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Abstract
This report follows the concept development process of Corp 3 until the final design concept is chosen. Altec, a truck body company, proposed the need for an automated gang lock to match that of the competition. This system needs to effectively lock and unlock all the body doors of the truck and provide a manual override in case of battery failure. The major concerns of the sponsor in order of importance are function, cost, and appearance.
Two alternatives of the system were proposed. One was to introduce movement into the current Altec design and remove the external handle that is an eye sore to the company and a magnet for thieves. This design focused on using a solenoid to move the bar and the use of an access panel for manual override. The other system is a new design that will add an additional lock to each door and be linked together through the using a wireless control hub. Each door will feature a key override similar to the existing key locks on the truck. A benefit and cost analysis will be conducted and a decision will be made between the two system. Following the decision to choose to automate the existing system due to several factors describe we preformed a cost analysis and rough labor calculations.
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Introduction
The Company

Altec is a company with a manufacturing facility in Birmingham Alabama that produces truck bodies for a wide range of customers from the small business owner to industrial clients such as Alabama Power.

The Problem
Altec has an existing manual gang lock that allows the user of the truck to lock all of the doors of a box segment at once. The company desires this action to be automated with a manual override and work similar to the remote entry system for a car. The system has to stay clear of the working area inside of the box and be of no or minimal interference to the users. The issues with the existing system are that it is not automated, the rings on the doors tend to rust, and the lock is clearly visible inviting dishonest people to break in. The goal is to fully hide the system while still retaining all of the function of the original.

The main use of this system is to allow the driver of the truck to be able to fully lock the truck and no other employee using the truck will be able to access the vehicle until the driver disengages the gang lock. Therefore the manual override cannot be simply hidden or have a “trick" to it such that anyone else using the truck would know the specifics and be able to disengage the system and gain access to the truck.
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Figure 1
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Figure 2
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Figure 3
Top Photograph: Existing ring catch that the hook on the gang locks handles slide into.
Center Photograph: This is the manual handle, located on the outside of the box that is used to move the system currently.
Bottom Photograph: Bar assembly inside of the box of the truck showing the hooks and the bar supports.
Specifications and Constraints
Relevant Criteria

The system should not have any determined effects on the environment. It should not cause or create any toxic or harmful byproducts that could harm or affect the end user or working environment. The system should be easy to maintain and make replacement of any failure related problems simple. The product should ideally be able to be manufactured by Altec at the facility or be outsourced for an effective cost and then installed by Altec. The system should remain hidden and not create an opportunity for a user of the truck to catch any appendage in the workings of the system and harm them self. The moving parts and electrical components of the system should be covered with guards at all appropriate locations so that and unsafe environment will not be created.
Design Requirements

The industrial sponsor required the current manual gang lock to be automated and work off a key phob that the driver of the truck will carry. The system should also be able to integrate into the trucks existing power door locks if equipped for the vehicle. The order of priorities for the system should be function, cost and appearance. First, the system must function. Failure of the system is not an acceptable option. Second, cost needs to be minimized so it is profitable, and for the system to appeal as a viable option to the consumer.
The latch design for the current manual system is a steel ring welded onto the inside of the door of the body. This led to problems with the ring rusting due to it being welded on and the paint having difficulty covering the small crevasses created during welding. Also the ring seems obtrusive and could be better incorporated into the door design itself. A design that would allow for a simpler replacement of the latch if failure occurs would be beneficial. The new design for the latch should eliminate rusting concerns, along with improving durability, function, and replacement ease.

Specifications
The boxes the gang locks are used in can range from 18 inches to 220 inches. The truck bodies are warranted for a life of 10 years. Competitors of Altec already offer a remote gang locking system. The competitors warrantee life of the electronic system is 3 years on parts and service, with the truck bodies carrying a 6 year warranty. The Truck body is rated for 6 years and the electrical is rated for half of that at 3 years. To match this, our new system should at least be warranted for 3 years, but ideally for 5 years, matching a half rating of the 10 year box life for Altec.
Concept Presentation
Latch Redesign

The manual system in use by Altec uses a ring welded onto the door as the latch (catch) to secure the hooks on the sliding bar. This ring keeps the doors locked even if someone has a key to the door itself, because the gang lock remains locked. As Altec conveyed concerns about this ring, we wanted to purpose a replacement for this design. The problems associated with the rings are that the paint cannot get into all the crevasses created by welding and the weld begins to rust. The rings also protrude from the doors which can interfere with loading and unloading of the truck box, and can bend or break off.
The idea first proposed was a simple square bent channel that could be welded or fastened to the door through the use of bolts or rivets (See Fig. 4). Problems with alignment could cause this option to become unusable and another concept was sought. The second design was discovered from a hasp that is used in other locking applications (See Fig. 5). This design occupied the same space as the ring and was very similar in dimensions; therefore we felt it could be a direct replacement of the ring. The new design will allow for easy replacement of the latch and it offers more durability than the ring. This latch was found at a local hardware store and is actually called a hasp.
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Figure 4 – Square, bent channel for latching.
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Figure 5 – New Design (Hasp)

Wireless Controller

The wireless controller is going to be ordered from an existing supplier because of the sponsor’s desire for the system to be able to integrate into the truck’s existing power locks. The system is the Autoloc KL400; each system comes with two key fobs and has 4 channels so the existing power door locks can also be controlled. This is accomplished through the code learning capabilities of this particular system. This system also used “Code Rolling Technology” which adds another level of security. This technology allows millions of codes to be produced and transmitted so the same code is never used twice. The controller can be wired into and control numerous solenoids by use of relays. 
First of all, the main controller for the wireless system can not be mounted inside of the utility box. Due to the Faraday cage effect it will not be capable to receive a signal from the key fobs. The only way around this would be to build an antenna to go through the box which is not feasible. The easiest, cheapest way to fix this problem would be to mount the main controller inside of the truck cabin. From here the wiring can be ran back into the box.

As for the actual wiring, each solenoid needs its own relay to be controlled. Our locking mechanism uses two separate solenoids to work, one to lock and one to unlock. Since the wireless system has four channels, one channel will control the locking solenoid and the second channel will control the unlocking solenoid. The other two channels can be used to lock/unlock the power door locks if desired. The main controller will need to be powered by the 12V DC battery.

Now that all the requirements for each component are known the wiring diagram can be made. The main controller will be powered by a 12V DC lead from the battery. From the controller the wiring for all the channels is connected in a wiring harness. From the wiring harness the two locking/unlocking channel wires will be ran into separate relays. From the relays the final connection will be made to the solenoids. See below in figure 6 and attached documents for wiring schematic.

[image: image7.emf]
Figure 6
Concept Ideas

Initial

There were three different categories of ideas as first overlook of the given problem. The three main concepts were to actuate the existing manual system of Altec term as the ‘linear concept’. The basis of this idea was to move the existing bar with the use of a strong solenoid to the locked position. When reaching the end of the travel a locking device would catch the bar and keep it locked until it was released by a second smaller solenoid. The bar is spring loaded so that upon release of the catch the bar will return to the open position. Manual operation of this concept would be done through the use of an access panel added to replace the obtrusive handle of the original system. Next, was to take the existing system and change the direction of locking motion to rotate into the latches instead of the sliding motion of the original design. This design was termed the ‘rotational concept’. This system would function by using a electric motor to rotate a spring loaded bar using a catch to lock the system into the closed position a solenoid would release the catch. The manual override would be accomplished through the use of a special key similar to the locking lug nuts on cars. The key would be attached to a handle and inserted through a weatherproofed hole in the box. Last was the idea to add an additional lock to each door that would lock simultaneously, being termed ‘per door’. This lock would be very similar to have a car door lock works it would have a separate key for the lock itself and be actuated by a solenoid.
Competing

Through a democratic process the two ideas that stood out where the linear and per door. The two systems were further pursued and more details of functionality were gathered for both. The two ideas had CAD renderings made to better illustrate the two concepts. After deciding upon these two ideas an advantage / disadvantage chart was made. Following the benefit comparison a cost analysis was carried out on the two models and a decision was made.
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Figure 7 – Original Linear Concept

In this design the Pull solenoid will move the bar to the right and let the second solenoid engage into the catch hole in the bar. That position is when the bar is in the locked point. When the smaller solenoid disengages the bar will spring back into the open position pictured in figure 7.
[image: image9.png]Manual key latch

ing bar for door

Solenoid is on briefly and is held
in place by the resistance provide
by the solenoid





Figure 8 – Original Per Door Concept
This design would be mounted into each door of the truck and provide and extra lock on top of the lock already in the door handle. The solenoid would only remain on briefly to open or close the lock. The lock is pictured in the locked position in figure 8. The yellow piece is a key override that would allow the lock to be manually open or closed in the event of a power failure. 
Benefit Comparison

Linear

Advantages
· Company has existing knowledge of installation

· Works similar to current manual system

· Smaller part count

· Simpler wiring of the solenoids

· Potentially cheaper
Disadvantages
· Does not work with every door setup
· Stacked doors need complicated bar additions

· Needs access panel for manual override
Per door

Advantages
· Will work potentially work with every door setup

· Stacked doors do not required complicated bar additions

· Does not need access panel

· Modular design allows for easy replacement

· Easier installation

Disadvantages
· More parts of the system could fail
· Higher part count

· Could be expensive

· Requires modification of door panel

This shows that the per door concept could be a very viable option, but due to the necessity to modify all of the doors of the system we will moved forward with the linear design. Modifying the assembly process of a company can be very expensive and lead to a difficult adaptation phase. The linear system will be a simple modification of the current installation method. Thus the linear system is the best option for Altec, because it requires little change and is robust.
Cost Analysis
Assembly of Parts

Estimation of Time and Cost

	Action
	Time

	Cutting 2 side bars
	5 min

	Cutting outer plates
	5 min

	Bending plate
	18 min

	Cutting bar
	3 min

	Welding hook to bar
	1.5 min

	Drill and tap catch hole
	4 min

	Drill holes in side bars
	3 min

	Bolt latch
	3 min

	Bolt solenoid
	3 min

	Weld bar to bar
	1.5 min

	Wire extender bar from main bar to solenoid
	1.5 min

	Bolt Brackets
	3 min

	Drill Holes for Small Solenoid Casing
	1.5 min

	Bolt Small Solenoid to Casing
	1.5 min

	Total Time (min.)
	54.5 min

	Total Time (hrs.)
	0.90 hrs

	Total Cost @ $36/hr
	$32.7




Summary of Parts

Latch and Striker
Latch Option 1

Website: mooreindhardware.thomasnet.com
	
	Company
	Part #
	1 ea.
	100 ea.
	200 ea.
	400 ea.
	400 total

	2 pt. Rotary Lock
	Moore Industrial Hardware
	450-ZN-LH
	$14.63
	$9.07
	$7.43
	$6.30
	$2520

	Striker with Washer
	Moore Industrial Hardware
	450-ZN
	$3.55
	$2.20
	$1.80
	$1.53
	$612


Latch Option 2

Website: www.allegiscorp.com
	
	Company
	Part #
	1 ea.
	500 ea.
	500 total
	1000 ea.
	1500 ea.

	Pawl
	Allegis
	200 ZN
	
	$8.138
	$4068.75
	
	

	Adjustable1 Striker Assembly
	Allegis
	1-16645-PK ZN
	$3.13
	$1.57
	$785
	$1.57
	$1.57


1$30 Minimum Order

Latch Option 3

Website: www.allegiscorp.com
	
	Company
	Part #
	500 ea.
	500 total

	2 Sg. Rotary Latch
	Allegis
	1-400 ZN LH
	$5.000
	$2500.00

	Striker Stud
	Allegis
	2T-400-52
	$1.163
	$581.25


Solenoids

Small Solenoid

Website: www.transmotec.com
	
	Company
	Force @ 0.039’’
	Force @ 0.5’’
	Part #
	1 ea.
	51 ea.
	101 ea.
	501 ea.

	Small Solenoid2
	Transmotec
	4.4 lbs
	0.77 lbs
	F1040
	$43.56
	$13.07
	$10.89
	$8.71


2Force Diagram Below Picture of Device
Large Solenoid

Website: www.electric-life.com
	
	Company
	Part #
	1 ea.
	500 ea.
	1000 ea.
	1500 ea.
	2000 ea.

	Large Solenoid3
	Electric-Life
	99040
	$33
	$20
	$17
	$16
	$14


345 lbs rating 
Springs
Website:www.mcmaster.com 
	Part Name
	Company
	Part # 
	3 ea.

	Spring
	McMaster-Carr
	94135K18
	$1.66


Metal Stock

Sheet Metal

Website:www.mcmaster.com 

	Material
	Company
	Part #
	1 Plate
	Sheet Metal Per Assembly

	General-Purpose Low-Carbon Steel
	McMaster-Carr
	6544K18
	$47.46

0.0598’’ Thick

48’’ Long

48’’ Wide
	$5.27


Round Stock

Website:www.mcmaster.com

	Material
	Company
	Part #
	1 Bar
	Round Stock Per Assembly

	Low-Carbon Steel
	McMaster-Carr
	8920K19
	$0.16/inch
	$1.44


Miscellaneous Parts

	Number of Working Units
	
	501 Total
	1001 Total
	1501 Total
	2001 Total

	Part1
	
	
	
	
	

	Steel Wire
	
	6.513
	13.013
	19.513
	26.013

	¼’’ Bolt and Nut
	
	325.65
	650.65
	975.65
	1300.65

	Bracket
	
	1843.68
	3683.68
	5523.68
	7363.68


1Note that Explanation of Cost Estimates and Calculations are Found in the Appendix

Final Concept 

After speaking with the Altec sponsors at the mid term presentation and conducting a conference call about how we should proceed we decided to go back to the linear concept. Altec felt this design would be the easiest to implement and require the least modification of their existing way of building the systems. Therefore the team moved forward with compiling and sending Altec our linear design concepts. Altec had a chance to review the three concepts we sent them and they choose the first option. This system is uses a solenoid to move the bar and a rotary latch to catch and keep the bar locked with a second solenoid to release the rotary latch. Below is a detailed model of the system.
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Figure 9
The figure above shows the new system in the open position. When the larger solenoid on the left pulls the bar to the left, the striker on the bar moves into and locks in the rotary latch. This will be considered the locked position. To unlock the bar, the smaller solenoid pull the release on the rotary latch and the spring returns the bar to it original open position. In figure 9 one can see all the major part involved in the system from an isometric view. Figure 10 show the module placed into the small eighteen inch box provided by Altec.
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Figure 10
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Figure 11
Manual Override

The new system can be manually overridden in the case of power failure by the use of an access panel. With this the user of the truck can simply reach his hand in the access panel and manually move the latch release or move the bar into the rotary latch. The second option is to install a special tool operated release for the latch (figure 12) and a hole to allow the user to push the bar forward into the latch with a tool that would be inserted through a weather proofed hole.
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Figure 12
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Figure 13
Engineering Analyses
Forces on the Bar

	Item
	Coefficient of Friction
	Weight
	Friction Force
	Deflection

@ 3.06 lbs. Spring Tension
	Initial Tension
	Tension @ 1’’ Deflection

	Greased Bar
	0.251
	12.252
	3.06 lbs
	
	
	

	Spring
	
	
	
	0.103’’
	2.54 lbs.
	7.58 lbs.

	Resistive Force

On Solenoid
	
	
	
	
	5.6 lbs.
	10.64 lbs.

	Force From Solenoid
	
	
	
	
	16.6 lbs.
	45 lbs.


1http://www.school-for-champions.com/science/frictioncoeff_greased.htm Static Very Conservative Extrapolation 

2Based on a 220’’ Bar 0.5’’ in Diameter

	Item
	Force Extrapolated at Initial Deflection
	Force @ 1’’ Deflection

	Large Solenoid
	16.6 lbs. (Most Conservative Estimate Calculated)
	45 lbs.

	
	
	


There is little/no question that the solenoid will be able to move this bar if its supports are greased, reducing friction. To improve the life of this action it is recommended that the grease be reapplied periodically or a source of it kept in the truck to be applied when/if the bar must be manually opened due to increased friction from grease loss over time. It is not expected that this will occur as the friction on an un-greased bar should have insufficient force to stop the solenoid from moving it. However the grease will need to be there to allow the current spring a low enough force to resist to unlock the device under all truck body lengths. Since through 9/10ths of the travel of the bar under spring power sufficient force will be supplied to overcome bar friction the built up momentum should be enough to carry the bar the other 1/10th of the way to unlock the bar. If the resistive force of the solenoid is too great to allow this, which was kept out of this analysis, we are confident a larger spring will be found which will overcome this as well. 

The estimation of the power of the solenoid is based on 3 samples of solenoids with similar length travels. The percent force applied at 2/3 travel on each sample solenoid was found and the most and least conservative percentages were applied to the initial force on the solenoid under consideration. In calculations the most conservative estimate we made was used. 
Rivet Stress

Structural Blind Rivets Ultra-Grip High Strength Rivets Pg. 1 of Structural Blind Rivets

Dome Head Aluminum Rivets 

Tensile Strength on Rivet=890 lbs.

Shear Strength on Rivet=1300 lbs.

If force was put on the tip of the bracket and pulled at the screws through a moment it would multiply the force on the 2 rivets by 2.833. The bracket is 1.7’’ tall and the holes are 0.6’’ away from the pivot, thus 1.7’’*Fon lever arm=Mmoment on bracket
Mmoment on bracket=Mmoment on arm from pivot to rivets 

Mmoment on arm from pivot to rivets/0.6’’=Fon Rivets
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Figure 14
Max force on tip of bracket is 314 lbs. FOS=2

Assume: Only two rivets will hold the load as only two will be pulled away from the wall the other two will be compressed into it. 

Tensile strength *2 Rivets =1780 lbs.

Tensile strength (FOS =2 )=890 lbs.

Force Multiplication due to moment arms described above: 2.833

Tensile Strength under moment force=890lbs./2.833=314 lbs.

Max force to pull the bracket with upwards

1780 lbs. with a factor of safety of 2

Tensile Strength =890 lbs.

Tensile Strength 
[image: image16.wmf]´

4 rivets=3560 lbs.

Tensile Strength (Factor of Safety=2) =3560/2=1780 lbs.

Max Force to Purely Shear the bracket off 2600 lbs. FOS =2.

Shear Strength =1300 lbs.

Shear Strength *4=5200 lbs.

Shear Strength (Factor of Safety =2)=5200/2=2600 lbs. 

Economic Analysis
The current manual gang lock system has a price breakdown as follows:

	PART/ASSY
	DESCRIPTION
	U/M
	 COST 

	1350-00005
	PIPE,STD. 1/2 DIA. X 2
	EA
	0.20

	1405-50013
	ROD,1/2" C.R. LOCKING
	EA
	0.60

	3171-02101
	HANDLE, SECURITY LOCK
	EA
	4.00

	2500-51261
	BRACKET,INNER GRID
	EA
	0.50

	2500-51262
	BRACKET,OUTER GRID
	EA
	0.50

	8001-01352
	FITTING,STRAIGHT BODY CABLE
	EA
	3.53

	8001-01353
	LOCK NUT,STEEL CONDUIT
	EA
	0.05

	8001-01566
	RING
	EA
	0.35

	no p/n, not on BOM
	gasket, t&b  (18-0116)
	ea
	0.12

	no p/n, not on BOM
	locking rod gasket (18-0117)
	ea
	0.14

	
	
	Total Cost
	$9.99


This shows that the parts cost for the current systems is $10.00. From a cost standpoint there is not a more cost effective means to make this manual system. The need for electronic actuation makes this figure incomparable with the new design, but is being given for reference and the latch design comparison. The new latch design created by the group is ready made and cost $0.25, from a local hardware store. We imagine the cost would be slightly less when ordered in bulk by the manufacture. As is stands the current ring design cost $0.35 (bulk) and the new ring cost $0.25 (retail). The new ring will however be required to attach through four fasteners (bolts or rivets) or be welded in place as both are viable options. This will raise the cost of the latch by the need for four fasteners. As quoted by Jason bolts cost about $0.03 EA. This makes the new design cost approximately the same as the existing and solves all problems associated with the current ring design.

As there is no basis of comparison for the electronic design we sought to see if other companies offered a similar option to the automatic gang lock. Reading offers a similar system for the retail cost of $800.00 and we will use this as the basis for comparison assuming a 50% mark-up. Note readings system is incorporated into the handle of each door itself so there will be some margin for discrepancy in pricing as Altec’s system is not incorporated into the doors, but installed as an extra locking mechanism. Altec also gave a rough estimate of the desired cost to be $300.00 to $500.00.
The design purposed would need to be assembled by an employee of Altec or be outsourced to a competent company. The unit would be modular, as it would be able to be bolted into any box matching the current inside dimension of the box. It would attach by fasteners (bolts or rivets) mounted onto welded brackets or by just welding the module housing into the top of the box. Then the wires from the unit can connected to the controller and relays. This will give a simple installation.
Conclusions
This report shows the final design concept purposed and how it will overcome the set requirements of the system. The new linear concept allows for easy installation of a module in the corner of each box that can tie into the existing system. The new system allows for a secure method of opening an closing the gang lock by using a rotary latch to secure the bar in the locked position. It also gives the truck a new clean appearance that was not provided by the manual system. The handle was removed and can be replaced by an access panel or custom manual override. The purposed design meets all given requirements of the sponsor.
Appendix
Electric-life
[image: image17.emf]
[image: image18.emf]
Allegis
[image: image19.png]e ALLEGIS

CORPORATION

315 SHAWNEE NORTH DRIVE

SUITE 550

SUWANEE, GA 30024
866-378-7550 Fax 770-904-0971

QUOTE TO:

AUBURN UNIVERSITY SERNIOR DESIGN
MECHANICAL ENGINEERING 270 ROSS HAL
AUBURN UNIVERSITY, AL

36849

SHIP TO:

Quotation

07/20/07

51198547

ORDER TO:

ALLEGIS CORPORATION

315 SHAWNEE NORTH DRIVE
SUITE 550

SUWANEE, GA 30024

AUBURN UNIVERSITY SERNIOR DESI
MECHANICAL ENGINEERING 270 ROS
Attn: DR. BEALE / MICHAEL THOM
AUBURN UNIVERSITY, AL 36849

36008 QUOTE WEB John Braxton
KIM KEARNEY UPS No
500ea| 200 ZN 8.138 4068.75
LOW PROFILE COMPACT ROTARY, BLACK
COATED PAWLS
500ea| 1-400 ZN LH 5.000 2500.00
TWO-STAGE ROTARY LATCH W/ 2-POINT
ACTUATOR, LEFT HAND, *FMVSS
500ea| 2T-400-52 1.163 581.25
STRIKER STUD FOR 400 SERIES ROTARY
TAXES NOT INCLUDED
* This is a quotation * Subtotal 7150.00
Prices are firm for 30 days and subject to S&H CHGS 0.00
change without notice after 30 days.
Applicable taxes extral
Amount Due 7150.00





[image: image20.emf]
[image: image21.emf]
Autoloc
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Hanson Rivet

[image: image26.emf]
[image: image27.emf]
Pictures of the Parts 
2-Point Rotary Lock
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 http://mooreindhardware.thomasnet.com/viewitems/latches-locks-locks-rotary-locks/rotary-lock?&forward=1
Striker with Washer (works with above latch)
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http://mooreindhardware.thomasnet.com/item/latches-locks-locks-rotary-locks/rotary-lock/450-zn?&seo=110

Low Profile Compact Rotary, Black Coated pawls (200 ZN)
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http://www.allegiscorp.com/DisplayPartAction.do?partId=21805&groupId=485&groupElementId=1&displayTemplate=/jsp/displayDetailTemp_2.jsp&cat=Single-Point+Slam+Latches

Adjustable Striker Assembly Part # 1-16645-PK ZN for Compact Rotary pawl 200 ZN (Zinc Plated) (works with above latch)
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http://www.allegiscorp.com/DisplayPartAction.do?partId=24986&groupId=928&groupElementId=1&displayTemplate=/jsp/displayDetailTemp_2.jsp&cat=Striker+Bolts

Two-Stage Rotary Latch with 2-Poitn Actuator, Left Hand (1-400 ZN LH)
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http://www.allegiscorp.com/DisplayPartAction.do?partId=21821&groupId=492&groupElementId=1&displayTemplate=/jsp/displayDetailTemp_2.jsp&cat=Single-Point+Slam+Latches

Striker Stud for 400 Series Rotary (2T-400-52) (works with above latch)
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http://www.allegiscorp.com/DisplayPartAction.do?partId=24973&groupId=917&groupElementId=1&displayTemplate=/jsp/displayDetailTemp_2.jsp&cat=Striker+Bolts
Small Solenoid
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Force Diagram

[image: image35.emf]
http://www.transmotec.com/PDF/Solenoids_Open_Frame/F1040.pdf

Large Solenoid Part # 99040
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http://www.electric-life.com/productdetails.asp?cid=867&rp=&yp=33
Spring
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	Part Number:  94135K18
	 $5.00 per Pack of 3

	Top of Form

Type
Extension Springs
Material
Stainless Steel
Stainless Steel Type
Type 302 Stainless Steel
Ends
Crossover Loop Ends
Overall Length
2-1/2"
Outside Diameter
3/8"
Wire Diameter
.048"
Load
7.86 lbs.
Deflection at Load
1.25"
Rate
5.04 lbs./inch
Initial Tension
2.54 lbs.
Specifications Met
Not Rated
Bottom of Form


www.mcmaster.com
Metal Stock

Sheet Metal Stock

http://secure2.data-comm.com/servlet/RBCS/-strse-141486/CR-Sheet-%2816-Ga%29/Detail
Round Stock
http://secure2.data-comm.com/servlet/RBCS/-strse-174949/3-fdsh-4-A36-Round-Bar/Detail
Miscellaneous Parts
Steel Wire

	Part
	Part Number
	Cost at 249’
	Cost/inch
	Cost/unit (4 inches/unit)

	PVC Coated Wire 0.062’’ Diameter
	8867K25
	9.81
	0.003283
	0.013


www.mcmaster.com
Bolts and Nuts

We were quoted by an Altec employee in passing that bolts were costing around $0.03 a piece. Assuming the nut is about the same cost, $0.02, and needing 13 nut/bolt assemblies for the assembled unit, we need $0.65 worth of nuts and bolts per assembled unit. 

Brackets

[image: image38.png]



	
	Cost Per 5 Units
	Cost Per Unit
	Estimated Percent Markup (For Custom Part)
	Final Estimated Cost 

	Bracket
	2.29
	0.46
	400%
	1.84


http://electrical.hardwarestore.com/14-47-conduit-straps/conduit-clamps-102859.aspx

Figure 01

(Data on Sample Solenoid 1)
[image: image39.emf]
http://www.transmotec.com/PDF/Solenoids_Open_Frame/F1585.pdf

Figure 02

(Data on Sample Solenoid 2)
[image: image40.emf]
http://www.transmotec.com/PDF/Solenoids_Open_Frame/F1683.pdf
 Figure 03

(Data on Sample Solenoid 3)
[image: image41.emf]
http://www.transmotec.com/PDF/Solenoids_Open_Frame/F1578.pdf
	Object
	Max Travel
	Travel At 2/3 Max Travel
	Force at 2/3 Travel
	Max Force
	Percent Max Force at 2/3 Stroke

	Sample Solenoid 01
	1.56’’

 (40 mm)
	1.02’’

(26 mm)
	5.28 lbs (2400 g)
	7.92 lbs (3600 g)
	66.6%

	Sample Solenoid 02
	1.17’’

(30 mm)
	0.78’’

(20 mm)
	9.9 lbs 

(4500 g)
	18.48 lbs (8400 g)
	53.5%

	Sample Solenoid 03
	1.17’’

(30 mm)
	0.78’’

(20 mm)
	6.6 lbs 

(3000 g)
	17.82 lbs (8100 g)
	37.0%


	Object
	Max Travel
	Travel At 2/3 Max Travel
	Extrapolated Force at 2/3 Travel
	Max Force
	Extrapolated Percent Max Force at 2/3 Stroke

	Large Solenoid
	1.5’’
	1’’
	29.7 lbs (based on 66% force at 2/3 travel)

16.6 lbs (based on 37% force at 2/3 travel)
	45 lbs 
	66

37


Calculations

Spring Force

Information

Spring Force/Deflection=5.04 lbs./inch

Initial Spring Tension=2.54 lbs.

Tension at 1’’ Deflection = 
[image: image42.wmf].
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Friction Forces on Bar

Symbols
Mb=Mass of Bar

Fs=Force on Supports due to gravity

Ffs=Friction Force on Supports
Cfbs=Coefficient of Friction for bar static (steel on steel, greased)=0.251

1http://www.school-for-champions.com/science/frictioncoeff_greased.htm 

(Extrapolated Very Conservatively)
Mb = 12.25 lbs.

Fs=Mb=12.25 lbs.
Ffs=Mb
[image: image43.wmf]´

Cfbs=12.25 lbs.
[image: image44.wmf]´

0.25

Ffs=3.06 lbs.

Forces Opposing Solenoid

Symbols

Fsi=Force of Spring Initial =2.54 lbs.
Fsd=Force of Spring Deflected (1’’ deflection) = 7.58 lbs.
Frg=Friction Force Greased =3.06 lbs.

Fti=Force Total at Initial Position=5.6 lbs.

Ftd=Force Total at Deflection Position=10.64 lbs.

Equations

Fti=Fsi+Frg=2.54 lbs. + 3.06 lbs.=5.6 lbs.

Ftd=Fsd+Frg=7.58 lbs.+3.06 lbs.=10.64 lbs. 

Extrapolated Force of Large Solenoid at 2/3 Max Travel

Fss1at=Force of Sample Solenoid 1 at 2/3 Max Travel=5.28 lbs.

Fss3at=Force of Sample Solenoid 3 at 2/3 Max travel= 6.6 lbs.

Fss1m=Force of Sample Solenoid 1 Max=7.92 lbs.

Fss3m=Force of Sample Solenoid 3 Max=17.82 lbs.

Fmsebs1=Force of Main Solenoid Extrapolated (at 2/3 Deflection) Based on 

Solenoid 1=29.97lbs.

Fmsebs3=Force of Main Solenoid Extrapolated (at 2/3 Deflection) Based on 

Solenoid 3=16.65 lbs.

Fmsmf=Force of Main Solenoid (Maximum Force)=45 lbs.
Pfdss1=Percent Force Drop Sample Solenoid 1 (from Max Force to Force @ 2/3 Travel)=66.6%

Pfdss3=Percent Force Drop Sample Solenoid 3 (from max Force to Force @ 2/3 Travel)=37%

Pfdss1=
[image: image45.wmf]%
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Pfdss3=
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Fmsebs1=
[image: image47.wmf].
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Fmsebs3=
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Design One – Final Report
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