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ABSTRACT 
 
 The automotive industry is currently going through changes in vehicle structure.  Toyota 
specifically is using higher strength materials that keep the same strength as other steels but provide a 
weight savings through thickness reduction in the sheet metal stamped parts.  If the vehicle is lighter 
it will have better handling and gas mileage.  In order to design dies with this high strength steel or 
any material simulation programs are used.  AutoForm is a sheet metal stamping simulation program 
that can be used to simulate stamping die design ideas through finite element analysis of input 
parameters.  The program can also determine problem areas in the part design that need to be changed 
in order to make the part easily formed to a certain shape.  Currently in the SPEC3 department at 
Toyota they have not specifically tested the actual results of the program to a finished part shape.  In 
order to do this a sheet metal bend die will be designed and tested to compare the results of the 
simulation and the actual die. 
 The sheet metal bend die is a v bend process.  It is made up of three components, the lower die, 
the punch, and the upper punch plate.  All of these components were made from plain cold rolled 
steel.  All of the components were manufactured and tested at the College of Applied Science lab. 
 The final bill of materials has the total project costing $23.98 with the sheet metal blanks being 
donated for free.  The project was presented at the May 22nd Tech Expo. 
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INTRODUCTION 
 
 The automotive industry is currently going through changes in vehicle structure.  Toyota, a 

leading global manufacturer, specifically is using higher strength materials that keep the same 

strength as other steels but provide a weight savings through thickness reduction in the sheet metal 

stamped parts.  These parts present difficulties in design due to the material’s resistance to change. 

Some of the specific problems associated with this material are forming it into certain shapes and the 

tendency for the metal to spring back.  Because of these properties it is hard to design a die utilizing 

this material.  It requires extensive testing and tuning to get the die to produce a part that is at a high 

level of quality.  The industry is currently working on ways to improve the die designs to help reduce 

problems during the testing and tuning phases. 

 

EXISTING DESIGNS 
  
 One way to test a die design without running a trial is to simulate it using a program called 

AutoForm.  AutoForm is a finite element analysis stamping simulation program that allows users to 

test their die design before a part is physically stamped.  Utilizing this program during die design has 

helped reduce the amount of time it takes to test and tune because the simulation provides information 

on springback, formability, and other aspects of the die design. 

 Numerous companies have worked on 

different ways to create more versatile die designs 

that are easy to modify and tune.  Figure 1 shows a 

multi process die shoe that was collectively 

designed by two of the largest auto manufacturers 

in the world.  General Motors, Daimler Chrysler, 

and the Auto/Steel Partnership, were able to come 

Figure 1 - Multi Process Die Shoe 
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up with a die shoe design that was versatile enough to accept numerous different inserts on the same 

shoe without having to design a new shoe every time (see Appendix A).   

 
INTERVIEWS  
 
 Numerous responses from experienced die designers and stamping engineers showed a need to 

create a sheet metal bending die that could be used to compare the results from the AutoForm 

simulation software.  Gene Hargis, a thirty year stamping and die design engineer with General 

Motors, said that most of the problems in any die design come during the design phase [2].  Most of 

the problems that occur after the die is built are due to issues that could have been solved in the 

design.  Using the results from simulations and experience are necessary requirements to make a 

robust die design.  The way he suggested to compare the simulation program to the actual results was 

building a bending die that could test different radii to show how sheet metal reacts to forming.  

Robert Miller, a stamping engineer and former die designer for General Motors, also confirmed that 

most problems with any die can be solved during the design phase before the die is machined [3].  

Other experienced die designers and stamping engineers have confirmed that problems and issues 

with the die can be solved during the die design phase. 

 Based on the experience of several die designers and engineers, the SPEC3 department at Toyota 

needs to verify the simulation results of the AutoForm program.  The software is utilized in the 

department to show problems areas in the part design that need to be changed in order to produce a 

high quality stamped part.  During the simultaneous engineering phase in the SPEC3 department 

many months are spent working on part design simulations.  The validity of these simulation results 

have not been physically tested by the department.  A stamping die needed designed whose results 

could be compared with the results from the simulation software. 
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PRODUCT FEATURES 
 
CUSTOMER SURVEY 
 
 In order to design a test die that can verify the results of the AutoForm simulation, twenty eight 

experienced die designers, design engineers, stamping engineers, and maintenance people were 

surveyed to help determine what features are important in a testing die (see Appendix B).   Two 

different questions were asked in the survey, the first question was about existing die design  

satisfaction.  The satisfaction survey results can be 

found in Table 1.  A one on the scale represented very 

unsatisfied and a five represented very satisfied.  The 

average values ranged from 2.43 to 3.86. Ease of repair 

was rated the most unsatisfactory feature at 2.43 and 

finished part quality was rated the most satisfactory         

feature with an average value of 3.86. 

 Besides receiving results for satisfaction feature importance was also asked on the survey (see 

Appendix B).   Table 2 shows the results of the importance survey.  A one on the scale represented 

low importance and a five on the scale represented 

high importance.  The average importance values  

ranged from 3.71 to 4.86.  Finished part quality was 

the most important design feature with a value of 4.86.  

The least important features were ease of machining, 

ease of welding, and ease of assembly all at a value of 

3.71. 

 The results of the survey showed that customers think part quality is the most important feature 

of the die design with which the survey participants were the most satisfied.  This correlation makes 

sense since it does not matter how a part is made as long as it is of high quality.  Ease of repair was 

Design Feature 
Average 

Satisfaction 

(1) Ease of repair 2.43 

(2) Ease of welding 3.14 

(3) Ease of assembly 3.43 

(4) Durability of insert 3.43 

(5) Die modification time 3.43 

(6) Ease of machining 3.57 

(7) Finished part quality 3.86 

Design Feature 
Average 

Importance 

(1) Finished part quality 4.86 

(2) Ease of repair 4.43 

(3) Die modification time 4.43 

(4) Durability of insert 4.29 

(5) Ease of machining 3.71 

(6) Ease of welding 3.71 

(7) Ease of assembly 3.71 

Table 1 – Satisfaction Survey Results 

Table 2 – Importance Survey Results 
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also the second most unsatisfactory feature and the second most important feature meaning there is 

room for improvement.  The test die can provide results that will reduce the amount of repair time.  

The AutoForm program is used to help die designers get a higher quality part with less tryout time.  

The test die will verify these results. 

 
QUALITY FUNCTION DEPLOYMENT 
 
 The quality function deployment matrix provided a systematic way to interpret the results from 

the survey.  By using engineering characteristics to define how important each feature was finished 

part quality came out as the most important design aspect (see Appendix C).  The matrix also helped 

define how the features could be incorporated into the design.  All of the other features came out as 

an equal weight meaning they are all equally important.  With the results from the surveys and the 

quality function deployment matrix, the actual product objectives of that should be incorporated into 

the design were generated. 

 
PROOF OF DESIGN 
 
 The following is a list of product objectives and how they will be measured to ensure the 

purpose of the project is met.  These product objectives will focus on a sheet metal bending test die 

apparatus. 

 Performance 

1.) Die material will withstand material of up to 85,600 psi (590MPa) tensile strength.  

2.) Die upper plate will accept punch diameters of 1.00 and .75 inches. 

3.) Die will form sheet metal blanks 2.00 inches long, 1.00 inch wide, and .079 inches thick. 

 Manufacturability 

4.)  Die can be assembled into the any press device 2.75 inches wide.  

 Results 

 5.)  Results from the bend die will comparable with the AutoForm stamping simulation software. 
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The list of objectives represents what will be measured during spring quarter’s testing process.  

Through benchmarking activities, departmental discussions, customer surveys, and research, the 

objectives of the project were determined.  Benchmarking determined the 590MPa tensile strength 

material the highest strength material that needed to be compared with the simulation program.  The 

diameter of the punch was determined from benchmarking common radius sizes of actual parts.  The 

two inch by one inch sheet blank size was determined by looking at actual part shapes and section cut 

lengths.  The .079 inch or 2 millimeter thickness was determined from benchmarking actual part 

specifications.  The die will fit into any pressing device capable of producing the force required to 

bend the material that is 2.75 inches wide.  Finally the actual results from the die will be compared to 

AutoForm simulation program.  The comparison will be completed after testing the die and running 

the simulation program with the die design. 

 
DESIGN 
 
DESIGN ALTERNATIVES AND SELECTION 
 
 Three design concepts for the bend die were developed based on the product features and 

objectives stated above (see Appendix D).  Through benchmarking activities and discussions at 

Toyota it was decided that the die should form a ninety degree shape into the metal.  This ninety-

degree shape was chosen because it is one of the most common shapes formed into sheet metal 

stamped parts. Many different processes can make this ninety-degree angle.  At a minimum, the 

following three concepts had to fulfill these requirements to even be considered in the design 

selection process. 

 Concept one is considered an air bend die.  Air bending is a bending process in which the punch 

touches the work piece and the 

work piece does not bottom in 

the lower cavity [1].  Figure 2 

Figure 2 - Air Bending Process [1] 
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shows a drawing of this type of bending.  The arrow represents the direction the press acts, the die is 

the bottom portion of the figure that the material flows freely into, and the punch is the tool that 

contacts the blank and forms a shape into the sheet metal. 

 The second concept that can make a ninety degree shaped part is a v bend.  V bending is similar 

to air bending except that the lower die is in the shape of a v.  The punch contacts the blank until the 

blank presses completely 

into the ninety degree v.  

Figure 3 shows this type of 

bending.  The arrow is 

pointing downward 

towards the blank.  The 

punch contacts the blank and forms the metal into the bottom die’s shape. 

 The third concept for bending metal is considered wiping or flanging.  Wiping is where one edge 

of the sheet metal is bent to ninety-degrees while the other end is restrained by the material itself and 

by the force of the blank holder and pad 

[1].  Figure 4 shows a picture of this type 

of bending.  The pad applies pressure to 

the flat blank and then the punch presses 

the sheet metal over the die’s shape. 

 With three different concepts generated, one design needed to be chosen and finalized.  In order 

to make this selection, a weighted decision matrix was developed to systematically compare the 

concepts against each other based on different engineering characteristics.  Table 3 shows the 

decision matrix.  The concepts were ranked based on eight different criteria to determine which 

design would work best.  Each criterion had a different  

Figure 3 - V Bending Process [1] 

Figure 4 - Wiping/Flanging Process [1] 
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   Air Bend V Bend Wipe Bend 
 Criteria Weight Rating Score Rating Score Rating Score 
1 Assemble to existing press 0.2 6 1.2 8 1.6 4 0.8 
2 Ability to accept different radii 0.15 9 1.35 9 1.35 7 1.05 
3 Setup time 0.1 7 0.7 9 0.9 4 0.4 
4 Number of components 0.1 8 0.8 9 0.9 8 0.8 
5 Complexity of machining 0.1 8 0.8 8 0.8 6 0.6 
6 Repeatability 0.1 6 0.6 8 0.8 5 0.5 
7 Die and punch location 0.15 8 1.2 9 1.35 6 0.9 
8 Cost 0.1 6 0.6 7 0.7 5 0.5 
  1 7.25 8.4 5.55 

 
weight that helped distinguish which criteria was the most important.  An eleven point scale was 

utilized to rate each concept.  The most important criteria determined from the matrix was the ability 

of the die to mount or assemble to an existing press.  This characteristic had the highest weight 

because the die needed to be able to fit more than one type of press.  The next highest weights were 

the ability to accept different radii and the die and punch location. Highlighted yellow in Table 3, the 

v bend die was rated the highest score at 8.4 based on the decision matrix.  It was the easiest type of 

bending to assemble to an existing press because it was easy to design an upper punch that could 

locate to anything.  The v bend process also was rated the highest setup time, number of components, 

repeatability, die and punch location, and cost.  The v bend die had the fewest number of components 

that needed to be designed, the punch and die can locate easily since the punch will form into the 

bottom v, it is a very repeatable process that will provide accurate results to compare with the 

simulation program, and it will also be the cheapest to manufacture because it does not require any 

special machining processes. 

 
DRAWINGS 
 

The concepts were preliminary designs without exact 

dimensions and full analysis.  With the v bend die selected 

the design needed to be drawn with all dimensions and 

assembled together to show the full concept (see Appendix 

Figure 5 - 1.00 inch punch die assembly 

Table 3 – Weighted Decision Matrix 
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E).  Figure 5 shows a picture of the v bend die with the one 

inch diameter punch assembled.  The v bend die has the ability 

to assemble two different radii to the upper plate.  The two 

different punch diameters that will be used in the die are 1.00 

and 0.75 inches.  The product objectives called out at that the 

design should be able to incorporate two different punches.  The diameters of the punches used will 

be 1.00 and 0.75 inches.   

 The v bend die is made up of three main components: the lower v die, upper punch, and upper 

punch plate.  Figures 6, 7, and 8 are pictures of each individual component.  The upper punch is 

welded to a mounting plate that bolts to the upper punch plate using two cap screws.  The upper 

punch plate will slide up and down on the four shoulder bolts that are screwed into the lower v die. 

Detailed, dimensioned drawings of all the assemblies can be found in Appendix D.   

 
COMPONENT ANALYSIS 

The v bend test die is made up of three components: the lower v die, the upper punches, and the upper 

punch plate.  Besides these components the blanks of sheet metal used were also analyzed using the 

MD Solids program.  The following sections will explain the analysis and calculations behind each 

component (see Appendix E). 

Lower V Die 

 The lower v die shapes the metal into the ninety degree bend.  The punch presses down on the 

sheet metal forming into the bottom ninety degree shape.  A force of 843 pounds is the maximum 

amount of force that will act on the lower die surfaces (see Appendix E).  Using COSMOS Analysis 

Figure 7 - Upper Punch Plate Figure 8 - 1.00 inch Diameter Punch 

Figure 6 – Lower v die 
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Flo Works this force applied resulted in a maximum stress of 827psi.  The resulting deformation was 

.000012 inches.  These results came from using plain cold rolled steel.  The lower v, punches, and 

plate steels will all be made of this plain carbon steel.  The plain carbon steel has a tensile strength of 

32,000psi, resulting in a factor of safety of 38.7.  Plain carbon steel was chosen because of its 

inexpensive cost and availability.  This material resulted in a high factor of safety but was cheaper 

and easier to obtain than other materials. 

Upper Punches 

 There are two upper punches, 1.00 inch and 0.75 inch diameter.  These punches will press 

against the sheet metal forming their respective radius into the metal.  The punches will be made of 

the same plain carbon steel as the rest of the die.  The pressing force of 843 pounds was applied to the 

each punch surface producing a stress of 609psi for the one inch diameter and 841 psi for the 0.75 

inch diameter.  The resulting deformation was .0000069 inches for the one inch and .0000077 inches 

for the 0.75 inch diameter.  These results produced 52.3 and 38.3 safety factors using the plain cold 

rolled steel’s properties.  The high factor of safety is acceptable because plain carbon steel is 

expensive and readily available.  The upper punches will be welded onto a mounting plate.  The 

mounting plates will bolt onto the upper punch plate using two cap screws for easy removal and 

assembly. 

Upper Punch Plate 

 The upper punch plate will be made of the same plain cold rolled steel.  It will be 0.25 inches 

thick and will be drilled and tapped to match the lower die and punch mounting plate. 

Sheet Metal Blanks 

 The sheet metal blanks will be two inches long and one inch wide with a thickness up to .079 

inches, and they will have a maximum yield strength of 85,600psi.  The shear and moment diagram 

for the sheet metal can be found in Appendix E.  The maximum shear force was 421.5 pounds and the 

maximum moment was 13.2 foot pounds.   
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Shoulder Bolts 

 The maximum required bolt torque for the four shoulder bolts is 248.7 inch pounds (see  
 
Appendix E).   
 
Cap Screws 

 The required maximum bolt torque for the two cap screws that will be used to tighten the punch 

mounting plate to the upper punch plate is 113.9 inch pounds (see Appendix E). 

 
FABRICATION 
 
 The die was fabricated at the College of Applied Science’s lab.  Starting with a rectangular block 

of steel the lower v die was machined to the drawing specifications.  The surface of the block was 

machined flat using a horizontal mill.  With the surface perfectly flat the v channel was also created 

using the horizontal mill and a v-cutter.  Using a one inch cutter the surface to hold the blanks was 

created on a vertical mill.  Next the upper plate was cut to size along with the punch mounting plates.  

Next the locating holes were drilled into the mounting plate and the lower v die.  The locating holes 

on the lower v die were tapped so the shoulder bolts could be screwed into it.  The punches had flats 

machined on them to make them easier to assemble to the mounting plates.  Once the flats were 

machined on the punches, the die was assembled with the punches set in place.  In order to make sure 

the punch was located exactly to the lower die it was clamped in place and then welded.  This process 

was repeated for the other punch.  Next the holes in the mounting plate were drilled simultaneously 

with the upper plate.  The upper plate was tapped and then the punches were screwed and unscrewed 

to the upper plate for testing.  With the fabrication complete, the four locating shoulder bolts were put 

in place and the punch was mounted to the upper plate completing the assembly process. 
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Figure 10 – Die and press 

TESTING AND RESULTS 
 
 All the testing was completed in the College of Applied Science’s lab.  Ten samples of each 

material were tested against each punch.  In all forty samples were tested.  

The press used was a Dake Arbor Press 1 ½ B1.  This arbor press is 

capable of producing one and a half tons of force.  The testing consisted 

of assembling the v bend die with a 2 x 1 inch metal sample shown in 

Figure 9.  The metals used had 270MPa and 440MPa tensile strength. 

 Once the sample was assembled to the die it was ready to be placed under the arbor press ram.  

Figure 10 shows a picture of the die and arbor press before 

the sample is bent.  With the die centered below the press 

ram the arm is pulled down pressing the sample into the v 

shape.  Once the sample was formed, the press ram was 

lifted back up so the die could be pulled away.  Figure 11 

shows a picture of the blank after the bending process. 

 Besides bending actual metal samples, the die design was input 

into the simulation program.  Figure 12 shows a screenshot of what the 

design looked like in the program.  Only the surfaces of the punch and 

die needed were imported because the program forms the metal to the 

provided data.     

Two different types of metal were 

tested against the simulation 

program.  Each metal was also 

formed with both radii punches.  

The simulation program provided 

results that could be exported to a 

Figure 9 – Material blank 

Figure 11 – Formed blank 

Punch 

Die 

Blank 

Figure 12 – Simulation program screenshot 
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3D modeling program.  With the simulation results completed the actual results were compiled. 

 

  
The actual metal blanks were surface scanned 

providing 3D data that could be looked at with a CAD program. Using the scanned surface data and 

the simulation result data, sections were cut and compared using a 3D modeling program.  Table 4 

shows the results of the simulation versus the actual v bend die samples in degrees.  The number 

values represent the average of ten samples degrees of springback over the 90 degree die shape.  

Figure 13 shows a representation of how the springback was measured.  The black line represents 

nominal or ninety degrees.  The green line represents the simulation and the red line represents actual.  

The delta in Table 4 is the difference between the red and green line.  The values in Table 4 are the 

springback from the ninety degree nominal.  The larger 1.00 inch had more springback than the 0.75 

inch punch and is shown in the actual and simulation results.  The actual die was only about 0.5 

degrees away from the simulation proving the simulation’s accuracy.  It took approximately one 

minute to run the simulation and fifteen minutes to get the springback results from the actual die.  The 

time it took to run the actual test shows the simulation is fast and accurate for predicting sheet metal 

forming.  

 

 
 
 
 

Material Actual Simulation Δ
SPC270C 9.25 8.1 1.15
SPC440 10 8.9 1.1

Material Actual Simulation Δ
SPC270C 1.6 1.3 0.3
SPC440 2.9 2.4 0.5

1.00 inch punch

0.75 inch punch

Figure 13 – Springback results diagram 

0.75 inch punch 

1.00 inch punch 

Table 4 – Average springback results in degrees 
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BUDGET 
 
 The bill of materials can be found Table 4.  All the steel for the die came from the College of 

Applied Science lab.  

The sheet metal blanks 

were donated from 

Takumi Stamping Inc. 

in Fairfield Ohio.  The 

proposed budget was 

$24.95 and the final 

actual budget was $23.98, about a dollar less than the proposed.  This change came because the 

assembly bolts and screws were found for cheaper and the JB weld was added to help locate the 

punches to the lower die until they were welded in place. 

 
SCHEDULE 
 
 The schedule for this project was divided into tasks that were required for each quarter.  The 

original schedule was modified during the winter quarter design phase because the actual took longer 

than expected because of complications with getting all the components correct and locating the 

same.  To get the schedule back on track I worked ahead once the design was complete to get ready 

for fabrication, assembly, and testing.  Appendix F shows the preliminary schedule and also the actual 

schedule. 

 
 
 
 
 
 
 
 
 
 

Item Supplier Quantity Cost
.25" Plate Steel CAS lab 1 $4.00
Block Steel CAS lab 1 $7.00
Shoulder Bolts Beck Hardware 4 $6.60
Cap Screws Beck Hardware 2 $1.07
JB Weld Auto Zone 1 $5.31
Blanks Takumi Stamping Donated

Total $23.98

Table 5 – Bill of Materials 



Sheet Metal Bending Test Die Jeremy Zeigler 

14 

 
CONCLUSION 
 
 Overall the stamping simulation program was found to be very accurate, within approximately 

one half degree of the actual die.  The project was completed on time and on budget without any 

unexpected changes or difficulties.  The design followed the customer requirements and was 

inexpensive, simple, fit to different presses, and produce a well-formed piece of sheet metal.  The 

simulation program was found to be much quicker and easier to modify to produce results versus 

actually making blanks.  The simulation is an effective way to predict how an actual die will perform. 
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APPENDIX A - RESEARCH 
 

Die designed to accept inserts 
 

 
 
http://www1.eere.energy.gov/vehiclesandfuels/pdfs/alm_05/2r_bzdok.pdf 
 

-die locates very specific 
(bolts only align to die 
and specific shoe) 
-not sure on changeover 
speed 
-die show accepts variety 
of inserts for range of 
sizes 

Multi-Process Master Shoe Die  
Currently, the Project Group is focused on experimenting with a multi-
process research die with sub-die inserts (Figure 3) to produce various 
automotive structural components by a variety of processes. This die has 
the necessary higher holding pressures and controlled processes required 
for working the higher-strength materials. A programmable hydraulic-
pressure cushion is the main component of this system that provides the 
means of stretch forming the metal and controlling springback. Four sub-
die inserts are planned for this tool by the end of 2005. 
Sub-die inserts in the multi-process master shoe die enable stamping of 
underbody, cross-car and side structural components with a variety of 
stamping processes. 

Interview: Dave Albers (my manager) 
Date: 9-25-07 
Spoke about what project deliverables were.  Explained to me existing 
problems with tuning dies and the amount of time and money needed to 
modify die.  Spoke about schedule, budget, and some school constraints 

-got approval to work on 
design 
-got some background 
information for purpose 

http://www1.eere.energy.gov/vehiclesandfuels/pdfs/alm_05/2r_bzdok.pdf�


 

Appendix A2 

 
 
 

Interview: Gene Hargis (30 years die engineering experience at GM) 
Date: 9-18-07 
Spoke about how viable designing bending stamping die would be.  Gave 
some tips and info to assist in design.  Thought idea was good and could 
save a lot of trial time and eliminate tuning 

-discussed time savings 
-viability of design 

Interview: Robert Miller (30 years die engineering experience at 
GM) 
Date: 9-18-07 
Spoke about types of modular die design and other approaches made to 
design die to be quickly modified.  Found out most die designers do not 
take this approach because different department handled tryout.  Thought 
viability of design could have good input for future project use 

-insight into other ways 
to design dies 

Interview: Rob Kinner (15 years die engineering experience at 
supplier) 
Date: 9-9-07 
Spoke about ideas for senior design project.  Brainstormed on what some 
of the department’s needs were.  Went over some example problem 
statements to discuss where the need for different ideas could work.  
Discussed different types of die design and how important tuning phase 
is during design build and testing.  Discussed budgets and types of work 
necessary to actually design build and test a real life die. 

-complete overview of 
die design and possible 
ideas 

Interview: James Linde (5 years project leader for SE phase) 
Date: 9-2-07 
Spoke about die design and department needs.  Spoke about different 
types of dies and what some possible project ideas were.  Gave good 
insight to design process and also looked at different problem statements 
I wrote.   

-gave excellent feedback 
on problem statements 

Searched library website and spoke to other professors to see if there was 
a similar senior design project.  Could not find similar senior design 
project. 

-no similar projects 
completed at OCAS 
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APPENDIX B – CUSTOMER SURVEY 
 

 
 
 

Are you satisfied with the current design and application of die modules?
Please circle the appropriate answer.

        1 = very unsatisfied                           5 = very satisfied
Average

1.) Die modification time 1 (4) 2 (0) 3 (12) 4 (4) 5 (8) N/A (0) 3.43

2.) Ease of machining 1 (0) 2 (8) 3 (4) 4 (8) 5 (8) N/A (0) 3.57
 

3.) Ease of welding  1 (0) 2 (12) 3 (4) 4 (8) 5 (4) N/A (0) 3.14

4.) Ease of assembly 1 (0) 2 (4) 3 (12) 4 (8) 5 (4) N/A (0) 3.43

5.) Ease of repair 1 (4) 2 (16) 3 (4) 4 (0) 5 (0) N/A (0) 2.43

6.) Durability of insert 1 (0) 2 (8) 3 (8) 4 (4) 5 (8) N/A (0) 3.43

7.) Finished part quality 1 (0) 2 (4) 3 (8) 4 (4) 5 (12) N/A (0) 3.86

What is important to you in the design and application of die modules?
Please circle the appropriate answer.

        1 = low importance                             5 = high importance
Average

1.) Die modification time 1 (0) 2 (0) 3 (4) 4 (8) 5 (16) N/A (0) 4.43

2.) Ease of machining 1 (0) 2 (4) 3 (4) 4 (16) 5 (4) N/A (0) 3.71
 

3.) Ease of welding 1 (0) 2 (4) 3 (4) 4 (16) 5 (4) N/A (0) 3.71

4.) Ease of assembly 1 (0) 2 (0) 3 (12) 4 (12) 5 (4) N/A (0) 3.71

5.) Ease of repair 1 (0) 2 (0) 3 (4) 4 (8) 5 (16) N/A (0) 4.43

6.) Durability of insert 1 (0) 2 (4) 3 (0) 4 (8) 5 (16) N/A (0) 4.29

7.) Finished part quality 1 (0) 2 (0) 3 (0) 3 (4) 4 (24) N/A (0) 4.86

Please list any other important features that you would like in a modular die.

(Results in parentheses)

Thank you.

(Results in parentheses)

Modular Die Design Customer Survey

I am a senior at the University of Cincinnati studying Mechanical Engineering Technology. I am 
researching ways to decrease the amount of time it takes to modify a die.  Please take a few moments to 
answer the following questions to better my design.
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APPENDIX C – QUALITY FUNCTION DEPLOYMENT 
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Performance
1. Durability of insert 9 9 4 3 4 1.3 1.0 5.3 0.14
2. Die modification time 9 3 3 4 4 5 1.3 1.5 7.5 0.14
Manufacturability
3. Ease of machining 3 1 4 3 3 1.0 1.0 4.0 0.14
4. Ease of welding 3 1 4 3 3 1.0 1.0 4.0 0.14
5. Ease of assembly 9 1 4 2 3 1.5 1.0 6.0 0.14
6. Ease of repair 1 3 3 4 3 4 1.3 1.0 5.3 0.14
Quality
7. Finished part quality 1 3 5 4 5 1.3 1.0 6.3 0.17

Absolute Importance 2.
4

2.
48

0.
97

1.
52

1.
34

38.4 1.00

Relative importance 0.
27

0.
29

0.
11

0.
17

0.
15

Current die design 2.
0

2.
0

Direction of movement X X X S

Target Value 5.
0

2.
0

Units m
in $

29.00

1.00

9 = Strong
3 = Moderate
1 = Weak
no relation = blank
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APPENDIX D – DETAILED DRAWINGS 
 
Upper Punch Plate 
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APPENDIX D – DETAILED DRAWINGS 
 
V Block 
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APPENDIX D – DETAILED DRAWINGS 
1.00 Inch Punch 

 
0.75 Inch Punch 
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APPENDIX D – DETAILED DRAWINGS 
 
Punch Mounting Plate 
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APPENDIX D – DETAILED DRAWINGS 
 
Checking Fixture 
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APPENDIX E – COMPONENT ANALYSIS 
 
Lower Die 
 
Free Body Diagram 

 
 
Cosmos Analysis Results 

 
Results Summary 
Material- Plain Cold Rolled Steel 
Yield Strength- 32,000psi (220MPa) 
Force Applied- 843 lbs.  
from maximum force required to bend sheet metal calculation using:  
-85,600 psi yield strength 
-.079 inches thick (2mm) 
Maximum Stress- 827 psi (5.7 MPa) 
Maximum Deformation- .000012  inches 
Factor of Safety- 38.7 
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APPENDIX E – COMPONENT ANALYSIS 
 
Upper Punches 
 
Free Body Diagram 1.00 inch diameter           Free Body Diagram 0.75 inch diameter 

                  
 
Cosmos Analysis Results -1.00 inch diameter                Cosmos Analysis Results -0.75 inch diameter 

                 
Results Summary 
Material- Plain Cold Rolled Steel 
Yield Strength- 32,000psi (220MPa) 
Force Applied- 843 lbs.  
from maximum force required to bend sheet metal calculation using:  
-85,600 psi yield strength 
-.079 inches thick (2mm) 
1.00 inch punch 
Maximum Stress- 609 psi (4.2 MPa) 
Maximum Deformation- .0000069 inches 
Factor of Safety- 52.3 
0.75 inch punch 
Maximum Stress- 841 psi (5.8MPa) 
Maximum Deformation- .0000077 inches 
Factor of Safety- 38.3 
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APPENDIX E – COMPONENT ANALYSIS 
 
Sheet Metal Blanks 
(from Handbook of Mechanical Engineering Handbook) 
Sheet metal bending force calculation 
F=(L*t2st  )/W  
L (Length of bend, in.)  
t (metal thickness, in.)  
st 

W (width of unsupported metal, in.) 
(ultimate tensile strength, psi) 

    
L 1 (25.4mm)  
t 0.07874 (2mm)  
s 102000 t  (700MPa)  
W 0.75 (19.05mm)  
F pounds 843.2017  

 
Shear/Moment Diagram 
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APPENDIX E – COMPONENT ANALYSIS 
 
Shoulder Bolts Maximum Bolt Torque Calculation (from 
http://www.efunda.com/DesignStandards/screws/fasteners_intro.cfm) 

Fi=.9*At*S   p     
At (Tensile area)=.7854[D-(.9743/n)]² 0.052633445 
S (proof strength of bolt)  84000 
F=.9*.052633*84000 3979.088   
T=K*Fi  *d    
K=.2     
d=.3125     
T=.2*.3125*5817.017 in-lbs (Maximum Torque) 248.693 

 
Shoulder Bolt Maximum Allowable Force 
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APPENDIX E – COMPONENT ANALYSIS 
 
Shoulder Bolt Minimum Diameter 
 

 
 
Cap Screw Maximum Bolt Torque Calculation 
Fi=.9*At*S   p     
At (Tensile area)=.7854[D-(.9743/n)]² 0.030132599 
S (proof strength of bolt)  84000 
F=.0*.076945*84000 2278.025   
T=K*Fi  *d    
K=.2     
d=.25     
T=.2*.25*3711.006 in-lbs (Maximum Torque) 113.9012 
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APPENDIX E – COMPONENT ANALYSIS 
 
Cap Screw Maximum Allowable Force 
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APPENDIX F – SCHEDULE 
Preliminary 
 

 
 

7-11 14-18 21-25 28-31 4-8 11-15 18-22 25-29 3-7 10-14 17-21 24-28 1-4 7-11 14-18 21-25 28-2 5-9 12-16 19-23 26-30 2-6 9-13 15-19
Proof of Design

Design Die (how to machine)

Design Insert

Design/Analysis

Design Freeze

Prepare Report

Technical Drawings

Bill of Materials

Winter Oral Report

Winter Written Report

Order Materials

Machine Die

Machine Inserts

Assemble Die

Testing

Proof of Design

Prepare Report

Tech Expo

Spring Oral Report

Spring Written Report

May June
2008

January February March April

Jan. 11

March 14

Feb. 20

March 17

June 6

May 22

May 2

June 9
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APPENDIX F – SCHEDULE 
Actual 

 
 

7-11 14-18 21-25 28-31 4-8 11-15 18-22 25-29 3-7 10-14 17-21 24-28 1-4 7-11 14-18 21-25 28-2 5-9 12-16 19-23 26-30 2-6 9-13 15-19
Concept Selection

Design test die

Calculations/Analysis

Technical Drawings

Design Freeze

Prepare Report
(written and oral)
Bill of Materials

Winter Oral Report

Winter Written Report

Order Materials

Machine Die

Assemble Die

Testing

Proof of Design

Prepare Report

Tech Expo

Spring Oral Report

Spring Written Report

May June
2008

January February March April

Jan. 14

March 14

Feb. 20

March 19

May 27th

May 22

May 2

June 6
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