INTRODUCTION AND BACKGROUND INFORMATION
Tractor trailers in use today employ a device called a fifth wheel assembly to attach the truck to the trailer.  This coupling mechanism is located on the rear frame rails of the truck.  A kingpin, mounted to the underside of the trailer frame, latches into the fifth wheel assembly to achieve the truck to trailer connection.  A trailer that would become disconnected from the tractor while traveling on the road could prove harmful to others on the road.  For this reason, it is important that the fifth wheel assembly keep the tractor and the trailer intact (i.e. connected) if it were to be involved in an accident.  This safety concern makes it important for fifth wheel manufacturers to know how much loading the fifth wheel assemblies can withstand before failure.  Consolidated Metco (Conmet) is a company that manufactures parts for tractor trailers, including fifth wheel assemblies.  It has been asked of our team to design a test fixture that is capable of testing the ultimate strength of fifth wheel assemblies.
MISSION STATEMENT

The goal is to design a fixture that is capable of testing the ultimate strength of fifth wheel assemblies.  The important forces for this type of test are transmitted between the tractor and trailer through the latch of the fifth wheel.  See Figure 2.
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Figure 2 – Fifth wheel assembly (top right) and latch (lower left).
The test fixture is to be capable of testing multiple models of fifth wheel assemblies produced by various manufacturers.  The fixture must also be able to deliver up to 300,000 pounds of force in the axial direction in order to break the latch.  The fixture should have data acquisition to capture forces applied to the fifth wheel, as well as the amount of deflection on various parts of the fifth wheel assembly.  The fixture must fit into an area of not more that one hundred square feet, at a height of less than fifteen feet.  It should be easy to install, with the ability to easily disassemble and transport to a different location.  Cost to design and manufacture should be less than $40k, and should have been in operation by June 2, 2004.  
MAIN DESIGN REQUIREMENTS
The machine’s primary requirement is to deliver a force of 300,000 pounds to the fifth wheel latch mechanism.  Other important criterion is the fixture must allow for the mounting of other manufacturers fifth wheels, as well as Conmet’s.  From an engineering standpoint, this meant that the design team needed to incorporate height and width adjustability into the design of the machine.  A further requirement is the ability to measure the force on the fifth wheel and deformation as the load is being applied.  Also, the test machine is to be fully functional by June 1, 2004, and the cost to design and build the machine is to be under $40k.  A complete listing of the Product Design Specifications (PDS) requirements is included in the PDS Document located in Appendix A.
Top-level alternative conceptual Solutions
Six designs were selected as final candidates.  They are divided into 2 categories, loading and adjustability.  

Loading

Rail Cart Concept – utilizes a cart to hold the fifth wheel, while force applied by means of a large hydraulic cylinder as shown in appendix B. This concept uses a cart which rides on rails and a kingpin that is fixed in place.  The fifth wheel would be mounted to the rail cart and the cart/fifth wheel assembly would be rolled into place where it could be latched with the kingpin.  A hydraulic cylinder would transmit a push force to the cart thereby putting a load on the fifth wheel latching mechanism.  Force measurements would be gathered from a load cell located between the cart mount and cylinder shaft.

Power Screw Concept – employs a large power screw to apply the load to the fifth wheel latch. In this system the fifth wheel is mounted in place and the kingpin is attached to a support at the end of the screw.  The machine would use an electric motor to drive a gear which would engage a ball nut.  Rotation of the ball nut would result in linear displacement of the screw thereby imparting a force on the fifth wheel as shown in appendix B.

Pulley system Concept – was a low cost idea for delivering a large force, this concept would use a cable and pulley system.  The relatively small pulling force of a truck would be multiplied several times by the pulley system to obtain the desired load on the fifth wheel assembly as shown in appendix B.

Adjustability

Sliding adjustment Concept – uses sliding mechanisms to adjust for height and width.  Rectangular posts welded to a simulated frame rail would slide inside of rectangular tubes thus allowing for width adjustment of the frame rails.  The height adjustment of the frame rails would be accomplished with a similar mechanism of rectangular tube sections that slide over the rectangular posts.  This adjustment would be performed by two power screws that can lift or lower the frame rail assembly.  Pulling the kingpin with a hydraulic cylinder would perform the load delivery to the fifth wheel latch as shown in appendix B.

Slotted Plate and Screw Concept – consists of a plate that rests on two I-beams.  The plate could have holes or be slotted to allow width adjustment of the frame rails which would then be pinned or bolted in place.  This adjustment would be accomplished by a screw mechanism rather than by manpower.  For height adjustment the entire plate/I-beam assembly would be lifted by a hydraulic jack and then bolted into the main structure as shown in appendix B.

Pivot Arm Concept –would allow the kingpin to be pivoted away from the fifth wheel assembly.  A kingpin would mount to a support arm which could pivot.  The system would mount to the end of a hydraulic cylinder shaft that is used for applying the load as shown in appendix B.

From the list of six concepts, it was determined through a scoring matrix (shown appendix C) that two concepts would be needed to create a successful design to meet all product design specifications.  The pivot arm concept was combined with a fixture adjustment concept to generate a complete design.  The strengths of the design are its adjustability (able to use all current fifth wheels in the market today), ease of use (only need one operator), economics (under the $40,000 budget), and device deflection (the total deflection is under 1/8”.  The force will be applied using a 12-inch bore diameter hydraulic cylinder as the customer had one already on site (economics).  Loading data will be captured by using a pressure transducer that will interface with a laptop computer running lab-view.  The deflection in the draw bar of the fifth wheel will be measured using a string potentiometer.  A final concept can be seen in figure 3.
Presentation of Design

Shown in figure 3 is the design that was chosen and built.  The test fixture consists of a frame, an arm, a hydraulic cylinder, mounting plates, a crane, an operator safety cage, a hydraulic system (not shown) and a data acquisition system (not shown).  The crane consists of a frame shown in figure 3 and an electric winch (not shown) that rolls along the I-beam.  The operator controls the hydraulic system behind the folding safety cage shown in figure 3.  The hydraulic system allows for pressure control, extension and retraction of the hydraulic cylinder.  The data acquisition system gathers displacement information from the string pot potentiometer and pressure data in the hydraulic system from the pressure transducer. 
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Figure 3.

The force is applied by a hydraulic cylinder shown is figure 4.  The force applied to the fifth wheel latch is on the same axis as the center of the hydraulic cylinder, such that the force is only in the axial direction on the fifth wheel latch.  The hydraulic cylinder puts the latch and arm assembly in tension using a pulling force.  In tension these components will tend to align along the same axis.  
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Figure 4.
The back of the hydraulic cylinder is mounted to a back plate by six bolts shown in figure 5.  Two steel ribs are welded to the back plate to increase the strength and stiffness of the plate back plate.  
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Figure 5.

Force from the hydraulic cylinder is transmitted through the back plate to the frame.   The frame consists of two 6” x 12” steel tubes running the length of the test fixture, two pair of ½” inch steel gussets and two columns in the rear, shown in figure 6.
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Figure 6.
Two nut bars are welded inside the columns in the rear of the test fixture shown in figure 7.  Both the nut bar and the columns have hole patterns that allows for vertical adjustment of the hydraulic cylinder every 5/8 of an inch. 
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Figure 7.

The Fifth wheels are mounted to the steel plate in the front of the test fixture shown in figure 8.  The slots allow a range of fifth wheel mounting widths between 29.5 and 37.5 inches.  The two prongs on the mounting plate extend over the tubing and into the gussets to increase strength and stiffness of the frame.
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Figure 8.

The fixture will be secured to the ground using the four mounting feet shown in figure 9.  For detailed drawing refer to appendix D.
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Figure 9.
Design Evaluation
Strength Analysis of Test Frame

To achieve the required load on the fifth wheel latch, the test frame needs to withstand a 300,000 lb force.  Analytical analysis was performed on the horizontal rectangular beams and is located in Appendix E.  To insure adequate strength of the entire test frame, finite element analysis (Figure 10) was applied to the test frame structure.  
[image: image1]
Figure 10:  Stress distribution of test frame.

The analysis was performed simulating 300,000 lb forces acting on the two hinge blocks and the cylinder clevis.  Maximum stresses are found in the hinge blocks which are part of the fifth wheel assembly that is being tested.  The dark green regions in the two plates at the right end of the frame indicate stress that is no greater than 21 ksi.  These plates are A514 steel with yield strength of 100 ksi and the factor of safety in this region is 4.8.  The minimum factor of safety in the test frame is 3.6 in the light green regions where the stress is about 10 ksi.  At these locations the material is A36 steel with yield strength of 36 ksi.  More images of the finite element analysis, which include stress and displacement analysis, are located in Appendix F.
Strength Analysis of Kingpin Arm
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The kingpin arm is also subjected to the 300,000 lb force.  This force is applied at the kingpin and the cylinder clevis that is bolted to the kingpin arm.  An analytical stress analysis was performed on the I-beam portion of the arm and is located in Appendix E.  A finite element analysis was also done on the complete model of the kingpin arm and is shown in Figure 11.  The maximum stresses are found in the kingpin and the cylinder clevis.  The kingpin is part of what is being tested and the cylinder clevis is part of the cylinder assembly, therefore these stresses are not important to our design.  The largest stresses in the arm are indicated by the light green regions where the stress is about 43 ksi.  The kingpin arm is made from A514 steel which gives a minimum factor of safety of 2.3 for this design.  More images of the stress and displacement analysis of the arm are located in Appendix F.





Figure 11:  Stress distribution of kingpin arm.
Conclusion 

Our design team finished the prototype of the fifth wheel testing machine to be used by Consolidated Metco.  The first trial run was successful (see results in figure 12).  [image: image9.jpg]






Figure 12:  Fifth-wheel after the test run.
The results of the trial run were a broken fifth-wheel, which showed no damage to the test fixture.  The data acquisition system is scheduled to be installed next week.  The crane system will not be used as Conmet will be installing a jib crane to service three testing machines on the shop floor.  
APPENDIX A
PDS Document
Performance
Customer Requirements:
     (     The device is to deliver a load of at least 300,000 lbs into a fifth wheel assembly in the fore/aft direction.

     (     The load must be centered with the jaw/kingpin centerline.

     (     The device is to provide force and displacement data.

     (     The device is to accommodate other manufacturers’ fifth wheel assemblies.

     (     The device is to accommodate different frame rail widths.

     (     The device is to provide the ability to perform multiple tests in one day.

Engineering Targets
     (     The device is to handle a maximum load of 300,000 lbs.

     (     The device is to output Force vs. Displacement to a data logger.

     (     The device is to have a height adjustability of approx. 7”.

     (     The device is to be adjustable to frame rail widths ranging from 29” to 37.5”.

     (     The device is to allow mounting of fifth wheel and completion of one test in less than 2 hours.

Environment
Customer Requirements:
     (     The device is to operate inside a building with a concrete floor.

Engineering Targets
     (     The device is to operate without damaging the building’s floor.

Life in service
Customer Requirements:
     (     The device is to have a useful life of approximately 50 years.

Cost of production
Customer Requirements:
     (     The device is to cost around $40,000 to produce.

Engineering Targets
     (     Cost of material. (< $5,000)

     (     Cost of labor. (= to cost of materials)

Size and Shape

Customer Requirements:

· The device is to fit within a square area of no more than 10 feet on a side
· The device should not exceed fifteen feet in height when assembled
· The device should be able to be handled by a standard forklift
Weight

Customer Requirements:

· The device should weigh less than 5000 lbs, not including the fifth wheel assembly that is to be tested
Maintenance

Customer Requirements:
· The device should be virtually maintenance free, with the exception of routine and preventative measures designed to keep the device operating
· Any breakable or wear items should be readily available for purchase and delivery under normal lead times
Installation

Customer Requirements:
· The device should be able to be installed by not more than two people at a time
· Installation time should be limited to less than a single eight (8) hour shift
· The installation of this device should not require any special order tooling
· The device should not require any precision machining at assembly
Ergonomics

Customer Requirements:
· Once installed, the device should be able to be operated in such a way as to limit operator fatigue or discomfort
· The device should allow for easy cycling of parts to be tested
· The device should be relatively easy to operate
· The controls for the device should be situated in a location that is convenient and safe for the operator(s) to access 
Safety

Customer Requirements:
· The device must contain all parts of the samples being tested safely.

· The device must allow the changing of testing parts safely.

· Operation of the device must be preformed in a location free of any moving parts or parts under deflection.
· The operator must be able to control the device at all times.
· All moving parts must be able to be moved safely.
Materials

Customer Requirements:
· There are no restrictions for material selections imposed by the customer.
· There are no restrictions for material selections imposed by codes or regulations.
· Materials will need to withstand applied stresses without failure and yielding.
· Materials will need to withstand repeated loadings.
· Materials will need to be cost effective.
· Materials will need to be workable with the tools available.
Manufacturing Facilities

Customer Requirements:
· There are no restrictions for manufacturing locations imposed by the customer.
· The manufacturing facility will need to have the capabilities to machine materials and assemble the device.
· The manufacturing facility will need to be cost effective.
· The manufacturing facility will need to be relatively close so that progress checks are practicable and so that shipping does not become a problem or an expense.
· The manufacturing facility will need to work with the projects time line.
Shipping

Customer Requirements:
· There are no restrictions for shipping imposed by the customer.
· Shipping the device from the manufacturing facility to ConMet headquarters needs to conform to state transportation laws (weight, width, height, and length).
Quality and Reliability

Customer Requirements:
· Needs to withstand 50 years of use, with minimal maintenance

Documentation

Customer Requirements:
· Must provide all the drawings of the Test fixture in order to have all the parts purchased or custom built.
· Must provide all the FEA analysis in order to prove that the design will handle the loading
APPENDIX B

Internal Search Document

Document Description:
This document introduces all of the different ideas that were generated by our team during the brainstorming process.  For each concept a brief explanation and a visual depiction is presented.  Some of the design concepts that follow relate to the main function of the test machine, while other concepts address sub-functions of the design.  Finally, the design concepts within this document are classified into general categories.

Design Concepts:
Rail Cart
This concept uses a cart which rides on rails and a kingpin that is fixed in place.  The fifth wheel would be mounted to the rail cart and the cart/fifth wheel assembly would be rolled into place where it could be latched with the kingpin.  A hydraulic cylinder would transmit a push force to the cart thereby putting a load on the fifth wheel latching mechanism.  Force measurements would be gathered from a load cell located between the cart mount and cylinder shaft.
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Sliding Adjustment

This design concept uses sliding mechanisms to adjust for height and width.  Rectangular posts welded to a simulated frame rail would slide inside of rectangular tubes thus allowing for width adjustment of the frame rails.  The height adjustment of the frame rails would be accomplished with a similar mechanism of rectangular tube sections that slide over the rectangular posts.  This adjustment would be performed by two power screws that can lift or lower the frame rail assembly.  Pulling the kingpin with a hydraulic cylinder would perform the load delivery to the fifth wheel latch.
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Pulley System

As a low cost idea for delivering a large force, this concept would use a rope and pulley system.  The relatively small pulling force of a truck would be multiplied several times by the pulley system to obtain the desired load on the fifth wheel assembly.

Channel Mount

This design consists of a platform raised by structural tubing.  The platform would consist of symmetrical formed channels that would be drilled with holes to accommodate for the mounting rails of the fifth wheels.  Lateral adjustment would occur by having holes or slots drilled in the formed channels to accept each width of fifth wheel assembly.  A hydraulic cylinder would provide the force required to break the latch of the fifth wheel.  The cylinder would be mounted against a large plate forward of the fifth wheel attachment area.  The plate would have slotted holes so that the cylinder centerline could be adjusted to line up with the center of the latch.
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An alternative form of this concept would add adjustment capability to the hydraulic mount shown on the right above.  Instead of bolting the cylinder directly to the mounting plate, a bracket with a vertical pattern of holes would be used to allow vertical adjustment of the cylinder.  To obtain the proper height, the cylinder would be lifted or lowered to align with the holes in the bracket and a pin would secure the cylinder in place.

Slotted Plate and Screw Adjustment
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This concept consists of a plate that rests on two I-beams.  The plate could have holes or be slotted to allow width adjustment of the frame rails which would then be pinned or bolted in place.  This adjustment would be accomplished by a screw mechanism rather than by manpower.  For height adjustment the entire plate/I-beam assembly would be lifted by a hydraulic jack and then bolted into the main structure.
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Pivot Arm
This concept would allow the kingpin to be pivoted away from the fifth wheel assembly.  A kingpin would mount to a support arm which could pivot.  The system would mount to the end of a hydraulic cylinder shaft that is used for applying the load.

Mechanical Advantage
This concept would use a lever arm to multiply the applied force.  A hydraulic cylinder would pull up at one end of the arm and the kingpin would push down at the other end of the arm with much greater force.  One unique aspect of this concept is that it would be a vertical layout as shown in the side view.
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Power Screw
This concept employs a large power screw to apply the load to the fifth wheel latch. In this system the fifth wheel is mounted in place and the kingpin is attached to a support at the end of the screw.  The machine would use an electric motor to drive a gear which would engage a ball nut.  Rotation of the ball nut would result in linear displacement of the screw [image: image169.jpg]


thereby imparting a force on the fifth wheel.

Conclusion:
The purpose of this document was to provide a description of each concept that our design team developed for testing the ultimate strength of fifth wheel assemblies.  The concepts in the previous sections contain ideas on the main function and sub-functions of the design.  For instance, some of the concepts addressed the way in which the force would be applied while others focused on ways to provide adjustment.  The brainstorming process was useful in this way in that some concepts could be joined to form an overall more preferred design.

In all, there are eight different design concepts listed within this document.  The proposed concepts can be classified into two categories for which the ideas address:  the method of force delivery and the adjustment technique.  The hydraulic cylinder was the predominant means for providing force, with five out of seven force delivery concepts using this method.  Among the adjustment concepts there were two main types; those that used holes or slots and another that used a tubular sliding mechanism.  Since each concept presented here has its own advantages and disadvantages, it is likely that the final design concept would be a blend of some of the concepts within this document.

APPENDIX C

Concept Evaluation and Selection Document
EXPLANATION OF CONCEPT EVALUATION DOCUMENT:

The purpose of this Concept Evaluation Document is to describe the process that was undertaken in order to narrow multiple initial design ideas into a final concept idea that is to be refined, engineered and designed by our design team.
CONCEPTS

This project started out with a very well defined goal that was clearly stated by the project engineers at Conmet.  The design team was able to visit the plant where the fifth wheel assemblies are to be tested in order to become familiar with some of the components that make up these devices, as well as some of the space and/or power constraints that may affect the design of the test fixture.

The first task in the design project was to have each of the four design team members come up with some initial design ideas that they felt may be of value in designing the test fixture.  In order to maximize each member’s effort, they were asked to independently come up with ideas and present them at a meeting with the Conmet engineers.  These ideas were then sketched on paper or drafted using 3-D software.  

PDS CRITERIA SELECTION

As a basis for the final concept selection, we considered the importance of many PDS criteria.  Among the most important criteria the design team used to select the final concept(s) was (not in order of importance): 

· Height adjustability of test fixture

· Width adjustability of test fixture

· Overall safety of the operational fixture (very large forces applied during testing)

· Ease of installation of each fifth wheel to be tested

· Ergonomics

· Cost

SCORING MATRIX

In order to analyze some of the design concepts generated in the first stages of design, we developed a scoring matrix that would possibly lead our design team to select, refine, or eliminate concepts from a pool of design ideas.  In order to do this, some of the most important PDS criteria were chosen as the most important in our final design (see PDS Criteria Selection).  The PDS criteria were then given a multiplier which would indicate their level of importance in the overall design.  The PDS criteria for each design concept was then given a score between one and ten by the team members, with ten being the most desirable.  For example, if a particular criteria had a multiplier of 1.3, along with a score of 10, its’ overall score for that criteria would be 13.  A spreadsheet was developed to determine if some concepts could easily be eliminated.  It might also reveal if a particular portion of a concept would merit further evaluation.  See the table below for the scoring matrix for the Conmet design team.

	
	WIDTH ADJUSTABILITY (1.5)
	HEIGHT ADJUSTABILITY (1.4)
	SAFETY (1.6)
	EASE OF INSTALLATION OF 5th WHEEL (1.5)
	ERGONOMICS (1.2)
	COST (1.0)
	OVERALL SCORE

	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	

	RAIL CART CONCEPT
	7.5
	7
	12.8
	10.5
	9.6
	5
	52.4

	
	
	
	
	
	
	
	

	POWER SCREW CONCEPT
	7.5
	7
	12.8
	10.5
	9.6
	6
	53.4

	
	
	
	
	
	
	
	

	SLIDING ADJUSTEMENT CONCEPT
	13.5
	11.2
	12.8
	9
	8.4
	8
	62.9

	
	
	
	
	
	
	
	

	PULLEY SYSTEM CONCEPT
	7.5
	7
	8
	10.5
	3.6
	2
	38.6

	
	
	
	
	
	
	
	

	PLATE AND SCREW CONCEPT
	12
	11.2
	12.8
	7.5
	6
	6
	55.5

	
	
	
	
	
	
	
	

	PIVOT ARM CONCEPT
	10.5
	9.8
	12.8
	13.5
	10.8
	6
	63.4

	
	
	
	
	
	
	
	

	MECHANICAL ADVANTAGE CONCEPT
	9
	8.4
	8
	7.5
	10.8
	6
	49.7

	
	
	
	
	
	
	
	


CONCEPT ELIMINATION

Due to a multitude of factors, many initial concepts (or at least portion of each design) were eliminated from the pool of possible designs.  Each design that was eliminated from the pool is described below.

1. Rail Cart Concept: The rail cart concept was eliminated since it lacked the ability to easily adjust for both height and width.  In addition, this concept would have proved to be a more expensive design. The cart would most likely need to ride on a set of rails that would prove timely to machine, as opposed to a design which uses widely available structural steel components that require little machining and precise fabrication.

2. Power Screw Concept: The power screw concept was a concept that was eliminated mostly due to the fact that it is difficult to find a vendor that sells such a high force power screw that could easily be adapted to meet our design needs.  This would have resulted in a design that was prohibitively expensive.  Also, the ability to adjust for height easily made this concept undesirable.

3. Sliding Adjustment Concept: This concept was not entirely eliminated as a whole.  The adjustability of this concept gave us the insight into making the final concept as easily adjustable in width and height as we possibly could.  The disadvantage in this design was in installation of each fifth wheel to be tested.  The spacing of the adjustable sliders would have to be pre-positioned relatively precisely in order for fifth wheels to be installed.

4. Pulley System Concept: This concept was generally unrealistic from the beginning.  From the standpoint of cost alone, this concept was easily eliminated.

5. Plate and Screw Concept: Initially, the design team was trying to find simple ways to adjust the fixture for height and width, and the idea of using a screw device was prevalent.  However, as the design intent of the fixture became apparent, more simple designs for adjustability were considered, and the screw concept for adjustability became obsolete.  In addition, this concept never considered the application of force to the fifth wheel, as it was a very preliminary concept.

6. Pivot Arm Concept: This concept was simply a means of simplifying the installation of each fifth wheel to be tested.  As a stand alone concept, it could not be used since it was an incomplete concept.  However, this concept will be utilized in the final design concept, as it makes excellent provisions for changing out fifth wheels for successive tests.

7. Mechanical Advantage Concept:  This concept used a lever arm system to multiply the force of a hydraulic cylinder to achieve the desired application of force.  By adding the lever system to the design, the complexity increases along with cost. In addition, the vertical layout would have proved to be less safe than a traditional horizontal mounted fixtures.  For these reasons, the mechanical advantage concept was eliminated.

FINAL CANDIDATE DESIGN

There were two designs that had some of the desirable features that met the design specifications for this project.  They are the sliding adjustment (i.e. width and height adjustable) and the pivot arm concept.  It was determined through many discussions that it would be highly desirable to combine the two concepts into a final design. See Figure 1.
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FIGURE 1 – GENERAL CONCEPT

The final design will consist of a robust structure to support the fifth wheel assembly during testing.  A plate on top of this structure will have slots that will allow testing for multiple widths of fifth wheels.  A hydraulic cylinder will be used to provide the necessary force required to break the latch of the fifth wheel.  The cylinder will be able to adjust vertically for varying fifth wheel heights. 


[image: image11]
FIGURE 2 – HYDRAULIC CYLINDER

Not shown in Figure 1 is a simple frame to support a chain hoist, electric winch, or similar lifting device that could be used to lift some of the components of the fixture of fifth wheel if and when necessary.  The test fixture will incorporate a means of pivoting the cylinder and/or kingpin adapter weldment out of the way which will simplify installation of fifth wheels for testing. See Figure 2.

One of the disadvantages of this design concept is that accessibility of bolted components will be difficult to design into the concept.  The large forces that will be used during testing make it necessary to develop a very robust design in order to minimize any safety risks.  It is likely that multiple tests will be conducted in a single day, and for this reason it is important that installation, removal and adjustment of any component be as safe and efficient as possible.

APPENDIX D

SEE HARD COPIES
APPENDIX E

Pivot Arm Beam Analysis
[image: image12.wmf]
Pictured above is the pivot arm which will be connected to the cylinder via the clevis on the right.  The pivot arm, with the kingpin attached on the left, will deliver the load to the fifth wheel latch.  The beam portion of the arm, as shown above, has the cross-section of an I-beam and will be subjected to the loading shown in Figure 1.

[image: image13.wmf]
Figure 1:  Kingpin arm.

The normal stress on the beam in Figure 1 is the sum of the axial and bending stress
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The force on the kingpin that will be used for design is
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The moment acting about the beam's centroid is
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where e is the distance from the applied load to the centroid of the beam.

Using an uneven I-beam with the dimensions shown in Figure 2, the area and centroid, with y = 0 at the bottom of the beam, are computed as
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The moment of inertia about the centroid of the section is found using the Parallel Axis theorem and then adding the composites.
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Figure 2:  Cross-section of beam with dimensions in inches. 

The distance from the centroidal axis of the beam to the neutral axis is computed from [1] eqn. 5-55 (pg. 372) with [image: image32.wmf]e
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The distance from the neutral axis to the outer edge of the beam is then
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The normal stress in the beam is
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The yield strength of A514 steel is [image: image39.wmf]S
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.  The factor of safety guarding against failure of the beam is computed as
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Beam to Plate Weld Analysis
The beam is welded to the plate as shown below.
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The weld size and weld material yield strength that will be used is
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The primary shear in the weld is
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where the shear force, V, is the weight of the beam which is about [image: image46.wmf]W
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The total throat area of the weld is computed as
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The primary shear is then
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The centroid of the weld is located at
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The unit second moment of area of the weld is computed as
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The second moment of area based on the weld throat is
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The normal stress in the weld is found from
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The distance from the centroid to the neutral axis is found from eqn. 5-55 (pg. 372) in [1] with [image: image60.wmf]e
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The distance from the neutral axis to the outer edge of the weld is then
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The normal stress is then computed as
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The primary shear and normal stresses act perpendicular to each other, so the resultant shear stress is
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The factor of safety guarding against yielding of the weld is
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Web to Flange Weld Analysis
The beam is constructed by welding three plates as shown below.
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Although the stress in the weld at the bottom flange will be slightly larger than the stress in the weld at the top flange, the stress at the bottom flange will be used in this analysis to size both welds for the top and bottom flanges.

The stress at the top surface of the bottom flange can be found from the Beam Analysis Document, with [image: image72.wmf]c

7.455

in

×

1.25

in

×

-

.  The normal stress is computed as

[image: image73.wmf]s

x

41.17

kpsi

×

:=


The horizontal or shear force at this location is found from the product of the normal stress and the horizontal cross-sectional area, which is computed from the web thickness and plate length as

[image: image74.wmf]A

v

1.25

in

×

42

×

in

×

:=


[image: image75.wmf]A

v

52.5

in

2

=


The shear force is then
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The weld size and weld yield strength that wil be used is
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The total throat area of the weld is computed as
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The shear stress in the weld is then
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The factor of safety guarding against failure of the weld is then
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Kingpin Housing to Beam Weld Analysis
[image: image86.wmf]
The kingpin housing is a part manufactured by Holland, a company that produces fifth wheels and kingpins.  This housing is made to fit the kingpin that will be used and it is threaded allowing the kingpin to be bolted in place.  The kingpin housing will be welded to the beam as shown above.  

The weld size and weld material yield strength that will be used is
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The primary shear in the weld is
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where the shear force is [image: image90.wmf]V
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The total throat area of the weld is found from case 6 (pg. 397) in Table 9-3 in [2], with [image: image91.wmf]b
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The primary shear is then
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The normal stress is found from
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The bending moment is computed from the equation below where the distance from the bottom of the kingpin to the applied load is [image: image98.wmf]L
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, and the thickness of the housing is [image: image99.wmf]t
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The unit second moment of area is found from case 6 (pg. 397) in Table 9-3 in [2]
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The second moment of area based on the weld throat is
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The normal stress is computed below with [image: image106.wmf]c
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The primary shear and normal stresses act perpendicular to each other, so the resultant shear stress is
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The factor of safety guarding against yielding of the weld is
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Bolt Analysis
The cylinder being used has a plate/yoke at the end of the cylinder rod with six 1 1/4" diameter holes.  The pivot arm will be bolted to this plate/yoke using six bolts.

Bolt Length
The length of the six bolts needs to be a minimum of
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where tw is the washer thickness, H is height of the nut, and Nt is the number of threads per inch.

The 1 1/4"-7 UNC SAE grade 8 bolt has the following dimensions and properties found in Table 8-2 (pg. 328), Table 8-4 (pg. 341), and Table A-28 (pg. 767) from [2]:

major diameter:
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tensile stress area:
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1 1/4" washer thickness:
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1 1/4" nut height:
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proof strength:
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The minimum bolt length is then
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Use [image: image123.wmf]L
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 length bolts.
Bolt and Member Stiffness
The length of the grip is

[image: image124.wmf]l

g

2

t

w

×

2.5

in

×

+

1.25

in

×

+

:=


[image: image125.wmf]l

g

4.08

in

=


The threaded length of the bolt is found from [2] eqn. 8-7 (pg. 334)
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The unthreaded length within the grip is
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The threaded length within the grip is
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The stiffness of the bolt is found using eqn. 8-11 (pg. 338) from [2], with the modulus of elasticity for steel [image: image132.wmf]E
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The upper frustum stiffness is found from [2] eqn. 8-14 (pg. 340), with [image: image135.wmf]t
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The stiffness of the lower frustum is equal to the upper frustum, [image: image139.wmf]k
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.  The stiffness of the member is found from eqn. 8-12 (pg. 338) in [2]
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The joint constant is computed using eqn. 8-21 (pg. 347) from [2]
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Safety Factors
The bolt preload is found using eqn. 8-25 (pg. 349) in [2] for reused connections
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The factor of safety guarding against failure of the bolt is computed using eqn. 8-23 (pg. 347) from [2], with the external load [image: image146.wmf]P
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The factor of safety guarding against joint separtation is found using eqn. 8-24 (pg. 348) from [2]
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Torque Requirement
The torque on the bolts is found using eqn. 8-20 (pg. 346) from [2], with the torque coefficient [image: image152.wmf]K
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 found in Table 8-10 (pg. 347) from [2] for zinc-plated bolts.
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