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ABSTRACT 
 
 Currently at the Plastic Lumber Company they assemble hex picnic tables with no 
automated process. There is a need to improve the efficiency and accuracy of manufacturing parts 
for the hex table. There is an increase in customer demand for these hex tables, and they are a vital 
part of the company’s success in the business of manufacturing hex tables. The process for 
assembling the hex table must become quicker and easier for operators.  
 
 From the customer survey and the order of importance for the engineering characteristics (QFD), 
it was determined that system accuracy, safety, low cycle time, and durability are the four product 
features that are most important to the customer. It was essential to focus on these four features for 
design criteria in order to satisfy the customer, and fulfill their expectations of the final product.  The 
design phase included alternative concepts, loading conditions, scheduling, stress concentrations, 
factors of safety, a proposed budget, and material selection. The information obtained during the 
design phase was incorporated into the manufacturing of the machine, which included cutting, 
welding, machining, and final assembly of the product. After the assembly phase was complete, 
testing was done to prove that the product features were incorporated into the final product. Testing of 
the product was the most essential part of the project, and showed the importance of the customer 
feedback.  
 To finalize the entire project, project management for time and money spent was compared. The 
actual and proposed budgets were compared, and showed that the project was over budget by $83.00. 
Also in order to maintain a strict timeframe, the proposed and actual schedules were compared to 
show where improvement could have been made. There were a couple of changes made to the 
schedule mainly due to the downtime in receiving the materials ordered. 
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INTRODUCTION 
 
 The current fixture used in production by the Plastic Lumber Company to assemble the 
table shown in Figure 1 is not automated, efficient, nor accurate. The system for production 
requires more human labor than necessary, which in turn slows the production time. 
Currently the operator has to place pieces to be assembled onto the fixture in their right 
location, and positioning can vary between operators. This design can only hold one seat at a 
time, which makes it inefficient because it takes three seats to make up one table. This new 
and improved design will have a location for one seat, and have a total of two work stations. 
One station will be designated for an operator, and the other will be for the assembly process. 
This new fixture design will be vital in achieving customer demands at a reasonable cost to 
both the company and its customer.   
 The project at hand was determined to be a group project, because of the nature and 
complexity of the fixture needed. The team breakdown will include the actual drill/assembly 
station, and the other part will consist of the turntable with hold down fixtures attached. 
  
 
 
 
 
 
 
 

Figure 1: Hex Table 
 
RESEARCH 
 
  The fixture shown in Figure 2 is currently the fixture being used in production. The 
simple design can only assemble one seat at a time which is not very efficient (shown in 
Figure 2 and in Appendix A). It is basically a small triangular table with guides in which the 
operator places the parts to be assembled. This design has no pre-determined locations for the 
screws, which can lead to misplacement of a screw and the scrapping of the part. It makes it 
very difficult to meet customer demands when assembling only one seat at a time. Also with 
this present design, the fixture makes it very difficult for the operator to unload and load 
parts.    
 

 
 Figure 2: Current Understructure Fixture 
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Features 

Survey Results Durability

Safety

Low Cycle Time

Ease of  Loading / 
Unloading
System Accuracy

One Person Operation

Payback Period

Minimal Training 
Required

CUSTOMER IMPORTANCE 
 
 A total of five surveys were handed out and completed (survey shown in Appendix B). 
These were only handed out to personnel working at The Plastic Lumber Company. The staff 
who filled this survey out consisted of the following; The owner of PLC, the Plant Manager, 
the Project Manager, Maintenance, and an operator/assembler. The individual product 
features were then rated by the customer on a scale of one to five with five being the best. 
The results obtained from the survey are shown in Table 1, and a graph representation of the 
results is shown in Figure 3. The customer importance data shows that system accuracy and 
low cycle time are the top two important product features. These product features are very 
important to the customer, and will be the focal point for the design of the fixture. 
 
  

Features Average 
Importance 

Durability 5 
Safety 4.8 
Low Cycle Time 4.8 
Ease of Loading / 
Unloading 4.8 
System Accuracy 4.8 
One Person Operation 4 
Payback Period 4 
Minimal Training 
Required 3.6 
Appearance 3 
Size Adjustability 2.6 

    
 Table 1: Average of Results         Figure 3: Graph of Survey Results 

 
 
RANK OF ENGINEERING FEATURES 
 
 From the results obtained in the customer survey, and engineering characteristics to meet 
the needs of the customer, a QFD chart (shown in Appendix C) was made to rank the 
importance of each characteristic. The most important engineering features based on 
customer importance are shown below in Table 2, with durability having the most customer 
importance followed by Safety, Low Cycle Time, Ease of Loading, and System Accuracy. In 
Table 3, it shows the satisfaction of the customer with the features of the fixture currently 
being used, with Payback Period coming out on top. The engineering features with higher 
importance had to be heavily considered during the design because these characteristics will 
have the greatest impact on satisfying the customer needs.   
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1. Durability 5 
2. Safety 4.8 
3. Low cycle time 4.8 
4. Ease of loading / unloading 4.8 
5. System accuracy 4.8 
6. One person operation 4 
7. Payback period 4 
8.Minimal training required 3.6 
9.Appearance 3 
10. Size adjustability 2.6 

        Table 2: Customer Importance  
         
        
                Table 3: Current Customer Satisfaction 
 
PRODUCT OBJECTIVES 
 
 After receiving important feedback from research and the customer, measurable 
objectives were determined to satisfy the needs of the Plastic Lumber Company. The design 
of the automated hex table fixture had to accomplish the tasks shown in Table 4.  
 

 
Product Objectives 

 
Customer Requirements Objectives How Measured 

Safety 
Emergency stop will be within operator reach. 

Safety guards and/or constraints will be located in 
hazardous areas. 

ft. 

Durability 
The fixture will be able to withstand at least 40% 

above gross weight of entire table top and 
understructure.  

% 

Low Cycle Time 
The time to produce a part must be reduced by at 

least 50%.  
% / Minutes 

Ease of Loading / 
Unloading 

Fixture will index so that parts can be loaded and 
unloaded in the same location every cycle. 

Ergonomics will be considered when determining 
height of table. 

Inches 

One Person Operation 
The cycle time of one operator compared to two 

operators will not be more than a 2 minute 
difference 

Minutes 

Payback Period 
The time it takes to pay the fixture off from the 
profit of a lower cycle time will be less 2 years  

Years / Months 

Size Adjustability 
The fixture will be able to assemble parts that vary 

in size of no more than +-.25” 
Inches 

System Accuracy 

Parts will be loaded and assembled (screwed) 
together in the same position each cycle. Location 

of screws will be within current tolerances specified 
by the Plastic Lumber Company. 

Inches 

Table 4: Product Objectives 

   Feature Fi
xt

ur
e 

on
 M

ar
ke

t 

10. Low cycle time 2.4 
9. Size adjustability 2.6 
8. Ease of loading / unloading 2.8 
7.Minimal training required 3 
4. System accuracy 3.2 
5. One person operation 3.2 
6.Appearance 3.2 
3. Durability 3.6 
2. Safety 3.8 
1. Payback period 4.2 
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PRODUCT DESIGN  
 
SELECTED DESIGN & ALTERNATIVES  
 

The first design alternative for the turntable (shown in Figure 4.1) consisted of a slot for one seat 
to be assembled on the table. This concept was good as far as simplicity is concerned, but there was a 
safety concern with this concept. The operator would be located near the drill station, which presented 
the possibility of an injury from the drills. 

 
                Figure 4.1: Design Alt. #1 

 
 The second design alternative (shown in Figure 4.2) consisted of two slots for two seats to be 
simultaneously assembled on the table. This design seemed to satisfy the customer because safety was 
not a concern, and at the same time it lowered the cycle time for assembly. One problem with this 
design was that loading screws onto the screw heads may cause the process to be a two person 
operation. 

 
              Figure 4.2: Design Alt. #2 

 



Hex Table Fixture (Group Project) Kenneth Whynott & Adam Purtee 

III 
 

The third design alternative (shown in Figure 4.3) consisted of three slots for three seats to be 
assembled. This design seemed to lower safety concerns by moving the operator station away from 
the drill station. One problem with this concept was that there are only two stations where work is 
actually being performed, and therefore it would not be necessary to have three seats on the table at 
once. 
 

 
           Figure 4.3: Design Alt. #3 
  
 The selected design, design alternative #1, involves incorporating an assembly system that has a 
station for assembling the hex table seats. There were three different design concepts, and a weighted 
decision matrix (shown in Appendix F) was created to determine the best design alternative to meet 
the needs of the customer.  It was determined that the one-station system, which is shown in Figure 
4.1, was best suited for the application. Design concept three was rated last mainly due to a two 
person operation and a higher cycle time. Design two was the second best design because there was a 
concern with the process being a two person operation because there is no way of loading the screws 
without the use of another person.  
 

The chosen design would allow for one operator to 
assemble the hex seats. The table shown in Figure 5 allows for one 
seat at a time to be assembled by the drill station. The station will 
screw eight screws at one time, compared to the current fixture, 
which allows one screw at a time. This lowers the cycle time 
tremendously. 
 
 The primary focus of this project was to utilize a one-
person operation while concentrating on safety and lowering cycle 
time. There will be no room for error when placing the unassembled 
seats onto the table because there will be slots to locate every seat 
in the exact location. The cycle time will be lowered because of the 
fact that the drilling will assemble one seat with only one cycle of  Figure 5: Table Fixture 
the drill station.              
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COMPONENT SELECTION 
 
Electric Motor – The motor chosen to rotate the table 360˚ was selected based upon the output 
torque, and is shown in Figure 6.1. It was necessary for the motor to have a torque of 540 in-lbs and a 
horsepower rating of 3 HP. The motor selected is capable of 3 HP at 3450 rpm. This motor has a base 
plate which will allow it to be attached to my column and/or gussets.  
 

 
Figure 6.1: 3 HP DC Motor 

 
 
 
Wheels – The wheels shown in Figure 6.2 are used to prevent the center bearing from any axial 
loading. There is one located wheel on each gusset for a total of four. The wheels were selected based 
on the load needed to support the parts along with the weight of the table which was calculated to be 
125 lbs. per wheel. The load rating on each wheel is rated at 240 lbs. Each wheel comes with a plain 
nylon bearing for a smooth rotation. 
 

 
Figure 6.2: 3” Black Hard Tread Wheel  
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Cup & Cone Bearing – This bearing shown in Figure 6.3 is used for smooth rotation of the table. It 
is located between the column and the table top shaft. It was sized from the shaft size of the table. The 
cup has an outside diameter of 3.250” and the bearing has a 2” bore diameter.  
 

 
Figure 6.3: Taper Roller Bearing  

 
 
 
DESIGN ANALYSIS 
 
MOTOR  
 Knowing that the desired speed of the table is 3 mph , the torque and rpm was calculated. The 
time it takes the table to travel 180˚ was determined to be two seconds. From the determined 
rotational speed and the time it takes to travel 180 ˚, the rotational accelerations (α) was determined 
using the equation α = ω / t and was calculated to be 1.59 rad/s2. The moment of inertia (I) was 
calculated using I = ½ [mr2]. The equation used to calculate the torque required to rotate the table at 
the desired speed was T=I α. The torque required came out to be 537.5 in-lb. Based on the torque 
required, the motor was then selected which is shown in Figure 6.1 above.  
 
TABLE TOP 
 When designing the table top thickness and material, the weight of the seats had to be 
incorporated. The weights of the seats were 32 lbs a piece for a total of 64 lbs. The calculation for the 
table top was a special case because it was simply supported in the middle, and experienced a uniform 
load over the entire plate. From the chart in Roarks [2], Kya=-0.0757, Kθa=-0.0868, and Kmrb=-
0.9646. From these three constants, deflection at a (ya)  was calculated to be  -0.185”. Also Mrb was 
calculated out to be -2100.9 in-lb/in. From Mrb, σmax was calculated to be -12,605 lb/in2. Using 6061-
T4 aluminum, the safety factor was 1.5. All detailed calculations are shown in Appendix G. 
 
COLUMN 
 With the total weight of the table top and the seats together, the diameter of the column was 
determined. σx was calculated using Force/Area, and was found to be -37.56 psi. The maximum 
moment would be when one seat is on the very edge of the table (33 inches from center), and 
therefore was calculated with the force of 147.5 lbs. to be 4867.5 lb-in. The bending (σb) caused by 
the seats was determined with the equation Mc/I, and came out to be 2288.1 psi. The bending stresses 
producing compressive stress on the right side and torsion on the left. Direct compression adds to the 
bending stress on the right, which is where the maximum would occur.  So using the equation   

 would give a maximum stress value of 2325.7 psi. Using 1020 Cold Drawn steel,  the 
safety factor would be 20. 
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GUSSET 
   33”         F=240 
 
 
           V            240 LBS. 

M
 

 7,920 

 Figure 7: Free Body Diagram of Gussets 
 
The maximum stress was calculated from the maximum moment and S. The equation for S = th2/6, 
which equaled 12 in3. The equation used for σ = M/S = 660 psi. The thickness of the gusset was 
based on weld-ability purposes. Using a thickness of ½”, it made it easier to weld the plates to the 
round surface of the column. 
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PROOF OF DESIGN AGREEMENT 
 
The following is a list of product objectives and how they will be obtained or measured to ensure that 
the goal of the project was met.  The product objectives will focus on assembling the seats for a hex 
picnic table.  
 
Safety:  

1.) Emergency stop will be located within operator reach. 
2.) Safety guards and/or constraints will be located in hazardous areas. 

 
Durability: 

1.) The fixture will be able to withstand 40% above gross weight of hex table seats.  
 

Low Cycle Time:  
1.) The time to produce a part must be reduced by at least half of the current time. 

 
Ease of Loading / Unloading:  

1.) Fixture table will index so that parts can be loaded and unloaded in the same location every 
cycle. 

2.) Ergonomics will be considered when determining height of table. 
 

One Person Operation:   
1.) The cycle time of one operator compared to two operators will not be more than a 2 minute 

difference. 
 

Payback Period:  
1.) The time it takes to pay the fixture off from the profit of a lower cycle time will be less 2 

years. 
 

Size Adjustability:  
1.) The fixture will be able to assemble parts that vary in size of no more than +-0.25”. 

 
System Accuracy:   

1.) Parts will be loaded and assembled (screwed) together in the same position each cycle. 
2.) Location of screws will be within current tolerances specified by Plastic Lumber Company. 
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FABRICATION AND ASSEMBLY 
 
 The majority of fabricating the hex table fixture took place at a privately owned machine shop 
located in Cleveland, Ohio. The tools and machines 
used in the fabrication stage were the horizontal band 
saw, the vertical band saw, the vertical and horizontal 
mill, the drill press, TIG welder, and MIG welder. It 
was very important to hold very close tolerances 
when machining the parts to ensure the proper 
alignment of parts.  
  
 The table base was made with four pieces of 2” 
square tubing cut to 10” lengths, and one piece of 4” 
square tubing cut to 24”. A 4” hole for the column 
location (shown in Figure 8.1) was drilled in the 
center of the 4” square tubing. After drilling was 
complete, the four pieces of 2” tubing were then welded  
onto each side of the 4” square tubing as shown in Figure 8.2.  
The column was ordered and cut to length from 
Industrial Tube and Steel, and was round tubing with 
a 4” outside diameter and a 3” inside diameter. The 
cup for the bearing was pressed into the top of the 
column by Oakley located in Mason, Ohio. Gusset’s 
for the table were ordered and cut to the desired 
length. The only machining required was to drill two 
holes at 3/8” in each of the four pieces shown in 
Figure 8.3. The holes were properly marked using 
layout die and a hole punch. The roller blocks that support the roller  
wheels were milled out of 2” square aluminum block. The machining  
was done on a vertical mill. After completing the mill portion of the blocks, a  
3/8” hole was drilled in two sides of the blocks. The shaft was made 
with a piece of 2” round steel, and a ½” plate. The shaft was put on 
a lathe and turned to a diameter of 1 ¾”, but only down one inch 
from the top. This allowed for assembly of the plate and the shaft, 
and placement of the pulley onto the shaft. Finally, the tabletop 
itself was ordered to length from Queen City Polymers. The overall 
size of the tabletop was 48” X 66”.  
 
 The assembly stage began by welding the gusset plates to the 
column using a stick welder. The column with the attached gusset’s 
was then welded to the table base using a MIG welder. After the 
base and column were attached, the roller blocks were then placed 
onto the gussets. This was done using four 3/8” nuts and bolts. Next 
the roller wheels were attached to the blocks with 3/8” nuts and 
bolts. The shaft was bolted to the bottom of the table using four 
3/8” carriage bolts, and is shown in Figure 8.4. The final step of  
assembly was to attach the motor and belt to the table. The motor bracket was made from 1” angle 
iron, and was bolted tone of the gusset plates. The finishing touches on the table included spray-
painting all steel parts and greasing the tapered roller bearing. For detailed drawing of the parts see 
Appendix E.        

Figure 8.2: Base Assembly 

Figure 8.3: Gusset Drilling 

Figure 8.1: Column Attached to Base 
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         There were a few setbacks during 
fabrication and assembly. The motor originally 
used for the turntable did not supply a sufficient 
amount of torque. The motor had to be changed 
from a 2 HP motor to a 3 HP motor. Also the 
pulley ordered did not fit the shaft, and there was 
a lag time in between the motor assembly and  
the testing of the entire project. With the problems faced during  
the assembly the only event that changed on the schedule was the  
demonstration date, which was pushed back to the following week.  

Figure 8.4: Shaft Attachment 
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TESTING AND TROUBLESHOOTING 
  
 After fully assembling the drill station and the turntable, alignment and the height of the table 
became an issue. The initial design of the table was to be 36” tall, but the 
drill station was unable to achieve that height due to the constraints of the 
air cylinders. In order to accomplish the difference in height, levelers had to 
be placed under each leg (shown in Figure 9). The levelers also allowed for 
stability on uneven floors, which is very important in an assembly process.  
  
 Another issue that had to be solved was the alignment of the screws 
with the top of the seat. Four out of the eight drills were located properly, 
and caused binding in the drill station during the assembly process. Another 
set of hold downs/guides had to be placed on top of the table to secure the 
seats on the table. This allowed operators to locate the seat properly every 
time without causing any interference with the drills.  
 
 Finally, the problem of not supplying enough air to the drills arose in the final stages of 
assembly, and had the most impact on the entire fixture as a whole. A standard thirty gallon air 
compressor that was used only supplied six cubic feet per minute (cfm). Each drill required five cfm 
and therefore the air compressor was only capable of running one drill out of the eight needed. In 
order to fully operate the drills an industrial size air compressor that puts out forty cfm is required.  
 
 The most important features based on the customer feedback were low cycle time, safety, ease of 
loading/unloading, and system accuracy. These are compared to the results from testing the fixture 
and assembling these seats (shown in Table 5). The only issue when comparing the proof of design 
and the results was low cycle time. This is just an estimate due to the restraint of only being capable 
of running one drill at a time. 
 

Proof of Design Description Results 
Low Cycle Time Reduce by 50% Reduced by 83% 
Safety E-Stop located within operator 

reach 
All controls are within 2’ of 
operator 

Ease of Load/Unload Fixture will index and allow 
operator to load/unload in 
same location 

Turntable rotates 180 degrees 
and mechanical stop is 
inserted for proper location 

System Accuracy Screw location will be within 
tolerance specified by Plastic 
Lumber Company 

Fixture held 1/8” tolerance for 
screw location 

Table 5: Proof of Design vs. Results 
 

Figure 9: Levelers 
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FUTURE PLANS 
 
 The overall height of the entire fixture needs to be lowered about nine inches to be 
ergonomically sound. On average, the typical human height is about 63 inches tall. Currently the table 
sits 49 inches off the ground, and could be dangerous to shorted employees trying to load and unload 
the fixture. In order to achieve lowering the table nine inches, smaller stroked air cylinders need to be 
used in the drilling station. 
 
 In order to overcome the air supply issue, an air compressor that can supply 40 cfm needs to be 
purchased, which will allow all eight drills to be operating at once. This will allow for more accurate 
testing of the entire system as well as incorporating a self-feeding device for loading the screws. The 
air compressor needed can be very costly, and there may be a different design that incorporates 
electric drills. 
 
 Finally, the fixture should integrate a programmable logic controller (plc), which would allows 
operators to run the entire fixture using two or three buttons. One button could operate the drills, one 
would turn the table, and one would raise and lower the arbor. Also with the PLC, a system for 
loading the screws onto the torques bits could be incorporated. This could be achieved by either using 
a vibratory feeding device or a rotary station. Companies are turning more towards PLC machines, 
because it leaves less room for operator error, and a the same time less work for the operator.
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PROJECT MANAGEMENT 
  
SCHEDULE 
 
 The schedule started at the end of fall quarter, and continued through both winter and 
spring quarters. The time allocated for the design phase was during winter quarter, which left 
the building part of the fixture for the spring quarter. Some of the major deadlines that must 
be met are as follows:  

Event Proposed Actual
Concept Selection January 9, 2008 On schedule
Proof of Design Agreement January 9, 2008 On schedule
Design Freeze February 20, 2008 February 26, 2008
Winter Presentation March 12, 2008 March 11, 2008
Winter Report March 19, 2008 March 31, 2008
Demonstration of Project to Advisor May 7, 2008 May 22, 2008
Tech Expo May 22, 2008 May 22, 2008
Final Presentation June 4, 2008 May 30, 2008
Final Report June 4, 2008 June 9, 2008  
Table 6: Schedule Summary 
 
These dates are predetermined and are mandatory. The entire schedule in detail is shown in 
Appendix D. These deadlines are a great help in determining the dates for design and 
manufacturing phases. 
 
 
BUDGET 
 
 A preliminary Bill of Material for the fixture and turntable design is shown in Table 7. 
The final BOM including the fixture itself and the gun drilling station is shown in Appendix 
E. The estimated cost for the turntable fixture was $950.00. The cost of the entire system was 
$1,615.00. After the final product was designed, the actual BOM was compared with the 
preliminary BOM was $34.00 dollars less because the table top material was changed from 
aluminum to UHMW plastic. The project was limited to a 20% difference either way when 
comparing the two BOM, and after comparison there was only a 4% variance.  
 

Fixture Components 
Projected 
Cost 

Actual 
Cost 

UHMW 4’ X 8’ Sheet $500.00  $350.00 

Table Stand $150.00  $250.00 

Table Hold Downs $100.00  $96.00 

Motor for Turn Table $200.00  $220.00 

      
Total $950.00  $916.00 

    Table 7: Proposed vs. Actual Budget 
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CONCLUSION 
 
 In conclusion, the completion of the customer survey and QFD shows the most 
important factors that helped to determine the three design concepts. It was vital in the design 
phase to create a weighted decision matrix to determine the best-suited design that met all the 
customer requirements.  From the selected design concept, the actual design of the table was 
created. 
 The Plastic Lumber Company was in great need of a production increase for the hex 
table, and with the use of a rotary table and gun drilling station there is great potential for an 
increase in efficiency and quality. In today’s society it is very difficult to meet customer 
demands without the use of automated systems for assembly. This is especially true for 
difficult tasks similar to the application of producing the hex table.   
 Overall, this project was a great learning tool for the designing and manufacturing 
process from start to finish. It showed how important project management is when trying to 
achieve such a high demanding goal given by The Plastic Lumber Company. 
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APPENDIX A: RESEARCH 
 

 

 
 
Fixture allows for operator to stand above work 
surface to assemble hex table top. 

• Operator friendly for ease of use 
• Simple Table Design 
• Parts can easily be positioned onto table 

 

Simple Design 
Difficult for adjusting part 
dimensions. 
Not time efficient or accurate. 
Difficult loading/unloading. 
 

 
 

 
 
Fixture allows for operator to stand in front of work 
surface to assemble hex table seat. Fixture is angled 
to ease the assembling of parts. 

• Spring loaded vises for loading and unloading 
• Holds part securely on table  
• Parts can easily be positioned onto table 

 

Simple Design 
Fixture is too bulky 
Difficult for adjusting part 
dimensions. 
Not time efficient or accurate. 
Difficult loading/unloading. 
 

Plastic Lumber 
Company 

Plastic Lumber 
Company 
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INTERVIEW NOTES 
 
Person(s):    Allen Robbins and John Hosbach 
Date:    August 30, 2007 
Time:   1:00 – 2:30 p.m. 
Contact Number: 330-762-8989   
Method:  In person 
 
Topics discussed: 

• Possible fixture solutions for products. 
• Pros and cons of spa steps and hex tables. 
• Complexity of both products. 
• Fully automated or semi-automated processes. 

 
Person(s):    Allen Robbins and John Hosbach 
Date:    September 25, 2007 
Time:   1:00 – 1:30 p.m. 
Contact Number: 330-762-8989   
Method:  Over phone conference 
 
Topics discussed: 

• Exchanged contact information. 
• Due date of fixture needed. 
• Decided on fixture for hex table instead of spa steps. 
• Possible funding of project. 
• Next meeting’s time and topics to be discussed. 
• Customer features. 
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APPENDIX B: SURVEY 
 

Please take a few minutes to answer the following questions to help us better our design.

1 Safety 1 (0) 2 (0) 3 (0) 4 (1) 5 (4) N/A (0) 4.8

2 Durability 1 (0) 2 (0) 3 (0) 4 (0) 5 (5) N/A (0) 5

3 Low Cycle Time 1 (0) 2 (0) 3 (0) 4 (3) 5 (2) N/A (0) 4.8

4 Ease of loading / unloading 1 (0) 2 (0) 3 (0) 4 (2) 5 (3) N/A (0) 4.8

5 One Person Operation 1 (0) 2 (0) 3 (2) 4 (1) 5 (2) N/A (0) 4

6 Minimal Training Required 1 (0) 2 (0) 3 (2) 4 (3) 5 (0) N/A (0) 3.6

7 Payback Period 1 (0) 2 (0) 3 (1) 4 (3) 5 (1) N/A (0) 4

8 Appearance 1 (0) 2 (2) 3 (2) 4 (0) 5 (1) N/A (0) 3

9 Size Adjustability 1 (1) 2 (2) 3 (0) 4 (2) 5 (0) N/A (0) 2.6

10 System Accuracy 1 (0) 2 (0) 3 (0) 4 (1) 5 (4) N/A (0) 4.8

1 Safety 1 (0) 2 (0) 3 (1) 4 (4) 5 (0) N/A (0) 3.8

2 Durability 1 (0) 2 (0) 3 (2) 4 (3) 5 (0) N/A (0) 3.6

3 Low Cycle Time 1 (1) 2 (1) 3 (3) 4 (0) 5 (0) N/A (0) 2.4

4 Ease of loading / unloading 1 (0) 2 (1) 3 (4) 4 (0) 5 (0) N/A (0) 2.8

5 One Person Operation 1 (0) 2 (0) 3 (4) 4 (1) 5 (0) N/A (0) 3.2

6 Minimal Training Required 1 (0) 2 (1) 3 (3) 4 (1) 5 (0) N/A (0) 3

7 Payback Period 1 (0) 2 (0) 3 (0) 4 (4) 5 (1) N/A (0) 4.2

8 Appearance 1 (0) 2 (1) 3 (2) 4 (2) 5 (0) N/A (0) 3.2

9 Size Adjustability 1 (1) 2 (1) 3 (2) 4 (1) 5 (0) N/A (0) 2.6

10 System Accuracy 1 (0) 2 (1) 3 (2) 4 (2) 5 (0) N/A (0) 3.2

Thank You.Your input is vital to our success. Please return this survey where you received it. 

Are you satisfied with the current assembly process for the hex table?  Please circle the appropriate answer.  

1 = very unsatisfied 5 = very satisfied

Automated Hex Table Fixture
Customer Survey

We are seniors from the University of Cincinnati studying Mechanical Engineering Technology.  We are developing a new 
product to enhance the process of assembling a hex table using an automated system.

What is important to you for the design of a new hex table fixture? Please circle the appropriate answer.

1 = low importance   5 = high importance
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APPENDIX C: HOUSE OF QUALITY 
 
 
9 = Strong
3 = Moderate
1 = Weak
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1. Safety 1 1 9 1 4.8 3.8 5 1.3 1.5 9.5 0.12
2. Durability 9 3 5 3.6 5 1.4 1.5 10.4 0.13
3. Low Cycle Time 9 3 3 3 3 4.8 2.4 5 2.1 1.5 15.0 0.19
4. Ease of loading / unloading 9 3 1 4.8 2.8 4 1.4 1.3 8.9 0.11
5. One Person Operation 3 9 4 3.2 4 1.3 1.3 6.5 0.08
6. Minimal Training Required 9 3.6 3 4 1.3 1.3 6.2 0.08
7. Payback Period 1 9 3 4 4.2 4 1.0 1.3 5.0 0.06
8. Appearance 1 1 3 3.2 3 0.9 1.0 2.8 0.04
9. Size Adjustability 1 9 3 2.6 2.6 2 0.8 1.0 2.0 0.03
10. System Accuracy 9 9 4.8 3.2 5 1.6 1.5 11.3 0.15
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APPENDIX D: SCHEDULE 
Quarter S. Break

Week Number 1 2 3 4 5 6 7 8 9 10 Exams 1 2 3 4 5 6 7 8 9 10

Dates

1
/6

-1
/1

2

1
/1

3
-1

/1
9

1
/2

0
-1

/2
6

1
/2

7
-2

/2

2
/3

-2
/9

2
/1

0
-2

/1
6

2
/1

7
-2

/2
3

2
/2

4
-3

/1

3
/2

-3
/8

3
/9

-3
/1

5

3
/1

6
-3

/2
2

3
/2

3
-3

/2
9

3
/3

0
-4

/5

4
/6

-4
/1

2

4
/1

3
-4

/1
9

4
/2

0
-4

/2
6

4
/2

7
-5

/3

5
/4

-5
/1

0

5
/1

1
-5

/1
7

5
/1

8
-5

/2
4

5
/2

5
-5

-3
1

6
/1

-6
/7

concept selection 9-Jan
proof of design agreement 9-Jan
design of fixture completed

design of controls completed
design freeze 20-Feb 26-Feb

order material for fixture
order components for automation

oral design presentation 12-Mar
design report due 19-Mar

manufacturing of fixture
manufacturing of control system

assembly of fixture
testing/troubleshooting

demonstration of design to advisor 7-May
construct tech expo display

tech expo 22-May
Final Oral Presentation 30-May

Final Project Due 9-Jun

Kenny

Adam

Denotes tasks that extended beyond scheduled time

Hex Table Fixture
Spring Quarter

Task

Winter Quarter 

 Together

31-Mar

22-May
20-May
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APPENDIX E: BUDGET 

Projected Actual Vendor

Table material UHMW $500.00 66" Diameter $350.00 (Cincinnati Polymers)

Table Stand $150.00 Column $87.37 (Industrial Tube)
Gusset mat. $150.00 (Ronlen)
Rollers $18.48 (Mcmaster)
Base Donated

Motor for Turntable $200.00 Bearing $31.44 (Grainger)
Motor Donated (ICON Health Fitness)
Foot Pedal Donated

Drills $400.00 Air Drills $127.92 (Harbor Freight)
Bits $72.00 (Fastenal)

Air Cylinders $100.00 Air Cylinders $156.76 (Mcmaster)

Air Components $150.00 Fittings $47.88 (Harbor Freight)
Hose $25.47 (Lowes)
Pipes $46.15 (Home Depot)

Material for Gun Drilling Fixture $65.00 4" sq. tubing $365.98 (L.Levine)
1/4" plate $177.67 (Lowes)

Wiring $30.00 8 ft 14 gauge $1.82 (Home Depot)

Controls $20.00 Valves $38.97 (Harbor Freight)

Grand Total $1,615.00 $1,697.91

Budget: Hex Table Fixture

Cost 

* Grand Total Divided Among Team Members

Fixture Components:
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APPENDIX F: WEIGHTED DECISION MATRIX (TABLE DESIGN) 
 

5-Point Scale 0 - Inadequate 4 - Excellent

Weight 
Factor Magnitude Score Rating Magnitude Score Rating Magnitude Score Rating
0.12 Satisfactory 3 0.37 Excellent 4 0.49 Good 3 0.37
0.13 Good 3 0.40 Good 3 0.40 Good 3 0.40
0.19 Satisfactory 4 0.77 Good 3 0.58 Good 3 0.58
0.11 Satisfactory 3 0.34 Good 3 0.34 Satisfactory 2 0.23
0.08 Good 3 0.25 Good 2 0.17 Good 2 0.17
0.08 Good 3 0.24 Good 3 0.24 Good 3 0.24
0.06 Satisfactory 3 0.19 Good 3 0.19 Good 3 0.19
0.04 Good 3 0.11 Good 3 0.11 Excellent 4 0.15
0.03 Satisfactory 2 0.05 Satisfactory 2 0.05 Satisfactory 2 0.05
0.15 Good 3 0.44 Good 3 0.44 Good 3 0.44

TOTAL 3.17 3.01 2.81
1 st 2nd 3rd

8. Appearance
9. Size Adjustability
10. System Accuracy

2. Durability 
3. Low Cycle Time
4. Ease of loading / unloading
5. One Person Operation
6. Minimal Training Required
7. Payback Period

1. Safety

1 Seat - 360° Swivel

Design Criteria

3 Seat - 360° Swivel2 Seat - 360° Swivel
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APPENDIX G-1: DRAWINGS 
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APPENDIX G-2: DRAWINGS 
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APPENDIX G-3: DRAWINGS 
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APPENDIX H: ASSEMBLY DRAWING 
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APPENDIX I – CALCULATIONS 
 
COLUMN: 
  
Given: F = 147.5 lbs; A = 3.927   
Calculated:  

  
 

 
 

 
 

 
 
 
Assume: Bending produces compressive stress on right side and tension on left side. Direct 
compression adds to bending stress on right side, which means that’s where maximum would occur. 
 

 
 
GUSSET: 
 

=72 IN4 

 

 
 

 
 
 
TABLE TOP: 
Simply supported @ center; Special Case r0 = b 
ASSUME: T = 1”; A=33”; B=0; RO=0;Q=2 LB/IN2

◦ K

; V=0.3 
 
FROM CHART WITH RATIO A:B:  

YA=-0.0757   D=ET3/12(1-V2

◦ K
) 

ΘA=-0.0868   D=10.6*13/12(1-.32

◦ K
) 

MRB
 Y

=-0.9646   D=970,695.97 
A= KYA(QA4

 
/D) = -0.185 IN 

 ΘA= KΘA(QA3

 M
/D = -0.00643 RADIANS 

RB= KMRB(QA2

 
) = -2100.9 IN-LB/IN 

 = -12,605.4 PSI 
 = 1.6 

147.5 lbs 
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APPENDIX J – ASSEMBLED TURNTABLE 
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APPENDIX K – FIXTURE ASSEMBLED 
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APPENDIX L – BILL OF MATERIALS 
 
 

Item Description Part Number Quantity
1 UHMW Table Top 1-1001 1
2 3/8" 1020 CD Plate 1-1002 1
3 4" 1020 CD Round Tubing 1-1003 1
4 3" Rubber Wheels 1-1004 4
5 2" Square Aluminum Blocks 1-1005 4
6 Tapered Roller Bearing 1-1006 1
7 3/8" Pneumatic Air Drill 1-1007 8
8 6" T30 Bits 1-1008 8
9 12" Stroke Pneumatic Air Cylinders 1-1009 2

10 1/4" Brass Air Fittings 1-1010 12
11 1/4" ID Rubber Air Hose 1-1011 50'
12 1/2" Galvanized Steel Piping 1-1012 7
13 4" A36 Steel Square Tubing 1-1013 8
14 1/4" A36 Steel Square Plate 1-1014 11
15 14 Gauge Wire 1-1015 8'
16 Air Pressure Inflators 1-1016 3  
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