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�Identification of Need:



	Whirlpool Corporation needs to be able to interchange within fifteen minutes any die sets that are used on their 110- and 200-ton progressive-die punch presses.



	 

Background Information:



	Whirlpool Corporation has several manufacturing sites.  The Oxford, Mississippi plant builds cook tops, ovens, and combination oven-microwave units.  In the past the Oxford plant was divided into several departments.  The factory floor was divided into punch press, painting, assembly, welding, and warehousing areas.  The punch press department was responsible for stockpiling parts to be used by the assembly department. 

	Currently, one die set is installed into a press and a large inventory of parts is made. The labor-intensive process of changing die sets is then performed.  This process can take as long as four hours per changeover.  Once the new die set is installed, the press is used to make a large inventory of the new parts.  This process requires a large inventory of raw material and large storage space for both the raw materials and value-added parts.

	One problem Whirlpool faces is the inability to quickly change their product to meet customer requirements or any engineering modifications of the products.   If, due to design changes, a new die set is made, Whirlpool will then have a stockpile of useless parts.  Another problem facing Whirlpool is material flow.  The material has to be moved from storage areas to the presses.  After the parts are stamped out, they have to be moved back into storage.  Then, when the assembly department needs more parts, they again have to be moved from storage to the assembly department.

	Whirlpool felt that a just-in-time manufacturing concept would be a more economical use of plant resources.  This concept requires that the punch presses be able to stamp out just a one or two day supply of parts.  The purpose of the just-in-time concept is to reduce raw material and value-added inventory.  An added benefit is that a small quantity of material or parts can be stored at the location where they will ultimately be used, thus cutting down on handling time and storage space.  This concept also requires that a dedicated press be located at the assembly site in order to enhance material flow.  The press would stamp out all types of parts needed in that assembly department.   

	In order for this concept to work, new quick die change punch presses had to be purchased or the existing presses had to be modified.  The punch presses must be able to stamp out a small number of a particular part and then quickly be changed over to stamp out another part.  Whirlpool’s studies showed that a die set had to be changed out within  fifteen minutes for this concept to be economical.  

	The cost of replacing all existing punch presses with new quick die change presses was found to be too costly.  Whirlpool has already modified one punch press and the dies used with it.  This press was moved into the assembly area of the parts it would produce.  Through this change and some other changes to the assembly process, Whirlpool was able to realize an increase of 38% in productivity for the total process.

	Now that Whirlpool has seen that the new concepts will work for them, they want to set up each assembly module as a separate factory.  Each punch press and its die sets will have to be modified to become a quick die change punch press.  Because each punch press is made differently, each will need special design work.  The die sets used for each product also vary greatly.  Consequently, the die sets will have to be modified for the particular punch press on which they will be used.

	The presses to be modified by this design are two of the smallest presses at Whirlpool, with a pressing force capability of 110 and 200 tons.   The dies used in these presses are progressive, which means that a particular part is pressed many times consecutively by the press between the raw material and value-added stages.  Progressive die presses are fed by large coils of flat steel that must be changed whenever a different die is used.  Thus, the quick die change process will incorporate not only the changing of the dies but also the changing of the stock coils.  

 Goal Statement:

	Design a system that will modify two existing punch presses and corresponding die sets in a manner that will allow any of the dies and the corresponding stock coils to be interchanged in fifteen minutes or less.	

Task Specifications:

	Task specifications are described in the following order:

System must be extremely safe.

System must require only two people to install the dies.

System must meet the cost limit set by Whirlpool of $500,000 per press.

System must reduce the time to exchange any die set to fifteen minutes or less.

System may be operated manually, electrically, or pneumatically.

System must not interfere with or block access to any components of the punch press.

System to assist in changing out all die sets for each punch press.

System may not alter the die sets’ intended output or product. 

System design must be flexible to accommodate any changes specified by Whirlpool during the design process.

Machine drawings to be submitted to Whirlpool by May 17, 1995.

Each of these task specifications is described in detail in the following paragraphs:

1.	System must be extremely safe.

	Due to the weight of the dies and the pressing forces of the presses, this system can pose a serious health threat to any personnel; thus, every safety consideration has to be evaluated.     

2.	System must require only two people to install the dies.

	The whole purpose of this redesign is to reduce cost, and reduction in labor is a reduction in cost.  A faster process that involves more people would not reduce cost.

3.	System must meet the cost limit set by Whirlpool of $500,000 per press.

	Whirlpool estimated that the cost of purchasing a new press specifically designed for quick die change would be $500,000.  The cost for redesigning an existing press system and implementing the quick-change process must be significantly less than this cost of purchasing a new quick-change press.

4.	System must reduce the time to exchange any die set and corresponding stock coil to fifteen minutes or less.

	As stated previously, die changes can currently take as long as four hours. The goal of fifteen minutes is simply an approximation provided by the existing Whirlpool engineers.  Ideally, the time will be cut to a bare minimum without sacrificing safety.  Essentially, the less time for the change, the more money saved by Whirlpool.

5.	System may be operated manually, electrically, or pneumatically.

	In this particular Whirlpool plant, as in most plants of this size, electrical outlets, compressor connections, and ample man power are all readily available.  Any one of these as well as a combination may be used.   Hydraulic power may not be used because any hydraulic oil leaks in the system could contaminate the value-added parts. 

6.	System must not interfere with or block access to any components of the punch press.

	The construction of the quick die change system would be self-defeating if it caused any complications with the press in any way.  The quick die change system must allow the press to function normally.  Also, easy access of all components of the punch press is necessary for routine maintenance.

7.	System to assist in changing out all die sets for each punch press.

	The system must be created in such a manner that it will accommodate each die set in the same manner, and the change for each must still remain under fifteen minutes.  This allows for better standardization and ease of implementation.  

8.	System may not alter the die sets’ intended output or product.

	In no manner will the redesign be allowed to alter the functional part of the die sets.  The altering of die sets could possibly be a prohibitively expensive process, especially for an operation such as Whirlpool that uses many die sets.  The intended quick die change will only modify or add onto the non-functional part(s) of the existing die sets.  

9.	System design must be flexible to accommodate any changes specified by Whirlpool during the design process.

	In the end, the parameters of the redesign will always be left to whirlpool.  If at any time a task specification needs to be added, deleted, or altered, then Whirlpool has the prerogative to do so.

10.	Machine drawings to be submitted to Whirlpool by May 17, 1995.

	This deadline is tentative.  If Whirlpool feels that it needs the machine drawings before this date then the deadline could be changed accordingly.

Description of Current System and Structures

	The existing 110 and 200 ton progressive punch presses are fed by a two-piece uncoiler system.   These uncoilers use a large amount of floor space as shown in Figure 1.A.  Each time a new die set is installed, the coil of stock has to be changed.  Also, each die usually produces a different length part.  Consequently, the feeding stroke of the feeder must also be reset with each die change.  On the current feeders, the length of the feed stroke is set by turning a nut.  Clamps holding the feeder guides must also be changed each time a die set is installed.

	Each time a die set is to be changed, the die is unclamped from the press.  A forklift then picks up the die and takes it to a storage rack.  The forklift brings the new die and places it on the bed of the press.  Then the new die set must be clamped to the press bed.  If the new die does not have the same shut height (thickness) as the used die, shims must be placed under the bottom subplate or above the top subplate.  Next, the ram of the press is inched down until it contacts the die.  If the die set does not touch the ram when the full stroke of the press is reached, more shims must be added.  If an operator over-shims the die set by a few thousands of an inch, and allows the ram to reach full stroke, the press will jam.  When a press becomes jammed like this, the ram will not back up.  Damage can then be done to the die set in trying to free the press and valuable time is lost.

�	The rolls of stock are stacked on their wooden shipping pallets when they are not being used.  When a new roll is needed on the uncoiler, a forklift and a chain is used to lift the spool from the stack of rolls and onto the feeder.  Quite often the chain damages the edges of the spool during this process.  Since the die change process is so time-consuming, large quantities of each part are made at one time.  Large bins are used to collect the stamped parts.  The bins are so large that they require a forklift to move them even when they are empty.

Planned Modification of the Existing Progressive Punch Presses

	In order to be able to implement the quick die change process, the existing progressive punch presses must be modified.  Such modifications have already been made by the engineers at Whirlpool on a 600 ton press.  Even though each press cell has different needs and different quick die change setups, Whirlpool’s engineers have already purchased a mill that enables them to cut two slots into the bed of every press.  Once these slots are cut in the press bed, an air-lift roller system is installed into the slots.  When a die set is to be changed, the system is inflated and lifts the rollers above the plane of the press bed allowing the die to move easily.  Whirlpool is also installing two locating pins on the top surface of each press bed.  A notch and a rectangular cut-out are specified for the subplate of each die as shown in Figure 1.B.  The notch properly locates the die set and the cut out insures that the die is on the press bed squarely.  To eliminate the need for shims, all dies for this press cell have been ordered with the same shut height.

	Once the design team completed the conceptual design stage, the final conceptual design was approved by Whirlpool.   No modifications have been made to the 110- and 200-ton presses because the orientation and location of the air-lift rollers and locating pins depends on many variables determined by the design of the process.  However, since this press cell needs to be in operation by June 1995, Whirlpool will modify the presses and specify the proper cutouts on the die subplates before the final quick die change design is completed.  Nonetheless, it would be beneficial for the development and finalization of the entire process to be completed as soon as possible.

	One of the major problems with the progressive presses concerns the handling of the stock feeder coil.  The current uncoilers were taken from a much larger press and are not the most suitable machinery for their current use.  One main difficulty with the current arrangement is the need to rotate the coils from their horizontal orientation on their pallets to a vertical orientation on the uncoiler.  Also, two different machines are needed to effectively uncoil the coils, wasting valuable floor space.  As a solution to these problems, Whirlpool will purchase new uncoilers for these progressive presses.  The new uncoilers require much less floor space and the coils are not rotated from their horizontal positions.  The new system will be expensive, but will greatly reduce the time needed to change the coils and improve the space usage of the press cell.  The expense of the new feeder system will be recuperated quickly by reducing the down time of the line.  Also, by not rotating the coils from a horizontal to vertical orientation, the probability of damaging the coils is reduced.  This type of machinery is relatively new and exact details of dimensions, loading/unloading systems, and weight limits are not yet known.  The design team is actively pursuing more information about this apparatus.

Description of Conceptual Designs

Design One

	  Design one is based on using the new horizontal stock uncoilers Whirlpool plans to purchase for this press cell.  Figure 2.A. shows the layout of the complete press cell using this design.  All rolls of stock are to be stored in a storage rack as shown in Figure 2.B.  The dies that are not in use are also to be stored in a rack constructed as shown in Figure 2.C.  The die table, shown in Figure 2.D, is designed for loading or unloading either press.  Sections of the die table nearest the presses are designed to be taken off, as indicated in Figure 2.D, to make room for kanban containers during operation of the presses.  A complete die change would require nine steps.

A forklift brings the new die from the die rack and sets it on the die table.

The clamps that secure the old die to the press are released.  These clamps are secured to the press with T nuts that slide in slots machined in the press.  A wrench must be used to turn each nut to release the clamping bar.

The new die is slid on the table toward the opposite press until the old die can be moved to the forklift loading section of the die table.  The table is not wide enough for two dies to pass each other.  

The forklift takes the old die set back to the die storage rack.  

The new die is moved onto the press bed and firmly held against the locating pins until the bottom subplate is securely clamped to the press bed.  This insure that the dies are always loaded the same way.  If the dies are not located properly, misalignment of the coil stock from the uncoilers will occur. 

The press ram is lowered until it contacts the top subplate on the die.  Since all dies are being made with the same shut height, there is little risk that the press will jam against the die set.  Nonetheless, the press bed should be wiped clean of any dirt before the die is installed.

The top subplate is clamped to the ram.  The die set is still together at this time.  This insures that the two halves of the die will be lined up when the press is started.  The clamps on the ram are identical to the clamps on the press bed.

The old coil is unloaded from the uncoiler with a forklift and stored on the stock storage rack.  The coiled stock will have to be released from the feed rollers.  Any excess stock will have to be rewound on the spool before the forklift picks the used spool up.  The end of the stock will also have to be secured to the roll by wrapping a wire around the spool. 

The correct coil of stock for the die is to be brought from the stock storage rack and placed on the uncoiler.  The end of the roll will need to be released by cutting the bands that come on new rolls or unwinding the wire that secures used rolls.  The roll stock end will have to be placed over the uncoiler arm and inserted into the feed rollers.

		If two people are used for the die change process one person could be operating the forklift while the other person is clamping and unclamping the dies.  Some of the advantages and disadvantages of this design are listed below:



Advantages:



Safety:  This design would keep all materials and tools stored in their own designated storage rack.  This presents less of a tripping hazard than the current stacks of coils.  The rollers on the die table would allow the dies to be easily moved rather than using a pry bar to move them.

Time:  This design would enable Whirlpool employs to change a set of dies in fifteen minutes or less.

Ease of operation:  This design provides for using a forklift whenever a coil or die is to be lifted.  The die tables allow easy installation of the dies.

Cost and maintenance:  This design would cost less than the maximum allowable cost set forth by Whirlpool.  There would be little maintenance required on the new components of this design.

Flexibility:  Any die or coil can be easily accessed when it is needed.  There is extra rack space provided if any new dies or coils need to be added to the press cell.

Use of space:  The coil and die racks conserve floor space because they concentrate storage to one small area.   



Disadvantages:



Safety:  The ends of the die table require lifting when they need to be removed to make space for the value added parts bins (kanban containers).  If this were to be done manually, an employee could strain his or her back.  Moving the table ends would also pose the risk of pinching an employee’s fingers.

Time:  This system requires the fork lift to move both the dies and coils.  This could cause a slower potential die change time than a design that does not require a forklift for both operations.

Ease of operation:  Moving the die table top ends would not be easy for the employees.  

Maintenance:  The stationary die tables are located adjacent to the presses.  This would effectively block access to this part of the presses for maintenance.

Flexibility:  If for any reason the presses need to be moved relative to each other, the die table would have to be modified.  If a die or coil were added to the press cell that needed to be larger than the rack openings, then the new coil or die would require some other means of storage.

Use of space:  In order to have operating room for the forklift, the racks were spaced far apart from each other.  The space between these racks is wasted space during normal operation of the presses.

	Another problem with this design was pointed out by a Whirlpool engineer.  The stock storage rack shown in Figure 2.B. is approximately nine and half feet tall.  The new electric forklift for this press cell will only reach up four and one half feet.  This rack design cannot be used unless two shorter racks were designed to replace the tall rack.  

Design Two

	Design Two is centered around the idea of positioning die tables in front of the press. As shown in Figure 3.A and 3.B, the tables are strategically placed so that the user does not have to leave the press to exchange dies.  Initially, the press operator selects a die from one of the front die tables shown in Figures 3.A and 3.B.  The press operator then guides the die in position with the help of a roll-away mounting table already available at the plant.  The die tables are designed so that there are no drop-offs, wide gaps or need of additional support during loading and unloading the press.  The die is then secured with clamps.  The die is secured as described in steps five through seven in Design One.  As the roll-away table is being removed, the stock feeder coil shown in Figures 3.A and 3.B is loaded from the back of the press with an electric lifter or fork lift.  When the press has filled a part order, the die is ready to be removed and exchanged for another.  The clamps are removed and the die is guided out on the roll-away mounting cart and then to the die tables.  The next die is then loaded in a similar fashion.  This design has its positive and negative aspects, as listed below:

Advantages:

Safety:  This design has a safety advantage because the dies do not leave the die table, except when used in the press.  Also, since the stock feeder coils are loaded from the rear, this design helps to prevent fork lift collisions.

Time: The down time of the press in minimized due to the close proximity of the die tables and the press.

Ease of Operation:  Due to the simplicity of using die tables with rollers, this design proves to be very simple to operate.

Price: This design is cost efficient because the only expenditure are the die tables.  The new stock coil feeder will be purchased regardless of the die change design.  

Flexibility:  Although the six dies that are used with this press are usually run in the same daily sequence, this design is flexible enough to account for accidental down lines or unexpected changes in schedule.  

Use of Space:  This design efficiently uses the space available (20’ x 20’) because it only adds two die tables to the presently existing system.  Eliminating the die storage racks creates more room for other things such as reserve stock coils.

Maintenance:  This design has a maintenance advantage because the roller tables require little maintenance.  

  Disadvantages:

Safety: Rolling the dies on the table could result in pinched fingers.  Also, if the die tables are too large the press operator may have to extend himself too much.

Flexibility: The use of die tables positioned in front of the die limits the flexibility of this design.  The design will not be able to handle very large dies.  Also, if there are more than six dies the die tables will be extremely large.  

Use of Space: The size of the dies could push the design of the die tables to be very large.  This makes this design very cumbersome and constraining to the press operator.  

Maintenance:  Positioning the die tables in the front of the press introduces an obstacle in the repairing of the press itself.  

Design Three

	The third conceptual drawing, shown in Figure 4.A,  mainly consists of a rack to hold a maximum of eleven dies.  The rack has rollers for one dimensional movement of the dies on to the cart shown in Figure 4.B.  The cart would carry the dies from the rack to the press bed and vice versa.  The rack and the cart would be the same height as the press bed to facilitate the movement of the dies.  The rolling cart, which this design revolves around, would have a ball bearing top that would ease the manual movement of the die on to and off  the cart.  As an additional safety measure, the cart would have some type of hooking mechanism that would attach the cart to the die rack or press to prevent it from moving away as the die is being loaded or unloaded.  

	For the stock coils, this design requires the purchase of the new feeder system.  To further reduce the time of the die change system, the purchase of a battery operated mini-fork is also suggested.  This mini-fork would remain in the press cell permanently in order to be available for a coil change at any time.  This independence from outside help should improve changeover time significantly.  Design Three optimally allows for two people to work together in changing the die and coil stock.  One individual prepares the next die by pulling it from the rack, putting it on the cart, and maneuvering the cart into position as shown in Figures 4.A and 4.C.  At the same time, the other worker manipulates the coils by preparing the next coil for placement on the feeder system.  During this preparation, the press is still in operation.  When the press is stopped, the two individuals would cooperate on getting the coil and the die into their correct positions.  Installation of the die would be accomplished as described in steps five through seven in Design One.  Upon completion, the empty carts and the mini-fork would be returned to their respective storage locations.  This design is simple, but it does have its advantages and disadvantages.

Advantages:

Safety:  This design poses no extraordinary health threats.

Time:  The press down time should be short.  Allowing the two individuals to work independently for a majority of the task will increase the speed significantly.

Price:  The price, compared to most quick die change systems, is relatively low.  Most of the cost would be the purchase of the feeder system and mini-fork.  The cost of the carts cannot be determined until more information about their size and material is known.  They may be able to be purchased, but they may have to be specially designed and built.  

Ease of Operation:  Because the carts can be moved to any location, they should not interfere with the press operator in any way.

Flexibility:  This design allows for both the use of the new and the old feeder system.  In addition, the carts could be used with many other dies in the plant, not just the ones for these two progressive dies.  Also, this design does not require the purchase of anything that is completely task specific.  In other words, if this line were to be liquidated its components could easily be moved to another plant operation.

Use of Space:  The carts are by nature flexible to the space needs.  If the need for extra space arises, the carts could be temporarily moved to another part of the plant.  In addition, the coils can also be arranged in any manner to accommodate changing space needs.

Maintenance:  This design uses no external power sources other than the mini-fork and manual labor.  These sources do not require much maintenance.  In addition, with the carts available, the die could easily be moved to the machine shop for periodic repair and retooling.

Disadvantages:

Safety:  Two transfers of each die per changeover, from the rack to the cart and from the cart to the cart, might be more dangerous than other designs.

Ease of Operation:  An uneven floor or debris on the floor could cause a problem with the movement of a loaded cart.

Use of Space:  The die rack is a somewhat poor use of space -- the entire rack must be the level of the press bed and consequently nothing may be stacked.  

Design Four

	The basic concept of this design revolves around storing the unused dies and coils as close to their working positions as possible.  This concept eliminates the need for any type of moveable lifting device.  Lifts are still necessary, but they are stationary and used only for handling coils.  The basic construction necessary for one press cell would be a die table, a coil storage rack, a roller-top surface, a pneumatic lifter, and a pneumatically-powered coil rack.  The new type of uncoiler would be necessary for this design.

	The basic floor plan for the two press cells operating as one unit is shown in Figure 5.A.  The coils are brought in at the bottom of the figure and placed in the storage racks.  One coil of each type is also kept in the moveable shelves.  Whenever a coil is needed, the moveable shelves are raised or lowered until the appropriate shelf is level with the uncoiler.  The coil is pushed onto the uncoiler before use and pushed onto the waiting table after use.  At the operator’s convenience, the used coil may be removed or moved via the lifter back into the moveable shelves.  As the arrows on the right cell show, coils would follow a circular pattern from storage to the moveable shelves to the uncoiler and then either to the waste bin or back to the moveable shelves.  Figure 5.B, which shows the left-hand press cell, better illustrates the relative positions of the two coil racks and the uncoiler.  So that the uppermost racks could be utilized, the Moveable Shelves would have to operate in a small pit dug into the factory floor.  

	The die change process would involve two roller-top tables used for both storage and movement of the dies.  Another small roller-top surface would be placed between the tables during a die change.  When the press is in operation, this part would be removed and a small container for the pressed parts could be placed between the tables.  This container could easily be used as part of a kanban manufacturing process.  The container, center piece, and dies on the die tables, as well as the lifter and waiting table used in the coil change are easily seen in Figure 5.C. 

	Prior to a die change, the moveable shelves are set so that the next coil to be used can be pushed on to the uncoiler.  The next die to be used is moved to the edge of its table in preparation for its move to the center.  To begin the die change, the used coil is detached from the press and uncoiler apparatus and pushed on to the unload table.  The next coil is pushed into place and set up for use.  On the other end of the cell, the kanban container with parts is removed and the small roller-top center piece is placed next to the die and between the tables.  The used die is pushed off the press and on to the table away from the new die.  The new die is moved onto the press and prepared for use as described in steps five through seven in Design One.  The center piece is then removed and another kanban container is brought in for the new parts.  The press is then ready for operation.  The used coil and die can then be moved at the operator’s convenience into their appropriate places while the press is working.  The steps are all simple and there is only sliding movements of heavy parts.  

Advantages:

Safety:  The lack of any horizontally-moving lifts increases the safety of the operation a great deal.  There is no chance that a forklift operator will collide with anyone or anything and nothing can get under the heavy dies or coils.  

Time:  The close proximity of the coils and dies to their working positions will eliminate time-consuming transfer of these parts during a die change.  Also, much of the change process may be done while the press is in operation, greatly decreasing the amount of time the press must be idle.  

Ease of Operation:  The two presses may be easily operated by two people.   Two workers would be able to consider themselves operators of the entire unit, helping with die changes, watching for potential problems, and ensuring the safe operation of both presses at once.

Disadvantages:

Cost and Maintenance:  There is significant added cost and maintenance necessary for the two pneumatic lifting devices for each press.  Not only will there be added installation cost due to the construction of a pit and expensive heavy-duty pneumatic devices, but running costs will be higher as well.  

Ease of Use:  The sliding movement of the coils may be a problem due to the large weight of some coils.  

Flexibility:  If more than six dies and coils are ever necessary for this press, an extensive redesign will be necessary.

Decision Matrix

	In order to diligently evaluate each of the four conceptual designs, a decision matrix was used.  A decision matrix is a tabular tool that relates the task specifications with varying orders of importance.  To avoid redundancy in the decision matrix, the ten original task specifications were combined into six main criteria.  The six criteria with respect to importance are:  safety, time, ease of operation, price, flexibility, use of space, and maintenance.  The ranking of these criteria were performed by Whirlpool management and engineers.  To determine the individual weights, safety was given an initial importance of 100.  The management at Whirlpool then placed relative values for the importance of the other five factors.  These values were totaled and the percentage weights were taken from the overall total. 

	After the weights had been determined, each design was fully described and discussed by all the members of the design team.  The criteria were explained and then applied to the designs.  Each team member evaluated all designs and assigned a raw value from one to ten for each criteria.  The weighted value was then obtained by multiplying each raw value by its corresponding weight factor.  These numbers were averaged and placed in the decision matrix shown below as Table I.    

Table I. Decision Matrix 

Criteria�Factor�Design 1�Design 2�Design 3�Design 4����Raw�Actual�Raw �Actual�Raw�Actual�Raw�Actual��Safety�0.24�7�1.68�7�1.68�6�1.44�6�1.44��Time�0.19�6�1.14�8�1.52�8�1.52�4�0.76��Ease of Operation�0.17�6�1.02�7�1.19�7�1.19�7�1.19��Price�0.14�7�0.98�7�0.98�8�1.12�6�0.84��Flexibility�0.12�8�0.96�8�0.96�9�1.08�7�0.84��Use of Space �0.07�8�0.56�6�0.42�8�0.56�6�0.42��Maintenance�0.07�8�0.56�8�0.56�9�0.63�6�0.42��Total (���6.9��7.31��7.54��5.91��

	As the decision matrix shows, Design 3 was the best choice for further consideration.  However, many aspects of the other designs had merit and will be incorporated into the final design.  The decision matrix proved to be a very effective tool in determining the strengths and weaknesses of each design relative to the important criteria placed by Whirlpool.  

Description of Final Conceptual Design

	The final conceptual design is the basic idea on which the final detailed design will be constructed.  Although it combines aspects of all four conceptual designs, the main points of this design are drawn from conceptual Design Three.  This design showed through the decision matrix that it was the most complete and versatile of the four concepts.  The basic idea of the moveable cart is utilized and the safety weakness of Design Three is addressed.  

	Unlike any of the conceptual designs, the final conceptual design utilizes separate moveable carts for each die.  Whenever a change is made, the used die is placed on its own cart and wheeled away.  The new die is then rolled in and moved into the press.  This concept reduces the number of transfers of a die for each change to only once per die.  Eliminating die transfers dramatically increases the level of safety for the workers performing the die change.  Dies are stored on their carts in a separate area that is out of the way of other press and plant operations.  The need for forklifts for the change of the die is eliminated.  

	The floor plan of the final conceptual design is shown in Figure 6.A, and an isometric drawing is given in Figure 6.B.  The carts holding the dies in storage are kept together at one side of the press cell.  The coils are stored around the perimeter of the cell.  The material flows from the bottom to the top of Figure 6.A.  The two presses may be operated by one worker standing between them.  One cart is shown ready to be loaded from the end of Press B and another cart is in a position from which to be moved to unload.  A more detailed drawing of the cart is shown in Figure 6.C.  More safety-oriented  components have been added to the cart used in Design Three.  The catch is still used to hold the die to the press, but another catch and a safety bar have been added to prevent the die from rolling off the cart prematurely.  Also shown in Figure 6.B is the mini-fork or pallet jack used to move the stock feeder coils.  The maximum load of this electric forklift is four thousand pounds, which allows it to lift any of the coils.  The largest size of a coil is 3500 pounds, but Whirlpool has stated that they will soon only accept coils no larger than two thousand pounds.  Although the floor plan may seem crowded, one of the objectives of the design team is to revise and rework this design to make sure that the use of space is optimized.

	No construction is necessary for the coil change process of the final conceptual design.  Only the new uncoiler machine would be necessary to enable workers to change the coil within the fifteen minute time limit.  A small electric forklift would be used to lift the used coil from the uncoiler and place it aside until the change is completed.  The forklift would then lift the new coil onto the uncoiler and ensure that it is placed properly.  While the press is in operation, the coils could be manipulated to facilitate faster handling of the coils during a die and coil change.

	One person should be able to do most of the die change process, and another person should be able to change the coils.  Some cooperation may be necessary for some minor steps but no more than two people will be required for the entire operation.  If two men are assigned to the two-press cell, they would be able to handle all aspects of the preparation, operation, and maintenance of the progressive presses.

Evaluation of Need for Horizontal Uncoiler and Feeder

	The stock coil feeder is a vital part of the press system.  At the present time, one of the major contributors to downtime in the press cell is the uncoiler system.  The current uncoiler system is two bulky machines consisting of two parts, a press feeder and an uncoiler as shown in Figure 1.A.  The present uncoiler is very difficult and hazardous to load.  Since the coils of stock can not be loaded horizontally, they pose a challenge and a safety hazard for the employees.  Due to the vertical orientation of the present uncoiler,  the forklifts can not load it without manual assistance.  Although only minor incidents have been reported so far, this process could result in serious injury to the operator due to the amount of lifting and maneuvering.  Also, due to the vertical orientation of the present uncoiler, broken pallet shafts are a frequent occurrence.  One might imagine what would happen if the uncoiler shaft broke while someone was in the process of loading.  Another disadvantage of the present uncoiler system is that it can only handle one coil of material at a time.  This also is a major contribution to the downtime of presses.  



	After extensive research, the consulting firm of Love, Jones, Harbur and Jones has found a solution to this dilemma.  After information was gathered on several different solutions, the purchase of a new and different type of uncoiling system appears to be the best choice.  The uncoiler that we are suggesting is the UN-COILER™ produced by Norfolk Innovation, Inc. (Model No. CR-7552) [1], shown in Figure 7.A.  The UN-COILER™ is based on a pallet design, thus allowing it to accommodate more than one coil of material at a time.  Another important feature of the UN-COILER™ is its horizontal orientation.  This allows the UN-COILER™ to be loaded unassisted by a forklift, which is considerably safer than the present uncoiler.  The UN-COILER™ is also adjustable and portable, which allows it to be very versatile and/or flexible for future changes.  Another big advantage of the UN-COILER™ is the considerable amount of space it saves.  The present system takes up over one hundred and thirty square feet of floor space.  The UN-COILER™ takes up only less than 40 square feet of floor space. This is very important because of space limitations of the Whirlpool plant.  The UN-COILER™ also can handle 7500 pounds, the weight of two of the biggest coils currently run in the plant.  This uncoiler can handle any stock width up to 6 inches, and any material thickness up to 0.062 inches.  The maximum coil diameter that the UN-COILER™ can handle is 60 inches (outside diameter).  This and other specifications of the UN-COILER™ [1] can be found in Figure 7.B. 



	Since the UN-COILER™ is horizontally oriented, there is a need for a device to properly align and orient the coil stock as it enters the press.  This mechanism [1] is shown in Figure 7.C.  The self-aligning guide drum is simply an adjustable drum that acts as a material guide. This drum is free-floating and self-centering.  The drum maintains constant material tension and the free-floating design allows quick and easy pallet loading.  There is also the advantage of no tools being needed during drum height adjustment.   The UN-COILER™ is very versatile, safe, and recommended as the most suitable device for the quick die change design.

	The coil feeder is another vital part of this new press design.  The purchase of a new coil feeder is necessary to facilitate the UN-COILER™.  The criteria for choosing a new feeder system are size, capacity and price.  At the present time, the feeder system used at Whirlpool is bulky and takes up entirely too much room.   Also, the present feeder system does not perform at the level that is needed for this new design.  C-clamps are used on the present machine to ensure that the material goes where it is intended. This is a serious safety hazard because if the C-clamp fails or becomes loose the material will possibly injure someone.  With this new feeder system C-clamps or other aid devices will not be needed.  This will aid in safety and in overall efficiency of the feeder.  



Floor Set-up and Die Change Process

	The final plan for the entire floor set-up is shown as a scale isometric three-dimensional drawing in Figure 8.A.  The various parts of the system are labeled, although detail was spared due to the limited computational capabilities available to this consulting firm.  The shapes shown are representative of the extremes of the objects they represent.  For example, the forklift has the same external dimensions of the actual forklift, but no details are shown so that the forklift could be easily moved during the analysis.  The die carts shown are shown empty and as simple boxes for the same reason.

	The overall dimensions of the area for both presses and supporting objects are shown to scale in Figure 8.B.  As the figure shows, this area is not tightly packed with objects, but has many open areas and should be easy to adapt as necessary.  The forklift area at the bottom of the figure is the normal operating area for the forklift dedicated to this system.  Of course, the forklift could move to the coil delivery area if necessary, or even to the waste removal access area.  The coil delivery area is accessible by material movers from other parts of the plant, and yields direct access to the die coil stacks.  The waste removal access area is also accessible by external material movers, which is vital for removal of the scrap produced during operation of the press.  The operator area between the presses is wide enough to permit comfortable movement by the press operator, but not so wide that one person could not easily move between the two.  The prospect of requiring only one operator for both presses is very appealing to Whirlpool, and will further reduce the cost of operating these presses.  The changeover working area allows the operator ample room for maneuvering the die carts and kanban carts during operation and during a die change.  More space for die carts is available in the top corners of the figure if that is necessary later.  Figure 8.C shows just one press cell and a twenty-feet-square area that Whirlpool will use to determine the effectiveness of this floor plan design.  The press, waste bin, output bin, and dies are all contained within this area, so it should be acceptable to the Whirlpool engineers.  Labeling of the objects shown in Figure 8.C is consistent for Figure 8.D.

	The steps of a quick die change process are shown in Figure 8.D.  The upper left drawing (a) shows the system in production configuration.  So that labels would not crowd the drawings, symbols will be used to represent vital components.  The hourglass shown on the press symbolizes the die being used.  The four-pointed star shown on the die cart above the press symbolizes the die to be used next.  The triangle on the rotated cart signifies that the cart is empty.  The kanban cart is designated by the letter “K.”  As Figure 8.D.a shows, when the press is in production the kanban container will be in this position at the end of the die, there will be a coil on the uncoiler, an empty die cart will be nearby, and the die and coil to be used will be in a readily-accessible location.  

	In Figure 8.D.b, the first step is shown.  In the changeover working area, the kanban container has been moved away from the press, the empty die cart has been moved to the press, and the die has been loaded on to its cart.  In the forklift area, the forklift has removed the coil from the uncoiler and placed it to the left.  Figure 8.D.c shows the second step.  The cart holding the “old” die has been moved away from the press, the cart holding the “new” die has been moved to the press, and this die has been loaded on to the press.  At the bottom of the drawing, the forklift is shown in the position to pick up the next coil to be used.  Finally, Figure 8.D.d shows the cell ready for production again.  The kanban cart has been returned to its original position, the new coil is in place and the forklift is out of the way, and everything is ready for operation.  This process could be accomplished by one person, but two people could perform some different steps simultaneously and accomplish the die change much faster.  All steps are safe and simple to instruct, and should be completed in less than ten minutes if two workers are used.  Compared to the personnel involvement and time delays of the current method, this design should provide a vast amount of improvement.  

Final Design

	The final design consisted of taking the final conceptual design and expanding it into a functional design.  This was done by planning thoroughly, creating detailed, scaled drawings, and performing stress analysis on several crucial members.  Each of these three steps had to be performed simultaneously to be able to develop an applicable design.  The stress analysis had to be performed during the creation of the drawings to be able to determine the correct cross-sectional area for each member, and, in turn, the drawings had to be constructed during the stress analysis to be able to correctly analyze the crucial members. 

	For the most part, the final design is centered around the design of the die cart.  The scaled drawings of the die cart can be seen in Figures 9.A through 9.C.  Figure 9.A is a three dimensional drawing of the die cart, and the other two figures show front and side views.  As can be seen in the drawing, there are two significant changes from the final conceptual design shown in Figure 6.C --  the roller bearings were replaced with a one- dimensional roller tray and the cart latching mechanism has been moved to the press.  The change from roller bearings was based on finances and practicality.  Financially, the one-dimensional roller tray is less expensive than the roller bearings.  Practically, Whirlpool has had problems with the roller bearings becoming jammed under a significant load.  The addition of swivel wheels to the cart still allows two dimensional movement of the dies.  As the detailed drawings of the cart were being generated from the final conceptual drawings, the design team noted that a relatively large portion of the cart cost would be a result of the mechanism that latched the cart to the press.  Twelve separate latching mechanisms really did not make economical sense.  With the approval of the Whirlpool engineers, the latch mechanism was instead designed for permanent installation on the press.  The only per-cart cost for the latch is a safety bar that involves much less material and labor than an entire latching mechanism.  Also, the same mechanism can be installed on many different presses, and many different types of carts can be fitted with the simple safety bar.  The labels in the drawings explain the parts of the cart.  The die will be held on the cart by a simple pin and key.  The pin will be placed through a hole in the die and through a hole in the cart top where it will be pinned into place.  The material used to form the frame of the cart is typical 2” by 2” square tubing with 1/16” walls. 

	In considering the stability of the cart under a 2000 pound load, five different elements were of interest.  The design team determined that the top section, the legs, the leg welds, the rollers, and the casters needed to be tested analytically. The reason these five sections were chosen was the possibility of failure in these areas.  The top would likely fail because of biaxial stress caused by bending and shear forces.  The legs of the cart could likely fail due to buckling, or combined biaxial stress from compressive forces and bending due to buckling.    The leg welds could fail because of combined loading also.  The deflection of the rollers needed to be calculated to ensure that the dies would load and unload properly.  Finally, the load capacity of the casters to be used had to be ascertained to match the designed load capacity of each leg.  The stress analyses performed on the top, the legs, and the leg welds of the die cart are contained in Appendix A.  Appendix A also provides further explanation of the stress analysis performed.  The top was analyzed in bending and shear.  The legs were analyzed using three different methods -- uniform loading with no eccentricity (Euler formula), non-uniform loading with maximum eccentricity (secant formula), and compressive forces (normal compressive stress). The leg welds were analyzed using primarily a Mohr’s Circle.  The stress analysis performed on the rollers is contained in Appendix B, which also contains further explanation of the calculations performed.  Appendix C contains all of the stress analysis performed on the kanban carts.  

	As shown in Appendix B, the roller tray found to have the correct specifications for use on the die cart was the Litton Model RG2514 Gravity Roller Section.  Because of the size of the die, a 2000-pound load was assumed to act on ten different rollers, so that each roller underwent a loading of 200 pounds.  The deflection of these rollers was also determined.  This value is important because excessive roller deflection would prevent proper unloading of the cart.  Because the height of the die must be the same as the bed of the press, any noticeable deflection would drop the die lower than the press bed and the die could not be loaded.  The amount of deflection of the rollers is not provided by the manufacturer and consequently had to be derived.  Appendix B also shows the short calculations necessary for determination of the appropriate casters for the cart.  The same 2000-pound load used through the other stress analyses was assumed to act in a worst-case scenario on just one wheel.  As a result, a Faultless Plaskite Delrin Caster # HX 1431-6X3 or equivalent rated at 2000 pounds was determined to be appropriate for the die cart use.  With this size caster, the absolute load on the cart would be 8000 pounds.  This amount of weight would push the factor of safety down a great deal and may cause another part of the cart to fail before the casters.

	To accompany the die cart, a cart to carry the final products of the press had to be designed.  One may notice that the die is moved onto the press from the end where the final product of the press exits the press.  This requires that the container holding the final product be able to be moved easily; thus, a cart similar to the die cart was also designed.  The reason that Whirlpool is establishing the quick die-change into their production is to increase efficiency, and to facilitate this increased efficiency a kanban system is also being established.  The kanban system will use what Whirlpool employees call a kanban container.  This kanban container will sit on top of the cart; thus, for simplicity and to better distinguish between the two carts, the second cart will be called a kanban cart.  The scaled drawings of the kanban cart can be seen in Figure 10.A through 10.C.  Actually, there are two different kanban containers used by Whirlpool; depending on the volume taken up by one part, a large or small container may be used.  Either container, when full, weighs the same.  The kanban cart can hold either two small carts on its top or one large one; the bottom will hold the same.  The kanban cart will be constructed in the same manner as the die cart, with the exception that the material used for construction will be smaller and the dimensions will be slightly different.  The analysis on the kanban cart is identical to the analysis performed on the die cart.  This analysis is contained in Appendix C.  All of the factors of safety determined for the kanban cart are extremely high, but they are well justified, as explained below.  The casters used in this cart are Faultless Plaskite Delrin Casters # S 3430-6 or equivalent rated at 650 pounds, as determined in Appendix B.

	In the design of both the die cart and the kanban cart the factors of safety were quite large for several reasons.  First, a Whirlpool employee recently died moving a set of dies similar to the ones considered in this design project.  For this reason, Whirlpool employees have a strong need to feel safe.  Second, the legs must appear to the common layperson to be sufficiently strong.  It would be possible to reduce the cross-sectional area of the legs and top, but it is believed by the design team and the engineers at Whirlpool that they would appear to be too weak to carry the die.  Third, the kanban cart, and likely the die cart, will be used for tasks outside of their design parameters, and will often be abused by the employees.  The kanban cart, because of its convenient size, can be easily used for other purposes, and the die cart could be used to move other dies that do not belong to this press.  

Analysis of Final Design



	When analyzing any engineering design, there are many criteria which must be addressed.  These criteria, discussed in more detail in the following paragraphs. 



I.	Technical Performance

II.	Ergonomy

III.	Economy

IV.	Aesthetics

V.	Environmental Impact





Technical Performance

Operational Efficiency

Accuracy - Pinpoint accuracy is not extremely important for this design.  However, there are two areas in the system where some degree of accuracy is necessary -- the safety catch on the press and the die height from the floor.  If the safety catch mechanism is not built accurately, the catch may not grab the cart, the arm may not swing freely, or the catch may not release.  These results are unacceptable.  If the die height while on the cart is different than the height of the press, then the dies will not load and unload easily, greatly increasing the safety risk while changing dies.  This, too, is unacceptable.  Whirlpool is planning to level the floor surrounding the presses to produce a smooth rolling surface and a constant base.

Speed - Speed was one of the driving factors of this design.  The dies must be moved on to and off of the press quickly.  Any delay could lead to a pause in production.  A pause in production will lead to a reduction in profit.  The die cart was introduced solely for its ability to increase the speed of the die change.  The previous description of the design changeover process explains the speed improvement in more detail.

Cycle Efficiency - Cycle efficiency coupled with speed is the heart of quick die change.  The system designed will be efficient as long as the employees use common sense when operating the system.  Instruction in the proper use of the system will be simple, and mistakes that would lower cycle efficiency should be rare.  One important key to cycle efficiency is the application of past experience by the press cell operators.  This experience should alleviate many potential problems.  Also, design details such as the notches in the die plates and posts on the press will provide solutions to any questions about correct orientation.

Range of Effectiveness -  The design system is somewhat unique to the 110 and 200 ton presses, but it could be implemented in other production modules.  The kanban carts design will be used on other production modules that have kanban systems implemented, and the die cart concept can also be used with other presses.  

Energy Economy -  The designed system does not require any other energy than manpower and the electricity required to run the pneumatic cylinders that lift the rollers in the press bed, both of which are already in use in the current plant setup.  The system should not require extraordinary physical exertion from the employee. 

Structural Integrity - The stress analysis performed concluded that each part should hold any of the loads placed on them that are appropriate.  If a die is loaded onto the kanban cart then the cart will likely fail, but such exceptional anomalies cannot be planned for in the design.  

Structural Closure - The structural closure for this system consists of a painted line on the factory floor constructed by Whirpool when the new production system is implemented; thus, there is no real closure for an entire system such as this.  There will likely be such things as a small rope barrier separating the traffic on the factory floor from the feeder and uncoiler system, but this will be left to the discretion of Whirlpool engineers.  As far as the individual components are concerned, all connections will be made with welds, with the exception of the pin-retained rollers and the tied-on restraining pin.  No bolts, nuts, screws, or other pins will be used in the system.

Structural Accessibility - The quick-die system as a whole will be very accessible.  It will be open from all areas of the factory floor.  The die cart allows for improved accessibility to the die.  Using the cart, the die can be taken to the machine shop for repair.  The placement of each of the components of the production module as shown in Figure 8.A will allow accessibility to almost every component without any complication.  The press operations exterior to the quick die change, such as removal of waste and delivery of raw material, are totally unimpeded by the design.  This characteristic was very important during the final design optimization.

Portability - The entire system is not made to be portable.  It revolves around two fixed presses, but the inclusion of the die and kanban carts, do allow for some degree of portability.  The carts can be moved to another portion of the plant if some major task needs to be performed in the press area.  The new feeder and uncoiler system also provide improved portability because they can be moved with much less effort than the current system.

Reliability - The system should be quite reliable.  The hot, humid Mississippi environment has been taken into account throughout the design.  Unless the components of the system are abused by the employees or not maintained properly, the life of the system should last as long as the life of the presses (estimated 25 years). 

Ergonomics

User Comfort

Physical - The physical aspects of the designed system should prove much more user-friendly than the current system.  The current system requires pushing, pulling, and twisting the die and coil stock into place, as well as extensive use of forklifts.  This system, with the aid of the carts, rollers in the press bed, and new feeder system, should allow the employee to accomplish the task in much less time and with much less effort.  There are no sharp obtruding edges, and all heavy lifting or sliding is assisted by lifts or rollers.

Optical -  This system will be implemented on a factory floor; thus, aesthetics are not a major concern.  The concern that the employee might feel that the legs of the die cart could be too weak was alleviated by making the legs of the cart wider.  The arrangement of the new floor plan should provide an aesthetic improvement.  This will enable the employees working in this portion of the plant to have a greater degree of pride in their work.  

Acoustic -  The new system does not create any sound that will be heard over the normal operation of the plant.  A squeaky wheel can be fixed with oil.   

User-Structure Interfaces -  The die and kanban carts will be produced with handles that will allow the employee to manipulate the cart easily.  The wheels are of high quality and should allow the cart to be adroitly maneuvered.  The rollers on the cart and press bed enable one employee to install the dies, although this process currently takes three men.  Finally, the entire quick-die press is arranged in a manner to allow the employees easy access to any structure.

Safety

Whole Chain -  As with any plant operation, there is some element of risk involved in the quick die change process.  Whenever a die is moved, all personnel involved must be careful.  The design team has done its very best to minimize the inherent dangers, but carelessness can potentially cause harm to an employee or the equipment.  There is no particular aspect that will be much more dangerous than any other, but the most caution should be taken when pushing a die from the press onto a waiting cart.  In any case, this system is much safer than the current system, which has already produced one death. 

Fail-Safe Designs - Although some concepts were presented to Whirlpool that would prevent improper loading or unloading of the die carts, these ideas involved complicated mechanisms that were deemed too costly for implementation.  The safety catch is part of one of these fail-safe design concepts that was reduced in scope.  The complete additions might actually have been, ironically, detrimental to worker safety.  If the press operator began to rely too much on the fail-safe mechanisms, he might begin to reduce his attention to the task at hand, thereby inducing a more dangerous situation.  

Legal Compliances - The OSHA standards that apply to this design are being researched by Whirlpool, as they are the ones with final responsibility for the safety of their employees.  There should be no environmental, civil, or criminal laws that will be broken by the construction, implementation, or eventual destruction of this system.

Highlighting of Residual Hazards - The entire system poses a slight residual hazard, but the extent of this risk is known to the press operator.  The only highlighting that the design team believes is necessary is the painting of the safety latch in whatever bright color Whirlpool uses for such devices.  When a cart is not next to the press, this mechanism will stick out from the press and consequently should be brought to the attention of anyone walking nearby.

Whole-Life Analysis - All equipment at the Whirlpool plant undergoes periodic inspections by Whirlpool and outside engineers, so most problems should be caught before they pose a safety threat.  The system will be in daily use by the same set of operators, so reduced performance will be noticed and reported for repair.  Potential problem areas are the roller bearings, the casters, and the safety catch mechanism.  Because these elements are inexpensive, they should be replaced at the first sign of wear. 

Hygiene -  Because this system is in a manufacturing plant environment, there were not many elements in the design that involved hygiene.  The press operators should wear gloves at all times for safety reasons, and this will also help alleviate any potential hygiene problems.  

Economy

Initial Cost

Manufacturing - There were several options for the manufacture of the components of this system.  The uncoiler and mini-fork that this production cell will use will not be manufactured but purchased from a retailer.  The kanban carts and the die carts will have to be specially manufactured.  The two clearest options for the manufacture of the carts were either to have them manufactured by a company that specialized in the production of such carts, or have them produced locally.  Cost estimates were obtained from both, and the local production was determined to be the best option.  The price estimate provided by the local producer, McGregor’s Certified Welding Custom Fabrication, was $720.00 per cart, and the cost from the specialized produced was $1290.00.   A major reason for the this large price difference was the shipping.  The specialized producer, Machine Tool Corporation, is located in Ohio, and shipping an order of this magnitude is quite expensive.  The actual production costs for one die cart is provided in Table II.



�Table II. Prices for Die Cart Produced by

Specialized Manufacturer

(Machine Tool Corporation)



Item

�Cost per item

($)��Cart materials and design (2500 lb. Capacity)

(Includes shipping)�860.00��Polyurethane Wheels and Casters�60.00��Safety Rail for top�45.00��Removable roller top�325.00��

Total Cost to Whirlpool�

1290.00��Note:  All costs were provided by Machine Tool Corporation.



	The price from the local producer was obtained in a different method.  Machine drawings were created by the design team then submitted to the engineers at Whirlpool, who in turn submitted them to McGregor’s Certified Welding Custom Fabrication and North Mississippi Conveyor.  From the detailed machine drawings, McGregor’s was able to produce the lowest cost.  The actual cost breakdown was not provided; only the total cost of $720.00 was transferred to the team.  Cost estimates were also obtained for the kanban cart and the safety latches.  The cost per kanban cart was $454.00, and cost per latch was $168.00.  A total of twelve die carts, four kanban carts, and four safety latches have already been ordered.  The cost summation for these parts is shown in Table III.



Table III. Cost Summation for Die Carts, Kanban Carts,

and Safety Latches



Item�Quantity�Cost per Item

($)�Total

($) ��Die carts�12�720.00�8640.00��Kanban carts�4�454.00�1816.00��Safety latches�4�168.00�672.00����Total�11128.00��	 



	This price can be included in the price estimates for the other elements of the entire design to obtain a total for the entire press cell changeover.  This breakdown is shown in Table IV.  

	The payback period is not ascertainable because this system is not in the production process now and the effect of the changeover cannot be determined.  The learning curve for the process will also have an effect on the length of the payback period, and consequently determining the payback period is not possible.  The design team feels that determination of a payback period is definitely warranted, but all information necessary was not available.   A comparison with the one other press already changed might be helpful, but the team was not given enough information regarding any of the costs associated with production, changeover, or wasted time either before or after the switch to a quick die change process.  Whirlpool did state that a 38% improvement in production was obtained after its first switch to the new method.



Table IV.  Breakdown of Total Cost for One Press Cell



Item�Quantity�Cost per Item

($)�Total

($) ��PRESS:�����Pit�1�17600�17600��Rigging�1�3100�3100��Move Press�1�1300�1300��Fill in Old Pit�1�2500�2500��Air Roller Lifts�4�1896�7584��Air Lockout�1�175�175��Hardware�1�375�375��T-Slot Machining�56 Hours�9 per Hour�750��Die Clamps�16�205�3280��Press Mounts�4�1250�5000����Total Cost for Press�41664�������EXTRA EQUIPMENT����Die Carts�6�720�4320��Kanban Carts�2�454�908��Safety Latches�1�168�168��UN-COILER�1�7500�7500��Feeder�1�13000�13000��Power Drop�1�800�800��Scrap Hopper�1�1306�1306��Forklift�1�12000�12000���Total Cost for Accessory Equipment�40002��������Total Cost for One Press �81666��

Total Cost for Two Press Cells = $163,332



Total Price Ceiling = $500,000

�Running Cost

Installation Space / Land - The space on the plant floor used for the press cells has already been allocated by Whirlpool.  This press cell would take up space no matter what design was used, but this design optimizes the space available with the ability to perform a quick die change.

Utilities - Because almost all operations are performed manually, there is not much utility cost.  The pneumatic air lifters in the press bed require some electricity, but the amount would be nominal compared to the overall needs of the plant.  The uncoiler and feeder mechanisms also require power, but this would be required with any system for manipulation of the coils.

Duplicates - Because the entire system is customized for these particular presses, the cost is similar to that of a prototype in most design situations.  As a result, duplicates would not really be necessary or much cheaper to build.

Maintenance - The wheels on the casters and the rollers on top of the carts will require periodic greasing, the pneumatic lifters in the press bed will need regular maintenance, and the uncoiler and feeder may need regular adjustments to maintain correct feeding rates.

Capital Loan Amortization - Whirlpool did not supply information regarding the method of financing this system.  The team believes that the size of Whirlpool will enable them to pay for everything without outside financial help.

Lubricants - As mentioned under the Maintenance system, greasing will be necessary for some elements.  Wheels may also need oil every now and then.

Whole-Life Cost

Dismantling - Dismantling of this system will not be inexpensive.  The many welded joints will involve a large amount of labor.  Disjoining the structural members will require a cutting torch.  The size of the system will require many men to reduce the elements into their component parts.

Waste Disposal - There is no waste resulting directly from the operation of the quick die change.  Of course, the press produces waste that must be dealt with by Whirlpool.  The removal of waste from the press cell area was considered in the design, but the extent or impact of the waste was outside the scope of this project.

�Aesthetics

Form - The function of the design was much more important than the form.  Whirlpool was totally unconcerned with producing an attractive product.  Nonetheless, the design team believes that the final product is not displeasing to the eye.

Color - The carts will be painted white to match the new image for the Whirlpool plant and to encourage workers to keep their machinery clean.  In addition, this is also the cheapest color to purchase for metal painting.

Texture - There is no way to avoid the metal texture of the carts without expensive modifications.  Every component will be primed and painted to allow the smoothest attainable surface at the lowest cost.

Packaging - Packaging concerns were not applicable to this project.

Environmental 

Material Recyclability - As all the parts, with the exception of the caster wheels, are made of metal, the entire system could be sold as scrap metal.  This is the extent of the ability to recycle this design.

Global Energy Balance Effects - This design will have an extremely minute effect on the global energy balance.  With or without this system, the electric plants will operate, the Whirlpool plant will run production cycles, and the machine shops will produce specialized parts.

Whole-Life Pollution Potential - The system itself does not directly produce any pollution.  Once the life cycle of the design has run its course, the parts can be disposed of properly and will cause very little pollution to the environment.



Machine Drawings

	Machine drawings were drawn for the die cart, the kanban cart, and the two safety latches.  These drawings are given after the Appendices at the end of this report.  They contain sufficient dimensions and descriptions so that a machine shop would be able to produce these pieces without any further input.  A separately bound set of papers were given to a machine shop for the production of the twelve die carts, four kanban carts, and two each of the two safety latches.  Whirlpool expects this construction to be completed by the end of May 1995.



Conclusion

	Four different designs were devised to enable the interchange of any die sets that are used on the 110- and 200-ton progressive-die punch presses within fifteen minutes.  Although each of the designs had its own strengths, the design that revolved around separate carts for the dies was favored by the Whirlpool engineers and by the decision matrix.  This design was developed into a final conceptual design.  The design team then concentrated its efforts on developing the detailed cart designs and optimizing the changeover process.  From the final detailed design, machine drawings were developed and stress and cost analyses were performed.  

  

�	The machine drawings produced by the design team, the end product of this design process, were submitted to Whirlpool for approval on April 26, 1995.  The drawings were approved within ten minutes.  Bids were taken from local machine shops for production of twelve die carts, four kanban carts, and four safety latches.  The lowest bid was turned in by McGregor’s Certified Welding Custom Fabrication on Highway 7 South near Oxford, Mississippi.  The submitted cost of the die carts was $720 each, the kanban carts were $454 each, and the catches were $168 each.  The initial total cost for the custom-built material was therefore $11,128.  Two horizontal uncoilers, the UN-COILER™, were ordered at a cost of  $7500 and two feeder mechanisms were ordered at a cost of  $13,000 for a initial total cost for production machinery of  $52,000.  The total cost of the conversion of hardware to a quick die change set-up was calculated to be $163,332.  This amount falls well below the $500,000 limit set by Whirlpool at the initiation of this design project. 



	Whirlpool wants to implement the quick die change process in combination with the upcoming changeover of the entire plant scheme.  The design team has already developed steps to be followed for accomplishing a die change within a very short period of time.  As a result of this design project, Whirlpool now has the information  to build the necessary components, justification for a new uncoiler and feeder system, and instruction for their workers to make a quick die changeover.  Whirlpool should be able to integrate this report and process directly into their new plant environment.  Harbur, Jones, Love, and Jones Consulting appreciates the opportunity to have participated in this endeavor. 

	

	�
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