Seizure Recovery System For Fuel System Distributor

Fall Semester Final Report

Sponsored by:  Cummins Engine Company

Michal Brown

Sean Edwards 

Keron Miller

Ben Nuttall

November 30, 2000

Table of Contents
Project Background
1
Problem Definition
1
Current Measures
1
Project Scope
1
Project Plan
2
Work Breakdown Structure
2
Schedule
4
Needs Assessment and Specifications
5
Concept 1
5
Concept 2
6
Concept 3
6
Concept 4
7
Concept Evaluations
8
Concept 1:
8
Concept 2:
8
Concept 3:
8
Concept 4:
8
Conclusion
9
APPENDICES
A
Appendix A – Design Request
A-1
Appendix B - Meeting Minutes
B-1
Appendix C - Email Correspondence
C-1
Appendix D – Concept Analysis (raw data)
D-1
Appendix E – Pro E sketches
E-1
Appendix F – Copies of reports and presentations
F-1
Appendix G – Research Data
G-1


Project Background


Cummins Engine Company has a fuel system currently in production that there has been a problem with.  This system uses a distributor to direct fuel to the engine cylinders.  The distributor is driven via a shaft powered from the gear pump.


This distributor was designed by another company, so modifications to it cannot be made. There have been several problems associated with this distributor, and Cummins is planning to re-design the whole fuel system.  In the meantime, there is a problem that needs to be addressed with this current system.

Problem Definition

The problem with the fuel system is that the distributor rotor sometimes locks up during operation.  This may be caused by overheating, debris left from the manufacturing process getting stuck, or a combination of the two. 


Seizure usually occurs fairly early in the life of the engine, and then often never again.  In fact, the company usually runs the engine for several hours so that the seizure can take place before the system is sent into the field. 


When seizure does occur, the drive shaft is designed to break in order to prevent progressive damage to the entire system.  This failure requires professional repair, and is covered under warranty.  Unfortunately, seizure occurs in a large enough percentage of the engines that this warranty cost is of concern to the company. 

Current Measures

To keep the shaft from breaking, Cummins has engineered a breakaway coupling that goes between the shaft and rotor.  It has pins that shear before the torque is high enough to break the shaft.  This failure is still mission disabling, with a high warranty cost, but is a much simpler repair to effect.  A more permanent solution which requires no repair after seizure is called for.

Project Scope

A device is needed to replace the breakaway coupling and prevent anything in the system from breaking when seizure occurs.  This device needs to disengage the rotor from the drive shaft when a certain torque is reached due to rotor seizure, allow the shaft to rotate freely, and then re-engage when the rotor is no longer seized.


Ideally, the duration of the seizure will be short enough that the disengagement will not affect operation of the engine.  Otherwise, the engine will have to shut down until the rotor cools and can re-engage the drive shaft, which will require no professional repair and will have no associated warranty cost. Therefore, the solution can involve a small increase in the cost per engine, which will be offset by the savings in warranty costs.


In order for this to work, the rotor must re-engage in the correct timing.  Also, the device needs to be backwards compatible with the rest of the fuel system, except perhaps the drive shaft, so that it can be easily installed on vehicles already in the field.


In short, a device or system is needed to disengage the rotor from the drive shaft at the breakaway torque and then re-engage in the proper timing when the rotor is able to move again.

Project Plan

Work Breakdown Structure


Our work breakdown structure has been modified since the initial version.  It includes all the activities we hope to accomplish this academic year.  It may still be modified  before the semester is over, in light of any feedback we get from our customer after he has reviewed the calculations we have done for some of our concepts.  However, any modifications will be presented in our plan for next semester, and should be firm then.  Our current work breakdown structure is as follows:
1.0 Identify Customer Needs 

1.1 Project definition 

1.2 Identify specifications

1.3 Design limitations   

1.4 Obtain relevant drawings and parts from customer

2.0 Concept development 

2.1 Research relevant material 

2.2 Speak with on campus experts with knowledge of mechanism design

2.3 Brainstorm to come up with concept ideas

2.4 Formulate a morphological list of final concepts

3.0 Analysis and Calculations

3.1 Create force balance diagram for each concept

3.2 Create mathematical model for each concept

3.3 Perform necessary design calculations

3.4 Drawings and models – basic analysis

3.5 Decide which concept(s) to prototype

4.0 Manufacturing Drawings

4.1 Create drawings

4.2 Present to client for review

4.3 Drawing revisions

5.0 Create Prototype(s)

5.1 Obtain materials

5.2 Build prototype(s)

5.3 Test prototype(s)

5.3.1 Fatigue life

5.3.2 Actual repeated disengagement torque 

5.3.3 Drag torque

5.3.4 Angular alignment

6.0 Reports, Presentations, Meetings

6.1 Weekly meeting with faculty sponsor, Dr. Alvi

6.2 Presentations to client

6.2.1 Concept presentation

6.2.2 Analysis and concept decision

6.2.3 Manufacturing drawings

6.2.3.1 Drawing revisions, if necessary

6.2.4 Prototype

6.2.4.1 Prototype test results

6.3 Presentations to class

6.3.1 Project scope, needs assessment

6.3.2 Specifications

6.3.3 Mid-point Review

6.3.4 Progress Report

6.3.5 Final report

6.4 Reports

6.4.1 Project Scope

6.4.2 Needs Assessments / Concept Selection Specifications

6.4.3 Project Plans

6.4.4 Final Design Reports

6.4.5 Spring Proposal

6.5 Operations Manual

6.6 Design web page 

Schedule


Our schedule has also changed several times, and may change once more, for the same reasons mentioned above.  Our current schedule is shown in Figure 1.
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Figure 1.  Current project schedule.

The schedule of activities did not change much; it is similar to the first schedule. There are no new events; the old ones have just been modified in terms of the start and finish date of each activity. The first schedule guessed the amount of time that each activity would take from start to finish. Since then, we have realized that the concept analysis will take longer than we thought.  We had expected it to be done by the end of this semester, so that next semester could be entirely devoted to creating manufacturing drawings and prototype building and testing.  However, the concept analysis will continue into the beginning of next semester, delaying the final concept selection and manufacturing drawing creation.  If those are finished according to the current schedule, the prototype building and testing will be able to be completed in the time frame set out in the original schedule, and the project will be completed on time.

Needs Assessment and Specifications


We determined the customer’s needs and specifications directly from the design proposal we were sent (See Appendix ‘A’ for proposal.)  These are as follows:

· Target disengagement torque of 30 in-lbs

· Drag torque while disengaged should be less than 5 in-lbs

· Must have a torsional fatigue life of 10 million cycles ±20 in-lbs

· Must be able to disengage/reengage for at least 100 seizures without loss of torque

· Must be able to reengage in the same angular position

· Shaft alignment must be maintained

· Wear resistance must be as good or better than the current design

· Must be backwards compatible with the existing system, with the exception of the existing driveshaft.  This implies that the new parts must occupy the same amount of volumetric space as the existing design; our design also must fit within the existing shaft-rotor connection.

· Part must add less than $21 to the cost of the engine (from the cost per engine savings in warranty cost)

Concept Descriptions

Concept 1

This concept uses spring loaded protrusions in the part connecting the shaft to the distributor.  Rigid protrusions inside the shaft allow both parts to engage and transmit power during normal operation.  When overloading occurs, the springs compress and are allowed to move past the protrusions in the shaft. Once the protrusions have moved past each other, the system will attempt to re-engage after a 360-degree rotation.  The protrusions are offset to maintain angular alignment upon re-engagement. This concept can be seen in Figure 2.
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Figure 2.  Sketch of concept 1.

Concept 2

This concept uses one spring, located in a hole drilled into the shaft, as seen in Figure 3.  This concept operates on relatively the same principle as concept 1.  The spring provides pressure on the part between the shaft and the distributor.  When overloading occurs, protrusions on the part will try and disengage from the holes in the distributor side.  The protrusions will be designed so that the parts can only align in one configuration to maintain angular alignment.
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Figure 3.  Sketch of concept 2.

Concept 3

This concept uses one spring-loaded ball in one of two parts connecting the shaft to the distributor.  Another rigid protrusion on the second part allows the parts to engage and transmit power during normal operation.  When overloading occurs, the spring compresses and the ball is allowed to move past the protrusion. The system will attempt to re-engage after a 360-degree rotation.  This concept has been modified from its original design to accommodate a transmission of torque in the reverse direction.  Instead of the having two protrusions that contact each other, there is one protrusion and one indentation.  The protrusion fits within the indentation when operating normally and pops out when the overloaded condition is reached.
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Figure 4.  Sketch of concept 3.

Concept 4

This concept uses two small disks that are allowed to pivot. One disk is connected to the shaft, while the other is connected to a part between the distributor and shaft.  A spring applies pressure to one of the disks, maintaining both disks at an angle.  This condition is shown in Figure 5.  
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Figure 5.  Sketch of concept 4 in normal operation.

While at an angle the disks will be able to transmit power.  When overloading occurs, the disk on the distributor side will stop.  The other disk will want to keep turning and will therefore compress the spring and position the disks in a vertical configuration, shown in Figure 6. Once in a vertical configuration the disk attached to the shaft will continue to turn. (The disk surfaces will be machined smooth to provide minimal friction.)  The pivot points of the disks are offset to allow the system to only re-engage in one position after 360 degrees.


Figure 6.  Sketch of concept 4 in overload condition.

Concept Evaluations

The relevant forces acting on the components of each concept were broken down and free body diagrams were created.  The analysis of each concept, with the relevant free body diagrams can be found in Appendix ‘D’. Using these diagrams, values for the necessary spring constants were calculated.  A search of available springs with these constants and appropriate geometric dimensions was conducted. The following is a summary of the major strengths or weaknesses of each concept.

Concept 1: 

· This concept does not allow a transmission of power in the reverse direction

· The spring force needed for the design is very large for a spring to fit in the area provided

· The design can be manufactured to fit in the space provided except for the spring

Concept 2:

· Re-engages every revolution

· A spring can be made or bought for this concept

· It is possible to change the geometry of the ball or protrusion.  This might modify ease of disengagement or re-engagement

· Can transmit power in reverse direction

· Will fit within space available

· Probable high drag torque and component wear when disengaged

Concept 3:

· Current design is not very suitable for springs of the size required to fit 

· Does allow for a transmission of power in the reverse direction

· Will attempt to re-engage every revolution

· The design can be manufactured to fit in the space provided except for the spring

Concept 4:

· Springs suitable for the design can be found or manufactured

· Shear forces on the pins appear to be reasonable with proper material selection

· Unsure how smoothly the design will re-engage after one revolution and high rpm

· A very small drag torque is likely to occur as the disk surfaces can be polished and the fuel used as lubrication

From the information and calculations we have gathered to this point, the two concepts we are favoring are concepts 2 and 4.  These two appear to be the concepts with the greatest chance of solving the problem at hand. This is due to the fact that the springs needed are easier to obtain and install.  Also these concepts allow for a transmission of power in the reverse direction.
Conclusion

At this point in time, a final concept selection has not been determined.  However it appears that the concepts we have generated have the potential to be successful designs for the torque-limiting device.  The design group favors concepts 2 and 4.

Our next step is to consult more with the project sponsor to determine the desired course of action for the project next semester.  This may involve building prototypes of the concepts that appear feasible and testing these concepts to determine the most appropriate design for the device.  It may be necessary to attempt to generate new concepts for the design if none of the current concepts appear appropriate, as determined by the client.  
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Appendix A – Design Request

Seizure Recovery System for Fuel System Distributor
Project Background:

Cummins has a fuel system in production that uses a distributor to route the fuel from a high pressure accumulator to the engine cylinders. The distributor is driven via a shaft from the gear pump that supplies fuel to the high pressure pump. the problem to be addressed is that in certain applications, due to either debris ingestion or overheating, the distributor rotor seizes. In order to prevent progressive damage, the shaft driving the rotor shears when the rotor seizes. Recently, a breakaway coupling was introduced to minimize the repair cost. But, this is a mission disabling failure with a very high warranty cost. 
However, another opportunity exists within the drive system of the distributor. The nature of of the distributor is such that almost all seizures do not do sufficient damage to the rotor and bore surface to permanently lock the rotor in the bore. If the drive could be made such that: 

1. At a given torque level ( corresponding to the onset of seizure), the drive could rotate freely, then 

2. as the rotor torque falls below the threshold value, the drive re-engages in the proper timing, then 

the distributor seizure would no longer be mission disabling. At the present failure rate and cost for 2000, this would result in a significant reduction in Cost per Engine. In fact, past experience with repeat lab failures and production bore conditioning cycles indicates that distributors can increase in seizure margin after seizure events. If this holds true for some portion of the pumps in the field, rotor seizure may not event be noticed if the drive re-engages quickly enough. The objective of this design request is to design and validate a mechanism that will enable the rotor to break away from the gear pump shaft when the rotor seizes and re-engage when the rotor torque falls below a threshold level. At re-engagement , the timing of the rotor must be maintained. 

Design Instructions:

The design considerations for the seizure recovery system are: 

1. The target disengagement torque should be in the 30+ in-lb range (subject to revision given recent torque level information at high idle), with a drag torque while disengaged of less that 5 in-lbs. 

2. The drive should be capable of withstanding normal (non-seizure) operation indefinitely. Torsional fatigue life to 10 million cycles at +/- 20 in-lbs is recommended. 

3. The drive should be capable of disengaging/ re-engaging for a t least 100 seizures without appreciable loss in disengagement torque. 

4. The drive should have wear resistance as good as or better than the current design. 

5. The drive should have angular alignment as good as or better than the current gear pump drive shaft design or as determined acceptable through negotiation with the customer and performance testing. 

6. Finally. The drive should be backwards compatible with the current distributor and gear pump components(with the exception of the drive shaft, of course), including the breakaway coupling. 


Technical Profile:

Both the technical profile and potential DVP&R testing necessary can be distilled from the design instructions above. The only formal requirement on the current technical profile is the 100 in-lb on failure torque. 

Other Design Criteria:

This design change will probably result in a cost increase. Since there is a substantial warranty issue with the current design, there is some room for a piece-part price increase. However, price increase should be kept to a minimum. 

Appendix B - Meeting Minutes

13 September 2000

Meeting w/ Dr. Alvi

The project is to design the shaft driving the rotor to disengage (break away) and re-engage when rotor is below a certain threshold RPM


Need to go ver the statement from Dr. Eckerle, figure out what we think he needs from that


Last year the Cummins team went to Indiana


Dr. Eckerle is supposed to be coming here – is on College Industry Advisory Board – annual meeting is in Sept. – find out date in Dean’s office – at that time we can go over project – needs, ask about funding, etc.


Two weeks from today Dr. Alvi won’t be here (9/27 – meet Mon.?)


Otherwise, weekly meetings Wednesdays at 1:10


Send email to Dr. Eckerle, say we met with Dr. Alvi, ask again for paper


Project is funded

To do:

Find out when board meeting is (Dr. Eckerle will be here)


Schedule meeting time w/ Dr. Luongo and Dr. Alvi for two weeks from Mon. (?)


Talk to Dr. Luongo about Dr. Alvi’s perception of his level of involvement vs. ours, Dr. Eckerle’s accessibility, etc.  (esp. with scope and needs assessment due so soon.)

14 September 2000

Meeting w/ Dr. Luongo


Need to email Dr. Eckerle – get schematic of fuel system, or the actual part.  


Find out what series engine it is on


Appoint one person as ‘communications chair’



- tell Dr. Eckerle of appointment

- ask about non-disclosure agreement

- ask if it would be better for someone else to be our contact


Industry day is 9/28 – Ask Dr. Eckerle if he’ll be here

25 Sept. 2000

Meeting w/ Dr. Alvi


Meeting issues:  Alvi’s out of town til Wed., Eckerle can’t really meet Fri. – busy


Alvi’s free Thurs. & Fri.: all day Thurs., after 11 am Fri.


Need to have a list of questions for Eckerle


Asked Alvi about the couple of things we don’t understand in the abstract


Make Alvi copies of questions for him, deliverables we’re giving Luongo, and copy of schedule (our due dates for deliverables)


Alvi needs our email addresses!


Will meet w/ group only @ 10:00 tonight to come up w/ needs and questions for Eckerle and scope.  Re: scope – put what we have, ask Luongo if we need more or if that’s ok – if necessary, turn in more after we’ve talked to Eckerle.

28 Sept. 2000

Meeting w/ Dr. Eckerle


Fuel injection system is used to let pressure be independent of engine speed (that’s what pumps do)


Rotor timing w/ distributor (gas to correct place)


Seizure due to tight tolerances, debris gets in or it gets hot, then boom. Stuck.



If from temp, it’ll be ok after cooling


Tends to happen early on – then often doesn’t happen much more, if at all


Something like 5-10% of all engines have this happen


ISC, midrange engine 8.3L panel trucks, some larger trucks w/ light payroll.  Agricultural equip. mostly


160°F peak temp


Should be midrange diesel fuel


He’ll be moving out of fuel systems, will have another engineer help us with any specific questions later



Scott Simmons  --  contact for detailed questions about the part (mat., etc.)



Send questions to Eckerle first.

10 Oct. 2000

Meeting w/ Dr. Hollis


Other stuff to try:


Centrifugal device – measures speed – under a certain RPM, disengage.


Thermal rate – sleeve that expands faster 

Hydraulic

10 Oct. 2000

Meeting w/ Dr. Buzyna


Gave us a mechanism catalog for ideas


Hydraulic maybe – we have oil here (to play w/) – try hydraulic (trucks)


Patent search


Wedge – req. rotating in the opposite direction – build in a spring?

16 Oct. 2000

Meeting w/ Dr. Alvi


Try ‘smart’ materials – memory shape alloys


Look for springs w/ different spring constant in tension & compression


He doesn’t see how the concept w/ the two pinned plates should work


Fluids – smaller flow coming in than going out


Want a simple a system as possible

Group meeting Sunday @ 8 pm.


Patent search – torque limiters – Keron


Materials – spring – Michal


Model materials – Ben


Web site – to do at some point in time

22 Oct 2000

group meeting


Can’t find anything.


Ben made the model of the one idea; will show to Alvi tomorrow.

30 Oct 2000

Meeting w/ Dr. Luongo

1) Concepts

· patent search, broader

· re-brainstorm

2) Semester report

· concept generation only?

3) Talk to customer (Dr. Eckerle)

· define scope for next semester

We’ve only looked at purely mechanical solutions.  Try others:


fluids, polymers, electricity


mechanisms, but w/ shapes instead of springs

Paper:


WBS: organizational chart


Schedule: timeline


Don’t need meetings in WBS


Need to tie in for next semester

1 Nov. 2000

Meeting w/ Dr. Luongo and Dr. Alvi


Define a couple of characteristics for each concept – calculations 


Then can see what to do


E.g. the idea w/ hemispheres in our concept, may not work cause of dimensions & spring constant


Dr. Eckerle – phone call




Will have negative torque occasionally, needs to not come disengaged then.


Need to:

a) Keep coming up w/ concepts, ideas, so forth or

b) Finish calculations and see what works

Decision:  put as much meat on each concept as possible 

SO:


Come up w/ conceptual analysis first. Pencil & paper.


Understand very basic force balance, etc.


With realistic sizes

To Do by next Wed.:


Have force balance model for each concept, and identify necessary calculations


Evaluation of each concept w/ reverse torque (will it disengage? – bad.) -- modify if necessary



(make asymmetric? – slot & slides)

8 Nov. 2000

Meeting w/ Dr. Alvi


Showed him force balance diagrams for all except for concept #4 (sliding pinned disks) – not sure how to do that one

15 Nov. 2000

Meeting w/ Dr. Alvi


Showed him the force balance models done


Only Ben was there, so he got the lecture on how everyone should be pulling his or her weight.

22 Nov. 2000

Meeting w/ Dr. Alvi


Showed him the Mathcad force analysis and spring calculations for each concept


Try longer springs – higher spring constants


Spring can be size of shaft, not necessarily small as ball is


Do extensive search of springs of different constants


Concepts 2 & 3 analysis need to be reworked

Appendix C - Email Correspondence

----- Original Message ----- 

From: Michal A. Brown <micbrown@wombat.eng.fsu.edu> 

To: <Wayne.A.Eckerle@Cummins.com> 

Cc: Sean Edwards <sedwards@wombat.eng.fsu.edu>; Benjamin C Nuttall <nuttall@wombat.eng.fsu.edu>; Keron S. Miller <kmiller@wombat.eng.fsu.edu> 

Sent: Tuesday, September 12, 2000 3:07 PM 

Subject: FAMU/FSU Senior Design Project 


> Mr. Eckerle,
> 
> I am one of the senior design students working on the seizure recovery
> system for a fuel distributor sponsored by your company. For future
> reference, the design team consists of myself, Ben Nuttall, Keron Miller,
> and Sean Edwards. 
> I was told that you have written some background on and
> needs of this project. I would greatly appreciate it if you would please
> send me a copy of this document. It would be very useful in
> determining the exact scope of this project.
> 
> Thank you,
> Michal Brown
> 
> 

----- Original Message ----- 

From: Sean Edwards <sedwards@wombat.eng.fsu.edu> 

To: <Wayne.A.Eckerle@Cummins.com> 

Cc: Keron S. Miller <kmiller@wombat.eng.fsu.edu>; Michal A. Brown <micbrown@wombat.eng.fsu.edu>; Benjamin C Nuttall <nuttall@wombat.eng.fsu.edu> 

Sent: Thursday, September 14, 2000 3:50 PM 

Subject: Design Project 


> My name is Sean Edwards and I will be your official contact for our group
> working on your project this year. We met today and have come up with a
> few questions regarding the project. We are aware that the team working
> with your company last year was sent the piece or part that they were
> working on. We were wondering if the same will apply to us. As a group
> we are having a little trouble visualizing the problem at hand from a
> broad perspective. If it is at all possibe to send us the part or for now
> a schematic, we would appreciate it. And finally we wanted
> to know if you would rather us contact you by phone rather than email,
> either is fine with us. Thank you in advance for your help.
> 
> Sincerely,
> Sean Edwards
> 

----- Original Message ----- 

From: <Wayne.A.Eckerle@Cummins.com> 

To: <sedwards@wombat.eng.fsu.edu> 

Cc: <kmiller@wombat.eng.fsu.edu>; <micbrown@wombat.eng.fsu.edu> 

Sent: Thursday, September 14, 2000 10:15 PM 

Subject: Re: Design Project 


> 
> Sean:
> Yes, I can do both. I have been very busy, so I did not get a chance to
> answer Mike Brown's mail. I assume that you have a copy of my writeup now.
> I prefer that you email to me because I am not at my desk all that much.
> However, we can prearrange a time for a phone call when we need to talk. I
> will be down there on 9/27-9/29 for an Advisory Board meeting and the
> career fair. I will probably bring down the parts then. I should be able to
> get drawings out next week. Please provide an address that I can use for
> sending them, though I will try to email them if I can get them in that
> form.
> 
> I look forward to meeting all of you. I sure hope this project is
> successful. We could really use a good design on this.
> 
> Thanks.
> Wayne
> 
> 
> 
> 
> Sean Edwards <sedwards@wombat.eng.fsu.edu> on 09/14/2000 03:50:15 PM
> 
> To: Wayne.A.Eckerle@Cummins.com
> cc: "Keron S. Miller" <kmiller@wombat.eng.fsu.edu>, "Michal A. Brown"
> <micbrown@wombat.eng.fsu.edu>, Benjamin C Nuttall
> <nuttall@wombat.eng.fsu.edu> (bcc: Wayne A Eckerle/Ind/Cummins)
> 
> Subject: Design Project
> 
> 
> 
> My name is Sean Edwards and I will be your official contact for our group
> working on your project this year. We met today and have come up with a
> few questions regarding the project. We are aware that the team working
> with your company last year was sent the piece or part that they were
> working on. We were wondering if the same will apply to us. As a group
> we are having a little trouble visualizing the problem at hand from a
> broad perspective. If it is at all possibe to send us the part or for now
> a schematic, we would appreciate it. And finally we wanted
> to know if you would rather us contact you by phone rather than email,
> either is fine with us. Thank you in advance for your help.
> 
> Sincerely,
> Sean Edwards
> 
> 
> 
> 
> 

----- Original Message ----- 

From: Sean Edwards <sedwards@wombat.eng.fsu.edu> 

To: <Wayne.A.Eckerle@Cummins.com> 

Cc: <kmiller@wombat.eng.fsu.edu>; <micbrown@wombat.eng.fsu.edu>; Benjamin C Nuttall <nuttall@wombat.eng.fsu.edu> 

Sent: Monday, September 18, 2000 6:57 PM 

Subject: Design Project 


> 
> Mr. Eckerle,
> 
> Thank you for answering those questions we had for you. You can
> send a schematic to me at, 1855 Bellevue Way,
> Tallahassee,FL 32304.
> We are looking forward to getting a chance to meet with you when you are
> here and thanks again.
> 
> Sincerely,
> Sean Edwards
> 

----- Original Message ----- 

From: Sean Edwards <sedwards@wombat.eng.fsu.edu> 

To: Keron S. Miller <kmiller@wombat.eng.fsu.edu>; Michal A. Brown <micbrown@wombat.eng.fsu.edu>; Benjamin C Nuttall <nuttall@wombat.eng.fsu.edu> 

Sent: Tuesday, September 19, 2000 12:09 PM 

Subject: Re: Design Project (fwd) 


> I did not know if Mr. Eckerle forwarded this email to you guys or
> not. Sean.
> 
> ---------- Forwarded message ----------
> Date: Tue, 19 Sep 2000 00:11:07 -0500
> From: Wayne.A.Eckerle@Cummins.com
> To: Sean Edwards <sedwards@wombat.eng.fsu.edu>
> Subject: Re: Design Project
> 
> 
> I am still working on getting the drawing-I should have them tomorrow.
> Professor Alvi indicated that he is out of town on 9/27. So he prefers we
> meet on either 9/28 or 9/29. I have to be at the career fairs on 9/28 and
> 9/29, but could slip out for a while. Since the career fair will be at the
> COE on 9/28, that may be a better day to meet. Are you folks available on
> 9/28? Let me know what time. Please coordinate with Prof. Alvi. Thanks.
> 
> 
> 
> 
> Sean Edwards <sedwards@wombat.eng.fsu.edu> on 09/18/2000 06:57:17 PM
> 
> To: Wayne.A.Eckerle@Cummins.com
> cc: kmiller@wombat.eng.fsu.edu, micbrown@wombat.eng.fsu.edu, Benjamin C
> Nuttall <nuttall@wombat.eng.fsu.edu> (bcc: Wayne A
> Eckerle/Ind/Cummins)
> 
> Subject: Design Project
> 
> 
> 
> 
> Mr. Eckerle,
> 
> Thank you for answering those questions we had for you. You can
> send a schematic to me at, 1855 Bellevue Way,
> Tallahassee,FL 32304.
> We are looking forward to getting a chance to meet with you when you are
> here and thanks again.
> 
> Sincerely,
> Sean Edwards
> 
> 
> 


----- Original Message ----- 

From: Michal A. Brown <micbrown@wombat.eng.fsu.edu> 

To: Sean Edwards <sedwards@wombat.eng.fsu.edu> 

Cc: Keron S. Miller <kmiller@wombat.eng.fsu.edu>; Benjamin C Nuttall <nuttall@wombat.eng.fsu.edu> 

Sent: Tuesday, September 19, 2000 1:12 PM 

Subject: Re: Design Project (fwd) 


> thanks sean, the message from dr. eckerle wasn't forwarded to us
> so, what's a good time for y'all?
> what day is 9/28.. that's thursday?? (i'm figuring it in my head, so that
> may be wrong).. if it is, let's see if luongo will let us meet him during
> lab. if not, i don't know. sometime
> 
> -Michal
> 
> 

----- Original Message ----- 

From: Sean Edwards <sedwards@wombat.eng.fsu.edu> 

To: <Wayne.A.Eckerle@Cummins.com> 

Cc: Farrukh Alvi <alvi@wombat.eng.fsu.edu>; Benjamin C Nuttall <nuttall@wombat.eng.fsu.edu>; Keron S. Miller <kmiller@wombat.eng.fsu.edu>; Michal A. Brown <micbrown@wombat.eng.fsu.edu> 

Sent: Monday, September 25, 2000 10:45 PM 

Subject: Re: Design Project 


> Mr. Eckerle after comparing all of our schedules on Thursday we have time
> between 1 and 4 o'clock, or after 7 o'clock. We can meet as well on Friday
> if that would be better for you. Let us know when will be best for you
> and we will come up with a set time to meet. Thanks, Sean Edwards.
> 
> 

----- Original Message ----- 

From: Sean Edwards <sedwards@wombat.eng.fsu.edu> 

To: <Wayne.A.Eckerle@Cummins.com> 

Cc: Farrukh Alvi <alvi@wombat.eng.fsu.edu>; Benjamin C Nuttall <nuttall@wombat.eng.fsu.edu>; Michal A. Brown <micbrown@wombat.eng.fsu.edu>; Keron S. Miller <kmiller@wombat.eng.fsu.edu> 

Sent: Tuesday, September 26, 2000 2:11 PM 

Subject: Re: Design Project 


> Mr. Eckerle,
> We will be attending the carrer fair as well so we will stop by
> and arrange a meeting time with you then. And like you mentioned if we
> cannot meet during the day that evening will be fine. Thanks, Sean.
> 
> 

Here is Eckerle's email sent today,I did not know if he sent it to you as
well.Sean.

---------- Forwarded message ----------
Date: Tue, 26 Sep 2000 08:05:45 -0500
From: Wayne.A.Eckerle@Cummins.com
To: sedwards@wombat.eng.fsu.edu
Subject: Re: Design Project


Sean:
I will be at the Cummins career fair booth all afternoon. My guess is that
as the day goes on, there will be less and less traffic. I would suggest
you guys stop by at 3 and see how things are going. I will try to break
away then. If I can't I can meet in the evening. I have the drawings and
the hardware for you. I look forward to meeting with your team. I am
leaving today at round 3:30 your time. I'll check my email before I leave.
If I do not hear from you, please get hold of me on Thursday. Thanks.




Sean Edwards <sedwards@wombat.eng.fsu.edu> on 09/25/2000 10:45:43 PM

To: Wayne.A.Eckerle@Cummins.com
cc: Farrukh Alvi <alvi@wombat.eng.fsu.edu>, Benjamin C Nuttall
<nuttall@wombat.eng.fsu.edu>, "Keron S. Miller"
<kmiller@wombat.eng.fsu.edu>, "Michal A. Brown"
<micbrown@wombat.eng.fsu.edu> (bcc: Wayne A Eckerle/Ind/Cummins)

Subject: Re: Design Project



Mr. Eckerle after comparing all of our schedules on Thursday we have time
between 1 and 4 o'clock, or after 7 o'clock. We can meet as well on Friday
if that would be better for you. Let us know when will be best for you
and we will come up with a set time to meet. Thanks, Sean Edwards.







----- Original Message ----- 

From: Sean Edwards <sedwards@wombat.eng.fsu.edu> 

To: Benjamin C Nuttall <nuttall@wombat.eng.fsu.edu>; Michal A. Brown <micbrown@wombat.eng.fsu.edu> 

Sent: Wednesday, September 27, 2000 7:15 PM 

Subject: project 


> Hey guys I dont have either of your phone numbers and know we have to meet
> tonight to do the presentation.I know Keron has them but hes at work.I'm
> hoping you get this shortly.Call
> me,5801273.
> 

----- Original Message ----- 

From: Farrukh Alvi <alvi@wombat.eng.fsu.edu> 

To: Sean Edwards <sedwards@wombat.eng.fsu.edu> 

Cc: <nuttall@wombat.eng.fsu.edu>; <micbrown@wombat.eng.fsu.edu>; <kmiller@wombat.eng.fsu.edu>; <sedwards@wombat.eng.fsu.edu> 

Sent: Thursday, September 28, 2000 12:18 PM 

Subject: Re: Design Project (fwd) 


> Sean,
> 
> Are you guys meeting him at 3 at the College ? Please let me know.
> 
> You can also reach me at 644-0053 or try 644-0584.
> 
> If I don't hear from you I will come by Cummins booth around 3 p.m.
> 
> P. S. You may want to address him as Dr. Eckerele.
> 
> 
> 
> 
> 
> 
> At 03:13 PM 9/26/00 -0400, you wrote:
> >Here is Eckerle's email sent today,I did not know if he sent it to you as
> >well.Sean.
> >
> >---------- Forwarded message ----------
> >Date: Tue, 26 Sep 2000 08:05:45 -0500
> >From: Wayne.A.Eckerle@Cummins.com
> >To: sedwards@wombat.eng.fsu.edu
> >Subject: Re: Design Project
> >
> >
> >Sean:
> >I will be at the Cummins career fair booth all afternoon. My guess is that
> >as the day goes on, there will be less and less traffic. I would suggest
> >you guys stop by at 3 and see how things are going. I will try to break
> >away then. If I can't I can meet in the evening. I have the drawings and
> >the hardware for you. I look forward to meeting with your team. I am
> >leaving today at round 3:30 your time. I'll check my email before I leave.
> >If I do not hear from you, please get hold of me on Thursday. Thanks.
> >
> >
> >
> >
> >Sean Edwards <sedwards@wombat.eng.fsu.edu> on 09/25/2000 10:45:43 PM
> >
> >To: Wayne.A.Eckerle@Cummins.com
> >cc: Farrukh Alvi <alvi@wombat.eng.fsu.edu>, Benjamin C Nuttall
> > <nuttall@wombat.eng.fsu.edu>, "Keron S. Miller"
> > <kmiller@wombat.eng.fsu.edu>, "Michal A. Brown"
> > <micbrown@wombat.eng.fsu.edu> (bcc: Wayne A Eckerle/Ind/Cummins)
> >
> >Subject: Re: Design Project
> >
> >
> >
> >Mr. Eckerle after comparing all of our schedules on Thursday we have time
> >between 1 and 4 o'clock, or after 7 o'clock. We can meet as well on Friday
> >if that would be better for you. Let us know when will be best for you
> >and we will come up with a set time to meet. Thanks, Sean Edwards.
> >
> >
> >


----- Original Message ----- 

From: Farrukh Alvi <alvi@wombat.eng.fsu.edu> 

To: Ben Nuttall <nuttall@wombat.eng.fsu.edu> 

Cc: <nuttall@wombat.eng.fsu.edu>; <micbrown@wombat.eng.fsu.edu>; <kmiller@wombat.eng.fsu.edu>; <sedwards@wombat.eng.fsu.edu> 

Sent: Monday, October 02, 2000 10:12 AM 

Subject: Re: Meeeting with Cummins ? 


> I am glad you were able to get all the info.
> I will be unable to meet with the group today as I have a visitor. Let's 
> meet on Wed. at 1:05 p.m.
> 
> Thanks
> 
> 
> At 08:16 PM 10/1/00 -0400, you wrote:
> >Professor Alvi,
> >
> >We did meet with Dr. Eckerle on Thursday. He brought the parts and drawings
> >and he answered most of our questions. Our next step is to come up with
> >some possible solutions and decide on which design to pursue. We will plan
> >on a meeting again with you on Monday at about 1:05 PM if that is good for
> >you. Dr. Eckerle also indicated that he will be returning to the college
> >for interviews later in October, so we will have another chance to meet with
> >him then.
> >
> >See you on Monday,
> >
> >Ben
> >
> >
> >----- Original Message -----
> >From: Farrukh Alvi <alvi@wombat.eng.fsu.edu>
> >To: <nuttall@wombat.eng.fsu.edu>; <micbrown@wombat.eng.fsu.edu>;
> ><kmiller@wombat.eng.fsu.edu>; <sedwards@wombat.eng.fsu.edu>
> >Sent: Friday, September 29, 2000 2:02 PM
> >Subject: Meeeting with Cummins ?
> >
> >
> > > Were you able to meet with Dr. Eckerle ?
> > >
> > > If so, how did it go ? You can let me know on Monday.
> > >
> > > I came by around 3:30 p.m. and the Cummins table was empty.
> > >
> > >
> > >
> > >
> > >


----- Original Message ----- 

From: Michal A. Brown <micbrown@wombat.eng.fsu.edu> 

To: Farrukh Alvi <alvi@wombat.eng.fsu.edu> 

Cc: Sean Edwards <sedwards@wombat.eng.fsu.edu>; Benjamin C Nuttall <nuttall@wombat.eng.fsu.edu>; Keron S. Miller <kmiller@wombat.eng.fsu.edu> 

Sent: Wednesday, October 04, 2000 8:44 PM 

Subject: timetable for senior design project 


> Dr. Alvi,
> 
> Here is the timetable we have gotten for the class. On it are both the
> lecture topics for each week (which you probably don't care about too
> much) as well as when our deliverables are due and what they are (which
> you may).
> Please let us know if this isn't what you wanted as our schedule.
> 
> -Michal
> 

----- Original Message ----- 

From: Sean Edwards <sedwards@wombat.eng.fsu.edu> 

To: <Wayne.A.Eckerle@Cummins.com> 

Cc: <sedwards@wombat.eng.fsu.edu>; Keron S. Miller <kmiller@wombat.eng.fsu.edu>; Michal A. Brown <micbrown@wombat.eng.fsu.edu>; Benjamin C Nuttall <nuttall@wombat.eng.fsu.edu>; Farrukh Alvi <alvi@wombat.eng.fsu.edu> 

Sent: Friday, October 06, 2000 11:37 AM 

Subject: Re: Design Project 


> Writing to let you know that we are currently working on concepts. We are
> hoping to meet with a couple of professors next week who will be able to
> give us some input on our ideas. Just wanted to keep you updated since we
> had not been in touch with you yet this week.
> 
> Thanks,
> Sean Edwards
> 
> 

----- Original Message ----- 

From: <p.j.hollis@worldnet.att.net> 

To: Ben Nuttall <nuttall@wombat.eng.fsu.edu> 

Sent: Friday, October 06, 2000 11:42 PM 

Subject: RE: Senior Design Opinions 


> I have office hours on Tuesday from 2-4. Stop around then (I'll be in from 1
> till 6 if you can't make it mid afternoon.
> P. Hollis
> 
> -----Original Message-----
> From: Ben Nuttall [mailto:nuttall@wombat.eng.fsu.edu]
> Sent: Friday, October 06, 2000 3:58 PM
> To: hollis@wombat.eng.fsu.edu
> Cc: sedwards@wombat.eng.fsu.edu; micbrown@wombat.eng.fsu.edu;
> kmiller@wombat.eng.fsu.edu
> Subject: Senior Design Opinions
> 
> 
> Dr. Hollis,
> 
> We are currently designing a mechanism for a fuel system distributor as part
> of our senior design project sponsored by Cummins Engine company. Our
> faculty advisor is Dr. Alvi. However, we would like to ask your opinion on
> some of the concepts that we have come up with so far, and also discuss
> other areas that you may think would be good areas for us to focus more
> research. Could we come by your office hours next week, or arrange a time
> when we could all meet?
> 
> Our team consists of Michal Brown, Sean Edwards, Keron Miller and Ben
> Nuttall.
> Thanks very much for your time,
> 
> Ben Nuttall
> 
> 

----- Original Message ----- 

From: buzyna <buzyna@wombat.eng.fsu.edu> 

To: Ben Nuttall <nuttall@wombat.eng.fsu.edu> 

Sent: Monday, October 09, 2000 4:45 PM 

Subject: Re: Senior Design Opinions 


> Tuesday before your class will be fine. Let me know when your schedule 
> permits.
> 
> Dr. B.
> 
> At 03:56 PM 10/6/00 -0400, you wrote:
> >Dr. Buzyna,
> >
> >We are currently designing a mechanism for a fuel system distributor as part
> >of our senior design project sponsored by Cummins Engine company. Our
> >faculty advisor is Dr. Alvi. However, we would like to ask your opinion on
> >some of the concepts that we have come up with so far, and also discuss
> >other areas that you may think would be good areas for us to focus more
> >research. Could we come by your office hours next week, or arrange a time
> >when we could all meet?
> >
> >Our team consists of Michal Brown, Sean Edwards, Keron Miller and Ben
> >Nuttall.
> > Thanks very much for your time,
> >
> >Ben Nuttall
> 
> 

---------- Forwarded message ----------
Date: Mon, 16 Oct 2000 08:05:33 -0500
From: Wayne.A.Eckerle@Cummins.com
To: sedwards@wombat.eng.fsu.edu
Subject: Re: Design Project


I had to cancel my trip. I am not sure when I will get down there next.
We'll just have to use Email or I can call you.




Sean Edwards <sedwards@wombat.eng.fsu.edu> on 10/15/2000 08:54:57 PM

To: Wayne.A.Eckerle@Cummins.com
cc:

Subject: Re: Design Project


Wayne,
We were just wondering if you were going to be coming here to
interview next week. If so we would like to meet with you if
possible. Let us know. Thanks, Sean.








---------- Forwarded message ----------
Date: Wed, 25 Oct 2000 08:26:47 -0500
From: Wayne.A.Eckerle@Cummins.com
To: sedwards@wombat.eng.fsu.edu
Subject: Re: Design Project


Sean:
The proposals look reasonable. We suggest that you continue to
evaluate the concepts with the following in mind:
Consider minimizing the pressure load on the power transmitting surfaces
to reduce the potential for wear during attempted re-engagement. This
could be accomplished by having more contact area, further away from the
centerline of the shaft.
Consider the possiblity of excessive drag during un-engaged motion
potential allowing the shaft to drive at reduced power out of phase.
Consider the fact that torque reversals occur during operation--a
concept which counts on non-negative angular acceleration to stay
engaged will not stay engaged.
Consider the need to balance between high torque before dis-engagement
(recent testing suggests at least +/- 25 in-lbs) and the increasing
amount of damage done by attempted re-engaging with higher torque levels
(see bullet #1).
Consider ways to use the fuel as lubrication during dis-engagement.


In answer to your question about the engine stopping during seizure, it
depends. If you only skip one or two injections, the engine would
definitely keep running. If you have a longer seizure, it would depend how
fast the engine was going at the time and how the electronics react (you
may still have enough engine speed to compress/ignite the fuel after a
second or two, but the electronics may not be able to handle it--we'd have
to test on engine to know for sure). In our prototype testing, we used a
test stand and saw seizures from almost no time at all to several seconds.

Keep up the good work.





Sean Edwards <sedwards@wombat.eng.fsu.edu> on 10/17/2000 09:22:13 PM

To: Wayne.A.Eckerle@Cummins.com
cc: "Keron S. Miller" <kmiller@wombat.eng.fsu.edu>

Subject: Re: Design Project


Wayne,
We have come up with a few concepts that we think might work. We
posted them on a webpage so you could take a look at them and tell us what
you think. Keep in mind that the sketches are very rudementary but they
serve their purpose right now. We were also curious if when the shaft
seizes, does the engine shut down and if it does how long after
seizure. The website with the concepts is
www.eng.fsu.edu/~nuttall/cummins/concepts. We will be glad to hear any
feedback you will have on the concepts. Thanks, Sean.







----- Original Message ----- 

From: Cesar Luongo <luongo@magnet.fsu.edu> 

To: Ben Nuttall <nuttall@wombat.eng.fsu.edu> 

Cc: Keron Miller <kmiller@wombat.eng.fsu.edu>; Michal Brown <micbrown@wombat.eng.fsu.edu>; Sean Edwards <sedwards@wombat.eng.fsu.edu> 

Sent: Friday, October 27, 2000 4:36 PM 

Subject: Re: meeting on Monday? 


> Yes, 1:00Pm on Monday sounds good (I am free on Monday after 11AM and until 
> 4PM).
> See you Monday at the Mag Lab. Please confirm.
> 
> Regards,
> Cesar
> 
> 
> At 05:22 PM 10/27/00 -0400, Ben Nuttall wrote:
> 
> >Dr. Luongo,
> >
> >We were wondering if you might be able to meet with us to discuss the
> >progress of our project on Monday. What is a good time for you? We should
> >all be available around 1:00pm. Please let us know if we could arrange a
> >time with you.
> >
> >Thanks,
> >
> >Ben, Michal, Keron, Sean
> >Team#11
> 
> 


----- Original Message ----- 

From: Cesar Luongo <luongo@magnet.fsu.edu> 

To: <Wayne.A.Eckerle@Cummins.com> 

Cc: <alvi@wombat.eng.fsu.edu>; <micbrown@wombat.eng.fsu.edu>; <nuttall@wombat.eng.fsu.edu>; <kmiller@wombat.eng.fsu.edu>; <sedwards@wombat.eng.fsu.edu> 

Sent: Tuesday, October 31, 2000 9:30 AM 

Subject: FAMU-FSU ME Sinior Design project 


> Dear Wayne,
> 
> I have been discussing progress with the team you sponsor. They have said 
> that you may want them to continue exploring ideas and generating more 
> concepts. My approach is to give teams plenty of flexibility to pattern 
> projects that make sense to the customer (Cummins in this case). Most teams 
> at this time have already selected a design concept and are proceeding to 
> final design. If you would prefer the team to continue on with the concept 
> generation phase and do not stop until having created a sizeable number of 
> design ideas, this is fine with me and we can turn this first semester into 
> an exhaustive search for concepts. However, this means that the team will 
> have to reshape a project scope for the second semester. If you agree that 
> their first semester scope be an exhaustive search for concepts (with a 
> final report reflecting this), then the team may need your input to come up 
> with a scope for the second semester (reflected in a proposal due to me on 
> December 7). A possible scope would be to build and test/compare a couple 
> of promising concepts, or possibly to proceed to analysis and detailed 
> design on one of the concepts. It is important that you, Dr. Alvi, and the 
> team, have a discussion on what is expected out of this first semester, and 
> what would constitute an appropriate scope for next semester. As I said, we 
> have the flexibility to support whatever makes the most sense to you.
> 
> Thank you very much, and we will remain in touch.
> 
> Best regards,
> Cesar
> 
> 
> ---------------------------
> Cesar A. Luongo
> National High Magnetic Field Laboratory
> 1800 E. Paul Dirac Dr.
> Tallahassee FL 32310
> USA
> (850)-644-1095
> (850)-644-0867 (fax)
> luongo@magnet.fsu.edu
> ---------------------------
> 

----- Original Message ----- 

From: Michal A. Brown <micbrown@wombat.eng.fsu.edu> 

To: Cesar Augusto Luongo <luongo@wombat.eng.fsu.edu> 

Cc: Benjamin C Nuttall <nuttall@wombat.eng.fsu.edu>; Sean Edwards <sedwards@wombat.eng.fsu.edu>; Keron S. Miller <kmiller@wombat.eng.fsu.edu> 

Sent: Tuesday, November 21, 2000 6:19 PM 

Subject: outline 

· Dr. Luongo,
> 
> A very simple outline for our final report is attached. That's about all
> we can come up with; it'll be fleshed out a bit of course.
> Will this be enough? Any ideas? Should I change around any topics? 

· 
> The WBS and schedule, should I put them at the end instead?
> I was thinking that the WBS seems like kind of an outline of what we're
> doing, and that should be before explaining everything we've done, but I
> could well be mistaken. 
> 
> Oh, have you seen our latest WBS? That is, the one we did after the last
> time I bothered you about it? Would you like to? I can send it Wed. if
> you haven't seen it.
> 
> -Michal
> 

----- Original Message ----- 

From: Sean Edwards <sedwards@wombat.eng.fsu.edu> 

To: <Wayne.A.Eckerle@Cummins.com> 

Cc: Farrukh Alvi <alvi@wombat.eng.fsu.edu>; Keron S. Miller <kmiller@wombat.eng.fsu.edu>; Michal A. Brown <micbrown@wombat.eng.fsu.edu>; Benjamin C Nuttall <nuttall@wombat.eng.fsu.edu> 

Sent: Tuesday, November 21, 2000 4:32 PM 

Subject: Re: Design Project 


> Wayne,
> Writing to let you know that we will be posting some calculations
> to go along with our concepts. If you get a chance to look them over and
> let us know what you think we would appreciate it. They should be up by
> tommorrow morning. The website address again is
> 
> www.eng.fsu.edu/~nuttall/cummins
> 
> Thanks,
> Sean
> 
> 

----- Original Message ----- 

From: Cesar Luongo <luongo@magnet.fsu.edu> 

To: Michal A. Brown <micbrown@wombat.eng.fsu.edu> 

Cc: Benjamin C Nuttall <nuttall@wombat.eng.fsu.edu>; Sean Edwards <sedwards@wombat.eng.fsu.edu>; Keron S. Miller <kmiller@wombat.eng.fsu.edu> 

Sent: Wednesday, November 22, 2000 1:46 PM 

Subject: Re: outline 


> Michal,
> 
> Good start, I have included some comments on the outline that will 
> hopefully help you (red font). Thanks, and Happy Holidays.
> 
> Regards,
> Cesar
> 
> 


· > ---------------------------
> Cesar A. Luongo
> National High Magnetic Field Laboratory
> 1800 E. Paul Dirac Dr.
> Tallahassee FL 32310
> USA
> (850)-644-1095
> (850)-644-0867 (fax)
> luongo@magnet.fsu.edu
> ---------------------------
> 

----- Original Message ----- 

From: <Wayne.A.Eckerle@Cummins.com> 

To: <sedwards@wombat.eng.fsu.edu> 

Cc: Farrukh Alvi <alvi@wombat.eng.fsu.edu>; Keron S. Miller <kmiller@wombat.eng.fsu.edu>; Michal A. Brown <micbrown@wombat.eng.fsu.edu>; Benjamin C Nuttall <nuttall@wombat.eng.fsu.edu> 

Sent: Tuesday, November 28, 2000 11:04 AM 

Subject: Re: Design Project 


> 
> Sean:
> I took a look at your group's calculations. I do not understand some of the
> details (the assumptions are not stated), but the approach seems
> reasonable. I'll have to ponder them a little more. But I do not see any
> conclusions other than the one comment on concept one. What is the analysis
> telling you? Is this driving you toward other concepts, or will one of them
> work?
> 
> 
> 
> 
> Sean Edwards <sedwards@wombat.eng.fsu.edu> on 11/21/2000 04:32:30 PM
> 
> To: Wayne.A.Eckerle@Cummins.com
> cc: Farrukh Alvi <alvi@wombat.eng.fsu.edu>, "Keron S. Miller"
> <kmiller@wombat.eng.fsu.edu>, "Michal A. Brown"
> <micbrown@wombat.eng.fsu.edu>, Benjamin C Nuttall
> <nuttall@wombat.eng.fsu.edu>
> 
> Subject: Re: Design Project
> 
> 
> Wayne,
> Writing to let you know that we will be posting some calculations
> to go along with our concepts. If you get a chance to look them over and
> let us know what you think we would appreciate it. They should be up by
> tommorrow morning. The website address again is
> 
> www.eng.fsu.edu/~nuttall/cummins
> 
> Thanks,
> Sean
> 
> 
> 
> 
> 

Appendix D – Concept Analysis (raw data)

Mathcad analysis

Appendix E – Pro E sketches

Appendix F – Copies of reports and presentations

Project Scope Report and Presentation

Needs Assessment/Specifications Report and Presentation

Project Plan Report

Mid-Point Review Presentation

Progress Presentation

Appendix G – Research Data

A large selection of springs were found at the website:

http:\\www.centuryspring.com

A printout of compression springs available with this company for torque ranges of 700-850 lbf/in is included on the following pages
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