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Executive Summary


Our redesign of the hydraulic chip puller consists of an 850 rpm, 5 hp AC motor controlled by a Variable Frequency Drive.  The output rpm of the motor is reduced using V-belts and pulleys.  An electric clutch will be placed before the spool for emergency disengagement and freewheeling ability.  The machine will operate directly behind the Torpedo/U-tub.  The body of the machine will rest flush against the Torpedo/U-tub and a Multipurpose Arm will be lowered and mated with the Torpedo/U-tub before chips are pulled.  The redesigned spool will have a level-wind guide located in front to evenly distribute cable during retraction.  The End Fixture on the Multipurpose Arm that mates with the Torpedo/U-tub houses a proximity sensor and a water nozzle that cleans the incoming cable.  The Multipurpose Arm can be disengaged from the Torpedo/U-tub and raised, allowing for changing of Torpedo/U-tubs with minimal relocation of the chip puller.  


Replacing the hydraulic pump/motor with an AC motor has many benefits.  An electric system is much cleaner than a hydraulic system and poses no risk of environment contamination.  When the 13-gallon reservoir, hydraulic pump, fluid filters, and hydraulic motor are all removed, the space and weight saving characteristics of the AC motor are significant.  Other devices that are no longer necessary include many flow, liquid level, and pressure sensors that may wear and cause a system failure.  The AC motor chosen has a very high constant torque capacity, which emulates the hydraulic system’s instantaneous response to load demand.  The Variable Frequency Drive has very accurate control of the output rpm and includes ramp-up and ramp-down programmability.  Also, much of the functionality of the electrical relays, switches, and controllers found on the old system will be assumed by the VFD drive.  Overheating of AC motors is common when they frequently start and stop, or operate in low rpms relative to their maximum rpm.  Our AC motor comes equipped with a piggyback blower, which pumps the already chilled ambient air into the motor housing, fully eliminating the chances of the motor overheating.  


The speed reduction/torque amplification mechanism in our system is a V-belt and pulley reducer.  The V-belt(s) can be properly sized, numbered, and preloaded to give maximum life expectancy.  Properly configured V-belts exhibit consistent and predictable wear patterns, which are used to develop planned replacement schedules to predict and eliminate failures.   Replacing V-belts will be an easy and fast process.  The V-belts also offer flexibility, which helps absorb, shock better than chain or direct gearing reducers.  


Positioning the Chip Puller directly behind the Torpedo/U-tub eliminates many troublesome parts like the short-radius 90-degree bend clamp, which is suspect in cable fraying.  The redesign positions the spool directly behind and slightly above the Torpedo/U-tub mate, thus minimizing the number of bends and surfaces that the cable may grind against.  The Multipurpose Arm End Fixture has roller bearings that smoothly align the incoming cable with the level-wind guide and spool.  The Multipurpose Arm End Fixture also houses the water cleansing mechanism that drips down into the Torpedo/U-tub and a proximity sensor used to disengage the clutch when the cable is near full retraction.  Finally, the Multipurpose Arm clamp can be easily disengaged and raised clear of the Torpedo/U-tub cart path to exchange Torpedo/U-tubs.
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Introduction

This midterm report is part of a proposal to redesign the current chip puller being used by the Budweiser Brewery in Cartersville, GA.  The current unit has provided multiple issues from the hydraulics and motor setup to the overall weight and convenience of the unit.  The new unit we are designing helps to correct all of their current issues by creating an entirely new unit.  Our design eliminates the weight and hazards of the hydraulic system, while improving the overall efficiency and execution of the chip puller with our VFD setup.
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Main Body

Specifications and Constraints

The industrial sponsors require an updated design for their current chip puller assembly.  This design must be created and under the budget limit of $50,000, which is the price of the current design.  Our design will be simplified with less moving parts, resulting in a more compact size.  The new design will be very durable and will be created from materials such as stainless steel that can take a beating.  These materials will work efficiently and successfully in a very regulated sanitary environment.  Our design will be a variable speed electric motor driven system and requires no hydraulic components.  The new design will be smaller than the existing puller and it’s shape designed to allow it to be positioned behind the torpedos.  The new chip puller will be designed to continue working with the existing U-tubs and chip torpedos.  The winch system will be self-contained and fitted with emergency stop sensors.  The cable will be cleaned of all yeast prior to its retraction back around the spool.  The inside operator will have primary control of the chip puller, he/she will be equipped with a start and emergency stop system and possibly a retraction speed system as well. 


Corporation 1 will construct the new chip puller during the summer semester of 2006.  Our design will have a long life span and in turn will be very economically practical for Budweiser. 

Concepts Presentation

There were two main issues we wanted to tackle first; the size and weight of the system, and the unreliable machine-operator response time.  The most visible solution to the large size and weight of the machine was to simply eliminate the hydraulic portion of the existing puller.  The machine-operator response time was more difficult but was traced back to the inconsistent radio transmissions; there is obvious interference inside a huge steel cylinder.  Our solution is to find a radio with enough power to transmit either through the steel or find a path directly out the man-way to the receiver.


The drive train of our system consists of 5 main components. First an Allen-Bradley PowerFlex 40 variable frequency drive (VFD) controls an Allen-Bradley CM203 5 HP motor with a piggyback blower.  The motor outputs to a 4in pulley; then through V-belts to an 8in pulley.  Torque is then transmitted through a clutch to a new level-wind spool setup.  The VFD combines almost the entire existing electric system into one small box (5in x 7in x 10in).  It has 4 digital and 2 analog inputs and outputs and is capable of basic programming to each.  The drive speed output is extremely accurate, within 1/10%.  The drive will provide speed control as well as acceleration and deceleration functions.  We selected a 5HP 8-pole motor.  The 8-pole, 1000:1 constant torque motor provides unvarying heavy pulling power (550 lbf) through its entire speed range.  This will give the operator more than sufficient pulling power.  Since the motor will be running at relatively low speeds, the piggyback mounted blower will keep the windings and armature cool.  This extends the motor life considerably as heat is the main cause of motor failure.  Another added bonus to the motor is its laminated steel frame, which allows light top-down wash-down.  
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The purpose of the clutch in the puller assembly is to provide a safety override when the tension on the pulling line becomes too much. In order to do this the clutch has to be able to disengage at a set torque in order to keep the line from breaking within set safety limits. Electric clutches were looked at originally in order to provide integration into the overall electric design of the new puller. After speaking with several engineers with experience with electric clutches it was discovered that an electric clutch would require a separate torque sensor, which would make this setup, cost prohibitive. The best available option became a mechanical overrun release clutch that would be able to be set to a specific torque. The clutch that is being looked into at the moment is a mechanical overrun clutch that has a torque range and rpm range which encompasses the desired operating range of the puller. The clutch is supplied by Boston Gear and can be prepared to operate in a food service industry environment.  Since the clutch will be located just before the cable spool, when disengaged, the only inertia transmitted to the operator is what’s left in the spool, and that’s negligible.  This is safe!

Despite the many advantages of the VFD, our system will still require some additional electronic components. The electrical system of the existing chip puller serves three functions:  assuring the safety of the operators, delivering power to the system, and performing necessary logic.  These functions are accomplished by a series of sensors, relays, switches, a Programmable Logic Controller (PLC), and transformers.  The electrical system of the new design retains the functionality of the old system, but incorporates new technology to improve system performance and centralize logic functions.  The new design will feed information from sensors and relays to a PLC, where logic statements are programmed to assure the safe operation of the chip puller.  The PLC will allow a run command to be processed only if all safety conditions are met.  Safety issues addressed in this manner include stall condition detection, open access panel detection, full cable retraction detection, etc.
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Finally, the level wind spool system will prevent snags and cable frays for easy freewheeling and extend the life of the cable.  The cable spool system for our design will be slightly bigger than the current spool system.  The cable spool itself will be made of stainless steel in accordance with operation in a food safe environment.  The spool will have an 8 to 12 inch barrel diameter as well as a 6 to 8 inch traverse width.  It will be designed to operate with a 7/32-inch nylon coated cable.  Our design adds a new feature to the spool system called a Level-Wind System.  The purpose of the level wind system is to wrap the cable uniformly around the spool, thus preventing cable jams in the spool system.  The level-wind system will be directly linked to the spool itself, so it will be capable of winding and unwinding (free wheeling) the cable when used.  The level-wind system will also be made of stainless steel.  

The entire system is contained in a stainless steel enclosure 53in tall, 22in deep, 24in wide.  The cable, spool and wash-down system will be contained in a separate section of the main enclosure for easy cleaning and lessens the risk of yeast contamination in the rest of the system.  We will also have an arm that guides the cable and wash-down system.  It will attach to the torpedo lip.  This will provide stability to the puller and safety to both operators.  The ability to have the puller situated directly behind the torpedo is a plus.  This gives a straight pull, lessening cable stags/frays and eliminates the existing complicated 90-degree bend.  The most obvious and most prominent advantages to our new design are the size and weight savings (new design ~750lbs).  Also, since there are only 5 main components to the drive train, it will be much easier to maintain and troubleshoot if something does go wrong.

Engineering Analysis

The primary objective in designing a new system is understanding the problem.  To accomplish this, Corporation 1 observed the process at the Cartersville facility, and studied the functionality of the existing system in detail.  Observing the process first-hand and the presentation from Anheuser-Busch engineers gave us insight into the basic process as well as design issues that should be addressed by the new design.  

The project requires tension to be delivered to move a cable at constant speed.  Analysis was required to fully model power delivery from a variable speed motor to the spool.  A drive train consisting of a drive, motor, reducer pulleys, clutch, and spool was decided upon.  The mathematical tool Matlab was used to modeling the drive train.  

When all design considerations were understood and a basic concept was agreed upon, the work of team members shifted to locating actual components necessary for the system, and to design of non-standard components.  The majority of the components for the working design will be standard products.  One component that must be fabricated in house is the mating attachment that secures the chip puller to the torpedo/U-tub.  Specialty items such as these will be created in the Solid Edge 3-D modeling package.  This package allows us to take the model directly to shop drawing, aiding the fabrication process.

Economic Analysis
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Discussion of Recommended Design Concept

The purpose of this redesign was to make the machine less complicated and easier for the operators to use. Overall reliability of the system is another goal that must be achieved in this redesign. Another desired outcome in this redesign is to make the chip puller smaller so that it can be maneuvered behind the chip torpedo and U-Tub. It is also beneficial to either improve or do away with the hydraulic system used to pull the chips now so as to decrease the sanitary issues currently associated with the chip puller. 

The design concept of Corp 1 is to use an electric motor controlled by a PLC to pull the chips. This will eliminate many of the complicated parts required for the current hydraulic system while also eliminating the sanitary concerns of the hydraulic system. The electric motor and PLC logic will also help to control the speed of the chip puller allowing it to ramp the speed of the cable up to full pulling speed without jerking motions. This design will also require less space in which to operate thus allowing it to be placed behind the torpedo and U-Tub when pulling chips. This smaller size will allow the puller to operate in a direct manner pulling the chips straight out of the tank instead of having to go through a 90 degree bend, which will decrease the premature failure of the pulling cable coating. Placing the puller behind the chip collection device will also eliminate the problem of the clamp on the cable guide failing since an arm that will lock in place to hold the puller to the chip collector device will replace it. The radio system is also being redesigned in order to provide better response time and alert the user in the chip tank about system start up.

Conclusion


This report is part of a proposal to redesign the current Budweiser chip puller.  The current unit has what we believe to be the right concept, but has become inefficient and outdated in its performance.  By creating a whole new chip puller with a VFD rather than the current hydraulic system and redesigning the unit itself, we have corrected nearly all the issues presented to us.  When our chip puller is built, it will provide a lighter and more dependable unit than the current one being used.
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