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ABSTRACT 
 
 Employees at OPW Fueling Components have been complaining about having sore backs, and 
one employee have even hurt his back due to continuous lifting of OPW’s spill containers. The 
factory cell currently does not consist of any aid in helping employees lift these containers from 
station to station. This report discusses how a safety lifting device will be designed and added to the 
factory cell to prevent employees from hurting their backs in the future.  
 
 Using ideas from existing products for other applications, three concepts have been developed 
and are evaluated to best suit the needs for OPW. To help figure what the best concept is, a list of 
features has been developed to satisfy the needs of the factory cell. They have been evaluated for 
importance in the design by conducting a customer survey and QFD matrix. The features in order of 
importance are safety, ease of loading, ease of operation, maneuverability of the device, ability to 
handle different payloads, a manual system, reach capability, ability to handle different diameters, 
ease of maintenance, opening the floor space, cost, appearance, and an automated system.   
 
 A project schedule has been made to follow the accomplishments of the design, build, and 
testing of this safety lifting system. The design phase will be done by the end of University of 
Cincinnati’s winter quarter of 2007, which includes choosing the proper design, creating solid works 
drawings, and an FEA analysis on each component. In the spring quarter the safety lifting device is 
built and tested which has to be accomplished by the College of Applied Science Tech Expo, which 
was on May 16th 2007. The final cost of this project was $2,750.50.  
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INTRODUCTION 
 
OPW Fueling Components is a large manufacturer based out of the Cincinnati area that specializes in 
the design, development, production, and support of fueling components and systems for nearly every 
aspect of commercial and retail fueling operations. OPW makes a variety of products such as fueling 
nozzles, breakaways, pipes, connectors, and sumps. One such product that this document is focused 
on is the 1-2100 series spill container. The spill container is used to catch any spilled fuel from a refill 
truck when it is filling up a station’s underground storage 
tanks. It is usually mounted inside a mini sump which is 
cemented in the ground. The mini sump is the white 
object and the spill container is the black object in Figure 
1. The sump is cemented into the ground up to the top 
edge. The only exposed part is the red lid and white 
cover the lid is mounted on. To empty the spill container 
a drain plug is located at the bottom of the container, and 
when it is opened it allows any spilled fuel to drain into 
the underground storage tanks. The pipe connected at the 
bottom of the spill container goes down to the storage 
tanks that are located under the gas station. The spill 
container is assembled at OPW’s Cincinnati location. It 
consists of a plastic bellow with two different adaptors 
pressed and clamped in each end. Notice the top and 
bottom adaptors clamped on each end of the bellow of 
the spill container in Figure 1. The top adaptor is to bolt 
the spill container to a mounting ring which a cover can 
be placed on and the bottom adapter has a threaded hole 
in to so that a fill pipe can be connected to it. In the 
manufacturing cell, 3 employees produce 32 spill 
containers in an 8 hour shift.  
        Figure 1: Spill container installed in sump [1] 

 
This is the process of building a spill container. 
 

1. All the subassemblies are put together first.(the drain plug is mounted to the bottom adaptor, 
o-rings and gaskets are put on both adaptors, the packing boxes are made and the customer 
instructions are put together and placed in the boxes.) 

 
2. The plastic bellow is placed in the press, and a soapy water solution is spread around the 

adaptor and the inside edge of the bellow. The first adaptor is pressed into the plastic bellow, 
and then a clamp is placed around the outside of the bellow to ensure the bellow and the 
adaptors do not come loose. 

 
3. Then the spill container is removed from the press and flipped to the other side and is placed 

back into the press. Then the second adaptor is pressed in the bellow the same way as the first 
one. The order the adaptors are pressed into the bellow does not matter.  

 
4. Once both adaptors have been mounted in the bellow, the assembly is removed from the press 

and is placed on a pressure tester. The side of the spill container with the fill pipe is plugged, 
and the mounting end is sealed by being clamped down on a rubber mat. The spill container 
is pressurized up to 5psi, and the tester checks for any pressure loss. If the spill container 
leaks it is reassembled so it does not leak. If it passes the leak test then it is placed into the 
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box and can be sold to the customer. Figure 2 below shows what the current assembly cell 
looks like. See how the bellow is mounted in the press and the testing station next to the 
press.  

 
The final assembly weights about 45lbs. Recently an employee injured his back lifting these spill 
containers from station to station, and other employees that work in this manufacturing cell have been 
complaining about their backs becoming sore. When a employee has to lift each final assembly two or 
three times on a daily basis, it becomes tiresome and it is affecting their backs. To prevent future 
injuries, OPW needed to redesign the factory cell with a transfer system that would require very little 
worker movement of the spill container. This system needed a way to move the final assembly from 
the press to the test station to the boxing area. It also has to include a flipping device for the press, and 
the system must work with the assembly cell’s current machines to keep costs down.   
 

 
Figure 2: Bellow mounted in press 
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EXISTING PRODUCTS 
 
ENGINE HOIST DESIGNS 
 
  
Since there are no lifting devices for OPW’s spill containers, other existing products for lifting and 
rotating different applications were looked at that can be adapted or designed to work with flipping 
and moving the spill container. One specific application that can be applied to the spill container are 
devices used to move and empty drums. One idea that has a similar design to an engine hoist can be 
adapted with a way of holding and flipping a drum. These ideas can be seen in Figures 3 and 4. These 
designs have plenty of reach and they can be used manually or automatically. The manual models 
have a hydraulic foot pump and the automatic models have battery-powered units. They can rotate a 
drum 360 degrees and only require one operator. Both use a ratchet mechanism to hold the drum on 
the stand. They would have to be scaled down to fit OPW’s spill container.  

 
       Figure 3: Hydraulic drum stacker [3] 
             Figure 4: Hydraulic drum carrier [4] 
 
 
FORKLIFT DESIGNS 
 
 Another idea that has a similar design to the lifting portion of a forklift is shown in Figures 5 and 
6. They can rotate and flip the drum 360 degrees in both the x and y directions. These machines only 
require one operator. These designs are good for lifting drums up high. The design in figure 5 is 
operated manually with a hand hydraulic pump and a crank. In figure 6 this design is automated and 
the operator can control the height and tilt angle. These are good designs, but they are too big and will 
cost too much for OPW’s purpose.                                                                                                                                         
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Figure 5: Drum lifter/rotator/transporter [5]                   
       Figure 6: Vertical lift drum pourer [6] 
 
DOLLY DESIGN 
 
 In Figure 7, a dolly design is used to transport and flip 5 gallon bucket. This design is a simpler 
design that is smaller which will not take up as much space. It is manually operated by using cranks. 
This design can also flip the bucket 360 degrees. The cost to make one similar for OPW’s spill 
container would be inexpensive. It has a 200lb load capacity which is well more than what OPW 
needs. 

 
Figure 7: Pail dispenser [7] 
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OVERHEAD DESIGNS 
 
 Some overhang ideas are shown in Figures 8 and 9 below. The design in figure 8 would be too 
time consuming to clamp the spill container in. It can move easily in vertical directions and not the 
horizontal directions. It would be hard for a worker to maneuver this device inside the press, and there 
is the possibility of it swinging back out and hitting a worker, so this design would not be ideal for 
OPW, but it shows other possibilities. The idea in figure 9 could be designed where a rotating gripper 
was used to pick up the spill container and move it to the next station by sliding along a suspended 
rail above the factory cell. The rail could be made to go across the whole length of the factory cell and 
it would be able to flip the spill container. This design could be stored above the factory cell when it 
is not in use. All of these existing ideas can be viewed in Appendix A.  
 
 

 
         Figure 8: Drum lifter [8] 
 
                Figure 9: Intelift lifting system [9] 
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SPILL CONTAINER SAFETY LIFTING DEVICE DEVELOPMENT 
 
CUSTOMER FEEDBACK 
  
 The new design will focus on several areas of key concern to OPW employees. These concerns 
were discussed with Russell King [2] who is the manufacturing engineering supervisor for OPW. He 
is in charge of all the factory cell layouts and new machines used in each cell. The following specified 
areas of concern were evaluated for their importance in the design. These areas of concern were 
generated from a list of organized features developed from researching existing designs. These 
organized features are used to develop the customer survey. The survey was used to help determine 
the importance and satisfaction of these features. There are two sections in the survey. The first 
section of the survey asks the importance of the features in being implemented in the new design. The 
second section of the survey asks if OPW personnel are satisfied with the same features on the current 
production cell. Some may not apply which they can choose that this feature is not available. The 
features on the survey were rated on a scale of 1 to 5. One is the lowest of importance and five is the 
highest of importance. The results of the survey were averaged.  A sample survey with the results and 
averages can be seen in Appendix B. The survey features in the list below are in order of importance 
as ranked by the survey participants: 
 

• Safety  4.8 
• Ease of loading  4.8 
• Ease of operation  4.7 
• Maneuverability of device  4.6 
• Ability to handle different payloads 4.3   
• Manual system  4 
• Reach capabilities  4 
• Ability to handle different diameters 4 
• Ease of maintenance  3.8 
• Open floor space  3.5 
• Cost  3.5 
• Appearance  3.2 
• Automated system  2.9 

 
For the second part of the survey the OPW personnel rated their satisfaction of the current production 
cell as follows: 
 

• Ease of maintenance  3.6  
• Cost  3.4 
• Appearance  3.3 
• Open floor space  2.6 
• Ability to handle different diameters 2.6 
• Safety  2.5 
• Reach capability  2.4 
• Manual system  2.4 
• Ease of operation  2.2 
• Ability to handle different payloads 2.2 
• Ease of loading  2.1 
• Automated system  2.1 
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• Maneuverability of device  2 
 
PRODUCT OBJECTIVES 
 
 The features of the new design rated by OPW employees were placed into a Quality Function 
Deployment (QFD) (Appendix C) diagram. They were compared to a set of engineering 
characteristics which were determined by how they would satisfy OPW’s needs. This was used to 
analyze and correctly find the relative area of concern or the relative weight which is shown in the 
QFD. After the analysis top 5 most important features for the new factory cell are safety, ease of 
loading, maneuverability of the device, ease of operation, and the variability of handling different 
payloads. A list of design objectives was made and is shown below. This list of objectives was taken 
into consideration for the final design: 
 

• Safety 
The transfer system will reduce 80% or more lifting of the spill container assembly by the 
employees each day.  
• Appearance 
The transfer system will be redesigned to fit on one new even table and all exposed metal will be 
painted 
• Cost 

 The cost of the transfer system will be +/- 20% of the budget of $3400. 
• Ease of loading 
The transfer device will able to load the spill container assembly within 30seconds by use of 
adjustable fasteners 
• Open floor space 

 The production cell will be rearranged to allow up to 5% more floor space for the workers.  
• Ease of operation 
The transfer device will be easy to operate by placing it within reach and by being able to 
operate quickly.    
• Maneuverability of device 
The transfer device will use castors or rails and be able to be moved by one person. 
• Ease of maintenance 
The transfer device will be easy for maintenance to fix and repair it by using as many off shelf 
components  
• Ability to handle different payloads 
The transfer device will be able to handle various payloads up xx lbs. (The xx lbs will be based 
upon more research) 
• Reach capability 
The transfer device will be able to reach into the work station and clamp around the spill 
container 
• Ability to handle different diameters 
The transfer device will be able to clamp around a spill container up to a diameter of xx inches. 
(The xx inches will be based upon more research) 
• Manual or automated System 
The transfer device will operate manually by the worker involvement or automatically without 
worker involvement. (This decision will be based upon the survey results)  
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SPILL CONTAINER SAFETY LIFTING DEVICE DESIGN 
 
CONCEPTS 
 
 The design phase of this project started by coming up with several concepts that would all meet 
the product objectives. Three concepts were developed by drawing the basic ideas on paper which is 
shown in Appendix D. Concept 1 places the press, tester, and controller all on one table with a roller 
conveyor mounted in front of them. This would allow a employee to roll the spill container assembly 
over to the leak tester from the press and then to the boxing area. The assembly would be raised and 
lowered from the press with a lift that has ball rollers on it, to make it easy for the employee to 
transfer the assembly from the lift to the conveyor without having to lift it. The leak tester would also 
be put on a lift so that the employee could drop it down onto the tester without having to lift it. To 
allow the employee to flip the assembly when they press in the adaptors, an engine hoist crane with a 
rotating clamp attached to it would be used. This device can also be rolled out of the way when it is 
not being used. Concept 2 is an overhang device which hangs on a railway above the cell. This 
manipulator has a rotating clamp attached to a frame that is hung from a hoist. It can be moved 
up/down and left/right. It can also transfer the assemblies from the press to the leak tester, and then on 
to the boxing station. It can also be raised out of the way when not in use. The last concept, Concept 3 
involves using a dolly that is modified with a rotating clamp on it to flip the assemblies. Once the 
assembly is completed a hoist which is connected from an overhead rail is hooked to the assembly 
which will lower the assembly on to the air tester which will be relocated underneath the press. When 
testing is complete the tester will be moved out of the way by an actuator and the assembly can be 
lowered directly into a box.  
 
 
CONCEPT SELECTION 
 
 Concept 2 was selected by using a weighted decision matrix which can be seen in Table 2. The 
matrix shows the list of design criteria with their relative weight or weight factor shown next to each 
criterion from the QFD. Each of the design criterion is compared to each concept by giving it a score. 
The score is based on a scale from 1-5 with 1 being the worst and 5 being the best. Then each of the 
scores has been multiplied by the weight factor which is called the rating. The ratings were all added 
up and the concept with the highest rating is selected concept for the project. It was decided that 
concept 1 would be too hard for the user to load the assemblies from the air tester back on to the 
conveyor, having raise the lift up every time to the correct level in order to transfer assembly to the 
press, and having to move around a big engine host. This means that concept 1 scored low on ease of 
operation, ease of loading, and maneuverability of the device respectively, which all pulled most of 
the relative weight. Concept 3 scored low in the same respective manner on the same three criteria as 
Concept 1. It would also be hard for the user to assemble, test, and box everything in the same space, 
to clamp the assembly to the dolly each time, and having to move the dolly in and out the area. In 
these same three areas, Concept 2 scored much higher, which was why it was selected. 
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Table 1: Weighted Decision Matrix 

Design Criterion 
Weight 
Factor 

Concept 1 Concept 2 Concept 3 
Score Rating Score Rating Score Rating 

1. Safety 0.102 3 0.306 4 0.408 4 0.408 
2. Appearance  0.035 3 0.106 3 0.106 3 0.106 
3. Cost 0.041 3 0.124 2 0.082 3 0.124 
4. Ease of Loading 0.124 2 0.248 4 0.496 2 0.248 
5. Open Floor Space 0.052 3 0.157 4 0.209 3 0.157 
6. Ease of Operation 0.116 2 0.232 3 0.348 2 0.232 
7. Maneuverability of Device 0.115 2 0.229 4 0.459 2 0.229 
8. Ease of Maintenance 0.046 4 0.184 3 0.138 4 0.184 
9. Ability to Handle Different Payloads 0.102 4 0.408 2 0.204 4 0.408 
10. Reach Capability 0.077 4 0.308 4 0.308 3 0.231 
11. Ability to Handle Different 
      Diameters 0.071 3 0.213 3 0.213 3 0.213 
12. Manual System 0.074 4 0.295 4 0.295 4 0.295 
13. Automated System 0.045 0 0.000 0 0.000 0 0.000 
Total   2.811  3.267  2.836 

 
 
 
CONCEPT 2 DESIGN 
 
  The design was completed in March.  The manipulator was designed in three parts including the 
table, rail, and gripper.  Also, during the winter quarter there were three major milestones for the 
design: the design freeze was during the week of Feb. 25, the oral design presentation was Mar. 7, 
and the design report is due during the week of March 12th

• Design of the Table 

.  The drafts of each part and assembly can 
be seen in Appendix E.  
 

 The purpose of a new table was so that all 
the work can be done at the same level 
instead of using three separate tables at 
different levels. This brings the press, the 
leak tester, and controller all to the same 
level. The new table will also be longer to 
allow more room for the users to place 
finished assemblies on it while waiting for 
the next person to box them. The length of 
the table will be 8ft long, 2.8ft tall, and 2.8ft 
wide. The table will be made out of carbon 
steel. The current leak tester and controller 
were weighed together which they weighed 
127lbs. Then it was figured that a total of 13  

                                                                                                  Figure 10: Model of Table                                                
 buckets could be placed on the rest of the area of the table. The total weight of the buckets 

was summed up assuming the worst case scenario of 55lbs. The combined weight was 
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doubled for worst case scenario if the spill containers were ever double stacked on top of 
each other. The total weight came to 715lbs, so the table would see a maximum of 850lbs. To 
ensure the table will hold this amount of weight, a Finite Element Analysis (FEA) was run 
using Ansys rounding the maximum weight up to 1000lbs. The summary of results and 
diagrams can be seen in Appendix F. It was concluded that the table will have a factor of 
safety of 5, a max total deformation of .013in, and a max stress of 7,259psi. 

 
• Design of the Rail 

The rail was designed to support the gripper with its max load of 50lbs and a box lifter which 
hangs on the end of the rail. Since the weight of the gripper is unknown at this time and the 
weight of the box lifter could not be weighed, it was assumed that at most, the combined 
weight acting on the rail would be 500lbs. Although, the combined weight of everything will 
most likely be less than 300lbs. An FEA was also run on the rail design and the results can be 
seen in Appendix G. The factor of safety of the rail is 2.16, with a max total deformation of 
0.81in, with a max stress of 13,925psi. To check to make sure the columns that hold the rail 
will not buckle, Euler’s formula was done to ensure no buckling will occur. These 
calculations can be seen in Appendix H.  
 

 
Figure 11: Model of Rail 

• Design of the Gripper 
The gripper was designed so that it could clamp around the 14in diameter spill container and 
a 12.5in diameter spill container. It will have a set of clamps for each size that can be 
interchanged in less than a couple of minutes. The clamps will also be dipped in rubber to 
increase the friction between the inside clamp wall and the spill container. It will use two 
pneumatic cylinders that will apply 72lbs of force at 80psi to the spill containers. The force 
calculations can be seen in Appendix H. The clamps will be attached to a shaft that acts as an 
axle between two bearings to ensure that the shaft will never slip out of the bearings. The 
minimum shaft diameter and bearing life calculations can also be seen in Appendix H. The 
bearings are mounted inside a housing that is bolted to a frame. The frame will be hung from 
a hoist which will be connected to the rail. The frame will have a switch mounted in it to 
allow the users to control the air cylinders and a bike brake lever. The bike brake lever is 
connected by a cable to a locking pin mounted below the bearing housing. This locking pin 
will allow the user to release the clamps so that they can rotate them 180 degrees and lock it 
back in place when the pin slides into a hole located in a blade dubbed “The Lawn Mower 
Blade” (because it looks like one). An FEA was run on the whole gripper design by applying 
60lbs of force distributed evenly across the clamps for worse case scenario and the results can 
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be seen in Appendix I. The gripper has a factor of safety of 2.16 because the brackets welded 
on the side of the clamp that connects the cylinders is seeing forces from the cylinders and the 
reaction force of the spill container. The rest of the gripper has a factor of safety of 10 to 15, 
which can be seen in the image in Appendix I. The gripper’s max total deformation is 
0.0517in and a max stress of 16,755psi.  
 

 
Figure 12: Model of Gripper 

 
 

 
Figure 13: Model of Final Design 
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SPILL CONTAINER SAFETY LIFTING DEVICE BUILD 
 
 After the design was completed in the winter quarter, building the Spill Container Safety Lifting 
Device started in the spring quarter.  Most of the metal stock used to make the parts was already 
available in OPW’s machine shop. The rest of the parts were ordered at the end of winter quarter. 
 

• Table Build 
The 7ft long table was outsourced to Valley Metal Works to be built. This is where OPW has all 
of their workbenches made. The table top was made out of 3/8in thick sheet metal. The front and 
back edges were bent to keep items from falling off the back of the table and to prevent people 
from injuring themselves on the rough edges in the front. 3in c-channel stock was welded to the 
table top for the legs of the table and 2in c-channel stock was welded around the table legs to 
connect them for added support. This will keep the table from swaying when heavy loads are 
placed on it. Some l-brackets were welded to the bottom of the table legs so that the table can be 
bolted to the floor. It took Valley Metal Works a week to build this table. 
 
• Gripper Build 
Gathering the material for the gripper was started immediately after the design was completed at 
the end of winter quarter. The gripper was built completely in house by OPW’s machine shop. 
The frame was made out of 3/4in black iron pipe and was TIG welded together by Brian 
Ripperger [10]. The clamps were made of 1/8 x 3in 1018 cold roll steel plate that was bent to the 
diameter of the spill container bellow using a metal bender in the machine shop. Once the 
clamps were completed, they were sent to Richard’s, an OPW sister company, to get coated in 
rubber. All the clamp parts were machined out of 1018 cold rolled steel to ensure they would 
hold up to the 100lb force the cylinders apply to the spill container. Although, the back-plate of 
the clamp was made of 1/4in thick plate, which was not strong enough to support the cylinders 
load. The plate would flex when the clamps were gripping a spill container. A ¾ x 1in aluminum 
bar was bolted to the back of this plate to give it more support and it got rid of all the flex in that 
bar. The center section of the spill container safety lifting device that houses the bearings and 
axle were all machined from 6061 aluminum stock. These parts were all machined by Dan 
Renner [11] in OPW’s machine shop. A change made during the build was to switch to an air-
powered hoist from an electric-powered hoist. This way the gripper would be completely air 
powered, and pneumatic and electric lines would not have to be ran up to the top of the rail. This 
change resulted in cutting off one of the handles on the frame and welding a bracket to hold the 
hoist’s controller in its place as the new handle. A dirt bike clutch lever was attached to the other 
side of the frame connecting a bicycle brake cable to the release pin to allow the clamps to 
rotate. A rigid support bracket had to be made to guide the cable straight and keep it tight in 
order for it to be able to pulled the pin straight back. This bracket was machined out of 6061 
aluminum. A balance support bar was added by ordering an extra chain stop from CM hoists and 
welding a steel rod to it with a 1in. shaft collar welded to the other end of the rod. This helps 
balance the gripper and keeps it from hitting an employee if they were to let go of the gripper 
when it is holding a spill container. All the pneumatic parts were ordered from a Clippard 
distributor, and were installed in house.  
 
• Rail Build 
Currently, there is a rail already hanging above the spill container line. This rail is to be taken 
down in order to be extended out 2ft further and to have an air hose festoon installed on it. The 
new rail design has not been installed at the time this document was written. The maintenance 
department has to install the new rail and they have to shut the line down for an estimated 2 
days. The delay is due to production supervisors delaying the maintenance department from 
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installing the rail because they were behind on orders and cannot sacrifice those two days until 
they are caught back up. It is scheduled to be extended out the first week of June 2007. 
 

 
SPILL CONTAINER SAFETY LIFTING DEVICE TESTING 
 
 Testing of the spill container safety lifting device was performed after it was finished being built.  
The testing was done to prove that this lifting device was able to do what was set forth in the proof of 
design.  The following list shows how the testing was done, to prove that it satisfies the proof of 
design objectives. The statements in the italics are the proof of design objectives that this testing 
proves.   
 

• Maneuverability - The gripper will be able to move up and down and across the cell. 
 

Result – The gripper is hooked to an air hoist which is attached to a trolley inside the rail that can 
move across the whole assembly cell. The air hoist allows the gripper to move up and down. 
When the gripper is not in use it can be raised out of the way. 

 
• Loading - The gripper will be able to hold and lift a full cast iron spill container (weight of 

40lbs) 
 

Result – Gripper can hold a full cast iron spill container, the clamps apply 100lb force and they 
rubber coated to increase friction between them and the spill container. The grasp of the clamps 
were check by trying to force the spill container out by pulling it out by hand and by trying to 
shake lifting device. The safety lifting device did not loose grip of the spill container during 
either of these tests. 

 
• Rotation - The gripper will be able to flip the spill container 

 
Result – The clamp is attached to axle that will allow it to flip 180° at a time. When the clutch 
lever located on the left handle of the safety lifting device is engaged, it releases a pin holding 
the clamps in place. The clamp is rotated by the operator and automatically locks back into place 
at 180°. The clamps can rotate either way too. 

 
• Bucket Size - The clamps are to be interchangeable to pick up other size spill containers 

 
Result – Two sets of clamps were made. One set for the 12in. spill container and another set for 
the 14in. spill container. The clamps can be changed within 1.5 minutes by removing the clevis 
pins that attach the cylinders to the clamp and the clevis pins that attach the clamp to the back-
plate of the gripper. 

  
• Ease of Operation - The gripper will be easy to operate by being simple yet effective and 

allowing anyone to use it.  
 

Result – All controls are located at handles so that operators do not have reach away from the 
holding areas to control the safety lifting device. The actual operators who will be using the 
lifting device were asked to try out the device with out any instruction on how to use it and they 
were all able to figure it out. Also people who do not work in the spill container cell because 
they could not lift buckets in the past were asked to try out the device and they could also figure 
out how to use it. 
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• Safety - The gripper will reduce 80% or more of the lifting of the spill container 

 
Result – The safety lifting device was temporary installed in the factory cell and was used 
through the process of building a spill container. The operator did not have to lift the spill 
container at all during its assembly process. 

 
TIME LINE 
 
 A timeline was set up to follow, to help insure that this project is completed by all the specified 
deadlines set by MET department. The design portion of the safety lifting device will be 
accomplished during the winter quarter of 2007. It is estimated that it will take 6 weeks to complete 
the whole design of the safety lifting device. This includes the design of the flipper, transfer device, 
and cell layout. During this part of the quarter, the design of the safety lifting device stayed on 
schedule most of the time. It did take more time than expected to learn solid works. It took one extra 
week to finish the drawings and calculations for the gripper. By the end of the quarter everything was 
finished on time. All the parts were ordered within the weeks of Feb 11th to March 3rd 

 

so that it will 
allow some lead time for the parts to be received so that the building of the transfer device can start 
on time which is scheduled to start by March 18, 2007. The building and testing phase will then 
proceed in the following spring quarter of 2007. It was expected that is would only take two weeks 
complete gripper. The gripper actually took 8 weeks to build due to unforeseen events and hold ups. 
Even though the gripper took longer to make, all of the building tasks were completed by the Tech 
Expo. The important deadlines set by the MET department are the proof of design agreement which is 
due January 12, 2007. The design agreement is what must be completed in the final design of the 
project. The final design freeze is to be completed by February 23, 2007. No more design changes can 
be made after this point. The design report is due on March 9, 2007 and the design presentation is on 
March 15, 2007. The project must be finished by May 16, 2007 to be shown at the Tech Expo. The 
final report is due June 4, 2007 and the final presentation is on May 24. 2007. A Gantt chart of this 
timeline is shown in Appendix J. 

BUDGET 
 
 An estimated cost for the lifting system is expected to cost around $3,400. This is based upon 
what materials and components that may have been used for the final design of project. This includes 
a forecasted amount for the flipper device, roller conveyors U-channel steel stock, steel sheets, and 
other miscellaneous services and parts were not yet known at the time. The final cost for the project 
was $2750.50. This was 19% below budget. Although, the initial cost of the project will be more, 
because much of the metal stock was already in house as left over supplies from OPW’s previous 
projects. Since the cost of metal stock is unknown it is not included in the final cost of the project. If 
this material had been purchased it would have brought the cost up closer to the estimated budget.   
The bill of material can be viewed in Appendix K. Table 1 shows the preliminary budget.  
  . 
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Table 2: Preliminary Budget 

OPW #1 Cell Transfer System Preliminary Budget 
  

Materials, Components or Labor 
Forecasted 
Amount 

    
Est. Flipper device materials $600.00 
Roller Conveyors $1,000.00 
U-channel carbon steel stock ($45 per 
piece) $650.00 
Steel Sheets 3/8" thick (est. $450 per piece) $900.00 
Misc services/parts $250.00 
Total $3,400.00 

 
 
CONCLUSION 
 
 
 Once the new rail has been installed, the safety lifting device will be able to do all of the 
functions set forth for this design in the proposal.  OPW has approved and agreed to pay for all of the 
material for the tester Appendix L. This safety lifting device is a working prototype, which will be 
used in the actual assembly process of their spill containers. If the reliability of this device proves 
itself over time, OPW has plans of reproducing this safety lifting device on their other two spill 
container assembly cells. The spill container safety lifting device does assist the operators in lifting 
the spill container during its assembly which will take all the stress off the operator’s backs and 
therefore making their job easier and safer. It also allows OPW to allow other operators build spill 
containers who could not work in the cell before because they could not lift spill containers. The final 
cost of the project was $2750 which was 24% under the proposed budget of $3400. A Bill of 
Materials can be viewed in Appendix K.  Complete drawings are documented in Appendix E so that 
OPW can reproduce this project if they want to make more for the future.  
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Figure 14: Spill Container Safety Lifting Device that will be used in the #1 Cell 
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http://www.theonlinecatalog.com/recondit/store/item.asp?ITEM_ID=862&DEPARTMENT_ID=31 10/17/06      
DRUM LIFTER /ROTATOR /TRANSPORTER     recondit.com   [3] 
 

Hand pump lift 
Max height of 68” 
Hand gear mechanism for 360° rotation 
Floor lock for stabilizing unit 
550lb capacity 
 

DRUM LIFTER /ROTATOR /TRANSPORTER  
•  The safest and most convenient way to handle open or closed end drums.  
•  550 lb. capacity.  

The multifunctional unit, model DRUM-LRT, has a hand pump that lifts drums from ground level to 
a raised height of 68" to bottom of drum in horizontal position. For use with 55-gallon steel, plastic 
and fiber drums. A hand gear mechanism provides the controlled 360° rotation of the drum. A floor 
lock is standard to stabilize the unit in a fixed position.  

 

Costs $1,119.00 
Similar to a engine lift 
Maneuverable 
May not be easy to move 
 

APPENDIX A - RESEARCH 
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http://www.theonlinecatalog.com/recondit/store/item&DEP.asp?ITEM_ID=1805ARTMENT_ID=
31   10/17/06   Drum Lifter    recondite.com   [4] 
 

Lifts drums vertically 
Has support bar underneath 
Lifter attaches by a cable or chain 
Can handle various heights and diameters 
Has adapters for smaller drums 
1000lb capacity 
 

DRUM LIFTER 
•  Lift drums in the vertical position.  
•  Drum is secured and supported by a bar underneath.  

Drum Lifter attaches to a monorail or crane to move a drum in the upright position. Safety oriented 
design supports drum from the bottom. Handles steel, plastic or fiber drum with 22" to 231⁄2" dia. 
and heights 23" to 38". ccepts Diameter Adaptors for smaller drums. Strong 1000 lb. capacity. Load 
Tested Certified. FOB Shipping Point.  

 

 

 

 

 

 

 

 

 

 

 

 

 

Does not flip 
Will need a support bar on both sides for flipping 
Costs $278.00 
Can be moved out of the way 
 

http://www.theonlinecatalog.com/recondit/store/item&DEP.asp?ITEM_ID=1805ARTMENT_ID=31�
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http://www.theonlinecatalog.com/recondit/store/item.asp?ITEM_ID=1320&DEPARTMENT_ID=31  
10/17/06   ECONOMICAL MECHANICAL DRUM TRANSPORTER    recondite.com    [5] 
 
 
 

        
 

Complete Mechanical Operation 
Hand crank lift me lift mechanism 
Spring Loaded steel jaws 
Straddle legs can rotate for easy access 
 
 

ECONOMICAL MECHANICAL DRUM TRANSPORTER  
•  Complete mechanical operation.  
•  Simple design is safe to use -- all welded construction.  

Unique design is ideal for lifting and transporting most plastic, steel and fiber drums with a top lip. 
Unit features a manual mechanical hand crank lift mechanism for lifting drums. Springloaded steel 
jaws securely grip top lip of drums. Inside straddle width is 24. Straddle legs rotate for access to 
drums on pallets. FOB Shipping Point.  

 

Does not flip 
Not enough support around middle 
Too low 
Costs $672.00 
 
 

http://www.theonlinecatalog.com/recondit/store/item.asp?ITEM_ID=1320&DEPARTMENT_ID=31�
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http://www.theonlinecatalog.com/recondit/store/item.asp?ITEM_ID=532&DEPARTMENT_ID=3
1   10/17/06     HYDRAULIC DRUM CARRIER/BOOM    recondit.com    [6] 
 

Sturdy 
Safe 
One Operator 
Lifted by pumping a hydraulic foot pump 
Hand crack chain rotation 
60” lift height 
Has swivel casters 
800lb capacity 
Has optional batter power unit 
 
 

HYDRAULIC DRUM CARRIER/BOOM  
•  This sturdy and safe Carrier/Boom allows one operator to easily lift, transport and dispense fully 
loaded 55 gallon steel drums.  
•  Drum is safely secured to the saddle and lifted by pumping the hydraulic foot pump.  

Hand crank on 60" lift unit and chain rotation on other efficiently tilts drum. Drum carrier rotates out 
of the way of the boom attachment -- stores on the lower unit. Rolls on 4" rear swivel casters and 8" 
front rigid wheels. 800 lb. capacity. FOB Shipping Point.  

 

Also similar to engine lift 
Costs about $1685.00 
 
 

http://www.theonlinecatalog.com/recondit/store/item.asp?ITEM_ID=532&DEPARTMENT_ID=31�
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http://www.theonlinecatalog.com/recondit/store/item.asp?ITEM_ID=535&DEPARTMENT_ID=31   10/17/06       
Hydraulic Drum Stacker     recondit.com   [7] 

360 degree Rotation 
Solid Steel Construction 
Hydraulic foot pump 
Optional AC or DC power  
Drums held in place with ratchet 
mechanism 

HYDRAULIC DRUM STACKER  
•  Perfect for positioning 55 gallon steel, plastic, and fiber drums horizontally on shelves.  
•  Solid steel construction provides stability during transit.  

Unit rolls easily on 2 - 8" x 2" phenolic casters and 2 - 5" x 2" swivel polyurethane casters. Comes 
standard with Hydraulic Foot Pump. Available in AC, DC or Factory Air/Oil Power. Drums rotate 
360°. Drums are held in place with a ratchet mechanism. FOB Shipping Point.  

 

Is not too tall 
May be hard to maneuver 
Needs a support on both sides 
Costs about $1682.00 

http://www.theonlinecatalog.com/recondit/store/item.asp?ITEM_ID=535&DEPARTMENT_ID=31�
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http://www.theonlinecatalog.com/recondit/store/item.asp?ITEM_ID=1417&DEPARTMENT_ID=31     10/17/06     
Variable Height Pail Dispenser     recondit.com    [8] 

Has 24 angle settings 
For use of 5 gallon pails 
Dispensing height from 6” to 52” 
200lb capacity 
Tilt back dolly design 
Can rotate 360 degrees 

VARIABLE HEIGHT PAIL DISPENSER  
•  Variable height dumper provides 24 angle setting for dispensing.  
•  For use with 5 gallon plastic or steel pails.  

Dispensing at any height between 6" and 52" while standing or kneeling. Sturdy 200 lb. capacity. 
Rolls on 6" x 2" M.O.R. wheels with tilt back "hand truck" design. Can go virtually anywhere. Pour 
height 1" raised height 52". Cradle height lowered 3 1/4" raised 58". FOB Shipping Point.  

 

For smaller diameter parts 
Simple design 
Compact 
Costs $554.00 
Easier to maneuver 
 

http://www.theonlinecatalog.com/recondit/store/item.asp?ITEM_ID=1417&DEPARTMENT_ID=31�
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http://www.theonlinecatalog.com/recondit/store/item.asp?ITEM_ID=1806&DEPARTMENT_ID=31    10/17/06     
Vertical Lift Drum Pourer      [9] 

Max height of 106” 
Can weigh drum while pouring 
Can control lift height and tilt angle 
Can turn drum 360 in all directions 
Accepts small drum adaptors 
800lb Capacity 

VERTICAL-LIFT DRUM POURER  
•  Control drum pouring at up to 106" high.  
•  Weigh drum while pouring with scale-equipped models.  

Use one handle to control the lift height and a second to control the drum tilt angle. Turn drum 360° 
in either direction. Faucet or drum cone in place still allows more than 180° rotation. Drum holder is 
designed to handle 22" to 23.5" dia. steel or fiber drums. Digital scale measures to 0.1 lb. with 
accuracy of +/- 0.2%. Accepts Diameter Adaptors for smaller drums and holders for plastic drums 
are also available. Intrinsically safe, UL rated scale option available -- contact dealer for details. 800 
lb. capacity. FOB Shipping Point.  

 

Too big 
Costs between $3881.00 - $15154.00 
Costs too much 
 

http://www.theonlinecatalog.com/recondit/store/item.asp?ITEM_ID=1806&DEPARTMENT_ID=31�
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http://www.irtools.com/IS/category.asp-en-3403   10/17/06    Ingersoll Rand Intelift Intelligent Lifting System     
irtools.com     [10] 

Electronic Controls 
Safe 
Custom Applications 
Capacity range of 150lbs to 1000lbs 
Uses winch and suspended 
Can have a rotational gripper 
 

Ingersoll Rand InteLIFT air balancers combine the industry's finest, thoroughly proven, mechanical balancing 
technology with the intelligence of precise, reliable electronic controls. This innovative combination is the first 
in a new series of intelligent lifting systems, and provides operators with a safe, ergonomically beneficial, and 
highly flexible solution that can enhance productivity and cost savings. The Intelift unit covers a capacity 
range of 150 lbs (68 kg) to 1,000 lbs (454 kg), with durability suited for 100 percent duty cycle and vertical 
speed capability of 300 ft per min. 

Looks like it will cost too much 
Has rails 
Push button controlled 
 

http://www.irtools.com/IS/category.asp-en-3403�
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APPENDIX F – TABLE ANALYSIS 
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1. Summary 

This report documents design and analysis information created and maintained using the 
ANSYS®

 Based on the Unigraphics

 engineering software program. Each scenario listed below represents one complete 
engineering simulation.  

Scenario 1 

®  part  "G:\OPW-COMM\Chris Bohland\table.prt".  
 Considered the effect of structural loads and structural supports.  
 Calculated safety factors and margins based on maximum equivalent stress along with structural 

results.  
 No convergence criteria defined.  
 No alert criteria defined.  
 See Scenario 1 below for supporting details and Appendix A1 for corresponding figures.  

 

2. Introduction 

The ANSYS CAE (Computer-Aided Engineering) software program was used in conjunction 
with 3D CAD (Computer-Aided Design) solid geometry to simulate the behavior of 
mechanical bodies under thermal/structural loading conditions. ANSYS automated FEA 
(Finite Element Analysis) technologies from ANSYS, Inc. to generate the results listed in 
this report.  

Each scenario presented below represents one complete engineering simulation. The 
definition of a simulation includes known factors about a design such as material properties 
per body, contact behavior between bodies (in an assembly), and types and magnitudes of 
loading conditions. The results of a simulation provide insight into how the bodies may 
perform and how the design might be improved. Multiple scenarios allow comparison of 
results given different loading conditions, materials or geometric configurations.  

Convergence and alert criteria may be defined for any of the results and can serve as guides 
for evaluating the quality of calculated results and the acceptability of values in the context 
of known design requirements.  

 Solution history provides a means of assessing the quality of results by examining how values change 
during successive iterations of solution refinement. Convergence criteria

 

 sets a specific limit on the 
allowable change in a result between iterations. A result meeting this criteria is said to be 
"converged".  
Alert criteria

All values are presented in the 

 define "allowable" ranges for result values. Alert ranges typically represent known 
aspects of the design specification.  

"U.S. Customary (in, lbm, lbf, °F, s, V, A)"

Do not accept or reject a design based solely on the data presented in this report. Evaluate 
designs by considering this information in conjunction with experimental test data and the 
practical experience of design engineers and analysts. A quality approach to engineering 

 unit system.  

Notice  

http://www.ansys.com/�
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design usually mandates physical testing as the final means of validating structural integrity 
to a measured precision.  

 

3. Scenario 1 

3.1. "Model" 

"Model" obtains geometry from the Unigraphics®  part  "G:\OPW-COMM\Chris 
Bohland\table.prt"

 The bounding box for the model measures 34.28 by 37.25 by 96.0 in along the global x, y and z axes, 
respectively.  

.  

 The model has a total mass of 373.45 lbm.  
 The model has a total volume of 1,315.75 in³.  

Table 3.1.1. Bodies 

Name Material 
Nonlinear 
Material Effects  

Bounding 
Box(in) 

Mass 
(lbm) 

Volume 
(in³) Nodes Elements 

"table 
(1)" 

"Structural 
Steel"   

Yes  34.28, 37.25, 
96.0  

373.45 1,315.75 99031 33424 

3.1.1. Mesh 

 "Mesh"(Figure A1.1) , associated with "Model"
 

 has a curvature/proximity value of 0.  
"Mesh"

 
, is using the default element size.  

"Mesh"
 

 uses standard shape checking.  
"Mesh"

 
 uses high order elements for solids.  

"Mesh"
 

 uses active assembly for initial size seed.  
"Mesh"

Table 3.1.1.1. Mesh Sizing Controls 

 contains 99031 nodes and 33424 elements.  

Name Type Element Size Hard Edge Behavior Associated Bodies 

      

"Sizing" Volume Sizing  1.0 in  N/A  No Curv/Proximity Refinement  "table (1)"  

Table 3.1.1.2. Method Controls 

Name Shape Associated Bodies 

"Method" Hex Dominant  "table (1)"  

3.2. "Environment" 

Simulation Type is set to Static 

Analysis Type is set to Static Structural 

"Environment" contains all loading conditions defined for "Model"

3.2.1. Structural Loading 

 in this scenario.  
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Table 3.2.1.1. Structural Loads 

Name Type Magnitude Vector 
Reaction 
Force 

Reaction 
Force 
Vector 

Reaction 
Moment 

Reaction 
Moment 
Vector 

"Force" 
Surface 
Force 1,000.0 lbf 

[0.0 lbf x, -
1,000.0 lbf y,0.0 lbf z]  N/A N/A N/A N/A 

3.2.2. Structural Supports 
Table 3.2.2.1. Structural Supports 

Name Type 
Reaction 
Force Reaction Force Vector 

Reaction 
Moment 

Reaction Moment 
Vector 

"Fixed 
Support" 

Fixed 
Surface 1,000.0 lbf 

[3.56×10-6 lbf x, 
1,000.0 lbf y, -1.75×10-

5 lbf z] 
552.92 lbf·in 

[550.1 lbf·in x, 1.17×10-

4 lbf·in y, -55.7 lbf·in z] 

3.3. "Solution" 

Solver Type is set to  Program Controlled 

Weak Springs is set to   Program Controlled 

Large Deflection is set to  Off 

"Solution" contains the calculated response for "Model" given loading conditions defined in 
"Environment"

 Thermal expansion calculations use a constant reference temperature of 71.6 °F for 

.  

"table (1)"

3.3.1. Structural Results 

. 
Theoretically, at a uniform temperature of 71.6 °F no strain results from thermal expansion or 
contraction.  

Table 3.3.1.1. Values 

Name Figure Scope Minimum Maximum 
Minimum 
Occurs On 

Maximum 
Occurs On 

Alert 
Criteria 

        

"Equivalent 
Stress" A1.2 "Model" 

3.44×10-

2 psi 7,259.37 psi table (1) table (1) None 

        

"Total 
Deformation" 

A1.3 "Model" 0.0 in 0.13 in table (1) table (1) None 

 Convergence tracking not enabled.  

3.3.2. Equivalent Stress Safety 
Table 3.3.2.1. Definition 

Name Stress Limit 

"Stress Tool" Yield strength per material. 

Table 3.3.2.2. Results 
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Name Figure Scope Type Minimum Alert Criteria 

"Stress Tool" A1.4 "Model"  Safety Factor 4.99  None  

 Convergence tracking not enabled.  

Appendices 

A1. Scenario 1 Figures 
Figure A1.1. "Mesh" Geometry 

 
Figure A1.2. "Equivalent Stress" Contours 
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Figure A1.3. "Total Deformation" Contours 

 
Figure A1.4. "Safety Factor" Contours 
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A2. Definition of "Structural Steel" 
Table A2.1. "Structural Steel" Constant Properties 

Name Value 

Compressive Ultimate Strength 0.0 psi 

Compressive Yield Strength 36,259.45 psi 

Density 0.28 lbm/in³ 

Poisson's Ratio 0.3  

Tensile Yield Strength 36,259.45 psi 

Tensile Ultimate Strength 66,717.38 psi 

Young's Modulus 2.9×107 psi 

Thermal Expansion 6.67×10-6 1/°F 

Specific Heat 0.1 BTU/lbm·°F 

Thermal Conductivity 8.09×10-4 BTU/s·in·°F 

Relative Permeability 10,000.0  

Resistivity 8.53 Ohm·Cir-mil/in 

Table A2.2. Alternating Stress 
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Mean Value 0.0 

Table A2.3. "Alternating Stress" 

Cycles Alternating Stress 

10.0  580,006.11 psi 

20.0  410,021.82 psi 

50.0  274,991.64 psi 

100.0  204,938.39 psi 

200.0  155,045.39 psi 

2,000.0  63,961.66 psi 

10,000.0  37,999.9 psi 

20,000.0  31,038.09 psi 

100,000.0  20,015.21 psi 

200,000.0  16,534.31 psi 

1,000,000.0  12,502.26 psi 

Table A2.4. Strain-Life Parameters 
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Table A2.5. "Strain-Life Parameters" 

Strength Coefficient 133,434.76 psi 

Strength Exponent -0.11  

Ductility Coefficient 0.21  

Ductility Exponent -0.47  

Cyclic Strength Coefficient 145,037.79 psi 

Cyclic Strain Hardening Exponent 0.2  
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1. Summary 

This report documents design and analysis information created and maintained using the 
ANSYS®

 Based on the Unigraphics

 engineering software program. Each scenario listed below represents one complete 
engineering simulation.  

Scenario 1 

®  assembly  "G:\OPW-COMM\Chris Bohland\Senior Design\Rail FEA.prt".  
 Considered the effect of body-to-body contact, structural loads and structural supports.  
 Calculated safety factors and margins based on maximum equivalent stress along with structural 

results.  
 No convergence criteria defined.  
 No alert criteria defined.  
 See Scenario 1 below for supporting details and Appendix A1 for corresponding figures.  

Scenario 2 

 Based on the Unigraphics®  assembly  "G:\OPW-COMM\Chris Bohland\Senior Design\Rail FEA.prt".  
 Considered the effect of body-to-body contact, structural loads and structural supports.  
 Calculated safety factors and margins based on maximum equivalent stress along with structural 

results.  
 No convergence criteria defined.  
 No alert criteria defined.  
 See Scenario 2 below for supporting details and Appendix A2 for corresponding figures.  

 

2. Introduction 

The ANSYS CAE (Computer-Aided Engineering) software program was used in conjunction 
with 3D CAD (Computer-Aided Design) solid geometry to simulate the behavior of 
mechanical bodies under thermal/structural loading conditions. ANSYS automated FEA 
(Finite Element Analysis) technologies from ANSYS, Inc. to generate the results listed in 
this report.  

Each scenario presented below represents one complete engineering simulation. The 
definition of a simulation includes known factors about a design such as material properties 
per body, contact behavior between bodies (in an assembly), and types and magnitudes of 
loading conditions. The results of a simulation provide insight into how the bodies may 
perform and how the design might be improved. Multiple scenarios allow comparison of 
results given different loading conditions, materials or geometric configurations.  

Convergence and alert criteria may be defined for any of the results and can serve as guides 
for evaluating the quality of calculated results and the acceptability of values in the context 
of known design requirements.  

 Solution history provides a means of assessing the quality of results by examining how values change 
during successive iterations of solution refinement. Convergence criteria

 

 sets a specific limit on the 
allowable change in a result between iterations. A result meeting this criteria is said to be 
"converged".  
Alert criteria define "allowable" ranges for result values. Alert ranges typically represent known 
aspects of the design specification.  

http://www.ansys.com/�
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All values are presented in the "U.S. Customary (in, lbm, lbf, °F, s, V, A)" unit system.  

Notice  

Do not accept or reject a design based solely on the data presented in this report. Evaluate 
designs by considering this information in conjunction with experimental test data and the 
practical experience of design engineers and analysts. A quality approach to engineering 
design usually mandates physical testing as the final means of validating structural integrity 
to a measured precision.  

 

3. Scenario 1 

3.1. "Model" 

"Model" obtains geometry from the Unigraphics®  assembly  "G:\OPW-COMM\Chris 
Bohland\Senior Design\Rail FEA.prt"

 The bounding box for all positioned bodies in the model measures 150.0 by 127.88 by 51.16 in along 
the global x, y and z axes, respectively.  

.  

 The model has a total mass of 649.68 lbm.  
 The model has a total volume of 2,289.95 in³.  

Table 3.1.1. Bodies 

Name Material Nonlinear 
Material Effects  

Bounding 
Box(in) 

Mass 
(lbm) 

Volume 
(in³) 

Nodes Elements 

"Rail FEA 
(1)" 

"Stainless 
Steel"   Yes  

7.75, 4.75, 
1.65  2.94 10.49 4308 2155 

"Rail FEA 
(183)" 

"Stainless 
Steel"   

Yes  150.0, 4.5, 4.5  46.41 165.63 15173 7319 

"Rail FEA 
(621)" 

"A36 Hot 
Rolled Steel"   Yes  

12.06, 121.88, 
12.06  250.17 880.89 14836 7468 

"Rail FEA 
(1037)" 

"A36 Hot 
Rolled Steel"   

Yes  12.06, 121.88, 
12.06  

250.18 880.93 14498 7285 

"Rail FEA 
(1489)" 

"A36 Hot 
Rolled Steel"   Yes  3.33, 6.0, 48.0  49.99 176.01 11928 6102 

"Rail FEA 
(1490)" 

"A36 Hot 
Rolled Steel"   

Yes  3.33, 6.0, 48.0  49.99 176.01 11699 5976 

3.1.1. Contact 

 "Contact"

Table 3.1.1.1. Contact Conditions 

 uses a tolerance of 0.0 for automatic detection.  

Name Type 
Associated 
Bodies Scope 

Normal 
Stiffness 

Scope 
Mode Behavior 

Update 
Stiffness Formulation 

Thermal 
Conductance 

Pinball 
Region 

"Contact 
Region" 

Bonded "Rail FEA 
(1)" and 

Face, 
Face 

Program 
Controlled 

Manual Symmetric Never Pure Penalty Program 
Controlled 

Program 
Controlled 
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"Rail FEA 
(183)" 

"Contact 
Region 
2" 

Bonded 

"Rail FEA 
(183)" and 
"Rail FEA 
(1489)" 

Face, 
Face 

Program 
Controlled Manual Symmetric Never Pure Penalty 

Program 
Controlled 

Program 
Controlled 

"Contact 
Region 
3" 

Bonded 

"Rail FEA 
(183)" and 
"Rail FEA 
(1490)" 

Face, 
Face 

Program 
Controlled 

Manual Symmetric Never Pure Penalty Program 
Controlled 

Program 
Controlled 

"Contact 
Region 
7" 

Bonded 

"Rail FEA 
(621)" and 
"Rail FEA 
(1489)" 

Face, 
Face 

Program 
Controlled 

Automatic Symmetric Never Pure Penalty 
Program 
Controlled 

Program 
Controlled 

"Contact 
Region 
8" 

Bonded 

"Rail FEA 
(1037)" 
and "Rail 
FEA 
(1490)" 

Face, 
Face 

Program 
Controlled 

Automatic Symmetric Never Pure Penalty Program 
Controlled 

Program 
Controlled 

3.1.2. Mesh 

 "Mesh", associated with "Model"
 

 has a curvature/proximity value of 0.  
"Mesh"

 
, has an element size of 2.0 in.  

"Mesh"
 

 uses standard shape checking.  
"Mesh"

 
 uses high order elements for solids.  

"Mesh"
 

 uses active assembly for initial size seed.  
"Mesh"

Table 3.1.2.1. Mesh Sizing Controls 

 contains 72442 nodes and 36305 elements.  

Name Type Element Size Hard Edge Behavior Associated Bodies 

      

"Sizing" Face Sizing  1.0 in  N/A  No Curv/Proximity Refinement  "Rail FEA (183)"  

3.2. "Environment" 

Simulation Type is set to Static 

Analysis Type is set to Static Structural 

"Environment" contains all loading conditions defined for "Model"

Table 3.2.1.1. Structural Loads 

 in this scenario.  

3.2.1. Structural Loading 

Name Type Magnitude Vector 
Reaction 
Force 

Reaction 
Force 
Vector 

Reaction 
Moment 

Reaction 
Moment 
Vector 

Associated 
Bodies 

"Force" 
Surface 
Force 420.0 lbf 

[0.0 lbf x, -
420.0 lbf y,0.0 lbf z]  N/A N/A N/A N/A 

"Rail FEA 
(1)" 

"Force 
2" 

Surface 
Force 

80.0 lbf [0.0 lbf x, -
80.0 lbf y,0.0 lbf z]  

N/A N/A N/A N/A "Rail FEA 
(183)" 
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3.2.2. Structural Supports 
Table 3.2.2.1. Structural Supports 

Name Type 
Reaction 
Force 

Reaction Force 
Vector 

Reaction 
Moment 

Reaction Moment 
Vector 

Associated 
Bodies 

"Fixed 
Support" 

Fixed 
Surface 

499.89 lbf 

[-2.44×10-

6 lbf x, 
499.89 lbf y, 
1.85×10-5 lbf z] 

21,178.55 lbf·in 
[-21,163.49 lbf·in x, -
44.5 lbf·in y, -
797.33 lbf·in z] 

"Rail FEA 
(621)" and 
"Rail FEA 
(1037)" 

3.3. "Solution" 

Solver Type is set to  Program Controlled 

Weak Springs is set to   Program Controlled 

Large Deflection is set to  Off 

"Solution" contains the calculated response for "Model" given loading conditions defined in 
"Environment"

 Thermal expansion calculations use a constant reference temperature of 71.6 °F for all bodies in 

.  

"Model"

3.3.1. Structural Results 

. Theoretically, at a uniform temperature of 71.6 °F no strain results from thermal expansion 
or contraction.  

Table 3.3.1.1. Values 

Name Figure Scope Minimum Maximum 
Minimum 
Occurs On 

Maximum 
Occurs On 

Alert 
Criteria 

        

"Equivalent 
Stress" 

A1.1 All Bodies 
In "Model" 

2.92×10-

2 psi 
13,925.98 psi Rail FEA 

(621) 
Rail FEA (1) None 

        

"Total 
Deformation" 

A1.2 All Bodies 
In "Model" 

0.0 in 0.81 in Rail FEA 
(621) 

Rail FEA (183) None 

 Convergence tracking not enabled.  

3.3.2. Equivalent Stress Safety 
Table 3.3.2.1. Definition 

Name Stress Limit 

"Stress Tool" Yield strength per material. 

Table 3.3.2.2. Results 

Name Figure Scope Type Minimum Alert Criteria 

"Stress Tool" A1.3 All Bodies In "Model"  Safety Factor 2.16  None  

 Convergence tracking not enabled.  
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Appendices 

A1. Scenario 1 Figures 
Figure A1.1. "Equivalent Stress" Contours 

 
Figure A1.2. "Total Deformation" Contours 
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Figure A1.3. "Safety Factor" Contours 

 
Figure A2.2. "Total Deformation" Contours 
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A3. Definition of "Stainless Steel" 
Table A3.1. "Stainless Steel" Constant Properties 

Name Value 

Compressive Ultimate Strength 0.0 psi 

Compressive Yield Strength 30,022.82 psi 

Density 0.28 lbm/in³ 

Poisson's Ratio 0.31  

Tensile Yield Strength 30,022.82 psi 

Tensile Ultimate Strength 84,992.14 psi 

Young's Modulus 2.8×107 psi 

Thermal Expansion 9.44×10-6 1/°F 

Specific Heat 0.11 BTU/lbm·°F 

Thermal Conductivity 2.02×10-4 BTU/s·in·°F 

Relative Permeability 10,000.0  

Resistivity 38.62 Ohm·Cir-mil/in 

A4. Definition of "A36 Hot Rolled Steel" 
Table A4.1. "A36 Hot Rolled Steel" Constant Properties 

Name Value 

Density 0.28 lbm/in³ 

Poisson's Ratio 0.26  

Young's Modulus 2.9×107 psi 

Tensile Yield Strength 58,000.0 psi 
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APPENDIX I – GRIPPER ANALYSIS 
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This report documents design and analysis information created and maintained using the 
ANSYS®

 Based on the Unigraphics

 engineering software program. Each scenario listed below represents one complete 
engineering simulation.  

Scenario 1 

®  assembly  "G:\OPW-COMM\Chris Bohland\Senior Design\Assem5.prt".  
 Considered the effect of body-to-body contact, structural loads and structural supports.  
 Calculated safety factors and margins based on maximum equivalent stress along with structural 

results.  
 No convergence criteria defined.  
 No alert criteria defined.  
 See Scenario 1 below for supporting details and Appendix A1 for corresponding figures.  

 

2. Introduction 

The ANSYS CAE (Computer-Aided Engineering) software program was used in conjunction 
with 3D CAD (Computer-Aided Design) solid geometry to simulate the behavior of 
mechanical bodies under thermal/structural loading conditions. ANSYS automated FEA 
(Finite Element Analysis) technologies from ANSYS, Inc. to generate the results listed in 
this report.  

Each scenario presented below represents one complete engineering simulation. The 
definition of a simulation includes known factors about a design such as material properties 
per body, contact behavior between bodies (in an assembly), and types and magnitudes of 
loading conditions. The results of a simulation provide insight into how the bodies may 
perform and how the design might be improved. Multiple scenarios allow comparison of 
results given different loading conditions, materials or geometric configurations.  

Convergence and alert criteria may be defined for any of the results and can serve as guides 
for evaluating the quality of calculated results and the acceptability of values in the context 
of known design requirements.  

 Solution history provides a means of assessing the quality of results by examining how values change 
during successive iterations of solution refinement. Convergence criteria

 

 sets a specific limit on the 
allowable change in a result between iterations. A result meeting this criteria is said to be 
"converged".  
Alert criteria

All values are presented in the 

 define "allowable" ranges for result values. Alert ranges typically represent known 
aspects of the design specification.  

"U.S. Customary (in, lbm, lbf, °F, s, V, A)"

Do not accept or reject a design based solely on the data presented in this report. Evaluate 
designs by considering this information in conjunction with experimental test data and the 
practical experience of design engineers and analysts. A quality approach to engineering 
design usually mandates physical testing as the final means of validating structural integrity 
to a measured precision.  

 unit system.  

Notice  
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3. Scenario 1 

3.1. "Model" 

"Model" obtains geometry from the Unigraphics®  assembly  "G:\OPW-COMM\Chris 
Bohland\Senior Design\Assem5.prt"

 The bounding box for all positioned bodies in the model measures 18.0 by 6.0 by 43.31 in along the 
global x, y and z axes, respectively.  

.  

 The model has a total mass of 28.08 lbm.  
 The model has a total volume of 119.77 in³.  

Table 3.1.1. Bodies 

Name Material Nonlinear 
Material Effects  

Bounding 
Box(in) 

Mass 
(lbm) 

Volume 
(in³) 

Nodes Elements 

"Assem5 
(1)" 

"Structural 
Steel"   Yes  

2.04, 5.4, 
0.25  0.48 1.71 3161 1570 

"Assem5 
(89)" 

"Aluminum 
Alloy"   

Yes  6.0, 6.0, 0.5  1.16 11.56 3451 1849 

"Assem5 
(111)" 

"Stainless 
Steel"   Yes  

0.5, 0.75, 
1.19  5.6×10-2 0.2 1503 732 

"Assem5 
(242)" 

"Stainless 
Steel"   

Yes  0.5, 0.75, 
1.19  

0.06 0.2 1547 756 

"Assem5 
(373)" 

"Stainless 
Steel"   Yes  

1.52, 2.0, 
8.88  1.65 5.89 11145 6809 

"Assem5 
(685)" 

"Stainless 
Steel"   

Yes  1.52, 2.0, 
8.88  

1.65 5.89 11340 6944 

"Assem5 
(997)" 

"Stainless 
Steel"   

Yes  
0.47, 3.25, 
0.48  

0.1 0.37 904 458 

"Assem5 
(1007)" 

"Stainless 
Steel"   Yes  

0.47, 3.25, 
0.48  0.1 0.37 1179 625 

"Assem5 
(1017)" 

"Structural 
Steel"   

Yes  0.98, 0.25, 
0.74  

2.98×10-2 0.1 357 46 

"Assem5 
(1047)" 

"Structural 
Steel"   Yes  

0.98, 0.25, 
0.74  2.98×10-2 0.1 368 48 

"Assem5 
(1077)" 

"Structural 
Steel"   

Yes  6.3, 3.0, 15.0  2.65 9.34 1712 755 

"Assem5 
(1148)" 

"Structural 
Steel"   Yes  6.3, 3.0, 15.0  2.65 9.34 1706 751 

"Assem5 
(1219)" 

"Structural 
Steel"   

Yes  16.0, 3.0, 
1.22  

3.93 13.83 1532 653 

"Assem5 
(1361)" 

"Structural 
Steel"   Yes  

1.28, 1.12, 
2.92  0.43 1.51 4116 2451 

"Assem5 
(1443)" 

"Aluminum 
Alloy"   

Yes  2.25, 2.25, 
3.47  

0.84 8.39 2347 1284 

"Assem5 "Aluminum Yes  0.91, 0.91, 2.27×10-2 0.23 604 90 
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(1474)" Alloy"  0.5  

"Assem5 
(1483)" 

"Structural 
Steel"   Yes  

0.91, 0.91, 
4.19  0.29 1.03 4173 2474 

"Assem5 
(1515)" 

"Structural 
Steel"   

Yes  2.71, 2.71, 
0.59  

0.42 1.47 29971 19646 

"Assem5 
(1572)" 

"Aluminum 
Alloy"   Yes  

2.25, 2.25, 
3.75  0.82 8.17 2314 1172 

"Assem5 
(1603)" 

"Aluminum 
Alloy"   

Yes  1.63, 1.41, 
3.45  

0.36 3.59 2009 982 

"Assem5 
(1708)" 

"Structural 
Steel"   Yes  

18.0, 1.0, 
20.25  8.82 31.09 10820 5521 

"Assem5 
(1832)" 

"Structural 
Steel"   Yes  1.5, 1.5, 3.96  1.54 5.41 14267 9072 

3.1.1. Contact 

 "Contact"

Table 3.1.1.1. Contact Conditions 

 uses a tolerance of 0.0 for automatic detection.  

Name Type 
Associated 
Bodies Scope 

Normal 
Stiffness 

Scope 
Mode Behavior 

Update 
Stiffness Formulation 

Thermal 
Conductance 

Pinball 
Region 

"Contact 
Region" 

Bonded 

"Assem5 
(1)" and 
"Assem5 
(1443)" 

Face, 
Face 

Program 
Controlled 

Automatic Symmetric Never Pure Penalty Program 
Controlled 

Program 
Controlled 

"Contact 
Region 
2" 

Bonded 

"Assem5 
(1)" and 
"Assem5 
(1483)" 

Face, 
Face 

Program 
Controlled Automatic Symmetric Never Pure Penalty 

Program 
Controlled 

Program 
Controlled 

"Contact 
Region 
3" 

Bonded 

"Assem5 
(89)" and 
"Assem5 
(1515)" 

Face, 
Face 

Program 
Controlled 

Automatic Symmetric Never Pure Penalty Program 
Controlled 

Program 
Controlled 

"Contact 
Region 
4" 

Bonded 

"Assem5 
(89)" and 
"Assem5 
(1572)" 

Face, 
Face 

Program 
Controlled 

Automatic Symmetric Never Pure Penalty Program 
Controlled 

Program 
Controlled 

"Contact 
Region 
5" 

Bonded 

"Assem5 
(89)" and 
"Assem5 
(1603)" 

Face, 
Face 

Program 
Controlled Automatic Symmetric Never Pure Penalty 

Program 
Controlled 

Program 
Controlled 

"Contact 
Region 
6" 

Bonded 

"Assem5 
(111)" and 
"Assem5 
(373)" 

Face, 
Face 

Program 
Controlled 

Automatic Symmetric Never Pure Penalty Program 
Controlled 

Program 
Controlled 

"Contact 
Region 
7" 

Bonded 

"Assem5 
(111)" and 
"Assem5 
(1047)" 

Face, 
Face 

Program 
Controlled Automatic Symmetric Never Pure Penalty 

Program 
Controlled 

Program 
Controlled 

"Contact 
Region 
8" 

Bonded 
"Assem5 
(242)" and 
"Assem5 

Face, 
Face 

Program 
Controlled Automatic Symmetric Never Pure Penalty 

Program 
Controlled 

Program 
Controlled 
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(685)" 

"Contact 
Region 
9" 

Bonded 

"Assem5 
(242)" and 
"Assem5 
(1017)" 

Face, 
Face 

Program 
Controlled Automatic Symmetric Never Pure Penalty 

Program 
Controlled 

Program 
Controlled 

"Contact 
Region 
10" 

Bonded 

"Assem5 
(373)" and 
"Assem5 
(1219)" 

Face, 
Face 

Program 
Controlled 

Automatic Symmetric Never Pure Penalty Program 
Controlled 

Program 
Controlled 

"Contact 
Region 
11" 

Bonded 

"Assem5 
(685)" and 
"Assem5 
(1219)" 

Face, 
Face 

Program 
Controlled Automatic Symmetric Never Pure Penalty 

Program 
Controlled 

Program 
Controlled 

"Contact 
Region 
12" 

Bonded 

"Assem5 
(997)" and 
"Assem5 
(1148)" 

Face, 
Face 

Program 
Controlled Automatic Symmetric Never Pure Penalty 

Program 
Controlled 

Program 
Controlled 

"Contact 
Region 
13" 

Bonded 

"Assem5 
(997)" and 
"Assem5 
(1219)" 

Face, 
Face 

Program 
Controlled 

Automatic Symmetric Never Pure Penalty Program 
Controlled 

Program 
Controlled 

"Contact 
Region 
14" 

Bonded 

"Assem5 
(1007)" 
and 
"Assem5 
(1077)" 

Face, 
Face 

Program 
Controlled 

Automatic Symmetric Never Pure Penalty Program 
Controlled 

Program 
Controlled 

"Contact 
Region 
15" 

Bonded 

"Assem5 
(1007)" 
and 
"Assem5 
(1219)" 

Face, 
Face 

Program 
Controlled Automatic Symmetric Never Pure Penalty 

Program 
Controlled 

Program 
Controlled 

"Contact 
Region 
16" 

Bonded 

"Assem5 
(1017)" 
and 
"Assem5 
(1077)" 

Face, 
Face 

Program 
Controlled 

Automatic Symmetric Never Pure Penalty Program 
Controlled 

Program 
Controlled 

"Contact 
Region 
17" 

Bonded 

"Assem5 
(1047)" 
and 
"Assem5 
(1148)" 

Face, 
Face 

Program 
Controlled 

Automatic Symmetric Never Pure Penalty Program 
Controlled 

Program 
Controlled 

"Contact 
Region 
18" 

Bonded 

"Assem5 
(1077)" 
and 
"Assem5 
(1219)" 

Face, 
Face 

Program 
Controlled Automatic Symmetric Never Pure Penalty 

Program 
Controlled 

Program 
Controlled 

"Contact 
Region 
19" 

Bonded 

"Assem5 
(1148)" 
and 
"Assem5 
(1219)" 

Face, 
Face 

Program 
Controlled 

Automatic Symmetric Never Pure Penalty Program 
Controlled 

Program 
Controlled 

"Contact 
Region 
20" 

Bonded 

"Assem5 
(1219)" 
and 
"Assem5 
(1361)" 

Face, 
Face 

Program 
Controlled Automatic Symmetric Never Pure Penalty 

Program 
Controlled 

Program 
Controlled 
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"Contact 
Region 
21" 

Bonded 

"Assem5 
(1219)" 
and 
"Assem5 
(1443)" 

Face, 
Face 

Program 
Controlled Automatic Symmetric Never Pure Penalty 

Program 
Controlled 

Program 
Controlled 

"Contact 
Region 
22" 

Bonded 

"Assem5 
(1361)" 
and 
"Assem5 
(1443)" 

Face, 
Face 

Program 
Controlled 

Automatic Symmetric Never Pure Penalty Program 
Controlled 

Program 
Controlled 

"Contact 
Region 
23" 

Bonded 

"Assem5 
(1474)" 
and 
"Assem5 
(1483)" 

Face, 
Face 

Program 
Controlled 

Automatic Symmetric Never Pure Penalty Program 
Controlled 

Program 
Controlled 

"Contact 
Region 
24" 

Bonded 

"Assem5 
(1474)" 
and 
"Assem5 
(1603)" 

Face, 
Face 

Program 
Controlled Automatic Symmetric Never Pure Penalty 

Program 
Controlled 

Program 
Controlled 

"Contact 
Region 
25" 

Bonded 

"Assem5 
(1483)" 
and 
"Assem5 
(1603)" 

Face, 
Face 

Program 
Controlled 

Automatic Symmetric Never Pure Penalty Program 
Controlled 

Program 
Controlled 

"Contact 
Region 
26" 

Bonded 

"Assem5 
(1515)" 
and 
"Assem5 
(1572)" 

Face, 
Face 

Program 
Controlled Automatic Symmetric Never Pure Penalty 

Program 
Controlled 

Program 
Controlled 

"Contact 
Region 
27" 

Bonded 

"Assem5 
(1572)" 
and 
"Assem5 
(1708)" 

Face, 
Face 

Program 
Controlled 

Automatic Symmetric Never Pure Penalty Program 
Controlled 

Program 
Controlled 

"Contact 
Region 
28" 

Bonded 

"Assem5 
(1)" and 
"Assem5 
(1832)" 

Face, 
Face 

Program 
Controlled Automatic Symmetric Never Pure Penalty 

Program 
Controlled 

Program 
Controlled 

"Contact 
Region 
29" 

Bonded 

"Assem5 
(1361)" 
and 
"Assem5 
(1832)" 

Face, 
Face 

Program 
Controlled Automatic Symmetric Never Pure Penalty 

Program 
Controlled 

Program 
Controlled 

"Contact 
Region 
30" 

Bonded 

"Assem5 
(1443)" 
and 
"Assem5 
(1832)" 

Face, 
Face 

Program 
Controlled 

Automatic Symmetric Never Pure Penalty Program 
Controlled 

Program 
Controlled 

"Contact 
Region 
31" 

Bonded 

"Assem5 
(1515)" 
and 
"Assem5 
(1832)" 

Face, 
Face 

Program 
Controlled Automatic Symmetric Never Pure Penalty 

Program 
Controlled 

Program 
Controlled 

3.1.2. Mesh 

 "Mesh"(Figure A1.1) , associated with "Model" has an overall relevance of 0.  
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 "Mesh"

3.2. "Environment" 

Simulation Type is set to Static 

Analysis Type is set to Static Structural 

 contains 110526 nodes and 64688 elements.  

"Environment"(Figure A1.2) contains all loading conditions defined for "Model"

Table 3.2.1.1. Structural Loads 

 in this 
scenario.  

3.2.1. Structural Loading 

Name Type Magnitude Vector 
Reaction 
Force 

Reaction 
Force 
Vector 

Reaction 
Moment 

Reaction 
Moment 
Vector 

Associated 
Bodies 

"Force" 
Surface 
Force 30.0 lbf 

[0.0 lbf x, -
30.0 lbf y,0.0 lbf z]  N/A N/A N/A N/A 

"Assem5 
(1148)" 

"Force 
2" 

Surface 
Force 

30.0 lbf [0.0 lbf x, -
30.0 lbf y,0.0 lbf z]  

N/A N/A N/A N/A "Assem5 
(1077)" 

3.2.2. Structural Supports 
Table 3.2.2.1. Structural Supports 

Name Type Reaction 
Force 

Reaction Force 
Vector 

Reaction 
Moment 

Reaction Moment 
Vector 

Associated 
Bodies 

"Fixed 
Support" 

Fixed 
Surface 

60.0 lbf 
[-1.56×10-7 lbf x, 
60.0 lbf y, 
4.25×10-7 lbf z] 

133.96 lbf·in 
[133.96 lbf·in x, -
0.21 lbf·in y, -
0.92 lbf·in z] 

"Assem5 
(89)" 

3.3. "Solution" 

Solver Type is set to  Program Controlled 

Weak Springs is set to   Program Controlled 

Large Deflection is set to  Off 

"Solution" contains the calculated response for "Model" given loading conditions defined in 
"Environment"

 Thermal expansion calculations use a constant reference temperature of 71.6 °F for all bodies in 

.  

"Model"

3.3.1. Structural Results 

. Theoretically, at a uniform temperature of 71.6 °F no strain results from thermal expansion 
or contraction.  

Table 3.3.1.1. Values 

Name Figure Scope Minimum Maximum Minimum 
Occurs On 

Maximum 
Occurs On 

Alert 
Criteria 
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"Equivalent 
Stress" 

A1.3, A1.4 All Bodies 
In "Model" 

4.99×10-

7 psi 
16,755.18 psi Assem5 

(1708) 
Assem5 
(1017) 

None 

        

"Total 
Deformation" 

A1.5 All Bodies 
In "Model" 

0.0 in 5.17×10-2 in Assem5 (89) Assem5 
(1148) 

None 

 Convergence tracking not enabled.  

3.3.2. Equivalent Stress Safety 
Table 3.3.2.1. Definition 

Name Stress Limit 

"Stress Tool" Yield strength per material. 

Table 3.3.2.2. Results 

Name Figure Scope Type Minimum Alert Criteria 

"Stress Tool" A1.6, A1.7 All Bodies In "Model"  Safety Factor 2.16  None  

 Convergence tracking not enabled.  

 

Appendices 

A1. Scenario 1 Figures 
Figure A1.1. "Mesh" Geometry 
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Figure A1.2. "Environment" Geometry 

 
Figure A1.3. "Equivalent Stress" Contours 

 
Figure A1.4. "Equivalent Stress" Contours 
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Figure A1.5. "Total Deformation" Contours 

 
Figure A1.6. "Safety Factor" Contours 



 

Appendix I11 

 
Figure A1.7. "Safety Factor" Contours 

 

A2. Definition of "Structural Steel" 
Table A2.1. "Structural Steel" Constant Properties 

Name Value 
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Compressive Ultimate Strength 0.0 psi 

Compressive Yield Strength 36,259.45 psi 

Density 0.28 lbm/in³ 

Poisson's Ratio 0.3  

Tensile Yield Strength 36,259.45 psi 

Tensile Ultimate Strength 66,717.38 psi 

Young's Modulus 2.9×107 psi 

Thermal Expansion 6.67×10-6 1/°F 

Specific Heat 0.1 BTU/lbm·°F 

Thermal Conductivity 8.09×10-4 BTU/s·in·°F 

Relative Permeability 10,000.0  

Resistivity 8.53 Ohm·Cir-mil/in 

Table A2.2. Alternating Stress 

 

 
Mean Value 0.0 

Table A2.3. "Alternating Stress" 

Cycles Alternating Stress 

10.0  580,006.11 psi 

20.0  410,021.82 psi 
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50.0  274,991.64 psi 

100.0  204,938.39 psi 

200.0  155,045.39 psi 

2,000.0  63,961.66 psi 

10,000.0  37,999.9 psi 

20,000.0  31,038.09 psi 

100,000.0  20,015.21 psi 

200,000.0  16,534.31 psi 

1,000,000.0  12,502.26 psi 

Table A2.4. Strain-Life Parameters 

 

Table A2.5. "Strain-Life Parameters" 

Strength Coefficient 133,434.76 psi 

Strength Exponent -0.11  

Ductility Coefficient 0.21  

Ductility Exponent -0.47  

Cyclic Strength Coefficient 145,037.79 psi 

Cyclic Strain Hardening Exponent 0.2  

A3. Definition of "Aluminum Alloy" 
Table A3.1. "Aluminum Alloy" Constant Properties 

Name Value 
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Compressive Ultimate Strength 0.0 psi 

Compressive Yield Strength 40,610.58 psi 

Density 0.1 lbm/in³ 

Poisson's Ratio 0.33  

Tensile Yield Strength 40,610.58 psi 

Tensile Ultimate Strength 44,961.71 psi 

Young's Modulus 1.03×107 psi 

Thermal Expansion 1.28×10-5 1/°F 

Specific Heat 0.21 BTU/lbm·°F 

Relative Permeability 1.0  

Resistivity 2.86 Ohm·Cir-mil/in 

Table A3.2. Alternating Stress 

 

 
Mean Value -1.0 

Table A3.3. "Alternating Stress" 

Cycles Alternating Stress 

1,700.0  40,001.42 psi 

5,000.0  34,997.62 psi 

34,000.0  29,993.81 psi 
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140,000.0  25,004.51 psi 

800,000.0  20,000.71 psi 

2.4×106  16,998.43 psi 

5.5×107  12,999.74 psi 

1.0×108  12,000.43 psi 

Table A3.4. Alternating Stress 

 

Mean Value -0.5 

Table A3.5. "Alternating Stress" 

Cycles Alternating Stress 

50,000.0  24,743.45 psi 

350,000.0  20,247.27 psi 

3.7×106  15,751.1 psi 

1.4×107  12,750.27 psi 

5.0×107  11,250.58 psi 

1.0×108  10,499.29 psi 

Table A3.6. Alternating Stress 
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Mean Value 0.0 

Table A3.7. "Alternating Stress" 

Cycles Alternating Stress 

50,000.0  21,001.47 psi 

190,000.0  17,506.06 psi 

1.3×106  14,996.91 psi 

4.4×106  13,500.12 psi 

1.2×107  12,499.36 psi 

1.0×108  10,499.29 psi 

Table A3.8. Alternating Stress 
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Mean Value 0.5 

Table A3.9. "Alternating Stress" 

Cycles Alternating Stress 

300,000.0  10,750.2 psi 

1.5×106  10,249.82 psi 

1.2×107  9,624.71 psi 

1.0×108  8,999.59 psi 

Table A3.10. Thermal Conductivity 
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Table A3.11. "Thermal Conductivity" 

Temperature °F Thermal Conductivity BTU/s·in·°F 

-148.0 1.52×10-3 

32.0 1.93×10-3 

212.0 2.21×10-3 

392.0 2.34×10-3 

A4. Definition of "Stainless Steel" 
Table A4.1. "Stainless Steel" Constant Properties 

Name Value 

Compressive Ultimate Strength 0.0 psi 

Compressive Yield Strength 30,022.82 psi 

Density 0.28 lbm/in³ 

Poisson's Ratio 0.31  

Tensile Yield Strength 30,022.82 psi 

Tensile Ultimate Strength 84,992.14 psi 

Young's Modulus 2.8×107 psi 

Thermal Expansion 9.44×10-6 1/°F 

Specific Heat 0.11 BTU/lbm·°F 

Thermal Conductivity 2.02×10-4 BTU/s·in·°F 

Relative Permeability 10,000.0  
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Resistivity 38.62 Ohm·Cir-mil/in 
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APPENDIX J – GNATT CHART 



 

Appendix K1 

APPENDIX K – BILL OF MATERIAL 
Part Manufacturer Quantity Price Component 
1OD - .095 wall, 1018 Steel Tubing OPW 4.5ft $0.00  Frame 
1/4 x 1 1018 Steel Flat Bar OPW 2ft $0.00  Frame 

1/4 x 2 1018 Steel Flat Bar OPW 1.5ft $0.00  
Lawn Mower 
Blade 

1/2 x 2 1018 Steel Flat Bar OPW 1.5ft $0.00  Clamp Brackets 
1/4 x 3 1018 Steel Flat Bar OPW 2ft $0.00  Backplate 

1/8 x 3 1018 Steel Strip 
Metals 
Supermarket 6ft $19.28  Clamp 

2 1/4 - 1/2 thick Aluminum Round Tubing OPW 1ft $0.00  Bearing Housing 
1 1/4 1018 Steel Round Bar OPW 1ft $0.00  Shaft 
1 7/8 Aluminum Round Bar OPW 1ft $0.00  Spacer 
6" OD Aluminum Round Bar OPW 1in $0.00  Gripper Plate 
1/2 Hexagonal Aluminum Bar OPW 1ft $0.00  Pin Body 
1" 1018 Steel Round Bar OPW 2ft $0.00  Pin, Frame 

I Beam 6x.23x3.33  
Metals 
Supermarket 8ft $103.68  I Beam 

3/4 x 1 Aluminum Bar 
Metals 
Supermarket 2ft $14.36  Support Bar 

NSK 5206 Bearing OPW 2 $0.00  Bearing 
CM 300lb ShopAir Hoist McMaster Carr 1 $1,340.86  Hoist 
Clippard 1 1/4 USR -20- 1.5 cylinders Isaacs 2 $63.06  Cylinders 
Clippard ST0-4004 Swivel Isaacs 1 $12.54  Tee Swivel 
Clippard ST4 Swivel Isaacs 1 $9.09  Connecter Swivel 
Clippard No Hand Tie Down Switch Set Isaacs 1 $195.25  Switch 
Clippard Rod Clevis RC-2081 Isaacs 2 $9.02  Rod End 

Dirt Bike Brake Lever 
Shipps Wheel 
Sport 1 $35.13  Lever 

Clippard Clevis Bracket CB-2095 Isaacs 2 $6.00  Cylinder Bracket 
Clippard 1/4 -1/8 Hose OPW 5ft $0.00  Air Hose 
3/4" Bolt OPW 1 $0.00  Bolt 
Bicycle Brake Cable Trek Bikes 1 $5.00  Cable 
Eye Bolts McMaster Carr 1 $3.06  Eye Bolt 
Clamp Pins OPW 2 $0.00  Clevis Pin 
Bicycle Grips McMaster Carr 2 $10.67  Grips 
Table    1 $590.00  Table 

1" Two Piece Shaft Collars McMaster Carr 1 $4.27  
Support Bar 
Bracket 

Filter/Regulator/Lubricator McMaster Carr 1 $131.29  
Filter and 
Lubricator 

CM Chain Stops McMaster Carr 1 $20.50  
Support Bar 
Bracket 

CM Chain Stop Screw McMaster Carr 1 $2.14  
Support Bar 
Bracket 

Jib Components R.E. Condit 1 $175  Air Hose Festoon 
Total Cost $2,750.20    
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APPENDIX L – LETTER FROM OPW 

 
 
 
Mr. Thomas Boronkay, 
 
Please beware that Chris Bohland has been assigned a project to build and 
design a handling device for use on OPW’s Spill Container line at our facility in 
Hamilton, Ohio.  The handling device is critical to the safety of OPW 
employees who work on this line.  It is expected that Chris will complete this 
project by semester end in June 2007.  The project is fully funded and supported 
by the business needs. 
 
If you have any questions or concerns about this project please feel free to call 
myself at 513-870-3316.  I can also be reached by e-mail at  
rking@opw-fc.com. 
 
 
Regards, 
 
 
Russell King 
Manufacturing Engineering Supervisor  
 

mailto:rking@opw-fc.com�
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