor of safety show that there is no way this part should fail and it should work fine.

· The compression direction of force for this part was, like with the blocks, the same force as the tension but in the opposite direction.  Again, this created a shear situation, making the “T” shape of the holder appear more like a “Y”.  The group was pleased by this result because in theory this was expected.  The maximum deflection and factor of safety for compression for this part is, respectively, .01155 millimeters and 7.276.  As expected, these values match the tension direction results for this part.  The group will assume this part will perform like expected based on these results in both tension and compression.

· Stationary Block Sample Holder, Appendix ii, pg. 91-101
· The first direction of forces that was used for the stationary block sample holder was compression.  Like the stationary block, this holder has a threaded hole that the load cell will fit in cut into the back of it.  The 2000 Newton force that acts on this part will be assumed by the group to act on this hole.  This assumption was made because the hole is the only part of the stationary block sample holder that will touch anything else.  The force has to act right there.  Also, like the other sample holder, this part is going to be made out of Copper by the group.  Under these conditions, the maximum deflection of this part is .008015 millimeters and the factor of safety is 7.366.  The deflection in this part was much lower than all of the other parts and the factor of safety was higher.  The group was pleased by this and, pending the tension test, this part should be perfect.

· For the tension test, as with every other part that was tested, the assumptions from the compression test were assumed to be the identical.  The only difference being the direction of the force, which will be opposite from the compression test.  The maximum deflection for the tension test for this part is .008015 millimeters and the factor of safety is 7.366.  This was great news for the group because, like every other part, the tension and compression numbers were identical.  This sample holder appears like it will work great under the expected conditions and no changes need to be made to it.   

Before calling this design complete and ready to be made, the group wanted to make sure the environment the machine will be working in would not affect the material properties of the parts.  Mainly, the group wanted to make sure the Young’s Modulus would not become too high because of the cold.  If a scenario like this occurred, and the Young’s Modulus became too high, the parts may become very brittle and break with the slightest deflection.  Figure 7.2, obtained from the website www.engineeringtoolbox.com, shows how many different metals Young’s Modula’s react at extremely cold and hot temperatures.  The group noticed that the overall change in any of the metals Young’s Modula’s was not excessive when going from room temperature to very cold environments.  With this information at hand, the group went to ask Dr. Han if he thought the cold would make the metals too brittle.  Dr. Han agreed with the group’s assessment and said that, with the parts experiencing such minute deflections, the materials would actually be stronger than the Autodesk program predicted. He agreed that any factor of safety over 1 would be just fine and that our parts should work just as expected.   

8. Future Proposal:


8-a: Scope


For the Spring Semester of 2008, the group wants to complete the design and turn it into an actual machine.  This will require purchasing the materials to make the individual parts, scheduling machine shop time to turn the materials into parts, and purchasing a load cell and its systems to read the forces the machine is applying.  The group must complete the building of the machine by the halfway point of the semester in order to ensure the machine will have magnet time.  There is no way of knowing whether or not the machine is a success without allowing the machine to test a sample inside of the magnet.  The group will have a self given budget that it must adhere to, the spending of more money than budgeted my require the spending of personal money.  The group is going to start the ordering process as soon as the spring semester begins.  This way if there are any problems with the delivery of the materials or the delivery of the load cell, the group will have plenty of time to deal with the problems.  This project will not be considered a success unless, by the end of the semester, the machine is both built and proven to work.

8-b: Budget


Table 8.1 shows the intended budget for the group.  It includes the load cell and its components, and the materials that will be needed to complete all of the parts. 

	Item
	Cost

	Load Cell
	$1000

	Load Cell Systems
	$200

	Materials
	$400


Since the group will be able to use the school’s machine shops or the Magnet Lab’s machine shop, money will not be needed to be set aside for the building procedure.  Dr. Han has also told the group that plenty of time will be given in the Magnet Lab for the assembly of the machine.  The budget for this project includes $1000 for the load cell itself.  This will cover the custom design and the strain gauges inside the load cell.  Another $200 will be needed for the systems needed to read the load cell and turn the data into a force.  The materials should only cost the group about $400. The group will try and keep this cost down by asking around town for any leftover metals machine shops may have.  The buying of new metals will be a last-ditch effort.  The group estimates that this project can be completed for a mere $1600.


8-c: Schedule


Appendix iii includes a full schedule for the spring semester for group one.  The group has very specific deadlines for when tasks need to be completed for the spring semester.  Not completing said tasks by the deadlines could result in the incompletion of the entire project, and that would be bad.  On top of the given deliverables and group and sponsor meetings, which are given in the schedule, there are very specific goals the group has set for itself.  By January 11th, the group will have placed the orders for the load cell and its systems and any materials the group will have to order.  This is because the load cell supplier hinted that it could take up to four weeks to receive the load cell and the group needs to get the order placed as soon as possible. The next week, January 14th, the group wants to put in a request for Magnet time.  The magnet gets requests from all over the world, so the group wants to make sure to get this request in as early as possible to make sure they will get it.  On February 15th, or sooner if possible, the group will start building and assembling the machine.  The group has set aside four weeks for this assembly, which should be more than enough time for machine shop building and machine assembly.  March 10th-14th is Spring Break for Florida State University and if need be, the group is prepared to do work at this time.  By March 18th the group wants to test the machine in the magnet.  Unless the machine gets tested by the group in the magnet there will be no way of knowing if the design was successful.  If this specific schedule is stuck too and the group does not run into any major problems, this schedule should allow for the completion of the project and hopefully its full success. 
9. Spring Overview

9-a: Spring Scope:
The purpose of our project is to develop an additional materials testing machine based off of the original plans of the old machine for Dr. Han of the National High Magnetic Field Laboratory.  As a reiteration of the fall scope, the new machine will exert both tension and compression onto a sample, while using a load cell to measure the applied forces.  The group must also construct a way to increase the translational motion that the sample can move, in other words, the sample needs to be stretched farther than it currently is stretched.  All of the new machined parts must fit on the existing base plate with a diameter of 143mm.  The most critical instructions were to make as few modifications as possible to the existing plans while accomplishing the previously stated goal.  All final decisions must be approved by the sponsor, Dr. Han.

There are several major constraints on this project that can ultimately determine the machine’s overall success.  The machine will be operating under a 20 Tesla magnetic field; therefore none of the materials can be magnetic.  The machine must also function properly at 4.2 Kelvin, a temperature near absolute zero.  

The groups work plans for this semester include purchasing the materials, scheduling time to machine the parts, and purchasing and configuring a load cell.  The schedule for the spring is included in Appendix III.  The suggested time frame for completely configuring the machine is two months, which will leave the second half of the semester for testing and making any additional alterations. 


The group will adhere to a self given budget, and any additional purchasing may result in the spending of personal income.  All purchases will be presented to Dr Han for approval prior to proceeding. 

9-b: Spring Plan:
Since the spring semester is shorter than the fall semester, the scheduling and planning of each phase of the project was critically important.  With a shorter time span, there was a need for specific individual and group deadlines for the completion of tasks during the semester.  The group recognized that not completing tasks by the performance deadlines would result in the incompletion of the entire project because work had to stop until the missing component was provided, and there was not enough time remaining to complete the project.  To avoid such problems, the original plan contained class deliverables, group meetings and sponsor meetings, which were given in the schedule. There were very specific dates the group set for itself for completing every important aspect of the project.  

By January 14th the group placed the orders for the load cell and its systems.  This included materials the load cell needed to function properly in the machine.  The group needed to place this order so early because the load cell supplier indicated that it would take up to four weeks to receive the load cell and any other materials ordered.  Simultaneously, the group placed orders for additional metals needed to machine parts for the project, leaving plenty of time for the materials to get here.  

By February 11th, at the latest, the group was to start machining, building, and assembling the machine.  Four weeks were scheduled for this process, which should be more than enough time for the machine shop to produce the requisite parts.  March 10th-14th was the scheduled Spring Break for Florida State University and the group was prepared to work through this time period finishing the machine assembly, conducting tests, and performing any necessary but unforeseen tasks.  

The next step for this project, after the machine was assembled, was to test it inside the magnet.  The National High Magnetic Lab gets many requests for its use from all over the world, so the group wanted to make sure it was on the lab’s production calendar as early as possible.  The group requested time in the magnet by January 11th with the intention of testing the machine by March 18th.  The use of the magnet for the testing of the machine was key if the group was to be sure the design was accurate.  This schedule allowed for two full weeks to get the final report finished after the machine was tested.  This should have been plenty of time for the group to complete everything that was needed.  

At the beginning of the semester the group submitted all final drawings to the sponsor for approval. The group made a few small changes to the designs, as per Dr. Han’s request, and these drawings are located in appendix IV.  These changes were made on the stationary block and the sample holders.  Dr. Han, in coordination with the Magnetic Lab, were to carefully analyze the drawings, and relay back to the group any necessary changes. Following the design approval, the Magnetic Lab was responsible for ordering all of the building materials. Dr Han recommended the company A. L. Design Inc. to place the order for the load cell. The Magnetic Lab had previously used this company, but had prior complications with their designs. The group was optimistic about this decision and placed the order early in the spring semester to avoid complications with time constraints and design altercations. 


The Magnetic Lab agreed to take on the responsibility for machining the most complex parts, and the group would follow through with the assembly.  The Magnetic Lab was also going to be accountable for configuring the load cell. The testing for the machine and load cell was critical to the success or failure of the project, but due to the Magnetic Lab’s budget and time constraints, the amount of in depth testing was to be determined. At minimum, the group wanted to ensure that the machine responded as expected in an open air environment. 

9-c: Major Problems:

At the middle of the semester, the group encountered a multitude of major problems.  The Magnetic Lab was deemed overbooked and therefore unable to work on the group’s project until April at the earliest.  In addition, the Magnetic Lab’s budget had also been frozen, and they therefore could not order any of the materials needed or forfeit any money to the group to find another reputable source.  The A.L. Design Inc. contact fell through and decided not to customize the load cell, leaving not enough time to shop for a replacement.  Lastly, most of the parts were far too advanced for the group to machine on their own.  The group would have to discover a new way to machine the parts.  All of these problems combined put a huge hindrance on the project, and forced the group to start over and create a new plan of action. 

9-d: Revised Spring Plan:
Due to the multitude of major problems, the group had to devise a new strategy for finding materials.  Fortunately, the Magnetic Lab machine shop had a solid piece of brass scrap leftover from another project that they allowed the group to use.  Because of the outstanding constraints, the group decided to machine the most critical parts themselves; the group decided that the fixed and stationary blocks were the most critical.  The group used the engineering school machine shop to machine the two parts as best as possible.  The brass scrap was just large enough for both parts to be machined, and took about 20 hours. 


After the parts were machined, they were submitted to Dr. Han for approval and testing. Since the Magnetic Lab confirmed that they would be unable to complete any testing in the necessary time frame, the group’s only option was to test the machine in an open air environment. This test would asses how well the parts fit onto the existing base plate and the sliding block’s movement when the gear turned.  Dr. Han was in charge of finding a replacement load cell.  

10. Machine Shop


10-a: Engineering School:


The group contacted the machine shop at the Florida State/ Florida A&M Engineering School to make sure they could use the facilities to build the parts required.  The machine shop at the engineering school exists to help students learn about machining and to allow students to gain hands-on experience building simple parts for their projects. The machine shop is not very large; it only has two milling machines and two lathes.  One machinist and one student helper run the shop.  When the group wanted to use the machine shop, the machinist in charge was Mr. Tim Gable.  He has worked in the machine shop for many years and really knows what he is doing around the machines.  On top of everything, the machine shop at the school promotes safety and is very careful to make sure the students are doing everything correctly.


10-b: The Parts:

Using brass obtained from the Magnet Lab Machine Shop, the group started building the parts that were previously selected as the critical parts.  The brass that was obtained was in the shape of the video game character “Pacman”, and thus had to be cut into pieces that are about the same size of the parts that were being built.  The first thing that had to be done was the part had to be spray-painted blue.  Once the paint dried, the group used a tool with a point to draw lines in the paint that were in the general shape of the parts the brass would be turned in to.  The group had to be careful to make the drawings slightly larger than the parts so there would be plenty of room for error. If the drawings were too small, there would be no way to correctly make the parts because there would not be enough material left. This would be bad because the Magnet Lab gave the group all of the brass it had left and any mistake would make it impossible to finish even the small amount of the project that the group is trying to complete.


In order to cut the rough shapes of the parts, a simple band saw was used.  Because of the spray-paint it was easy to trace out the lines of the parts from the chunk of material that the group started with.  Mr. Gable operated the band saw because of the safety issues involved with it.  After creating the rough outlines of the parts, the next step in machining the parts was using the milling machine.


The group decided to machine the sliding block first because it was the less complicated of the two parts.  The sliding block is shown in figure 10.1.  The first step in milling the sliding block was to cut a small amount of material off of one side of the block, about .01 inches, so there was then a smooth side.  Mr. Gable did the actual cutting, again, because of insurance and safety purposes.  When the block was flipped over, it was then sitting on a perfectly flat surface.  Cutting more material off of the top created another flat side that was also parallel to the first side.  Next, the part was ready to be cut to the proper width, taking about .05 inches of material off with each cut.  The next step in making this part was to repeat the previous step, except this time it was done on the remaining two sides.  Once the part was cut to the correct height, the group had a block with two sets of parallel, flat sides.  Finally, the part was cut to the correct length.  Using the same method as before, two parallel sides were cut on the top and bottom of the block.  Making more small cuts, about .05-.06 inches at a time, the material finally reached the correct length.  The group now had a perfect rectangle that had the correct height, width, and length.


With a perfect rectangle that had the correct dimensions, the group was ready to make the internal cuts in the part.  The first cut the group made were the cuts on the sides of the blocks, shown in figure 10.2.  These were done by using the milling machine and, boring down to the correct depth, moving the drill bit back and forth.  Even though the drill bit is circular, if it makes a cut completely through a material, the cut will be rectangular in shape.  This is how the rectangular cuts on the side of the part were made.  After these cuts were confirmed to be the correct dimensions, the through-cut on the top of the block had to be made.  This cut was impossible to make in the school’s machine shop because there was not a drill bit that was long enough.  The best the group could do was make a horizontal cut from the top into the block.  Doing this left a cut that was the correct depth, but was rounded at the bottom.  The design called for a rectangular cut through the block, but because there was not a drill bit that was long enough, a cut through the block was impossible.  Figure 10.3 shows the difference between what the group was able to obtain (left) and what the design needs (right).


The final step in making the sliding block was to make the threaded holes in the part.  To make holes in a material, the milling machine is again the preferred choice.  In order to make sure the holes in the part are in the correct places, the machine has to be zeroed at an edge of the part.  An edge finder is used for this process.  Once an edge was found, holes that are the correct size according to the design were drilled in the right locations.  After drilling the holes, the correct threading was applied to the holes by hand.  This is called “tapping” the holes.  With all the holes threaded to the specifications of the design, and all of the cuts in the correct places and to the correct dimensions, the sliding block was completed.  The group completed this part fairly quickly, in about five hours of constant work.  


The next part the group built was the stationary block, which is shown in figure 10.4.  This part was considerably more complicated than the sliding block because of the “L” shape of the part and the “T” cut into the top of the part.  To start the part, the group did the same thing that was done to the sliding block, the sides were made flat and parallel until they were the correct dimensions.  The first complicated part of the piece is shown in figure 10.5.  In order to make the “L” shape, the group used a drill bit that had the same radius as the round on the part and made sure the back of the part of the block was flat.  Then the group made the drill bit move forward and left against the material, creating the “L” shape with a round like in the drawings.  Once the part had all of the sides and dimensions correct, the “T” cut in the top was ready to be cut.

Just like with the sliding block, the limitations of the engineering school’s machine shop made it impossible for the group to completely build the “T” cut in the top of the stationary block.  Figure 10.6 shows the differences between the block the group built (left) and the block that was designed (right).  The main focus of the group was to at least make the cut that would show where the load cell would sit.  Since no actual material will be able to be tested, the group wanted to show that when the final design will be completed, there will be enough room for the load cell.  The cuts that the group made were done by the milling machine and involved making horizontal cuts of the correct radius down the correct depth, just like the cut on the top of the sliding block. And just like the sliding block, the cut will not be able to be rectangular but will have a round at the bottom.  This part took slightly longer than the sliding block to make, about seven hours, but it was more complicated. 


Even though the group was not able to fully complete both of the parts, enough of the parts were completed to test the theory behind the machine.  The group built the parts as fully as the capabilities of the machine shop allowed.  If the parts could have been one hundred percent completed, that would have been great.  This was impossible, though, and was just another of the many problems with this project.

11. Testing


The test that the group performed was a very simple one.  Since there was not enough time to build all of the parts, and the parts from the old machine will not fit on the new design, the group will not be able to test the machine with any samples on it.  One goal the group had at the beginning of the spring semester was to get a reading on the load cell to show that it will work.  Since there will not be any sample being put under stress, there is no way the group will be able to obtain a reading from the load cell they have.  The only confirmation the group can get is that the load cell will in fact fit in the new design.  When the group set the load cell in the design it fit in perfectly, just as expected.  When the time comes the group is one hundred percent confident that the load cell will perform as it is supposed too.  Figure 11.1 shows the load cell sitting in the block that was designed by the group. 


       The next part of the test the group performed involved making sure the sliding block and the stationary block fit on the shaft and on the base plate.  On top of actually fitting, the sliding block also needed to be able to move back and forth, simulating the machine inputting tension and compression on the sample material.  Figure 11.2 shows the diagram of what the group wanted the sliding block to do.  After putting the blocks on the existing base plate and putting the existing gear on as well, turning the gear clockwise and counter-clockwise should make the sliding block go left and right on the shaft.  This is what needed to happen for the test to be considered successful.  Before doing this test, though, the group needed to make sure the sliding block and the stationary block both fit on the existing parts like they should.  Fortunately they fit on perfectly and more machining was not required.  The next part of the test could be completed.  Dr. Han watched on as the group turned the gear by hand and was very happy as the sliding block slid along the shaft exactly like it was expected to.  Figure 11.3 shows the set up the group had based on the parts that were able to be used.  It shows the new blocks sitting on the old base plate and the old gear is included as well.       


Dr. Han was with the group the entire time the test was being performed and he was thrilled when the sliding block moved just like it was supposed to.  He was also excited to see that the load cell fit on the stationary block as expected.  With these tests being successful, both the group and Dr. Han are full confident that the new machine will perform its expected duties just fine.  Now the only thing that remains for this project is for the Magnet Lab Machine Shop to build the remaining parts so the machine can be completely assembled.   
12. Magnet Lab Testing
   
12-a: What Will Happen:
 
Once the National High Magnetic Field Lab machine shop makes the other parts to the groups design, they will be able to fully complete the project.  There are quite a few parts that are left to be made; including the “T” shaped sample holders and the new base. Most of what is left is the same or similar to what was used on the old machine.  Once the parts are completed, the entire machine will be able to be assembled and Dr. Han will be able test samples on it. 


 
12-b: NHMFL Testing of the Tensile Machine:
 
Dr. Han and his colleagues understand it is vital to comprehend the material properties of metals under various extreme environments.  The group’s Tensile Machine is being utilized by the Materials Development and Characterization Group at the NHMFL.  They are a group of very well educated and capable people who have a mission statement on their website stating they “investigate the physical and mechanical properties of materials used in various magnet designs. The group generates engineering design data and conducts basic applied research to improve the materials for high field magnets” (Magnet Lab).  Our machine is essentially the component of the overall Tensile Machine which exerts tension and compression on the sample to be studied.  The rest of the machine components already exist from the previous design the NHMFL has and will simply attach onto the group’s design.  The previous components of the Tensile Machine move a gear which moves the Sliding Block in the group’s machine, applying tension or compression.  The other parts of the machine lower the temperature to 4.2 Kelvin and induce a magnetic field of 20 Tesla through the sample.  In addition to the Tensile Machine’s components necessary to provide that environment to the sample, the Tensile Machine must be placed in an Aluminum cylinder shielding it from the outside environment so that the tests are in a relatively secure system where outside interference isn’t a major factor.

The Tensile Machine’s main function is to perform a tensile test on various metals in the environment described above.  As temperature decreases the Young’s Modulus of metals increase, requiring more stress to produce the same amount of strain that would be seen at a lower temperature.  The magnetic field will alter the microstructure alignment of the atoms in the samples to be studied. Exactly what happens to the samples from a material properties standpoint is to be determined.  With the group’s project the NHMFL will be able to apply and measure uni-axial tension and compression.  The Tensile Machine will be able to provide the data necessary to create the stress-strain curve for a sample.  An example of one is pictured below:
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The stress-strain curve is the most fundamental and basic graph needed to understand material properties such as the: Young’s Modulus, Ultimate Tensile Strength, and Fracture Strength.  With the stress-strain curve data for a material it is possible to understand and analyze what will happen when force is applied to a material.



13. Conclusion
 
 This entire project was a learning experience.  From day one, the group had to learn a new computer program, Autodesk Inventor, and it had to learn a completely made from scratch machine.  There were misunderstandings from the get go.  The group at first thought that Dr. Han wanted to add a “V” cut to the design in order to allow the machine to put compression on the sample.  It turned out that the group was incorrect; Dr. Han wanted the group to replace the already existing “V” cut with a “T” type cut that would give the machine the capability of putting compression on the sample.  Once the group sorted out this initial mishap, it was clean sailing through the fall semester.  The group got all of the designs completed to the sponsors liking and made sure that the parts designed would stand up to the working conditions and the forces applied.  Overall the fall semester went without a hitch.

The spring semester started out just as the fall semester had ended, and the group immediately started working.  The first thing that had to be done was the group had to get the final drawings to the Magnet Lab Machine Shop.  This is when the project went south.  The group was informed that the machine shop would not be able to touch the project until about April at the earliest.  On top of that, the project now had a frozen budget, so outsourcing the work was impossible.  The only option available was for the group to machine the parts themselves in the engineering schools machine shop.  Since the machine shop there is very limited in its equipment, the group had to choose two parts that were most important to proving the concept of the machine.  Completing the machine one hundred percent was now impossible.  After completing the two parts, the group tested the machine using parts from the old design.  The new machine was tested for fit, or how well it fit on the base plate, and movement.  After the machine passed these tests, the group had done all they could have done.  

The major lessons learned during this project must include things do not always go as planned.  The group turned in their drawings to the machine shop as soon as possible, but that was still too late to get the parts done.  At this point in the project, completion was nearly impossible.  Another lesson learned was a project can not always be completely finished before the deadline.  Sometimes a project must be done as completely as possible and turned in incomplete.


The group and their sponsor, Dr. Han, are very pleased with how this project went.  It is being considered a success, even with all of the problems encountered.  The group worked hard all year and accomplished a lot of good things, including learning a new program and polishing their machine shop skills.  The group also learned how to dimension drawings properly.  Overall, Dr. Han is very happy with the project and is looking forward to getting the project completed even though the group will not be involved.
14. Bibliography

1. Figure 5.6. Robot Force and Torque Sensors. Copyright 2005-2007 Society of Robots, Accessed December 1, 2007.

http://www.societyofrobots.com/sensors_forcetorque.shtml
2. Figure 5.7. Hydraulic Load Cells. 2002 Cardinal Scale Mfg. Co. Accessed December 1, 2007.

http://www.cardinalscale.com/loadcells.htm
3. Figure 5.8. Fiber Optic Test Equipment. 1997-2007 Globalspec Inc., Accesses December 1, 2007.

http://test-equipment.globalspec.com/ProductFinder/Labware_Test_Measurement/Fiber_Optic_Test_Equipment
4. Figure 5.9. Miniature Load Cell. 1999-2006 A.L. Design Inc., Accessed December 1, 2007

http://www.aldesigninc.com/pdf/Page4.pdf
5. Figure 7.2. Young’s Modulus of Elasticity for Metals and Alloys. 2005 The Engineering Toolbox. Accessed December 1, 2007.

http://www.engineeringtoolbox.com/young-modulus-d_773.html
6. SHELKE N. M., Finite element modeling and simulation of fiber optical based load cell (FOLC) sensor, INIST-CNRS.
7. Magnet Lab. NHMFL National Website. 1995-2008 National High Magnet Lab. Accessed March 30, 2008. http://www.magnet.fsu.edu/
Appendix i

[image: image2.emf]


[image: image3.emf]


[image: image4.emf]


[image: image5.emf]


[image: image6.emf]


[image: image7.emf]


[image: image8.emf]


[image: image9.emf]


[image: image10.emf]


[image: image11.emf]


[image: image12.emf]


[image: image13.emf]


[image: image14.emf]


[image: image15.emf]


[image: image16.emf]


[image: image17.emf]


[image: image18.emf]


[image: image19.emf]


[image: image20.emf]


[image: image21.emf]


[image: image22.emf]


[image: image23.emf]


[image: image24.emf]


[image: image25.emf]


[image: image26.emf]


[image: image27.emf]


[image: image28.emf]


[image: image29.emf]


[image: image30.emf]


Appendix ii

Stationary Block

· Compression
Analysis of Stationary Block

	Author:
	Owner

	Analysis Created:
	Friday, November 02, 2007 4:20:22 PM 

	Analysis Last Modified:
	Tuesday, November 06, 2007 1:00:13 PM 

	Report Created:
	Sunday, November 25, 2007 3:23:38 PM 

	Database:
	C:\Documents and Settings\Owner\Desktop\inventor files\4013-8002.ipa

	Software:
	Autodesk Inventor Professional 2008 
ANSYS Technology 


Introduction

Autodesk Inventor Professional Stress Analysis was used to simulate the behavior of a mechanical part under structural loading conditions. ANSYS technology generated the results presented in this report. 

Do not accept or reject a design based solely on the data presented in this report. Evaluate designs by considering this information in conjunction with experimental test data and the practical experience of design engineers and analysts. A quality approach to engineering design usually mandates physical testing as the final means of validating structural integrity to a measured precision. 

Additional information on AIP Stress Analysis and ANSYS products for Autodesk Inventor is available at http://www.ansys.com/autodesk. 

Geometry and Mesh

The Relevance setting listed below controlled the fineness of the mesh used in this analysis. For reference, a setting of -100 produces a coarse mesh, fast solutions and results that may include significant uncertainty. A setting of +100 generates a fine mesh, longer solution times and the least uncertainty in results. Zero is the default Relevance setting. 

	TABLE 1

4013-8002.ipt Statistics

	Bounding Box Dimensions
	47.83 mm 

87.45 mm 

30.7 mm 

	Part Mass
	0.6695 kg 

	Part Volume
	7.904e+004 mm³ 

	Mesh Relevance Setting
	0

	Nodes
	4871

	Elements
	2533


Bounding box dimensions represent lengths in the global X, Y and Z directions.

Material Data

The following material behavior assumptions apply to this analysis:

· Linear - stress is directly proportional to strain. 

· Constant - all properties temperature-independent. 

· Homogeneous - properties do not change throughout the volume of the part. 

· Isotropic - material properties are identical in all directions. 

	TABLE 2

Brass, Soft Yellow

	Young's Modulus
	1.096e+005 MPa 

	Poisson's Ratio
	0.331

	Mass Density
	8.47e-006 kg/mm³ 

	Tensile Yield Strength
	103.4 MPa 

	Tensile Ultimate Strength
	275.0 MPa 


Loads and Constraints

The following loads and constraints act on specific regions of the part. Regions were defined by selecting surfaces, cylinders, edges or vertices. 

	TABLE 3

Load and Constraint Definitions 

	Name
	Type
	Magnitude
	Vector

	Force 1
	Surface Force
	2000 N 
	2000 N 

0.0 N 

-6.299e-013 N 

	Fixed Constraint 1
	Surface Fixed Constraint
	0.0 mm 
	0.0 mm 

0.0 mm 

0.0 mm 

	Fixed Constraint 2
	Surface Fixed Constraint
	0.0 mm 
	0.0 mm 

0.0 mm 

0.0 mm 

	TABLE 4

Constraint Reactions 

	Name
	Force
	Vector
	Moment
	Moment Vector

	Fixed Constraint 1
	2453 N 
	-1780 N 

-1688 N 

1.245 N 
	4.216e+006 N·mm 
	-2.563e+006 N·mm 

2.704e+006 N·mm 

1.973e+006 N·mm 

	Fixed Constraint 2
	1722 N 
	-218.3 N 

1708 N 

-2.674 N 
	3.059e+006 N·mm 
	2.587e+006 N·mm 

3.329e+005 N·mm 

1.598e+006 N·mm 


Note: vector data corresponds to global X, Y and Z components. 

Results

The table below lists all structural results generated by the analysis. The following section provides figures showing each result contoured over the surface of the part. 

Safety factor was calculated by using the maximum equivalent stress failure theory for ductile materials. The stress limit was specified by the tensile yield strength of the material. 

	TABLE 5

Structural Results 

	Name
	Minimum
	Maximum

	Equivalent Stress
	1.21e-002 MPa 
	91.88 MPa 

	Maximum Principal Stress
	-13.6 MPa 
	103.3 MPa 

	Minimum Principal Stress
	-94.97 MPa 
	12.82 MPa 

	Deformation
	0.0 mm 
	7.53e-002 mm 

	Safety Factor
	1.125
	N/A


Figures

	FIGURE 1

Equivalent Stress
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	FIGURE 2

Maximum Principal Stress
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	FIGURE 3

Minimum Principal Stress
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	FIGURE 4
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	FIGURE 5

Safety Factor
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	Report Created:
	Sunday, November 25, 2007 3:30:56 PM 

	Database:
	C:\Documents and Settings\Owner\Desktop\inventor files\4013-8002.ipa

	Software:
	Autodesk Inventor Professional 2008 
ANSYS Technology 


Introduction

Autodesk Inventor Professional Stress Analysis was used to simulate the behavior of a mechanical part under structural loading conditions. ANSYS technology generated the results presented in this report. 

Do not accept or reject a design based solely on the data presented in this report. Evaluate designs by considering this information in conjunction with experimental test data and the practical experience of design engineers and analysts. A quality approach to engineering design usually mandates physical testing as the final means of validating structural integrity to a measured precision. 

Additional information on AIP Stress Analysis and ANSYS products for Autodesk Inventor is available at http://www.ansys.com/autodesk. 

Geometry and Mesh

The Relevance setting listed below controlled the fineness of the mesh used in this analysis. For reference, a setting of -100 produces a coarse mesh, fast solutions and results that may include significant uncertainty. A setting of +100 generates a fine mesh, longer solution times and the least uncertainty in results. Zero is the default Relevance setting. 

	TABLE 1

4013-8002.ipt Statistics

	Bounding Box Dimensions
	47.83 mm 

87.45 mm 

30.7 mm 

	Part Mass
	0.6695 kg 

	Part Volume
	7.904e+004 mm³ 

	Mesh Relevance Setting
	0

	Nodes
	4871

	Elements
	2533


Bounding box dimensions represent lengths in the global X, Y and Z directions.

Material Data

The following material behavior assumptions apply to this analysis:

· Linear - stress is directly proportional to strain. 

· Constant - all properties temperature-independent. 

· Homogeneous - properties do not change throughout the volume of the part. 

· Isotropic - material properties are identical in all directions. 

	TABLE 2

Brass, Soft Yellow

	Young's Modulus
	1.096e+005 MPa 

	Poisson's Ratio
	0.331

	Mass Density
	8.47e-006 kg/mm³ 

	Tensile Yield Strength
	103.4 MPa 

	Tensile Ultimate Strength
	275.0 MPa 


Loads and Constraints

The following loads and constraints act on specific regions of the part. Regions were defined by selecting surfaces, cylinders, edges or vertices. 

	TABLE 3

Load and Constraint Definitions 

	Name
	Type
	Magnitude
	Vector

	Force 1
	Surface Force
	2000 N 
	-2000 N 

0.0 N 

6.299e-013 N 

	Fixed Constraint 1
	Surface Fixed Constraint
	0.0 mm 
	0.0 mm 

0.0 mm 

0.0 mm 

	Fixed Constraint 2
	Surface Fixed Constraint
	0.0 mm 
	0.0 mm 

0.0 mm 

0.0 mm 

	TABLE 4

Constraint Reactions 

	Name
	Force
	Vector
	Moment
	Moment Vector

	Fixed Constraint 1
	2453 N 
	1780 N 

1688 N 

-1.245 N 
	4.216e+006 N·mm 
	2.563e+006 N·mm 

-2.704e+006 N·mm 

-1.973e+006 N·mm 

	Fixed Constraint 2
	1722 N 
	218.3 N 

-1708 N 

2.674 N 
	3.059e+006 N·mm 
	-2.587e+006 N·mm 

-3.329e+005 N·mm 

-1.598e+006 N·mm 


Note: vector data corresponds to global X, Y and Z components. 

Results

The table below lists all structural results generated by the analysis. The following section provides figures showing each result contoured over the surface of the part. 

Safety factor was calculated by using the maximum equivalent stress failure theory for ductile materials. The stress limit was specified by the tensile yield strength of the material. 

	TABLE 5

Structural Results 

	Name
	Minimum
	Maximum

	Equivalent Stress
	1.21e-002 MPa 
	91.88 MPa 

	Maximum Principal Stress
	-12.82 MPa 
	94.97 MPa 

	Minimum Principal Stress
	-103.3 MPa 
	13.6 MPa 

	Deformation
	0.0 mm 
	7.53e-002 mm 

	Safety Factor
	1.125
	N/A


Figures

	FIGURE 1

Equivalent Stress
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	FIGURE 2

Maximum Principal Stress
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	FIGURE 3
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	FIGURE 4

Deformation
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	Report Created:
	Sunday, November 25, 2007 3:40:28 PM 

	Database:
	C:\Documents and Settings\Owner\Desktop\inventor files\4013-8010.ipa

	Software:
	Autodesk Inventor Professional 2008 
ANSYS Technology 


Introduction

Autodesk Inventor Professional Stress Analysis was used to simulate the behavior of a mechanical part under structural loading conditions. ANSYS technology generated the results presented in this report. 

Do not accept or reject a design based solely on the data presented in this report. Evaluate designs by considering this information in conjunction with experimental test data and the practical experience of design engineers and analysts. A quality approach to engineering design usually mandates physical testing as the final means of validating structural integrity to a measured precision. 

Additional information on AIP Stress Analysis and ANSYS products for Autodesk Inventor is available at http://www.ansys.com/autodesk. 

Geometry and Mesh

The Relevance setting listed below controlled the fineness of the mesh used in this analysis. For reference, a setting of -100 produces a coarse mesh, fast solutions and results that may include significant uncertainty. A setting of +100 generates a fine mesh, longer solution times and the least uncertainty in results. Zero is the default Relevance setting. 

	TABLE 1

4013-8010.ipt Statistics

	Bounding Box Dimensions
	30.7 mm 

120.7 mm 

15.22 mm 

	Part Mass
	0.3844 kg 

	Part Volume
	4.538e+004 mm³ 

	Mesh Relevance Setting
	0

	Nodes
	2654

	Elements
	1237


Bounding box dimensions represent lengths in the global X, Y and Z directions.

Material Data

The following material behavior assumptions apply to this analysis:

· Linear - stress is directly proportional to strain. 

· Constant - all properties temperature-independent. 

· Homogeneous - properties do not change throughout the volume of the part. 

· Isotropic - material properties are identical in all directions. 

	TABLE 2

Brass, Soft Yellow

	Young's Modulus
	1.096e+005 MPa 

	Poisson's Ratio
	0.331

	Mass Density
	8.47e-006 kg/mm³ 

	Tensile Yield Strength
	103.4 MPa 

	Tensile Ultimate Strength
	275.0 MPa 


Loads and Constraints

The following body loads act on the part. The Location column applies only to rotational velocity. Location represents a point on the axis of rotation. 

	TABLE 3

Body Load Definitions 

	Name
	Magnitude
	Vector
	Location

	Acceleration
	1.e-003 mm/s² 
	0.0 mm/s² 

0.0 mm/s² 

1.e-003 mm/s² 
	N/A


The following loads and constraints act on specific regions of the part. Regions were defined by selecting surfaces, cylinders, edges or vertices. 

	TABLE 4

Load and Constraint Definitions 

	Name
	Type
	Magnitude
	Vector

	Force 1
	Surface Force
	1000 N 
	0.0 N 

0.0 N 

-1000 N 

	Force 2
	Surface Force
	1000 N 
	0.0 N 

0.0 N 

-1000 N 

	Fixed Constraint 1
	Surface Fixed Constraint
	0.0 mm 
	0.0 mm 

0.0 mm 

0.0 mm 

	TABLE 5

Constraint Reactions 

	Name
	Force
	Vector
	Moment
	Moment Vector

	Fixed Constraint 1
	2000 N 
	-4.243e-009 N 

-3.227e-011 N 

2000 N 
	3.119e+006 N·mm 
	2.863e+006 N·mm 

-1.239e+006 N·mm 

-4.585e-005 N·mm 


Note: vector data corresponds to global X, Y and Z components. 

Results

The table below lists all structural results generated by the analysis. The following section provides figures showing each result contoured over the surface of the part. 

Safety factor was calculated by using the maximum equivalent stress failure theory for ductile materials. The stress limit was specified by the tensile yield strength of the material. 

	TABLE 6

Structural Results 

	Name
	Minimum
	Maximum

	Equivalent Stress
	9.915e-003 MPa 
	40.81 MPa 

	Maximum Principal Stress
	-16.59 MPa 
	58.34 MPa 

	Minimum Principal Stress
	-59.54 MPa 
	16.68 MPa 

	Deformation
	0.0 mm 
	3.12e-002 mm 

	Safety Factor
	2.534
	N/A


Figures

	FIGURE 1

Equivalent Stress
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	FIGURE 2

Maximum Principal Stress
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	FIGURE 3

Minimum Principal Stress
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	FIGURE 4

Deformation
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	FIGURE 5

Safety Factor
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Introduction

Autodesk Inventor Professional Stress Analysis was used to simulate the behavior of a mechanical part under structural loading conditions. ANSYS technology generated the results presented in this report. 

Do not accept or reject a design based solely on the data presented in this report. Evaluate designs by considering this information in conjunction with experimental test data and the practical experience of design engineers and analysts. A quality approach to engineering design usually mandates physical testing as the final means of validating structural integrity to a measured precision. 

Additional information on AIP Stress Analysis and ANSYS products for Autodesk Inventor is available at http://www.ansys.com/autodesk. 

Geometry and Mesh

The Relevance setting listed below controlled the fineness of the mesh used in this analysis. For reference, a setting of -100 produces a coarse mesh, fast solutions and results that may include significant uncertainty. A setting of +100 generates a fine mesh, longer solution times and the least uncertainty in results. Zero is the default Relevance setting. 

	TABLE 1

4013-8010.ipt Statistics

	Bounding Box Dimensions
	30.7 mm 

120.7 mm 

15.22 mm 

	Part Mass
	0.3844 kg 

	Part Volume
	4.538e+004 mm³ 

	Mesh Relevance Setting
	0

	Nodes
	2654

	Elements
	1237


Bounding box dimensions represent lengths in the global X, Y and Z directions.

Material Data

The following material behavior assumptions apply to this analysis:

· Linear - stress is directly proportional to strain. 

· Constant - all properties temperature-independent. 

· Homogeneous - properties do not change throughout the volume of the part. 

· Isotropic - material properties are identical in all directions. 

	TABLE 2

Brass, Soft Yellow

	Young's Modulus
	1.096e+005 MPa 

	Poisson's Ratio
	0.331

	Mass Density
	8.47e-006 kg/mm³ 

	Tensile Yield Strength
	103.4 MPa 

	Tensile Ultimate Strength
	275.0 MPa 


Loads and Constraints

The following body loads act on the part. The Location column applies only to rotational velocity. Location represents a point on the axis of rotation. 

	TABLE 3

Body Load Definitions 

	Name
	Magnitude
	Vector
	Location

	Acceleration
	1.e-003 mm/s² 
	0.0 mm/s² 

0.0 mm/s² 

1.e-003 mm/s² 
	N/A


The following loads and constraints act on specific regions of the part. Regions were defined by selecting surfaces, cylinders, edges or vertices. 

	TABLE 4

Load and Constraint Definitions 

	Name
	Type
	Magnitude
	Vector

	Force 1
	Surface Force
	1000 N 
	0.0 N 

0.0 N 

1000 N 

	Force 2
	Surface Force
	1000 N 
	0.0 N 

0.0 N 

1000 N 

	Fixed Constraint 1
	Surface Fixed Constraint
	0.0 mm 
	0.0 mm 

0.0 mm 

0.0 mm 

	TABLE 5

Constraint Reactions 

	Name
	Force
	Vector
	Moment
	Moment Vector

	Fixed Constraint 1
	2000 N 
	4.244e-009 N 

3.268e-011 N 

-2000 N 
	3.119e+006 N·mm 
	-2.863e+006 N·mm 

1.239e+006 N·mm 

4.585e-005 N·mm 


Note: vector data corresponds to global X, Y and Z components. 

Results

The table below lists all structural results generated by the analysis. The following section provides figures showing each result contoured over the surface of the part. 

Safety factor was calculated by using the maximum equivalent stress failure theory for ductile materials. The stress limit was specified by the tensile yield strength of the material. 

	TABLE 6

Structural Results 

	Name
	Minimum
	Maximum

	Equivalent Stress
	9.915e-003 MPa 
	40.81 MPa 

	Maximum Principal Stress
	-16.68 MPa 
	59.54 MPa 

	Minimum Principal Stress
	-58.34 MPa 
	16.59 MPa 

	Deformation
	0.0 mm 
	3.12e-002 mm 

	Safety Factor
	2.534
	N/A


Figures

	FIGURE 1

Equivalent Stress
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	FIGURE 2

Maximum Principal Stress
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	FIGURE 3

Minimum Principal Stress
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	FIGURE 4

Deformation
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	FIGURE 5

Safety Factor
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Introduction

Autodesk Inventor Professional Stress Analysis was used to simulate the behavior of a mechanical part under structural loading conditions. ANSYS technology generated the results presented in this report. 

Do not accept or reject a design based solely on the data presented in this report. Evaluate designs by considering this information in conjunction with experimental test data and the practical experience of design engineers and analysts. A quality approach to engineering design usually mandates physical testing as the final means of validating structural integrity to a measured precision. 

Additional information on AIP Stress Analysis and ANSYS products for Autodesk Inventor is available at http://www.ansys.com/autodesk. 

Geometry and Mesh

The Relevance setting listed below controlled the fineness of the mesh used in this analysis. For reference, a setting of -100 produces a coarse mesh, fast solutions and results that may include significant uncertainty. A setting of +100 generates a fine mesh, longer solution times and the least uncertainty in results. Zero is the default Relevance setting. 

	TABLE 1

4013-8011 Statistics

	Bounding Box Dimensions
	30.7 mm 

22.37 mm 

44.45 mm 

	Part Mass
	6.922e-002 kg 

	Part Volume
	7743 mm³ 

	Mesh Relevance Setting
	0

	Nodes
	5899

	Elements
	2877


Bounding box dimensions represent lengths in the global X, Y and Z directions.

Material Data

The following material behavior assumptions apply to this analysis:

· Linear - stress is directly proportional to strain. 

· Constant - all properties temperature-independent. 

· Homogeneous - properties do not change throughout the volume of the part. 

· Isotropic - material properties are identical in all directions. 

	TABLE 2

COPPER PER UNS-C10100

	Young's Modulus
	1.175e+005 MPa 

	Poisson's Ratio
	0.345

	Mass Density
	8.94e-006 kg/mm³ 

	Tensile Yield Strength
	330.0 MPa 

	Tensile Ultimate Strength
	380.0 MPa 


Loads and Constraints

The following loads and constraints act on specific regions of the part. Regions were defined by selecting surfaces, cylinders, edges or vertices. 

	TABLE 3

Load and Constraint Definitions 

	Name
	Type
	Magnitude
	Vector

	Force 1
	Surface Force
	1000 N 
	-4.021e-013 N 

1000 N 

0.0 N 

	Force 2
	Surface Force
	1000 N 
	-3.574e-013 N 

1000 N 

0.0 N 

	Fixed Constraint 1
	Surface Fixed Constraint
	0.0 mm 
	0.0 mm 

0.0 mm 

0.0 mm 

	TABLE 4

Constraint Reactions 

	Name
	Force
	Vector
	Moment
	Moment Vector

	Fixed Constraint 1
	2000 N 
	-1.22e-009 N 

-2000 N 

-7.95e-010 N 
	1.101e+005 N·mm 
	1.101e+005 N·mm 

-4.633e-007 N·mm 

2.326e-002 N·mm 


Note: vector data corresponds to global X, Y and Z components. 

Results

The table below lists all structural results generated by the analysis. The following section provides figures showing each result contoured over the surface of the part. 

Safety factor was calculated by using the maximum equivalent stress failure theory for ductile materials. The stress limit was specified by the tensile yield strength of the material. 

	TABLE 5

Structural Results 

	Name
	Minimum
	Maximum

	Equivalent Stress
	7.241e-003 MPa 
	45.35 MPa 

	Maximum Principal Stress
	-2.803 MPa 
	25.17 MPa 

	Minimum Principal Stress
	-48.06 MPa 
	7.256 MPa 

	Deformation
	0.0 mm 
	1.155e-002 mm 

	Safety Factor
	7.276
	N/A


Figures

	FIGURE 1

Equivalent Stress
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	FIGURE 2

Maximum Principal Stress
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	FIGURE 3

Minimum Principal Stress
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	FIGURE 4

Deformation
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	FIGURE 5

Safety Factor
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Introduction

Autodesk Inventor Professional Stress Analysis was used to simulate the behavior of a mechanical part under structural loading conditions. ANSYS technology generated the results presented in this report. 

Do not accept or reject a design based solely on the data presented in this report. Evaluate designs by considering this information in conjunction with experimental test data and the practical experience of design engineers and analysts. A quality approach to engineering design usually mandates physical testing as the final means of validating structural integrity to a measured precision. 

Additional information on AIP Stress Analysis and ANSYS products for Autodesk Inventor is available at http://www.ansys.com/autodesk. 

Geometry and Mesh

The Relevance setting listed below controlled the fineness of the mesh used in this analysis. For reference, a setting of -100 produces a coarse mesh, fast solutions and results that may include significant uncertainty. A setting of +100 generates a fine mesh, longer solution times and the least uncertainty in results. Zero is the default Relevance setting. 

	TABLE 1

4013-8011 Statistics

	Bounding Box Dimensions
	30.7 mm 

22.37 mm 

44.45 mm 

	Part Mass
	6.922e-002 kg 

	Part Volume
	7743 mm³ 

	Mesh Relevance Setting
	0

	Nodes
	5899

	Elements
	2877


Bounding box dimensions represent lengths in the global X, Y and Z directions.

Material Data

The following material behavior assumptions apply to this analysis:

· Linear - stress is directly proportional to strain. 

· Constant - all properties temperature-independent. 

· Homogeneous - properties do not change throughout the volume of the part. 

· Isotropic - material properties are identical in all directions. 

	TABLE 2

COPPER PER UNS-C10100

	Young's Modulus
	1.175e+005 MPa 

	Poisson's Ratio
	0.345

	Mass Density
	8.94e-006 kg/mm³ 

	Tensile Yield Strength
	330.0 MPa 

	Tensile Ultimate Strength
	380.0 MPa 


Loads and Constraints

The following loads and constraints act on specific regions of the part. Regions were defined by selecting surfaces, cylinders, edges or vertices. 

	TABLE 3

Load and Constraint Definitions 

	Name
	Type
	Magnitude
	Vector

	Force 1
	Surface Force
	1000 N 
	4.021e-013 N 

-1000 N 

0.0 N 

	Force 2
	Surface Force
	1000 N 
	3.574e-013 N 

-1000 N 

0.0 N 

	Fixed Constraint 1
	Surface Fixed Constraint
	0.0 mm 
	0.0 mm 

0.0 mm 

0.0 mm 

	TABLE 4

Constraint Reactions 

	Name
	Force
	Vector
	Moment
	Moment Vector

	Fixed Constraint 1
	2000 N 
	1.22e-009 N 

2000 N 

7.95e-010 N 
	1.101e+005 N·mm 
	-1.101e+005 N·mm 

4.633e-007 N·mm 

-2.326e-002 N·mm 


Note: vector data corresponds to global X, Y and Z components. 

Results

The table below lists all structural results generated by the analysis. The following section provides figures showing each result contoured over the surface of the part. 

Safety factor was calculated by using the maximum equivalent stress failure theory for ductile materials. The stress limit was specified by the tensile yield strength of the material. 

	TABLE 5

Structural Results 

	Name
	Minimum
	Maximum

	Equivalent Stress
	7.241e-003 MPa 
	45.35 MPa 

	Maximum Principal Stress
	-7.256 MPa 
	48.06 MPa 

	Minimum Principal Stress
	-25.17 MPa 
	2.803 MPa 

	Deformation
	0.0 mm 
	1.155e-002 mm 

	Safety Factor
	7.276
	N/A


Figures

	FIGURE 1

Equivalent Stress
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	FIGURE 2

Maximum Principal Stress
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	FIGURE 3

Minimum Principal Stress
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	FIGURE 4

Deformation
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	FIGURE 5

Safety Factor
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Introduction

Autodesk Inventor Professional Stress Analysis was used to simulate the behavior of a mechanical part under structural loading conditions. ANSYS technology generated the results presented in this report. 

Do not accept or reject a design based solely on the data presented in this report. Evaluate designs by considering this information in conjunction with experimental test data and the practical experience of design engineers and analysts. A quality approach to engineering design usually mandates physical testing as the final means of validating structural integrity to a measured precision. 

Additional information on AIP Stress Analysis and ANSYS products for Autodesk Inventor is available at http://www.ansys.com/autodesk. 

Geometry and Mesh

The Relevance setting listed below controlled the fineness of the mesh used in this analysis. For reference, a setting of -100 produces a coarse mesh, fast solutions and results that may include significant uncertainty. A setting of +100 generates a fine mesh, longer solution times and the least uncertainty in results. Zero is the default Relevance setting. 

	TABLE 1

4013-8012.ipt Statistics

	Bounding Box Dimensions
	26.0 mm 

22.37 mm 

44.45 mm 

	Part Mass
	6.421e-002 kg 

	Part Volume
	7182 mm³ 

	Mesh Relevance Setting
	0

	Nodes
	6690

	Elements
	3378


Bounding box dimensions represent lengths in the global X, Y and Z directions.

Material Data

The following material behavior assumptions apply to this analysis:

· Linear - stress is directly proportional to strain. 

· Constant - all properties temperature-independent. 

· Homogeneous - properties do not change throughout the volume of the part. 

· Isotropic - material properties are identical in all directions. 

	TABLE 2

COPPER PER UNS-C10100

	Young's Modulus
	1.175e+005 MPa 

	Poisson's Ratio
	0.345

	Mass Density
	8.94e-006 kg/mm³ 

	Tensile Yield Strength
	330.0 MPa 

	Tensile Ultimate Strength
	380.0 MPa 


Loads and Constraints

The following loads and constraints act on specific regions of the part. Regions were defined by selecting surfaces, cylinders, edges or vertices. 

	TABLE 3

Load and Constraint Definitions 

	Name
	Type
	Magnitude
	Vector

	Force 1
	Surface Force
	2000 N 
	8.54e-013 N 

-2000 N 

0.0 N 

	Fixed Constraint 1
	Surface Fixed Constraint
	0.0 mm 
	0.0 mm 

0.0 mm 

0.0 mm 

	TABLE 4

Constraint Reactions 

	Name
	Force
	Vector
	Moment
	Moment Vector

	Fixed Constraint 1
	2000 N 
	7.666e-010 N 

2000 N 

-3.499e-010 N 
	1.479e+004 N·mm 
	-1.479e+004 N·mm 

4.485e-006 N·mm 

16.88 N·mm 


Note: vector data corresponds to global X, Y and Z components. 

Results

The table below lists all structural results generated by the analysis. The following section provides figures showing each result contoured over the surface of the part. 

Safety factor was calculated by using the maximum equivalent stress failure theory for ductile materials. The stress limit was specified by the tensile yield strength of the material. 

	TABLE 5

Structural Results 

	Name
	Minimum
	Maximum

	Equivalent Stress
	6.379e-004 MPa 
	44.8 MPa 

	Maximum Principal Stress
	-20.14 MPa 
	43.79 MPa 

	Minimum Principal Stress
	-61.43 MPa 
	4.535 MPa 

	Deformation
	0.0 mm 
	8.015e-003 mm 

	Safety Factor
	7.366
	N/A


Figures

	FIGURE 1

Equivalent Stress
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	FIGURE 2

Maximum Principal Stress
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Minimum Principal Stress
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Introduction

Autodesk Inventor Professional Stress Analysis was used to simulate the behavior of a mechanical part under structural loading conditions. ANSYS technology generated the results presented in this report. 

Do not accept or reject a design based solely on the data presented in this report. Evaluate designs by considering this information in conjunction with experimental test data and the practical experience of design engineers and analysts. A quality approach to engineering design usually mandates physical testing as the final means of validating structural integrity to a measured precision. 

Additional information on AIP Stress Analysis and ANSYS products for Autodesk Inventor is available at http://www.ansys.com/autodesk. 

Geometry and Mesh

The Relevance setting listed below controlled the fineness of the mesh used in this analysis. For reference, a setting of -100 produces a coarse mesh, fast solutions and results that may include significant uncertainty. A setting of +100 generates a fine mesh, longer solution times and the least uncertainty in results. Zero is the default Relevance setting. 

	TABLE 1

4013-8012.ipt Statistics

	Bounding Box Dimensions
	26.0 mm 

22.37 mm 

44.45 mm 

	Part Mass
	6.421e-002 kg 

	Part Volume
	7182 mm³ 

	Mesh Relevance Setting
	0

	Nodes
	6690

	Elements
	3378


Bounding box dimensions represent lengths in the global X, Y and Z directions.

Material Data

The following material behavior assumptions apply to this analysis:

· Linear - stress is directly proportional to strain. 

· Constant - all properties temperature-independent. 

· Homogeneous - properties do not change throughout the volume of the part. 

· Isotropic - material properties are identical in all directions. 

	TABLE 2

COPPER PER UNS-C10100

	Young's Modulus
	1.175e+005 MPa 

	Poisson's Ratio
	0.345

	Mass Density
	8.94e-006 kg/mm³ 

	Tensile Yield Strength
	330.0 MPa 

	Tensile Ultimate Strength
	380.0 MPa 


Loads and Constraints

The following loads and constraints act on specific regions of the part. Regions were defined by selecting surfaces, cylinders, edges or vertices. 

	TABLE 3

Load and Constraint Definitions 

	Name
	Type
	Magnitude
	Vector

	Force 1
	Surface Force
	2000 N 
	-8.54e-013 N 

2000 N 

0.0 N 

	Fixed Constraint 1
	Surface Fixed Constraint
	0.0 mm 
	0.0 mm 

0.0 mm 

0.0 mm 

	TABLE 4

Constraint Reactions 

	Name
	Force
	Vector
	Moment
	Moment Vector

	Fixed Constraint 1
	2000 N 
	-7.666e-010 N 

-2000 N 

3.499e-010 N 
	1.479e+004 N·mm 
	1.479e+004 N·mm 

-4.485e-006 N·mm 

-16.88 N·mm 


Note: vector data corresponds to global X, Y and Z components. 

Results

The table below lists all structural results generated by the analysis. The following section provides figures showing each result contoured over the surface of the part. 

Safety factor was calculated by using the maximum equivalent stress failure theory for ductile materials. The stress limit was specified by the tensile yield strength of the material. 

	TABLE 5

Structural Results 

	Name
	Minimum
	Maximum

	Equivalent Stress
	6.379e-004 MPa 
	44.8 MPa 

	Maximum Principal Stress
	-4.535 MPa 
	61.43 MPa 

	Minimum Principal Stress
	-43.79 MPa 
	20.14 MPa 

	Deformation
	0.0 mm 
	8.015e-003 mm 

	Safety Factor
	7.366
	N/A


Figures

	FIGURE 1

Equivalent Stress
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Maximum Principal Stress
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	FIGURE 3

Minimum Principal Stress
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Figure 2.2-Moving Portion of Device





Figure 2.1 – Current Testing Device





Figure 5.1-Design Number One





Figure 5.2-Design Number Two





Figure 5.3-The “V” Cut (Highlighted Red)





Figure 5.4-Design Three





Figure 5.5-Wheatstone Bridge





Figure 5.6-Digital Load Cell





Figure 5.7-Hydraulic Load Cell





Figure 5.8-Fiber Optic Load Cell





Figure 5.9-Custom Load Cell





Figure 10.2





Figure 10.1





Figure 6.1-Decision Matrix





Figure 6.2-Old (Left) and New (Right)





Figure 6.3-Old (Left) and New (Right)





Figure 6.4-Old (Left) and New (Right)





Figure 6.5





Figure 6.6-Old (Left) and New (Right)





Figure 6.7- Front View (Left), Back View (Middle), Top View (Right)





Figure 7.1- Tension (Left), Compression (Right)





Figure 7.2- Engineeringtoolbox.com





Figure 10.3





Figure 10.5





Figure 10.4





Figure 10.6
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