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Abstract

This report presents the bending board device for bending hooks.  This device will be used to create prototypes for testing at the Self Industries plant in Birmingham, AL.  The bending board is a versatile device that allows for multiple variations of the bent hook design to be made.  It consists of channels which will hold pins that the wire will be bent around to produce the desired radius.  Once the testing reveals which design is best the board can be optimized to create a single hook design.  That hook design will then be manufactured at Self Industries.

This new design will cost more per individual hook but the labor savings and extended life of this new design will more than offset this higher cost.  The old design cost approximately $47700 per year.  However, the new design will only cost $25500 per year.  This amounts to around a 46% decrease in total costs for the year.
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Introduction
The goal of this project is to improve the current paint hook set-up for Self Industries.  The current hook is not adequate.  The locking rings that Self Industries produces are placed on the hooks and run through an electrostatic powder coating paint process.  The hooks and rings are charged and the powder paint is attracted to them and sticks.  The rings and hooks then are run through the curing oven at 450ºF for 15 minutes.  Once the paint cools it is extremely strong and resistant to various methods of removal.

The main problem is that the rings produced are of varying sizes.  This means that when a new ring is placed on the hook it may contact the hook in a place that was not contacted before and is therefore coated with paint.  This means that Self Industries must change their hooks out everyday.

We looked at several different options to solve this problem.  The first major option was to redesign the whole hook in order to create a point or points that every ring will touch when it is on the hook.  This led us to our design of choice.  The design is a single wire hook with multiple bends.  One bend creates a projection point that rests inside the ring.  This projection is in the center of a channel created by the wire.  This channel creates a defined area for the ring to enter so that it will rest on the projection.  This makes it easier to put the ring on the hook.  There are multiple variations on this design.

Prototypes for these variations will be created on a banding board.  This board consists of a series of parallel channels running horizontally across the board.  Pins will be placed in these channels.  The pins will then be used as bending points to bend the wire to the desired radius.  A bending arm will be used to push the hook around the pins to create the bends.  This arm can be moved around the board and placed on top of any pin.  The pins will be in various sizes to allow us to create multiple designs.

Report
Design Criteria:
After much deliberation we have narrowed down our ideas to one general hook designs.  This design has a number of variations that could possibly be applied to improve the effectiveness of the hook.  We have taken into consideration criteria that are relevant to our project such as economic, sustainability, manufacturability, environmental, and health and safety.  Economically our goals are to save the company money in the long run.  We plan to design a hook that is a bit more expensive in the short term, but provide much more quality and save the company money in the long term.


Self Industries has been using the current hook design for a while so we decided to keep our design similar to the original. We are using the same material properties, which are steel spring wire with a diameter of 0.092 inches.  All of the finite element analysis was done using these properties.  Due to the similarities our design has with the current design the manufacturability of the hook should not be a problem.  We have a small scale bending machine which we were successful in using to make crude representations of our new hook design.  This success encouraged us to develop a better machine for creating the hook.  The hooks currently being used by Self Industries are changed out once every two shifts leaving their sustainability in question.  Our testing is still in the preliminary stage but we believe that this new general design will have a significantly longer life than the current design.


The similarities in the designs keep us in accordance with the health and safety requirements that must be maintained.  In the future, coatings or paint removal process may be investigated that will require further examination of health and safety concerns.
Specifications & Constraints:
There are several specifications that the new design must meet in order to adequately solve the paint buildup issue and still perform the originally designed function. First of all the hooks must be able to withstand the impact loading of a ring weighing up to four pounds being dropped into place. An increase in the effective life for the new design may require a larger hook in order to withstand this loading over a greater period of time. In order to justify the new design it must have a lower cost per shift than the current hook design. The greater life of the new design will justify a greater price per hook. The new hook design also must be stable enough to prevent the ring from falling off as it passes through the cleaning portion of the line. It must be made from a conductive material to allow the proper charging of the ring as it passes through the powder coating process in order to ensure adequate painting of the ring. All parts of the hook must be able to withstand the high temperatures of 450 degrees F during the paint curing process. As with the old hook, design the new hook design should hold the rings at a 45-degree angle to the line so that the rings can easily pass through the line without colliding.


Secondary design considerations for the hook include making the hook so that is will be less likely to tangle with other hooks or get caught on obstructions as it passes through the line. As with the old hook design, the new design needs be relatively easy for the workers to place and remove the rings. This is to ensure that the production rates are maintained at least at their current level.

Design Concept:
Hook

Ideas for our hook design are the curved or pointed hooks.  The curved variation is meant to prevent tangling between hooks with its sleek design, while the pointed version provides a sturdier design with its tight corners.  Another variation of the curved hook is to pinch the contact point to get a tighter radius.  Currently the hooks are tangling, allowing rings to fall off during the wash process, and allowing the contact point to get painted.  This design prevents these problems to a certain extent.  Tangling of the hooks will be reduced because our design is more close-ended than the current style.  The current hook is made similar to a “J” shape, which catches on to anything it makes contact.  Our design incorporates a “U” shape to keep the hook from latching on to its surrounding environment.  The “U” shape of our hook firmly fixes the hook into place preventing the ring from falling.  Rings of different sizes are used on the same hook; different size rings contact the hook at different points.  When a hook carrying a large diameter ring goes through the wash process, everything around the contact point gets painted.  On the next cycle if a ring with a smaller diameter is placed on that same hook, it will touch on a contact point that has been painted preventing an electrostatic ground.  Our design encompasses a single point that makes contact inside the wall of the ring preventing paint buildup. 

Advantages include:  

· Creates defined area for ring to rest on 

· Contacts inside of ring 

· Can be used more time before change out.

Disadvantages include:  

· Contact “point” is not truly a point 

· Still allows for paint buildup, especially on channel sides 

· Eventually still have to be replaced.

Here are a few figures of the design and its variations:
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Versatile Pegboard Wire Bending Mechanism for Creating Paint Hooks

In order to mass-produce each hook design for testing it was necessary to first build a pegboard type bending mechanism to ensure consistency in the design produced. This pegboard is required to be versatile enough to produce several different hook designs for testing. It also had to be robust and easy to use so it could be transferred to use in making hooks full time at Self Industries.


The design that was decided upon consists of a metal plate with slots through it running horizontally. Pegs, around which the wire was to be bent to acquire the correct bend radiuses, were designed to fit into the slots. The spacing between the slots was determined to meet the spacing required between bends in all of the newly proposed hook designs. Each of the slots is to be the same width (0.25inch) in order to allow completely interchangeability between all the bending pegs of various diameters. Every slot is 0.5 inch deep into the board with a smaller slot within it that extents all the way through the board. The purpose of the smaller slot is to allow bolts to be screwed into the bottom of the bending pegs to hold them in place.


Each peg consists of a bottom potion 0.5 inch tall with a 0.25 inch diameter, which sits down into the slot. The portion of the peg above this is the diameter required to bend the wire around. For bends requiring a diameter greater than 0.25 inch a larger diameter sleeve is placed over the peg to give the correct diameter. The top of every peg is 0.25 inch in diameter to allow the bending lever to fit over the top of each. There will also be square sleeve pieces made to fit around the pegs, creating an extra clamp to hold the wire in place.


The bending lever is a metal bar with a 0.25 inch hole on one end to fit over the top of the bending pegs. The bending lever also contains a slot the same as the slots on the board. This slot is designed to be upside down to the slots in the board when the lever is placed in position on top of a peg. This allows another of the same kind of peg to be inserted in the lever extending down from the lever to the board. The distance of this peg from the peg around which the wire is being bend can be varied using the slot on the lever, just the same way the positions of the pegs on the board can be changed. This allows the peg hanging from the lever to rest tightly against the wire and give the wire bend radius desired.


This system of pegs and bending arm allow the hook wires to be consistently bent to the same radiuses each time with ease. This will allow several examples of each different hook design to be produced to be tested. Once a final hook design is decided upon the positions required for each peg size will be marked on the board to allow workers at Self Industries to easily place the pegs each time a hook is made. This will allow for the same hook design to be produced many thousands of times with a great deal of consistence and without having to pay an outside company to produce new hooks each time.
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	Part Number
	Description
	Quantity
	Unit Price
	Total Price

	1243T22
	Type 303 Stainless Steel Sheet .625" Thick, 12" X 12"
	1
	$219.04 
	$219.04 

	8936K13
	Type 316 Stainless Steel Precision Ground Rod ¼" Diameter, 6' Length
	1
	$17.71 
	$17.71 

	9205K491
	Type 309 Stainless Steel Rectangular Bar 1" Thick, 1/2" Wide, 1' Length
	1
	$20.18 
	$20.18 

	89415K151
	Type 304 Stainless Steel Square Bar 1/2" Square, 1' Length
	1
	$10.53 
	$10.53 

	88915K221
	Type 303 Stainless Steel Precision-Ground Rod ½" Diameter, 1' Length
	1
	$9.97 
	$9.97 

	90179A148
	Plain Steel Spade Head Shoulder Thumb Screw 6-32 Thread, 1/2" Length (pack of 25)
	1
	$6.19 
	$6.19 

	89535K95
	Type 304 Stainless Steel Rod 2" Dia X 1" Length Sample
	1
	$8.28 
	$8.28 

	 
	8” 10 series  8020 T-Slotted Frame *
	8
	$6.25 
	$50.00 

	 
	36” 10 series 8020 T-Slotted Frame *
	4
	$15.48 
	$61.92 

	 
	Corner brackets 8020 T-Slotted Frame *
	16
	$4.05 
	$64.80 

	Bill of Materials
	*estimated prices
	 
	Total
	$468.62 


Analysis:
ANSYS

ANSYS analysis was performed on some of the variations of the Hook 1 design.  The data for this can be seen below.  The curved hook has slightly better results than the original hook, but the pointed hook has the best numbers out of the three.  Loads of four pounds and ten pounds were used to analyze each hook.  Four pounds is the maximum weight of the rings and ten pounds was an estimate for impact loading when the ring is dropped on the hook.

	Original Hook 
	 
	 
	
	
	
	
	

	Load (lb)
	DMX (in)
	SMN (psi)
	SMX (psi)
	
	DMX:  Max Displacement in x-direction

	4
	1.013
	-0.476441
	0.109452
	
	SMN: stress minimum 
	

	10
	2.533
	-1.191
	0.273631
	
	SMX:  maximum stress in x-direction 

	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	

	Curved Hook
	 
	 
	
	Pointed Hook 
	 
	

	Load (lb)
	DMX (in)
	SMN (psi)
	SMX (psi)
	
	Load (lb)
	DMX (in)
	SMN (psi)
	Load (lb)

	4
	1
	-0.437079
	0.08956
	
	4
	0.54822
	-0.391201
	4

	10
	1.918
	-0.976853
	0.182355
	
	10
	1.371
	-0.97804
	10
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Economic Analysis

The driving factor behind this project is economics.  The current set up is not cost effective.  The hooks must be changed out every day and cannot be reused.  Below is the cost for the current hooks and labor.  Based on the information given we used 4 changes a week and 50 weeks out of the year.  
Hooks –  
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Labor –   
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We have estimated that the new hooks will cost roughly $0.25 per hook.  This is based on the estimated labor time per hook and the material cost.  This is amount may be overestimated however.  We cannot be sure until we actually start testing the machine and making hooks.  Also, once we determine the optimal design the board can be optimized for that design.  As we did before, we also estimated that the hooks would last one week.

Hooks –  
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Labor –   
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Even though the hooks cost more, the savings are greatly increased because they will last longer.  In fact, if you changes hooks out once a week instead of once a day, the new hooks would have to cost more that 27 cents in order for you to loose money.  The total cost per year for the original design is $47700.  The total cost for the new option is $25500.  This gives you an annual savings of $22200.  That is a decrease of almost 50% in yearly cost for this option.


In the appendix is the bill of materials.  The total estimated cost for materials is $468.62.  If you take the total annual savings and distribute that over each week it comes out to a weekly savings of $444.  That means the payback period on the investment wil only be just over a week.

Conclusion

Our hook and bending machine give Self Industries a better paint process.  The hook design will allow for a longer life cycle of the hook.  The bending board will give Self Industries the ability to make hooks for themselves.  The bending board will also allow us to create and test multiple variations on our design in order to find the absolute best shape and dimensions for the hook. The new design has also been shown to be cost effective and that it will produce a quick return on the initial investment.
Appendix
Contact Information:

Livingstone Coating Corp.

240 Rhyne Rd.

Charlotte, NC 28214

Phone: 704-392-2323

Fax: 704-399-4021

www.livcoat.com
Regal Springs
Regal Springs Company
1945 Jackson Road
Columbus, OH 43223
Phone: 614-278-7761

Fax: 614-278-7765

info@regal-springs.com
www.regal-springs.com
Parts List

	Part Description
	Material
	Quantity

	1'x1' Slotted Board
	303 Stainless Steel
	1

	Bending Arm
	309 Stainless Steel
	1

	1/4" Pin
	316 Stainless Steel
	13

	0.14" Pin
	316 Stainless Steel
	4

	0.16" Pin
	316 Stainless Steel
	4

	0.18" Pin
	316 Stainless Steel
	4

	0.20" Pin
	316 Stainless Steel
	4

	0.40" Sleeve
	303 Stainless Steel
	3

	0.434" Sleeve
	303 Stainless Steel
	3

	0.45" Sleeve
	303 Stainless Steel
	3

	0.50" Sleeve
	303 Stainless Steel
	3

	2" Sleeve
	303 Stainless Steel
	1

	1/2" Square Sleeve
	303 Stainless Steel
	9

	6-32 Thread 1/2" Long Spade Screws w/ Shoulder
	Steel
	15

	8” 10 series  8020 T-  Slotted Frame 
	Aluminum
	8

	36” 10 series 8020 T-Slotted Frame 
	Aluminum
	4

	Corner brackets 8020 T-Slotted Frame
	Aluminum
	16


Drawing List

	Title
	Doc. #

	Bending Board
	1

	Board Back
	2

	Peg Board
	3

	Bending Bar
	4

	0.25 in Pin
	5

	0.14 in Pin
	6

	0.16 in Pin
	7

	0.18 in Pin
	8

	0.20 in Pin
	9

	0.40 in Sleeve
	10

	0.434 in Sleeve
	11

	0.45 in Sleeve
	12

	0.50 in Pin
	13

	2 in Sleeve
	14

	0.5 in Clamp Piece
	15
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