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Abstract

Introduction to Design Concepts and Processes
Anthony D. Still Jr.

MECH 4240

Corp 3

Abstract:  The purpose of this memo is to inform the reader of the history of the project and give instruction on the design processes used to reach a finalized concept.


In early January, Auburn University students registered in MECH 4240 took part in a plant trip to Cartersville, Georgia to visit the Anheuser-Busch production plant located there.  During this trip the students were introduced to the design challenge that was to be the focus of their senior design.  The challenge was this:  to redesign the chip puller used in the 2nd stage of the fermentation process.  While the current design worked sufficiently in its current environment, management at Anheuser-Busch wanted the students to redesign the puller in an attempt to fix some chronic problems which plagued the system.  These problems included nicking of the Teflon coated cable, bird-nesting of the cable on the spool, issues with the wireless transmitter/receivers, and the amount of maintenance that was required to keep the puller operational.  

Upon returning to Auburn those student who took the trip were divided into two competing design teams:  Corp 1 and Corp 3.  Corp 3 consisted of 7 members:  Tony Still, Josh Ridenour, AJ Johnson, Chase Bean, Quint Mansell, Michael McGowin.  Once formed, the group immediately set out to solve the design challenges presented by the puller.


The group began by reviewing the informal requirements document contained in the presentation that Anheuser-Busch management made to the students while on the plant trip.  Each member was then assigned the task of generating their own conceptual chip puller.  Corp 3 then generated a design matrix in an attempt to rate and qualify each of the designs and compared it to the current design being used by Anheuser-Busch.  Using the strongest design qualities from the group concepts and the current design, Corp 3 incorporated these into a preliminary conceptual design.  After formally choosing to pursue this design, one more design matrix was generated to once again compare the strength of the design qualities against the current model.

	 
	Criteria
	Importance
	 
	 

	 
	 
	 
	Corp 3 Chip Puller 
	Current Chip Puller

	1
	 Less Moving Parts
	15
	+
	S

	2
	 Robust Design
	15
	+
	S

	3
	 Eliminate Hydraulics
	12
	+
	-

	4
	 Can Be Integrated With Current Components
	8
	+
	+

	5
	 Should Not Lengthen Pulling Process
	10
	+
	+

	6
	 Improve Interior Operator Processes
	8
	+
	-

	7
	 E-Stop for Interior Operator
	7
	+
	S

	8
	 Variable Speed for Interior Operator
	7
	+
	-

	9
	 Cable Must Be Cleaned and Contained
	8
	+
	+

	10
	 Line Speed Should Be Variable
	10
	+
	+

	
	 Legend 
	 Total +
	10
	3

	 S
	 Requirement Met Sufficiently
	 Total -
	0
	3

	 +
	 Requirement Met Well
	 Overall Total
	10
	0

	 - 
	 Must Improve To Meet Requirement
	 Weighted Total
	100
	9


As can be seen in the above chart, the group decided to go with a similar “box-type” container unit.  Inside, an electric winch would be integrated into the container frame.  A similar cable washing system would be chosen but in a slightly modified design to accommodate the increased fleet angle of the new winch.  The winch itself would be built to contain many of the design requirements into its “Variable Frequency Drive,” or VFD.  The VFD acting as a PLC would be programmed to solve many of the design problems with the current design.  This also would incorporate many of the design solutions into an integrated solution.  This “single solution” mentality has been the focus of Corp 3’s winching solution throughout the design process.

Specifications and Constraints


We approached our design using the following information provided by our corporate sponsors.

Problems:

· Current design is too complicated; contains too many parts and is not “user-friendly”
· The cable constantly frays and jams the puller.
· Cable coating prematurely fails.
· Cable is difficult to retract from the puller into the chip tank.
· Torpedo clamp cable guide fails frequently.
· Clutch is not reliable and fails frequently.
· Chip puller is extremely heavy.
· Puller enclosure is too large to allow alignment of torpedo/puller in aisle.
· Chip puller is hydraulically driven.
· Puller does not pull hard enough – loses pull calibration – takes off very quickly when activated, and has only one speed.
· Operator remote control requires taking on hand off of the chip rake to activate.
· Remote control requires two clicks to start and one to stop.  Operator has no indication if the control has activated the puller until it starts.
Goals for New Design
· Design should be simple, and should have less moving parts.
· Design should be durable. Working conditions are harsh, and design should be able to “take a beating.”
· Elimination of hydraulics would improve sanitation issues.
· Design must be compatible with current chip torpedos, U-tubs, and chip tank aisle dimensions.
· Design should not significantly lengthen the time required to remove chips.
· Inside operator interface should be improved.
· Inside operator should be able to e-stop puller.
· If a cable/winch system is used:
· Cable must be clean of yeast during retraction.
· Cable spool must be contained for safety reasons.
· Cable torque setting must be adjustable and tamper proof.
Available Utilities
· Compressed Air – 80 psi, ¾” connection

· CO2 – 15 psi, 2” connection

· Water – 85 psi, 2” and ¾” connections

· Electricity – 480V 60A welding receptacle

Miscellaneous Information
· Chip Tank Dimensions – 49’9” long x 17’3” diameter

· Chip Tank Entrance – 24” diameter

· Chip Tank Aisle Dimensions – 9’ between tanks

· Chip Puller Clutch Trip – 350 lbs

· Chip Puller Retraction Speed Range – 150 – 300 fpm

· Chip Torpedo Dimensions – 73” long x 40” diameter

· Chip U-Tub Dimensions – 43” wide x 75” long x 41” high

Design Presentation

Winch Information:

Winch Information
Alvin Johnson

MECH 4240

Corp 3

Thern Inc. is a company that specializes in building custom winch systems. They can provide a quality VFD controlled electric winch with an electric clutch which will greatly reduce the problems the current chip puller is having (Appendix A). 

The winch is operated by a Variable Frequency Drive (VFD) supplied by Magnetek (Appendix B). The VFD is designed with a 10:1 speed range. It will provide soft starts and stops. The VFD will ramp up when starting until the specified frequency of operation is obtained. The ramp is completely programmable. This allows the operator to specify how long it takes the winch to go from zero to full speed. The VFD also provides overload protection. When the line tension is exceeded the system shuts down.  In this case the operator outside the tank will have to reactivate the system at the winch itself. A remote control with an operating range of 300 ft will be included. It will be equipped with a clutch engage/disengage selector switch, a start/stop selector switch, an emergency stop button, and a warning light. Sensors can be added and programmed into the VFD as well. For example, a proximity sensor will be added on the chip puller door panel so when it is open the winch will be inactive.  The VFD will be housed in corrosive resistant and water tight NEMA 4 enclosure. This enclosure will be approximately 30”x 36”x 12” weighing no more than 200 lbs and will fit inside the stainless steel chip puller. 


The motor for the winch is a SEW-Eurodrive K-Series helical-bevel gearmotor (Appendix C).  It is 5 HP with a 460-3-60 input voltage which is controlled by the VFD. This severe duty TEFC brake motor and geared reducer is rated to last approximately 12,000 life hours for continuous use at the maximum load. For our application we will be operating well below the design capabilities of the gearmotor, so the life expectancy is well beyond 12,000 life hours. It is also able to operate at low frequencies without failure, allowing it to be run by the VFD.  It has a reduction ratio 13.65 to 1 and an AMGA (American Manufacturing Gear Association) service factor of 1.38 (Appendix A, D). 

From the gearmotor an electric clutch will be put into operation.  The SEPAC electromagnetic tooth clutch can be disengaged two ways allowing the operator to pull the cable out (Appendix E). One is the operator may disengage the clutch with the selector switch on the remote. The second is when the mechanical stop, just in front of the rake, contacts the proximity sensor at the pulley the clutch will disengage.
The spool is 5 inches wide and is equipped with a pressure bar. This bar will keep the wire rope tight on the spool and will also help the rope wrap evenly around the spool.  A fleet angle provides the minimum distance, from the spool to the first sheave, where the wire rope is guaranteed to wind evenly around a spool. This relates to any winch system as well as the current chip puller. For this application it is more important that the rope stays tight around the spool than what the rope looks like on the spool.  The wire winding perfectly on the spool would be ideal, but a cable guide is unfeasible since the minimum distance is so short.    


The winch will include some extras.  A proximity sensor will be included and implemented at the pulley.  This sensor tells the clutch to disengage.  A horn or a whistle will be added to alert the operator inside the tank when the clutch is engaged and the start/stop light will also be built-in to the remote and the VFD.

Thern’s VFD controlled electric winch with an electric clutch is designed to eliminate or minimize current Chip Puller malfunctions without creating new problems.  It will deliver a smoother and more reliable operation.     

Housing Design:

Housing Design
Michael McGowin

MECH 4240

Corp 3
The preliminarily mid term box design was a theoretical design.  All dimensions were subject to change since winch size, shape, and VFD dimensions were constantly changing.  The preliminary design was to give Budweiser a concept of our goals for the box and some of its options.  Eventually, a final winch design was chosen and final dimensions were received.  There were some changes to the original design; however the concepts still have been implemented.

The box is a side feed system with positioning similar to the current box chip puller.  It is constructed of 100% stainless steel as instructed by Budweiser to comply with food grade restrictions.  Framing is 2” x 2” x ¼” square tubing with mitered corners at intersections to allow for proper welding and additional strength.  The winch is now positioned parallel to the longest side of the box, allowing the torque to be distributed to the longest part of the box, suppressing any instability issues.  Winch positioning within the box is optimized perfectly to the height of the pulley that is attached on top of the torpedo.  The winch itself is supported by the same tubing used for the frame to provide a solid and stable base.  Consequently, the VFD is also supported by the same tubing and is positioned accordingly to allow ease of operation.  All sheet metal is a 1/8th inch thick as the sheet metal provides no structural support and only serves cosmetically to cover the internals of the box.  

The box itself is 54” long, by 47.685” high, by 36” wide.  All sheet metal panels are removable with the exception of the front and bottom panels which are fully welded.  The spool itself is completely enclosed in its own containment box which connects to the winch guide.  This prevents any moisture from the water wash down system from contaminating any of the box’s electronics.  In addition, there is a spool door on top of the box to allow quick access to the spool itself.  Provisions have been pre-cut to all sheet metal parts that contain connections for the box’s operation.  There are also four wheels to allow for relocation as well as locks to keep the box from moving once it is positioned.


This final design has addressed all of the faults of the old box.  It is constructed of stainless steel, the frame is structurally sound, the dimensions allow for fitment within the elevator, there are provisions to allow ease of access for maintenance should the need arise, and all components within the box are placed optimally.   

Pulley and Wash System Design:

Pulley and Wash System Design
Joshua Ridenour

MECH 4240

Corp 3

The wash and pulley systems are implemented into the new design which and these systems closely resemble the current systems.  The pulley system connects to the top of the torpedo and includes redesigns in the filleted ends, heavy duty bearing, and proximity sensor.  The filleted ends and bearing were designed to prolong the life of the system, more specifically the wire rope.  The proximity sensor was implemented due to safety issues for the operators.  The redesign of the wash system uses less parts and newer products which are all stainless steel or food grade compatible.


The openings of the pulley system were not smoothed out or rounded off in the current system.  This caused the wire rope coating to be nicked as it passed through the openings.  Once the wire rope was nicked, the wire rope would have to be replaced which caused the pulley to be placed out of service while the wire rope was replaced.  The new design fillets the openings decreasing the chances of the wire rope being nicked.  This design increases the time between wire rope changes due to damages caused by the pulley system.


The new pulley system uses a stainless steel ball bearing that lets the pulley rotate, in the current system the pulley does not rotate.  This design implementation lessens the stress and friction the wire rope experiences in the current system.  The friction is almost eliminated due to the turning of the pulley which eliminates wear and tear on the wire coating thus increasing the life of the wire rope coating.  The decrease in friction is also an aid in decreasing the stress the wire rope is under.  This again increases the life of the wire rope.  The ball bearing has a load capacity of 1,148 pounds which gives the pulley system a safety factor of 2.21.  This increases the safety of the operators of the system.  

  The proximity sensor that is used for the mechanical stop system will resemble the old system.  The proximity sensor will be attached on the tank side opening of the pulley so it can come in contact with the metal mechanical stop.  The metal mechanical stop will be placed at the end of the wire rope that connects to the rake.  This proximity sensor is connected and integrated into the VFD.  When the proximity sensor touches the mechanical stop, a signal will be sent to the VFD that disengages the clutch.  The clutch can then be reengaged by the inside operator by pressing the “CLUTCH ON” button on the wireless controller.  


The wash system acts in the same way as the current system.  The water flow is controlled by an ASCO Red Hat flow sensor.  Once the motor engages, the VFD sends a signal to the normally closed valve that allows the water to fill the stainless steel tee that connects the cable guide to the front of the chip-puller box.  The tee allows the cable guide and stainless steel connectors to fill with water thus washing the wire rope as it goes from the pulley system to the spool and vice versa.  The new design uses less stainless steel connectors to connect the water supply hose to the cable guide and front of the box.  This decreases the number of parts that could possibly fail and have to be replaced.

These systems have been implemented to increase the life of the system and to increase the simplicity of the system, thus increasing the time between repairs and productivity.
Economic Analysis:
Economic Analysis
Robert Bean

MECH 4240

Corp 3

Upon analysis of what has been budgeted for this project, it is apparent that the custom winch from Thern, along with its VFD controller, will make up the bulk of the cost.  The final quote for the winch, custom built to the set specifications, is $44,375.  Adding the VFD at $12,600, brings the total winch price to $56,975.  This winch will address a large portion of the issues delivered in the problem statement very effectively.  This is why the majority of the funds have been directed towards it.  Also, in a recent email from Thern, a discount will be worked out once the final drawings are finished and if multiple winches are planned on being purchased.


Other major costs include the materials, and any out of house fabrication that will probably have to be done, i.e. welding, machining, etc.  A bill of materials has been put together, along with prices that display much of the cost (Appendix H).  The total estimated cost for materials, which includes the stainless steel casing, tube framing, nuts, bolts, hoses, and everything else ended up being $6,315.36.  Adding this price to the prices for the winch and VFD, the total price is now at $63,290.36.  The remaining cost would be all fabrication costs.  There is no definite estimate for this cost, but it is not expected to add any unreasonable costs to the total price of the puller.  Not to make any misguiding statements about the cost of fabrication, the final cost will be just over $63,290.36.  While this price exceeds the price of the original winch that was presented in the problem statement ($50,000), the new winch addresses a large number of Budweiser’s concerns with the current puller very effectively.  The new puller is a fulfilling solution to the problem at hand, and will easily be worth the extra investment.
Theory of Operation:

Theory of Operation
MECH 4240

Corp 3

The goal of our project is to redesign the Chip Puller that is currently used by the Budweiser Corporation to aide in the fermentation process.  The current chip pullers operate by removing beech wood chips from fermentation tanks using a ranks guided by humans and power by a hydraulic winch systems.  Our main objective was to keep the basic concept but improve some of the operation’s shortcomings.  As with all designs and redesigns tradeoff are made to insure the most practical, efficient, and cost effective solution.  The decision was made to purchase a winch system from Thern, reasoning that they could provide all the requirements since it is a company specializing in winch design.  The theory of operation for the winching system, its features and the reasons for implementing these features are presented here.  

The operation begins by arranging the assembly in front of the fermentation tank.  Next the wire should be pulled and connected to the rake assembly.  The rake must now be assembled in the proper location within the fermentation tank.  To accomplish this, the operator must locate the 2-postion selector switch on the hand-held radio remote, then turn and hold it on the “Clutch Off” position.  This disengages the electric clutch and allows the drum to rotate freely.  

After positioning everything the operator must re-engage the clutch by turning the selector switch in the opposite direction.  Now the reverse button must be pressed to pull the rank and assembly back towards the winch.  The reverse button activates a series of safety features.  The first of these is a 1 to 2 second delay to give the operator time to gasp the rank before motion begins.  Also, warning lights are triggered when the motor starts.  The lights are located on the hand held radio and the control panel, so that both operators are aware when the motor has begun.  

Another safety feature related to the motor and rank motion is the variable frequency drive (VFD).  This operates by programming a maximum torque.  Using this input the VFD will not all the winch to exceed a predetermined acceleration curve for the first few feet of travel.  Thern calls this a “soft start”.  Both the acceleration curve and the corresponding time variable are completely programmable.  This also provides overload protection.  The rake will continue at a constant rate until the proximity switch is activated.  There is no “soft stop” for the deceleration.  

Contacts
1-C
Thern, Inc. 
5712 Industrial Park Road 
PO Box 347 
Winona, MN 55987

Phone: 507.454.2996 
Toll Free: 800.843.7648 
Fax: 507.454.5282
Primary Contact: Lindsey Posey   ext. 213

                               lposey@thern.com
2-C

Anheuser-Busch, Inc. 
100 Busch Drive 
P.O. Box 200248
Cartersville, GA 30120
Phone: (770) 386-2000

Primary Contacts:
Michael Beck – Main Contact
· Brewing Engineering Lead

· 770 – 606 – 3262

· michael.beck@anheuser-busch.com
Michael Schmit

· Process Engineer

· 770 – 606 – 3238

· Michael.schmit@anheuser-busch.com
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