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Executive Summary

The ensuing report is a detailed description of a concept design that will improve the staking process for a roller finger follower.  It is in conjunction with GT Technologies and under the supervision of Tom Rawsthorne.  The existing design for staking the axle on a roller finger follower in GT Technologies is using a cumbersome, maintenance-hungry linkage system.  It has become outdated and it has been requested that it be improved using a linkage-free approach.  The new design was requested to be low maintenance, easy to maintain (if necessary), cost efficient, and easy to operate.  The design that was chosen was based off another system within the factory that is currently being used on rocker arms (called a “chuck”). Because a rocker arm has much different dimensions than a finger follower it will have to be aligned very differently before staking begins.  To account for the alignment, the chuck will be modified by inserting a pneumatic pancake cylinder into a small hole within the bottom of the chuck.  This cylinder (rod side down) along with a second one mounted underneath the chuck (rod side up) will clamp down from either side of the finger follower to align the finger follower in all directions.  The rods of each of the cylinders will also be modified into a V-shape so that in addition to the height being aligned (z-axis) the left and right directions (or x-axis) will be aligned as well.  The pancake cylinder that was selected was chosen because of its extremely small size, its ability to work with existing air hoses, non-rotating rod, dual-acting function, and its compatibility with surrounding chemicals within the factory.  By modifying an existing machine within the factory, the end design will be familiar to employees while very much improved, saving precious time away from maintenance. Implementation of this design will begin during the spring semester of 2008 and will develop into multiple tests, iterations, computer algorithms, and eventually a successful run of the design.
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1.0 Introduction

GT Technologies is known for producing components for valve-train systems and fluid-handling equipment for automotive service applications.  Many of these products can be seen on vehicles as common as the Chrysler 300 and as unexpected as a Harley Davidson or John Deere product.  A major source of income for the company is due to the production of roller finger followers, rocker arms and valve train actuation assemblies.  The company produces approximately 300,000 finger followers per day and 1,300 valve train actuation assemblies which include 12 rocker arms each.  Although these three parts are only a small portion of what goes into today’s engines, they play a major role in GT Technologies production line and therefore there profit.

GT Technologies recognizes the need for improvement in efficiency and because of there success in the past it is important for them to realize when things can stand to improve.  In the case of the finger followers The staking process, in particular, is rather inefficient compared to newer machines commercially available and it has been viewed as a valuable opening for improvement.  In order to improve this process The sponsors of this senior design project within GT Technologies have asked the team to improve this process with a series of guidelines and preferences to be utilized while developing a new staking method.

1.1 Needs Assessment

GT Technologies has requested a product that can replace the already existing staking process on the Bodine machine that will rid them of the current inefficient method of staking.  In order for the concept design to be successful a series of criteria must be fulfilled.  

· The design must stake the axle on a finger follower accurately and consistently with very few failures.  

· Must be easy to maintain and/or replace ultimately leading to fewer minutes of down time.

· The design must operate within the existing speed constraints or very close to them.   

· It must be capable of implementation on several machines

· It must improve on the existing efficiency of the linkage staking machine

· Total cost must be minimal

These criteria can be interpreted in several different ways.  The interpretation that is implied is put simply into words.  By eliminating the downtime due to the maintenance on this particular station, the number of parts produced in a given time will be greatly increased which will ultimately increase the efficiency.  The number of parts produced in a given time will also increase (increasing efficiency) if the number of failures is reduced.  This is also directly related to cost because if fewer parts are staked improperly then fewer parts are scrapped and therefore more are sold.  The speed constraint is implied because the parts are to be produced at a rate of thirty parts per minute or rather, the part must spend a maximum of 2 seconds per station.  Again, increasing efficiency implies that the number of parts produced not be decreased.  All of these factors combine to reduce cost and increase efficiency and if all of the criteria are met the design will be considered a general success.

1.2 Background

A roller finger follower is a device that raises and lowers the intake and exhaust valves of an overhead cam engine.  It is located near the rotating cams of the engine (most common in overhead cam engines) and serves as a direct connection between the cams and the intake and exhaust valves.  The finger follower was designed to look similar to a finger oscillating over a pivot point.  With one end of the finger follower fixed to the head of the engine, the rotating cam pushes up on the center of the finger follower allowing it to rise and fall allowing the valve to open and close.  
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Figure A: GT technology roller finger follower

A roller finger follower consists of four main components.  At the center of the finger follower is an axle.  This axle is a solid cylinder which is polished to a very smooth finish and serves as the center, or point of rotation, for the bearing.  Around the axle are many cylindrical needles.  Similar to polishing the axle at the center, the needles further reduce the friction by allowing a role slide affect between the needles and the outer wall.  This outer wall, or race, keep the needles in place while simultaneously providing the contact between the engine and finger follower.  Finally the components are assembled inside the finger follower body.  The finger follower body is solid so that the cam can push up on the race with no bending or deformation. 
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Figure B: GT Technology disassembled finger follower

(edited by: Jaron Zadi)
How is a finger follower produced?

The manufacturing process for the roller finger follower is a series of checks and stations that both monitor failing items as it is moved through each of the processes.  The first station for the roller finger follower checks for the hardness of the body.  After hardness has been confirmed station two checks to make sure the dimensions of the body are correct.  Station three uses a camera system to confirm that the hole for the axle has been machined and that it is in the right place.  After this, station four cleans the underside of the roller finger follower.  After all of the dimensions have been deemed suitable the machine begins to assemble the entire part.  A bearing is dropped into the center of the body followed by an axle.  After this, the machine again passes through a inspection check to make sure the axle and bearing are in the right place and when all is confirmed the axle is staked into place.  The last few steps include checking that the bearing rotates properly and finally if any finger follower has been deemed “bad” they are ejected during the last station before being put in crates.
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Figure C and D: GT Technology: Front view of a 2.5L Ford finger follower staking (Left). Rear view (Right)
The finger follower staking process is a unique system which uses a linkage system and therefore mechanical advantage to accomplish the high pressures required to deform the ends of the axle.  To ensure that the axle is in the proper place this station also aligns the axle from above and below using pneumatic cylinders.  The tools used for the staking process are made from a carbide material and are removable and can either be reordered or machined back to the proper dimensions.  The indentation from these carbide tips is visible on the axle in figure A.  This process requires a lot of moving parts and is quite large.
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Figure E and F: GT Technology finger follower staking station (left: front view, right: side view)

This cumbersome, linkage-heavy staking process is also not safe for operators who work in close proximity to the production line. The quick, deliberate motion currently seen on these roller finger follower machines can be a danger if someone inadvertently gets to close. Accidents are known to happen at production facilities all the time. Anything that can be done to improve the work environment as well as worker safety is a definite goal for this new design. Environmental issues are always a major factor when considering a new design. This linkage heavy design requires a lot of lubricants and grease to ensure proper function. If these chemicals are not properly handled or disposed of, they can create an environmental hazard
These roller finger followers are one of GT’s signature products. The process for assembling and testing this component, as well as its function in the engine, has been previously described. GT currently has 9 different production lines that assemble roller finger followers for a variety of automotive companies and their different engines.

Even though GT’s current assembly processes work, there are problems that arise in certain areas of the finger follower assembly system. One the GT’s regular problems with the roller finger follower machines, is with the staking stations. After the axle is inserted into the roller finger follower bearing, the part is moved to the staking station. At that time, the ends of the axle are staked to insure the axle does not fall out. The center portion of each axle is heat treated hardened steel, and the ends are left soft to allow for staking. The staking tool applies pressure to the ends of the axle and causes the soft ends to expand, securing the axle in place.

GT currently uses carbide tipped staking tools for all roller finger follower axles. The carbide tips are expensive and have a low reliability. When the tips break or become unusable they have to be machined and reworked before the assembly line can be restarted. After being machined the tips are refit to the machine and production continues. The down time GT suffers while these current tips are machined and refitted is a great loss on the company. When a serious problem with a staking tip happens, that particular machine could be down for over a day.
Another problem with the current staking process of the Bodine machines is the complexity of the mechanism used to stake the axle. As can be seen in Figure E and F above; the mechanism is heavily dependant on linkages and pneumatic cylinders. It also requires a large assortment of different shafts and bushings to support the operation. When any of these parts fail it causes serious down time and back ups, which in turns means loss of revenue. That is why GT is eager to obtain a new design that can improve the company’s productivity as well as product quality.
1.3 Scope

In an effort to improve the staking process of the companies’ roller finger followers, GT Technology wants to modify the system in which this staking process is performed. . The current design is a linkage heavy system that has a high initial cost and requires constant maintenance and down time for repair. The method currently being used on all roller finger follower machines is to be stripped away and modifications to an existing staking process must be made to fit on a variety of the company’s current production lines. The new design must implement an existing staking chuck design, as well as the existing staking tools. It must also prove to be more efficient, as well as reduce the companies start up cost.

The new design will implement the existing staking method which GT currently uses on its LX machines for the Chrysler line. The main mechanism for this process will  be modified to properly align and stake a different engine component than the one it is currently design to handle. GT was also explicit in that the new design must not diminish in anyway the efficiency of the entire production line to which it is being modified to replace. If anything the new design should improve the productivity of the company by reducing overall operating cost as well as maintenance and downtime of the product line.

There are several challenges with remodeling the old design. The space available on the new machines is very limited. Every component needed to perform the task must be contained within the width of the chuck. If any component is located outside the width of the chuck it would interfere with the process of the neighboring station. The speed of production and the time allotted to each assembly and testing station is well set. Neither of these variables can be changed, nor can our design influence either. The old staking method required heavy maintenance, and long periods of down time were required for repair. The new design must vastly diminish or exclude most of these delays.

2.0 Concept Generation

The new process for producing finger followers must be familiar to employees and it is for this reason that it is important to understand the inner workings of other machines within the factory.  After several tours of GT Technologies and multiple explanations of various machines it was apparent that the process for producing Rocker Arms was very similar to that of the Finger Follower production.  Most of the research for alternatives was focused within other machines within the factory and primarily on the method for producing Rocker Arms.
2.1 Research

A rocker arm serves the same purpose as a roller finger follower but it differs in its positioning on the cam.   A rocker arm also opens and closes an exhaust and intake valve, however, it has a different point of rotation.  A rocker arm is not fixed to the body of the engine by one of its ends but rather is fixed to the engine by a valve train actuation assembly.  A rocker arm still contains a race which pushes against the cam but instead of it being located at the center it is located at one of the ends which allow the center to be the pivot point.  Rocker arms are also common within overhead cam engines but they are also commonly used in push rod engines in which the cam is located away from the rocker arm which requires a “push rod” between the rocker arm and the cam.
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Figure G: GT Technology Rocker Arm 
A rocker arm has similar parts to a finger follower but has noticeably different dimensions.  The body still resembles the shape of a finger but now the bearing is placed at the lower end of the body in figure D below.  In addition to the shape, they are also produced in pairs and are designed separately as left and right rocker arms.  The bearing itself is the same as the finger follower bearing except in this case the needles within the bearing are too small to keep themselves in place.  In this scenario a football is used to keep them in place before the axle is inserted.  The axle is the same but now there is the addition of a clip which fills the space between the bearing and the walls of the body.  In addition to the components shown below there is a lash adjuster.  The lash adjuster is the yellow part in figure E and is assembled into the body of the rocker arm.  The purpose of the lash adjuster expands and contracts during temperature changes (cold engine start up) to account for the difference in space when engine part are not fully heated up and expanded.  The finger follower does not include the lash adjuster in it’s assembly because it will be later be added separately into the head of the engine and not into the part itself.  
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Figure H: GT Technology disassembled view of right and left rocker arms.

How are Rocker Arms produced?


The method for producing rocker arms is similar to that of the roller finger follower but has noticeable differences due to different dimensions and a few extra parts. The process begins by inserting the rocker arm onto a nest and checking for both correct placement and also to check for the oil hole in the body.  The part is then rotated belly up so that the majority of the dimensions and machined hole are visible.  This again followed with a check to make sure the part has been properly rotated.  The part is then oiled and prepared for the placement of the bearing.  At this point the bearing is placed in the center and in the case of the part figure f it include a football to keep the needles in place.  In the next station the football is then pushed out by the axle which is put in place by a pneumatic cylinder.  At this point the part is checked multiple times for the correct axle placement.  At two different yet back to back stations it simply checks to make sure the axle has not shifted during travel down the product line.  At this point it reaches a staking station.  Again this station pushes on either end of the axle which causes the metal to expand and keep the axle in place.  This is later confirmed by a push test which simply uses a cylinder to push on one end of the staked axle to confirm its stability.  Immediately after the push test the next station takes a picture to confirm that the staking tool did in fact stake the axle and that it did not miss.  Finally, the bearing is checked for proper rotation and the lash adjuster is inserted into the part.   

Aside from a few minor differences do to the different dimensions of the finger follower and the rocker arm, the processes are very similar.  However, one major difference exists in the staking stations which are very different and perhaps can be considered more advanced and certainly more efficient on the rocker arm machine.  The staking process for the finger follower used several linkages in order to accomplish its goal, was quite large and had many moving parts.  In the case of the rocker arm staking there are very few moving parts and the design is both advanced and simple.  The design includes no linkage system at all.  The rocker arm and axle are aligned by two pneumatic cylinders, which is the same as the linkage system design, however it uses a chuck to accomplish the staking process.  The chuck is simply a high-powered cylinder-driven staking tool.  The only visible movement during this process is two rectangular pieces of steel (which hold the staking tools) which slowly move in towards the axle. The figure below shows the basic design of the staking tool on the rocker arm machine.  It is noticeably less cumbersome.
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Figure I: GT Technology staking process for a rocker arm.

The staking station as a whole is commonly referred to as a chuck and is ordered from the factory as is.  Within the chuck are two moving blocks (which hold the staking tools) that are held in place on a track.  On the bottom of the chuck is a face plate which contains a number of cylinders that are used for aligning the complicated dimensions of the rocker arm.  All of these cylinders sit flush on top of a custom machined plate (for a fully disassembled view of the chuck, refer to appendix 1).
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Figure J: GT Technology Bottom view of chuck
The picture above shows the bottom section of the chuck. In the picture the alignment components are labeled. The staking tools are the two large rectangular pieces in the middle with the staking tool tips pointing towards each other. When the chuck is in operation, the part to be staked would be moved into position from the right and guided by the two rails in the middle. The rails ensure the rocker arm is secure and in the correct alignment. The two staking tool tips then contract and press on the axle ends, locking the axle into place.
Alignment in the existing chuck design is achieved through the use of two sliders shown above. Because of the extreme differences in dimensions of the roller finger follower to the rocker arm (see Figure J below); those alignment components must be removed and new ones implemented.   The current roller finger follower uses a vertical cylinder to move the part off the nest and into a consistent vertical position. However, the chuck will no longer  provide any alignment for the part to be stable in any horizontal position. A new alignment and stabilization method had to be designed

[image: image11.png]


                                [image: image12.png]



Figure K and L: rocker arm(left picture) and roller finger follower(right picture)

Picture courtesy of www.7ent.com                           Picture courtesy of www.Timken.com

The picture below shows the simplicity of the chuck staking system compared  to what was shown previously as the linkage system. The chuck is self contained and only requires a hydraulic motor on top to operate the screw drive. The top of the picture shows the section where the staking tools and alignment components would be.  Also shown to the right is the stripped down working end of the chuck. The alignment and staking tools have been removed and the inner space of the chuck is shown.
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(Figure M and N: GT Chuck(left picture)  Disassembled bottom end of chuck with all alignment mechanisms removed
The chuck is a better design in several ways. It contains only a fraction of the parts as the linkage design. Not only does it contain fewer moving parts, but the entire chuck can be ordered as single pre-assembled unit. This is another area in which assembly time and cost will be cut. The large size and weight of the chuck is essential to ensure it can withstand the constant wear and tear of the production line. The assembly and testing Bodine machines work on a two second per station time table; producing thirty parts per minute. These machines are often in operation 24 hours a day and nearly every day of the week. They are expected to maintain a high volume output to ensure company quota completeness.
The chuck method will also be easier for the operators to setup and control. When the Bodine machines have a problem with linkage- heavy staking method it requires a team of maintenance personal to troubleshoot and resolve the problem. This can set the production line back by hours or even days. The chuck design does not contain part this will require regular replacement or maintenance, and operators can easily make adjustments to the machine without the need of a long shut down time. Also, initial training time for employees on the machine would be reduced. This would remove unnecessary cost from the company and in turn improve operator and machine efficiency.

Another improvement made by changing all the Bodine linkage design to the new LX chuck design will be the accomplishment of a plant wide standardized staking process. Currently only one machine at the GT plant implements the chuck design while the remaining use the burdensome linkage design. By establishing a plant wide standardized staking method, GT could cut cost and improve overall efficiency in all of their roller finger follower assembly lines. Also a standard staking method would ensure consistent quality in axle staking of all company products. 

The staking tool cost would also be reduced. The staking tool tips used on the chuck design are different than those used for the linkage method. The linkage machines use the carbide tips are that ear easily fractured and are costly and timely to repair and replace. The Chrysler machines uses hardened tips are less expensive and rarely break. Also replacing the tips on the Chrysler machine can be done quickly and requires no special machining or fitting like the other staking tools. By using the same standardized parts on every production line, operators and maintenance personal can be used on a larger number of machines.

2.2 Concept Designs

The primary concept of our project is to ensure proper alignment of the finger follower for the staking process.  If the alignment is off then the staking process is off which results in a number of problems.  The current method for staking alignment involves four pistons and some complex linkages.  The goal of our design is to reduce the complexity associated with the alignment process.  By accomplishing this goal a number of other problems will be solved.  Because of the current alignment process be complex the down time of the machine is extremely long, the alignment relies on multiple variables to properly align.  So if one of the linkages becomes damaged or not functioning properly it must be replaced.  After that part is replaced the whole machine needs to be recalibrated and adjusted to ensure a proper alignment.  If the alignment process could be simplified to one alignment tool then if a part malfunctions or breaks then all that would be required for maintenance would be a replacement of the part, the system would not have to go through a complex alignment process which costs time and money.  By having a less complex system the retune maintenance on the machine becomes easier.  All that would be need is an inspection on one simple part and motion while on the current machine it takes an inspection of four linkages and numerous parts.  The biggest benefit to the staking process is a cost savings.  By lowering the complexity of the machine the amount of parts go down.  The down time is less because there are fewer parts to malfunction and they are easier to repair.  The need of a skilled mechanic is not needed because the maintenance work is does not require a specialization.  The benefits for a less complex design greatly out weights the current method.

For our concept generation we came up with a total of three different designs.  All the designs were similar in the fact that they incorporated the concept of a single alignment tool.  This approach removes the four complex linkages used in the previous version and replaces them with a single alignment method.  Also the designs incorporated a major change in the actual staking.  The old approach used carbide tipped staking tools; the new method uses steel tipped tools.  The reason for this change is price and down time.  The carbide tipped tools were extremely expensive.  One of the problems with that was if one tip broke both needed to be replaced because the other tip could not be machined to function with a new tip.  The tips tend to break often because the housing for the finger followers is much stronger then the non heat treated axel. So if any part of the tip made contact with the housing it would break stake poorly until caught by the operator.  This presented a problem because there was a lot of down time associated when a tip breaks.  One of the mandates from the sponsor was to change the staking tip.  We decided on changing them to steel to replace the expensive costs associated with carbide and also they are machine able.

2.2.1 Design 1

The first design we came up with was the simplest design of the three.  All this design incorporated was a pneumatic powered cylinder mounted directly to the chuck that would raise and lower an alignment block custom made to fit the finger follower.  This design was simple and straight forward.  There were only a few problems with this design.  A problem was the limited amount of space available to place a cylinder in the chuck.  The diameter of the chuck was such that any common cylinder would not fit.  Also a problem with this design was the fact that the cylinder would need an air line run into the chuck which could present a problem.  [image: image15.png]Front View Side View
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Figure O: Cylinder method of Alignment
2.2.2 Design 2

The next design we came up with was a four bar linkage system.  This design incorporated a single alignment rod coming out of the middle of the chuck.  This rod would be powered by a pneumatic cylinder placed outside of the chuck.  A linkage would then be routed into the chuck to propel the rod.  This is a simple design but there are a number of foreseeable complications.  This design requires a great deal of machining work to be done to the chuck.  The objective of the chuck is to be immovable and provide a solid surface in which the parts can maintain their orientation without any vibrations.  The more material removed from the chuck the less effective the chuck becomes at holding the finger followers and other parts steady so they can be staked properly.  A depiction of this design can be seen below.
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Figure P: External cylinder and linkage alignment
2.2.3 Design 3

The final design we came up with was very similar to the previous design, design number two.  This design also incorporates a linkage system.  Instead of having a four bar linkage incorporating a rocker arm and alignment rod this design uses a wedge attached directly to the cylinder.  As the cylinder moves in and out the wedge makes contact with the alignment rod wither raising or lowering.  A simple design but then again it too would require machining of the chuck which presents the same problem previously stated.  A depiction of this design is presented below.

[image: image17.png]Front View

[teel Staking ool

Bottom View

[Track for Finger Follower|





Figure Q: Wedge and wheel alignment
2.3 Concept Selection
After we brainstormed and came up with these designs we got together a put down some ground rules that the design could be rated on to determine the best.  The requirement we graded the designs on are cost, safety, performance, reliability, ease of assembly, and environmental impact.  After coming up with the criteria that the designs were going to be judged on we then gave each criteria a weight factor because some aspects were more important then others.  We felt that safety, performance, and reliability were equally important and gave each a weigh factor of twenty percent.  We rated these factors the highest because of their relative importance.  One of the problems with the previous alignment method was performance and reliability.  The previous design tended to require a large portion of preventative maintenance because of the low reliability.  This resulted in higher operational costs for the equipment.  Performance is important because what is the point of having a piece of equipment if it can not perform the tasks required of it.  And safety because that is so important, the last thing the plant wants is one of its workers getting injured. If one of the workers got injured then the plant would be short a worker which would require another to be trained along with all the medical bills required to treat the injuries sustained.  The next most important factors were ease of assembly and environmental impact; we gave these two the weigh factor of fifteen percent.  Finally we gave cost the least important factor of ten percent.  Cost received such a low rating because the cost of this design being in the hundreds of dollars far dwarfs the multimillion dollar sales and production going on at the plant.  The decision matrix we used is posted below

2.3.1 Decision Matrix
	
	Cost
	Safety
	Performance
	Reliability
	Ease of Assembly
	Environmental Impact
	Rank

	Weight Factor
	0.1
	0.2
	0.2
	0.2
	0.15
	0.15
	1

	Design 1
	8
	9
	9
	9
	6
	9
	8.45

	Design 2
	6
	7
	8
	6
	5
	9
	6.9

	Design 3
	7
	9
	8
	7
	6
	9
	7.75


2.3.2 Design Conclusions
After determining what criteria we were going to rate the design on we began to judge the designs.  Design number one had the best cost rating because it required the least amount of parts.  All that was required for design number one was a cylinder and the mounting bracket needed to mount it inside of the chuck.  Design number two and three would require a number of linkages along with a cylinder which would increase the cost of the design.  All the designs received a high safety rating with the exception of design number two.  This lower rating is form the fact that a portion of the design is external of the chuck which poses the potential of getting caught or entangled with the operator.  All the designs received a high performance rating because of the fact that performance is the whole reason we are designing.  If our designs did not perform then they are bad design and need not be considered.  Design number one received a higher rating for performance because it has a simpler motion that does not require a linkage to function.  It is simply a cylinder.  This comes in the next rating reliability.  Design number one received the highest rating because it once again is simply a cylinder moving the alignment tool.  Design number two received the lowest rating because it is the largest design being placed outside of the chuck and incorporating longer linkages then design number three.  All the designs have a low ease of assembly because of the work needed get the designs operable.  Design number two and three would both require a large portion of the chuck to be machined out in order to function.  Design number one might also need the chuck to be machined to in order to run an air line to the cylinder inside if it cannot be run from the bottom.  All the designs are hard to incorporate because of the limited space available.  All of the designs received a high environmental rating because of how they are to operate.  All the designs run off pneumatic cylinders which produce little impact on the environment.  This is important because there are a number of materials and processes in the plant that are environmentally dangerous which require extra regulations, inspections, and maintenance.  This is all avoided by using pneumatic cylinders; and creates one less thing to be monitored for health reasons.


After imputing all the out data and analysis into the decision matrix it became clear which design was the best for our project.  Design number one is by far the simplest design we came up with.  This is a plus because it is less complex which leads to easier maintenance and upkeep.  Also the design is more cost effective and can be rapidly implored on multiple machines.  Which twelve machines that could use an improvement in the staking process a single unified and simple process which makes plant operation much easier. 

3.0 Proposed Solution

In order to select the best design all of the design options were carefully weighed against each other while simultaneously questioning their effects on all parties involved.  The decision was based off of company and user concerns and even environmental impacts. With decision number one clearly the best option to perform the task, assembling the best set of equipment was all that was left in developing the best possible design.

3.1 Detailed Design
After designing a number of designs and going through a complex analysis process of the designs we are down to one design.  The design we chose was the initial one we came up with which involved a single alignment tool.  This design is simpler than the current method used for staking which presents a number of benefits.  Because of the simplification, the maintenance and inspection associated with it are lower.  The design we chose utilizes a single pneumatic cylinder positioned inside of the chuck.  The cylinder is mounted to a base plate that is attached to the bottom of the chuck. 
3.1.1 Cylinder


There are a number of properties that the cylinder needs to satisfy in order to function correctly.  The first of which is the fact that the cylinder must be small.  The cylinder is fitting into a space two inches deep by 1.21 inches in diameter.  Because the cylinder is being used for alignment purposes and it is essential that the alignment be perfect the cylinder needs to be non-rotating.  This way the cylinder is always oriented in the same direction to properly align the finger followers.  Another feature the cylinder needs to have is dual acting.  This way the motion of the cylinder can be controlled.  With a single action cylinder the action always extends the same distance.  With dual action the distance can be controlled.  By having a dual action it allows for a more accurate alignment by positioning the alignment tool better.  Another feature that needs to be incorporated into the cylinder is chemical seals.  Because there are a number of chemical used in the plant for cleaning, lubricating, or other operations the cylinder needs to be sealed. 
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Figure R: Cross sectional view of cylinder inside chuck. 

After looking at the requirements needed for the cylinder we came across a cylinder company that produces cylinders that will meet our requirements.  The cylinder class is referred to as a pancake cylinder.  The manufacture claims the cylinder is capable of producing a force of 60,000 psi. Looking at the amount of force needed to align the finger followers the cylinder this will more then satisfy our needs.  Because of the over and abundant pressure available from the cylinder an analysis is not necessary for the cylinder.  
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Figure S: Cross sectional view of cylinder inside chuck while on Bodine machine.

Another important part associated with the cylinder is the v-block.  The block is attached to the tip of the cylinder and is used to properly align the incoming finger followers for staking.  The block is important because it is the only part of the design that actually comes in contact with the part to align it before the staking takes place.  The block is in the shape of a V so when it is pushed down on the finger follower by the cylinder it aligns the follower.  If the block was simply a flat surface then there would be the chance of the follower sliding to the side and not being aligned exactly in the middle.  This would result in a bad stake, defective products, and lost revenue.
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Figure T: Close up view of V-Block
3.1.2 Base plate

The only part of the project that we are actually creating is the faceplate of the chuck the rest of the parts we need are available in the market for less then we could produce.  The faceplate is an important part because the cylinder is mounted to the faceplate.  The faceplate needs to be made of a study material that is resistant to vibration and damage.  Because the staking process is occurring at a rate of one every two seconds and in some instances one every second and a half; there is a great deal of force and vibration.  The plate needs to be made of a sturdy material and resists vibration.  Such a material could be a high carbon steel alloy.  The plate we are going to use is a half inch thick high carbon steel. It is important because if the plate flexes or vibrates then the cylinder over time can come out of alignment and not properly align the finger follower.  This would then result in the staking tools not staking the followers properly resulting in broken parts and down time.  On the base plate there are a number of holes that we are going to machine out.  The plate needs a hole for the cylinder rod to act through; it also needs taped holes in which to mount the cylinder.  Additional holes are needed in the plate to run the airlines needed for the cylinder.  This can be accomplished by cutting a slot in the hole for the cylinder rod which would enable the air line through.
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Figure U: Close up view of Faceplate.
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Figure V: View of Faceplate on Bodine machine.
3.1.3 Chuck


Another key component to our design is the actual chuck.  The chuck is the part that is attached directly to the Bodine machine.  It powers the staking tools and houses the cylinder.  The chuck is a huge piece of metal that has a jaws incorporated in it in which the staking tools are attached to.  When the jaws close the finger follower gets staked.  In the middle of the chuck is a cavity in which the cylinder is positioned.  The chuck is made of solid steel.  It is heavy and solid for a reason, the chuck needs to be sturdy and not vibrate.  If the chuck vibrates then everything involved in the staking process would vibrate.  One of the major factors we are trying to limit in the staking process is vibration because it can have such an impact on the process.  It might not seem like much but a little vibe on every stake adds up to a lot.  The staking process is occurring once every two seconds.  So that is two motions by the jaws, two motions by the cylinder, and two motions by the track.  All of that produced vibrations and if the design does not take that into account then it could present a problem.  This is the reason why the chuck we chose is such a massive piece.  The chuck weights in excess of two hundred pounds and is custom made for use with the machines in the plant.
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Figure W: View of Chuck while on the Bodine machine (view 1).
3.1.4 Fittings


The fittings associated with the air lines on the cylinder are crucial for a correct operation.  The fittings are a quarter inch air lines with flow controls and moisture sensors that remove the moisture.  If there is moisture in the air lines it can build up and destroy the functionality of the cylinder.  The cylinder is pneumatically powered by flow controlled device.  This is important because the plant’s air lines run at 100 psi.  The cylinder is capable of operating with air line psi up to 120 but by having a controlling device we will be able to control the speed and distance the cylinder moves.  This is important because we have chosen a dual acting cylinder for the process. In order to take full advantage of the cylinder we need to control the flow.  The cylinder is capable of a displacement of three fourths and inch.  If for some reason or design needs to be adjusted or calibrated to displace a shorter distance it can only be done if there is flow controls because of the cylinder being dual acting.
3.2 Bodine Machine Write up
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Figure X: View of Chuck while on the Bodine machine(view 2)
The machine use to assemble the roller finger followers is called a Bodine machine.  The Bodine machine consists of a series of stations that assemble and checks roller finger followers.  Each station has a different purpose, for example, some stations are check station, which checks the quality of the parts and other stations are assembly station that add parts to the body.  The staking station is the station we are focusing our attention on to improve its efficiency.  The picture above, Figure X is a ProE drawing of the Bodine machine with the chuck mounted to it.  The chuck is a machine that is used to stake axels to the body of the part. The chuck that we will be using to stake the finger follower is currently used on another Bodine machine in the plant which stakes rocker arms axels.  Bodine’s make all there machines so that the stations can be interchangeable between machines by locating the center lines of the nest the same distance away from the machine on each machine.  Even though the machines are interchangeable, there are still alignment issues we have to address.  In addition, we are staking a completely different axel to a different part which means we still have other problems to address. 

The stations on the Bodine machine are design to run off cams as shown in the Figure above which controls the timing of each station.  The chuck that will be use to stake the finger followers is ran by hydraulic fluid and not the cams because of the amount of pressure required to stake the parts.  On the other hand, the cylinder used to align the part from the bottom is attached to the cam.  In order to keep the parts from changing its orientation while being staked, we will add a V-block to the end of each cylinder rod allowing the part to be stable while being staked.  After the parts have been stake they will travel to several other check stations before they are packed up and sent to the customer.   

3.3 Cost Analysis

The main goal of this project is to be able to change the existing staking machine efficiently without costing the company a lot of money.  The chuck is the biggest expense out of all the items needed to make this change over complete.  One of the major decisions we made as a group for the new staking station was to use an existing staking machine that’s currently used in the plant today.  By making this decision we save the company money, due to the fact that, the company currently owns several of these chucks.  Each chuck cost approximately $900 to machine not including the materials needed to build it and is sold for about $4300.00.

  The cylinder is the next major component of our design that has already been purchase for $40.00 from Fabco-Air.  In addition, we saved the company additional money on hoses that are used to drive the cylinder because the cylinder chosen for this project will be compatible with the existing hoses already on the machine.   The only other component that needs to be purchase is the flow control fittings for the hoses.  Purchasing the flow controls fittings for $25.00, instead of the regular fittings for $10.00 would be worth the extra money because we will be able to control the air flow to the cylinder.   This will allow us to fine tune the cylinder so that it would produce a more accurate stroke to the part.  The total cost amount needed to make this project work will be $90.00 because the company currently owns several of these chucks.  In addition, the hoses needed for the cylinder exists on the machine already.  If this design was to be implemented on other roller finger follower machines in the plant it would cost the company $ 5306.00.
	Item
	Description
	Company
	Quantity
	Price per Item
	Total Price

	Cylinder
	Pancake cylinder- ¾” bore and ½” stroke 
	Fabco-Air Cylinder
	1
	$40.00
	$40.00

	Hoses
	¼” OD x 1/8”ID poly tubing
	McMaster
	2
	$8.00
	$16.00

	Fittings
	Flow control type NPT to Tubing
	McMaster
	2
	$25.00
	$50.00

	Machining Hours
	Rohm Chuck
	N/A
	1
	$900.00
	$900.00

	Chuck
	Rohm Chuck
	N/A
	1
	$4300.00
	$4300.00

	Total Cost
	
	
	
	
	$5306.00


Figure Y: Cost Breakdown table
4.0 Conclusion

GT Technologies has requested a new staking method that will replace the old linkage system with a user-friendly and low-maintenance design.  In order to come up with a good design, the team has focused most of its efforts internally within GT Technologies so that the new design can be very familiar to employees.  Upon researching alternatives, the team noticed a potential solution within the staking method of rocker arms.  This method is a more advanced version of the current linkage staking system which uses a simple and reliable chuck and hydraulic cylinder method.  

 Although implementing this design directly is ideal, it is easier said than done.  The design that is currently used in staking rocker arms has a much different alignment method than the method for staking rocker arms.  Most of the problems in alignment arise from a difference in the dimensional characteristics of the rocker arm.  In order to implement this chuck design on the finger follower, two alignment cylinders will clamp down on the finger follower from the bottom and top to stabilize the part and zero out the z-axis.  
The chuck design was chosen based mainly off of cost, simplicity and familiarity to the employees. By implementing an already existing device within the factory, employees (including line workers and maintenance) will be ready to begin work with very little downtime.  As stated before the chuck design will be mounted facing downward and will be run directly by the cams of the Bodine machine.  The cams will not be replaced or updated during this process which makes this alteration cost effective and simple.    

In order to align the finger follower before staking, a cylinder will be mounted in the chuck itself (from above).  After dimensioning and documenting the chuck for the placement of the cylinder and noticing the sizes of possible cylinders, it was discovered that the tolerance would be extremely small with respect to the diameter of the hole.  With no more than .09” between the hole and the chosen cylinder, it will be a tight, but feasible fit.  The cylinder that was chosen is called a pancake cylinder which is designed for small uses and comes with several customizable features that pertained to the needs of the project.  The cylinder was chosen to be non-rotating, with a 3/4” stroke.  
The final modification to the chuck is a simple faceplate that will be custom machined and mounted over the cylinder.  The face plate will serve as the mounting surface for the cylinder.  This cylinder will be faced rod-side down, and will extend through the face plate in order to operate.  This set up will minimize the amount of machining into the chuck and therefore minimize cost, and prevent weakening of the chuck.  The face plate is also designed for the purpose of simple maintenance.  With a simple bolt in design maintenance can remove/replace the cylinder in one effortless motion without having to dismount the entire chuck from the machine.  Finally, this faceplate will also allow all of the hoses an fittings to be protected and away from moving parts.

These modifications are relatively simple compared to commercially available alternatives to a new staking method most of which involve purchasing costly parts and new systems unfamiliar to employees.  
5.0 Scheduling


In order to properly organize upcoming objectives and milestones the team has chosen to meet once a week.  Our meetings were organized according to the DMEDI process which sets up a rigid schedule to abide by.   During these meetings discussions about advancements, presentations, deliverables and further meetings with the company were set up.
5.1 Fall Schedule


The fall schedule that was originally designed is displayed in Appendix B.  This shows that the team had originally planned on completing the project during the Fall semester.  The project was later adjusted so that it would conform to the senior design schedule with the concept generation portion during the Fall and implementation in the Spring.  All objectives were completed for the fall semester including multiple attempts to understand the manufacturing process at GT Technologies.  A major accomplishment for the Fall semester included the concept design approval.  The design was approved by Tom Rawsthorne on Octorber 20, 2007 which defined the success of the Fall semester and allowed detailed drawings, planning to begin.
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Figure Z: Fall Schedule (Summary)

5.2 Spring Project Scope

Assemble and implement the concept design established from the fall semester, produce a fully functional (and improved staking process) and provide a template for future implementation on several machines.

5.3 Spring Schedule 
In order to properly organize the next phase in developing a new staking tool, a new set of goals were established.  Among the goals are a newly redesigned project scope which is modified for the upcoming tasks as well as a detailed schedule which notes estimated time frames of completion as well as milestones to be completed along the way.  

The spring schedule is an estimate and it is assumed that the dates and guidelines set forth will be adjusted throughout the semester.  This is expected because the design team is working around the company in order to not slow down production times.  The schedule is design for flexibility and takes into account cancellations due to line machine failures.  During this down time the team will discuss and implement different ways to keep moving despite unexpected scheduling conflicts.
5.3.1 Implementation
The entire project takes place over two semesters with the first half consisting of concept design and the second as implementation.  With the concept design now completed, the implementation makes up the second half of the project.  This portion of the project will consist of many iterations and corrections to the existing design.  A diagram of the expected schedule is shown below. 
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Figure 1: Spring Schedule (Summary)
The spring start-up is a short amount of time allowed in the beginning of the semester that will allow the team to check for all available parts, order new parts and discuss scheduling changes.  After having all of the parts and confirming with the sponsors that the team may advance on to the next step the team will begin the assembly phase.


The assembly has multiple subsections that are interrelated, many of which cannot be accomplished without certain prerequisite assemblies.  To save time during assembly, machining will happen simultaneously.  After the assembly is complete the team will present the assembled project to the sponsors and confirm installation.  

The installation makes up the majority of the iterations (three in total).  There will be three runs in total separated by adjusted designs and improvements to the existing design.  During the third and final run, the design will not be taken off of the machine.  At this point the final step of the process will include creating a design packet that documents the entire process from beginning to finish which includes a method of implementing on other machines in the future.
5.3.2 Testing Criteria
In order to determine the success or failure of the design a list of criteria and checkpoints will be established.  Although this criteria is heavily dependent on the needs assessment originally established by the sponsors, a few additional criteria will be established throughout the testing process.  The criteria will further break down the needs assessment in order to analyze specifics about the process such as the quality of staking, cost of maintenance and an in-depth analysis of the improved staking design versus the old staking design.  
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7.0 Appendices

7.1 Appendix A: Pro E Drawings
7.1.1 Screen shot of Bodine machine with alignment cylinder
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Figure i: side view of the Bodine machine with chuck attached

7.1.2 Dimensioned Drawings of

Chuck without added alignment

Cylinder
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7.1.3 Pro-E screen shots of modified chuck with alignment cylinder added
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Figure ii: Side view of isolated Chuck 
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Figure iii: Rear view of Chuck
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Figure iv: Inner parts of the Chuck
7.1.4 Pro-E screen shot of alignment cylinder with V-block
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Figure v: Pancake cylinder with v-block
7.1.5 Pro-E screen shots of faceplate and dimensioned drawing
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Figure vi: Side view of faceplate
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Figure vii: Rear view of faceplate
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7.2 Appendix B: Fall Gantt Chart

[image: image43.emf]
[image: image44.emf]
7.3 Appendix C: Spring Gantt Chart
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7.4 Appendix D: Cylinder Options
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