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ABSTRACT 
 
 In an effort to reduce the costs to end users of all consumer products, companies go through 
great lengths to reduce their costs of manufacturing to be able to compete in today’s highly 
competitive society.  One area where companies reduce costs is to produce materials such as tape, 
film, or paper in large roles that most be trimmed or slit into useable widths and lengths.  One such 
machine that has be developed to slit these bulk rolls is referred to as a slitter/rewinder machine.  
Long widths of material are fed in to the machine from one roll, travel through a row of slitter inserts 
that cut the material in to desired widths and then rewound onto another roll.  Companies such as 3M, 
Band-Aid, and ACE use these machines to trim their tape and/or bandages. 
 The focus of this project will be designing a new slitter insert that will correct many of the issues 
customers have with what inserts are currently available.  The most popular design has a number of 
issues, ranging from the complex design and many pieces to the difficulty of removing the blade and 
setting the insert on the rail.  Another option for customers is an insert known as the Lisa.  The Lisa 
corrects the issue of blade removal, but still lacks any advantages regarding set up time, number of 
pieces, and certainly still a very complex design. 
 The goals for a new design will include a great reduction of parts, an easily removable blade, rail 
positioning assistance built into the frame, and a reduced cost to the customer.  This design is simple, 
very low maintenance because the frame itself is disposable, and will offer a significant decrease in 
price such that it is believed that this insert will influent the entire market. 
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Formatted

BACKGROUND AND RESEARCH 
 
INTRODUCTION 
 In today’s society of high production rates and minimal costs, companies and industries are 
always looking for the next step to increase profits.  In the world of paper, film, and the like, materials 
start out as a bulk roll.  These rolls have many benefits largely in their transportation and ease of 
packing, but they leave the industry with several steps to get to their desired final product.  For such 
things as invisible tape, adhesive bandages, bulk film, and even toilet paper, one of those steps is for 
the material to pass through a slitter/rewinder machine.  These machines take the material from the 
primary roll and pass it through a row of slitter inserts where the material is cut into the desired width.  
The primary roll of material can be as large as 120”; and while the slitter inserts are only ½” thick, 
that means there could possibly be as many as 240 of these inserts across the dovetail rail on which 
they are mounted.  The original design that all of today’s slitter inserts have stemmed from was 
patented in 1959 (1).  Between then and today, there have been many attempts to redesign the inserts 
largely driven by production demands and cost reduction.  However, an industry standard has 
managed to separate itself from the array of slitter inserts (Figure 1 and 2). 

 
Figure 1 - Current industry standard 
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Figure 2 - Current industry standard, interior

RESEARCH 
 The first step into the research was to find out exactly what was already out there that pertained 
to the slitter inserts, largely patents and current designs available in the market.  This step led to 
looking into any applicable patents that were on record for these inserts, of which there were some.  
The most pertinent was the original patent mentioned previously and can be found in Appendix A, 
along with other products that are currently available from various suppliers.  With this research, the 
changes and attempts were made evident, which will be critical in designing a brand new slitter insert.   
 While this research was a great start, background information from someone that was part of the 
industry would also be critical to have a better understanding of why the inserts need to be redesigned 
and what people might be looking for.  To start this, a meeting was scheduled with John Paselsky, 
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owner and president of Northpointe, who is the sponsor of this project.  Paselsky was able to provide 
valuable insight into the designs available and what was wrong with them.  He also provided samples 
to see what it is that is in need of a redesign.  Paselsky actually provided the patent research during 
this first meeting, but not many specifics were gone over until this point.   
 From here, Paselsky pointed to the actual source of this design request, a local company here that 
is a supplier of these inserts, among other things, 
Cincinnati Knife.  The contact at Cincinnati Knife is 
Tim Underhill.  Tim Underhill’s vast experience in 
the market was probably the most valuable to our 
research.  Being that he also holds a patent for a 
design his company sells, named for his wife “Lisa” 
(Figure 3), which does solve many of the problems 
of the current industry standard but costs 3.5 times 
that of the more common insert.  Next, Tim 
Underhill’s son, Peter Underhill, took some time to 
review current designs and customer expectations.  
Peter Underhill also works at Cincinnati Knife as a 
sales manager.  Peter Underhill was able to provide 
a further look into a redesign of what is available 
and what are the problems with such inserts.  Being 
a sales manager, Peter Underhill had a slightly 
different view of what the customers had to 
complain about with the current inserts that they had 
to choose from. 
 
 
FEATURES 
 After completing research and having such conversations with those mentioned above and the 
project’s advisor, Associate Dean Allen Arthur, a list of features was assembled that will be included 
in the redesign of the slitter insert.  This list stemmed primarily from the problems that were voiced 
concerns over and what will fix such issues.  This list is represented in Appendix B and also is the 
base for the questions that were presented in the survey.  Some of the more important features to be 
included are a easily removed blade, a greatly reduced amount of friction, and a minimum numbers of 
parts in the entire unit. 
 
SURVEY 
To get an idea of how customer’s rank the importance of individual features of the current inserts that 
are available to them, a survey was prepared that had the applicant gauge the level of importance of 
certain features of an insert.  The same questions were then asked regarding the satisfaction of the 
current industry standard and available designs.  Tim and Peter Underhill were actually the only 
people to fill out and return the survey.  While it was sent to a couple companies that use the inserts, 
no reply was submitted.  The key results can be seen in Table 1, and complete results can be found in 
Appendix C.  

Figure 3 - Cincinnati Knife Outlet's "Lisa" (2) 
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Table 1 - Survey Results 

From the survey, it became clear that the most important changes with a new insert are the ease of 
and ability to remove the blade while still attached to the rail.  While one of the current designs is able 
to this, the “Lisa”, the unit is not cost effective for many customers’ applications.   
 
QUALITY FUNCTION DEPLOYMENT 
 The next step in this process was to further analyze the results of the survey and compare them to 
various characteristics that could be incorporated into the design of the new insert.  To do this a 
quality function deployment, or QFD, was done which rates the various aspects of the design features 
and assigns an importance value to each.  By obtaining these different weights it can be seen where to 
focus the design so as not to leave out something that would influence the customers’ opinion of the 
end product.  The most important characteristics of the QFD turned out to be low maintenance and a 
quick release axle.  As a result the new insert will incorporate these features among others that were 
deemed important to the customers’ applications.  Full results of the QFD can be found in Appendix 
D. 
 
MECHANISMS DESIGN OBJECTIVES 
 The QFD results will serve best to focus the design of the mechanisms aspects of the insert.  The 
primary mechanisms of the current inserts can be seen above in Figure 2, and are as follows: piston, 
actuator shaft, air cylinder, and blade (not pictured).  While a couple of these components are desired 
to be reused from the current design (the air cylinder and the blade), the piston and actuator shaft pose 
several problems to be resolved on their own.  The current fork application of holding the blade axle 
creates a couple issues that face the current design; heat buildup and accuracy.  Due to the current 
design a great deal of friction is created during cutting between the forks on either side and the blade 
itself.  This friction leads to a good deal of wear on the fork itself and a considerable amount of heat 
generation.  The fact that the piston only pushes at the center is another issue that will be addressed; a 
more equal distribution of the force on the fork can only improve the current design.  This choice of 
fork design also leads to a bit of difficulty removing the blade, especially while still attached to the 
rail of the machine.  This too will need to be addressed in the new design. 
 
 

Importance Satisfied
Ease of blade removal 5.0 1.5
Ability to remove blade while slitter insert is 
still attached to machine 5.0 2.0
Compatibility with existing air cylinder 5.0 5.0
Compatability with existing blade 4.5 4.0
Ease of setup for widths greater than 1/2" 4.0 2.0
Heat dissapation 4.0 2.0
Ease of maintenance 4.0 2.5

Mean
Questions
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DESIGN 
 
DESIGN ALTERNATIVES AND SELECTION 
 
 While considering the research, survey results, and the QFD analysis, rough sketches of some 
design ideas were done, these can be seen in Appendix G.  The first of them maintained a similar 
design to that pictured in figure 1, but incorporated an axle that would make removing the blade much 
easier from the rail in certain applications.  The certain applications parts with this options downfall, 
as it was only easier if the insert was off of the rail or if there was applicable spacing on either side of 
the insert to remove the fastened axle.  This effort also interfered with where the design of the frame 
is headed. 
 The alternative labeled two was where the best idea came through.  The idea of a ball detent axle 
is used in our final design, just in a slightly different manner.  In the concept sketched the force from 
the ball detent was to be used to hold the wheel in place.  However, after some research into the 
available ball detents it was found that the force applied was insufficient to hold the axle in place.  As 
a result, it was decided that the ends of the sleeve of the ball detent will hold the axle in place creating 
a shear stress situation.  The third sketch presented was merely a modification of the second and was 
not considered during the design. 
 
 
DRAWINGS 
 
 Drawings of the parts that were designed for 
this project can be found in Appendix H.  There are 
drawings of the bushings and of the fork itself.  The 
remainder of the parts that made up this part of the 
project were purchased components that were 
provided by Cincinnati Knife.  Also in Appendix H 
is an exploded view of the insert and all its 
components.   
 
 
LOADING CONDITIONS, DESIGN ANALYSIS, 
FACTORS OF SAFETY 
 
 The loading conditions that were considered in 
the mechanisms portion of the project focus on the 
fork and piston because it is the center and most 
important piece of the insert.  Conditions were taken 
for both the common ninety PSI of shop air and also 
a less common one hundred fifty PSI that a small 
percentage of customers use for certain materials.  
The largest area of concern for the fork lied in the 
area where the axle is held in place.  The material 
used for the fork was steel, and was put through FEA 
software assuming one hundred fifty PSI.  The 
maximum stress at this point was 1885 PSI which 
resulted in a safety factor of approximately 19, and is 
pictured in Figure 4.  Another consideration was the 

Figure 4 - Maximum Stress 

Figure 5 - Maximum Deflection 
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amount of deflection under the stresses of cutting, this was also tested with FEA software and found 
to be 0.0000028 in. and is shown in Figure 5.  
 
 
COMPONENT SELECTION 
 
 With the redesign of what is currently available, the list of components actually being selected 
was limited to very few.  First, was the ball detent axle which was found online at JW Winco’s online 
store and the part number for this item is 4WALR.  The selection of this component stemmed the 
inner dimensions of the bushing and also gave a driving specification to the selection of the bearing.  
The driving dimension was the width of the bearing to be 4 mm or less.  A bearing with part number 
6700ZZ was selected, and can be found at many different retailers across the glode. 
 
 
BILL OF MATERIALS 
 

BILL OF MATERIALS 

Item Part Number QTY Description 

1 4WALR 1 DETENT, AXLE 

2 6700ZZ 1 BEARING, BALL 

3 708-100 1 FRAME, DISPOSABLE 'A' 

4 708-101 1 FRAME, DISPOSABLE 'B' 

5 708-102 1 FORK 

6 708-103 2 BUSHING, BRONZE 

7 708-104 1 BLOCK, RETAINING 

8 708-105 1 PIN, RETAINING 

9 708-106 1 RING, RETAINING 

10 708-107 1 SPRING, RETURN 

11 708-108 1 BLADE 

12 708-109 1 GASKET, AIR CYLINDER 

13 9001T12 1 SPRING, RETAINING 
Table 2- Bill of Material
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FABRICATION AND ASSEMBLY 
 
 While most of the components of the mechanisms part of the slitter insert were provided for the 
project from the specifications presented, the most important part had to be machined from cold-
rolled steel provided by Northpointe.  Because of the intricacies of the fork and the channel in the 
middle for the ball detent axle to slide into, the fork was broke down in to three separate pieces for 
machining and was later welded together.  The three pieces consisted of the right and left halves of 
the fork itself and then a third piece to represent the piston atop the fork.   
 To perform these machining, drawings 
of each piece were loaded in to a software 
package known as Mastercam.  Mastercam 
took the 3D drawings and wrote the code for 
the vertical CNC milling machine to follow 
to create the part.  Each half of the fork had 
to be machined on each side of the blank 
material and was positioned in a vice while 
being machined.  To accelerate this process 
of running the blanks through the machining 
process a second machine was setup to run 
the left half while the first machine would 
run the right half.  For testing and proving 
purposes, there were twelve blanks 
machined, six for each half of the fork.  
Figure 6 shows one of the halves just after 
having one face machined. 
 While much of the same process was done for the piston piece 
of the fork due to its minimal width and rounded ends a slight change 
was made in how the blanks were held in the vice.  What was 
referred to in the machine shop as a set of “soft jaws” was used to 
hold the blanks in the vice while machining.  They are called “soft 
jaws” because they were actually milled into while machining the 
part, so they were not as hard a material.  This was able to be used 
because the only cuts being made on this piece were to round each 
end and then mill a slot in the middle for the two halves of the fork to 
slide into and be welded together.  To match the number of pairs that 
were machined of the fork halves, six top pieces were also machined.  
 At this point it was realized that the two halves that made the 
fork were not straight, they had bowed slightly due to the heat built 
up during machining.  To correct the bow, each half was put in a vice 
and then bent back with an adjustable wrench until straight.  Once 
this was done with all the halves, all the pieces were handed over to 
Northpointe’s welder who hand-welded them together using a oxy-
acetylene torch.  The two halves were plug welder to each other and 
the piston head was held on using a fillet weld at each end of the slot 
that was machined in them earlier.  Figure 7 shows all three pieces 
assembled in the CAD program that was used throughout this project, 
Inventor. 
 One last thing that was fabricated for the mechanisms part of this 
project was the bushings that fit into the bearings and the axle is slid through.  Originally the bushings 
were specified to be a bronze iolite, however, while discussing this with our project sponsor, 

Figure 6 - One Half of Fork Being Machined 

Figure 7 - Assembled Fork 
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Paselsky, we choose to make a change to Delrin for a concern of the bronze bushings galling with the 
bronze axle.  These bushings were turned down from bar stock that was also provided by 
Northepointe.  While three sets were initially turned to size, only one set was brought into specs for 
testing and was used throughout the duration of the project. 
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TESTING AND PROOF OF DESIGN 
 
 During testing and fitment checks of all the interchanging parts, the bearing, axle, bushings, 
cutting wheel, and fork all when together very well.  The axle was able to slide though the channel 
that was milled into the fork for just such that purpose.  However, once the fork was ready to be 
placed in to the frame work of the unit is where problems started to arise.  First, problems with the 
fitment of the fork in to the frame; the tolerances between the fork and the frame were such that the 
fork could not slide as it was designed.  To address this issue the pockets where the fork and frame 
met were sanded out to make larger opening for the fork to slide. 
 Once the appropriate movement was secured, a problem with the designed spring return caused a 
design change.  While initially wanting to use a Delrin spring to return the fork to rest position, it was 
found that with the allotted space in the fork and frame the Delrin spring would not have sufficient 
force for the application.  For an alternative solution band saw blade that was readily available from 
the machine shop at the OMI College of Applied Sciences (OCAS) was cut to the appropriate width 
and length and then tempered to increase the spring properties of the spring steel.  During assembly of 
the rest of the unit, it was discovered that 3 springs would be necessary to get the amount of return 
force after the blade was extended.  From here came the sealing of the two halves of the body. 
 More issues were ran into here with the epoxy that was recommended by a manufacturer.  To 
insure the functionality of the unit after the glue settled, the body was pressed between to wood 
blocks and C-clamps were used to apply the force.  However, once the clamps were removed after the 
suggested twenty-four hour set time, the body had not properly sealed and was not able to be used.  
After this failure several other generic glues and epoxies were tried to create the seal desired; none 
were effective enough.  This was contributed to the bearing surface and material that makes Delrin so 
unique. 
 In order to have the design proven for the purposes of this project mechanical fasteners, screws, 
were used to hold the halves together and Blue 
RTV, a silicone gasket maker, was used to create 
the seal that was required.  Once this was done, 
the unit was tested with air on a test rig that was 
provided by our contacts at Cincinnati Knife.  
Once the unit was tested on the test rig more 
issues were discovered.  For starters, the blade did 
not reach the anvil at full extension and the wheel 
did not fully return to rest position.  To address 
the first issue, the fork was modified to allow for 
further extension by reducing the thickness of the 
piston head via milling the underside using a 
vertical mill in the machine shop at OCAS, which 
is pictured in Figure 8.  Another discovery that 
took place at the Tech Expo when our contact at 
Cincinnati Knife shared a piece of information that 
had yet to be shared; to make up for some inaccuracies in the air cylinders of previous units and to 
keep the air bladder pliable during the life of the unit, petroleum jelly is rubbed into the bladder which 
allows it to slide more freely and fill some of the gaps or leaks that might be present. 
 This trade secret allowed the unit to seal enough for testing and the milling of the piston head 
allowed the blade to extend far enough for the blade to contact the anvil.  During the initial testing of 
the unit, the air pressure was ran all the way up to approximately 120 PSI and was still functioning.  
Using the test rig, it was proved that the blade could be removed from the unit while still on the rail of 
the machine sufficiently faster and easier than any previous unit.  The return that the blade performed 
was also met expectations and was proven.  To prove the last part of the Proof of Design Agreement, 

Figure 8 - Piston Thickness Being Reduced 
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which can be seen in Appendix I, the unit was taken to a manufacturer of converting machines that 
use these inserts. 

 When the unit was first placed on the rail of the 
machine the fit between the anvil and the rail was a 
little snug but acceptable.  Things were looking good 
for a minute until the air pressure was increased to get 
the cut started, the entire unit began to appear to twist 
off the rail and not create the cut that was intended.  To 
solve this problem the other units that were already on 
the rail were placed right up against either side of the 
unit being tested.  With this setup the unit ran all the 
way up to the machines max speed of 900 ft/min, 
cutting the entire time to well within the companies 
specs for a cutter. 
 While the list of items in the proof of design 
mentioned earlier were not proven to the full extent of 

the list, the sponsors of the project were satisfied with the results.  The project will also continue after 
graduation until a final product is ready to be manufacturer for production and sale by Cincinnati 
Knife. 
  

Figure 9 - Unit First Placed on Test Machine 
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 PROJECT 
MANAGEMENT   
    
BUDGET 
 Table 3 presents a budget 
for the mechanisms part of 
designing this slitter insert.  For 
this part of the slitter insert all 
materials were provided by 
Cincinnati Knife or 
Northpointe; hence the N/A 
values displayed for each item.  A 
complete version of the budget for this project can be found in Appendix E.  
 
 
 
 
 
 
 
SCHEDULE 
 Our schedule represents our proposed goals for the 
remainder of the design project.  A group of some of the 
key milestones can be found in Table 3.  Some of these 
dates have been delayed over the standards because we 
switched projects in the middle of autumn quarter.  A 
complete schedule can be found in Appendix F.  
 
 
 

Table 3 - Mechanisms Budget 

Table 4 - Project Milestones 

Cost (unit) Cost (Extended)
Blade N/A N/A
Bushing N/A N/A
Detent Axle N/A N/A
Fork N/A N/A
Bearing N/A N/A
Air Cylinder Gasket N/A N/A

Mechanism Total $0.00 

Mechanisms - Nikolas Ilg 

 
   
 
 
  

    
 
 

  

Proof of Design Agreement 1/25/2008
Design Freeze 3/7/2008
Design Presentation 3/14/2008
Design Report Due 3/19/2008
Proof of Design to Advisor 5/27/2008
Tech Expo 5/22/2008
Oral Presentation 5/30/2008
Project Report Due 6/10/2008

Project Milestones
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APPENDIX A – RESEARCH 
PATENT RESEARCH 
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Appendix A7 
 

INTERNET RESEARCH 

 
 

  (3) 
 
 
Carolina Knife Co. manufactures a complete line 
of Score Slitting Knives for paper, film, non-woven 
and textile converting equipment, including Arrow, 
Ashton, Cameron, Didde-Graphics, Dusenbury, 
Johnstone, Schreiber, and others. 
 
Available in 52100 or D-2 steel. Through 
hardened for maximum wear characteristics. 
 
American made. We offer quick delivery - most 
sizes available from stock.  

Click Here to download this information in 
print document form, or check out our 
technical diagrams below. 

Only the blades 
 
From pictures these appear to be useable in the 
same design frames as currently available from 
Cincinnati Knife (since it says industry 
standard this is a reasonable assumption) 
 
If so issues with mating frame are: 
Fork wear 
Heat 
Quality 
Too many parts (including fasteners) 
 
Benefit: 
Made in USA 

http://www.cknife.com/sc
ore_cut_blades.htm 
 
12/10/07 
Carolina Knife Company 

http://www.cknife.com/educational_materials/8-ssknvs.pdf�
http://www.cknife.com/score_cut_blades.htm�
http://www.cknife.com/score_cut_blades.htm�
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INTERVIEWS/ MEETINGS 
 

Meeting 11-14-07 (CAS) 
Attendees: Dean A. Arthur 
       Nik Ilg 
       Jim Lins 
 

- Must research existing stock slitters 
- Cost target will be developed with Northpointe 
- Want production to be moved back to US 
- Reduction of friction is necessary 
- Reduction in the number of breakages 
- Minimize the number of fasteners 

 
Meeting 11-28-07 (CAS) 
Attendees: Dean A. Arthur 
       Nik Ilg 
       Jim Lins 
 

- Patent research must be done 
- Need to develop improvement measurable (examples) 

o $10 price 
o Dull blade replacement < 5 mins. 
o Piston movement < .5” 
o Heat @ operating temp 150˚F 
o # Parts < 10 
o # Different parts < 6 

   (4) 
 
Catbridge supplies a number of industry standard 
slitting components 
Price not listed 
 
 

From pictures appears to have same design 
as currently available from Cincinnati 
Knife (since it says industry standard this is 
a reasonable assumption) 
 
If so issues are: 
Fork wear 
Heat 
Quality 
Not made in USA 
Too many parts (including fasteners) 
 

http://www.catbridgemachinery.com/parts/detail.aspx?ID=16 
 
1/11/08 
Score Slitting Holders, Blades, Bearings & Accessories 
Catbridge Machinery 

http://www.catbridgemachinery.com/parts/detail.aspx?ID=16�


Slitter Insert for Slitter/ Rewinder – Mechanisms Nikolas A. Ilg 

Appendix A9 
 

o No finish requirements 
o Use existing piston 
o Use existing blade and bearing 

 
Meeting 12-18-07 (Northpointe Machine) (5) 
Attendees: John Paselsky (President) 
       Nik Ilg 
       Jim Lins 
 
2 Problems with current design 

- Air cylinder housing cracks from fatigue and hammer hits 
- Heat 

 
New design 

- ½” width of unit must be maintained 
- Other primary constraint is knife centerline in relation to dovetail feature 
- Other than those two constraints, unit is a relatively from scratch design 
- Keep minds open to possibly making the design disposable 
- John’s design ideas 

o Easily removable/ replaceable 
o Low cost 
o High quality 
o Minimum number of parts 
o Methods of fastening 

 Heat staking 
 Industrial adhesives 

o Don’t be afraid to have secondary operations performed 
- Possible manufacturing techniques 

o Die casting 
o Investment casting 
o Injection molding 

- Next meeting with John need research and design concepts with recommendations 
 
Meeting 1-11-08 (Cincinnati Knife) (1) 
Attendees: Tim Underhill (President) 
        Nik Ilg 
        Jim Lins 
 

- Units currently being sourced from places like China and Korea (approx. $70) 
- Original design circa 1959 

 
- Common widths of machines currently in use 

o 120” for older machines 
o 2m for newer machines 

- Industry term for the machine is a slitter/ rewinder 
- A big user of units is 3M (for scotch tape) 
- Another big use is Band Aids™ 
- Approximate full speed is 2200 linear ft/min but can be up to 5000 linear ft/min 
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- Removal of blade from unit while still on machine may not be as big of an issue due 
to OSHA and lockout/ tagout requirements 

- Need to investigate bearing removal for blade  regrinds, intervals range from weeks to 
8hr shift 

- Reduction of variation in setup of machines can possibly be addressed in new design 
- The blades (for Cincinnati Knife products) are currently sourced from Cleveland, OH 
- Keep in mind possibility of disposable knives 
- Possibility of using a “turnstyle” head attached to machine for insertion of setups that 

were completed outside of machine. 
- Possible modifications of current design to allow for disposability (would have to 

meet selling price of approx. $55) 
- If not disposable, ease of interchange 
- The failures of the air cylinders are most often due to hammer hits in order to 

accurately position unit on dovetail 
 

- Main problems with current design 
o Fork issues 

 Blade riding on fork. 
 Heat and friction 
 Fork is first failure point 

o Setup for widths greater than ½” 
 Repeated hammer hits crack air cylinders 
 Accuracy largely determined by operator who completes setup and his 

gauge accuracy and repeatability. 
o Air cylinder issues 

 In current design only one piston is used in air cylinder which may 
induce binding
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APPENDIX B  - FEATURES 
Category Feature 
O Easy to maintain 
C 15 parts or less 
O Easy to setup on rail 
O Easy blade removal 
O,S Ability to remove blade while still attached to machine 
C Disposible frame 
O,C Compatible with existing blade 
O,C Disposible blade 
O,R Good heat dissipation 
R Minimum heat generation 
O,R No steel-on-steel contact 
C Uses existing air cylinder 
C Comparable life to existing design 
C Made in USA 
O Attaches to existing dovetail 
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APPENDIX C – SURVEY RESULTS 
 

 
 
 
 

answer.         1 = low importance      5 = high importance
Mean

1 Ease of setup for widths greater than 1/2" 1 (0) 2 (0) 3 (1) 4 (0) 5 (1) N/A (0) 4.0

2 Ease of blade removal 1 (0) 2 (0) 3 (0) 4 (0) 5 (2) N/A (0) 5.0

3
Ability to remove blade while slitter insert is 
still attached to machine 1 (0) 2 (0) 3 (0) 4 (0) 5 (2) N/A (0) 5.0

4 Disposability of slitter insert 1 (0) 2 (1) 3 (1) 4 (0) 5 (0) N/A (0) 2.5

5 Compatability with existing blade 1 (0) 2 (0) 3 (0) 4 (1) 5 (1) N/A (0) 4.5

6 Heat dissapation 1 (0) 2 (0) 3 (1) 4 (0) 5 (1) N/A (0) 4.0

7 Disposable blade 1 (0) 2 (1) 3 (0) 4 (1) 5 (0) N/A (0) 3.0

8 Compatibility with existing air cylinder 1 (0) 2 (0) 3 (0) 4 (0) 5 (2) N/A (0) 5.0

9 Ease of maintenance 1 (0) 2 (0) 3 (1) 4 (0) 5 (1) N/A (0) 4.0

10 Life of slitter insert 1 (0) 2 (1) 3 (0) 4 (1) 5 (0) N/A (0) 3.0

1 = very unsatisfied      5 = very satisfied

1 Ease of setup for widths greater than 1/2" 1 (1) 2 (0) 3 (1) 4 (0) 5 (0) N/A (0) 2.0

2 Ease of blade removal 1 (1) 2 (1) 3 (0) 4 (0) 5 (0) N/A (0) 1.5

3
Ability to remove blade while slitter insert is 
still attached to machine 1 (1) 2 (0) 3 (1) 4 (0) 5 (0) N/A (0) 2.0

4 Disposability of slitter insert 1 (0) 2 (0) 3 (2) 4 (0) 5 (0) N/A (0) 3.0

5 Compatability with existing blade 1 (0) 2 (0) 3 (1) 4 (0) 5 (1) N/A (0) 4.0

6 Heat dissapation 1 (1) 2 (0) 3 (1) 4 (0) 5 (0) N/A (0) 2.0

7 Disposable blade 1 (0) 2 (0) 3 (1) 4 (1) 5 (0) N/A (0) 3.5

8 Compatibility with existing air cylinder 1 (0) 2 (0) 3 (0) 4 (0) 5 (2) N/A (0) 5.0

9 Ease of maintenance 1 (1) 2 (0) 3 (0) 4 (1) 5 (0) N/A (0) 2.5

10 Life of slitter insert 1 (1) 2 (0) 3 (0) 4 (1) 5 (0) N/A (0) 2.5

Please approximate the number of replacement slitter insert units you order per year

0-20 (0) 20-50 (0) 50-100 (0)100+ (2) 100+

What would be a resonable target price for a disposable slitter insert with a comparable life to those available today?

$10-20 (1)$25-35 (1)$40-50 (0)$55-70 (0) $22.50

 The results will be very beneficial throughout the design process.

What is important to you for the design of a new slitter insert? Please circle the appropriate 

Crush Score Slitter Machine Insert
Customer Survey

We are Mechincal Engineering seniors at the University of Cincinnati working on a new design for a crush score 
slitter insert.  Please take a moment to respond to this survey so that we may determine which areas to focus on in 

the design of the new machine insert.

Are you satisfied with the current slitter insert?  Please circle the appropriate answer.  

Thank you very much for participating in this survey.
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APPENDIX D – QFD 
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1/2" 9 4.0 2.0 4 2.0 1.3 10.4 0.11
Ease of blade removal 1 9 9 3 9 5.0 1.5 5 3.3 1.5 25.0 0.26
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APPENDIX E – BUDGET 
 
Original Budget 

 
 
  

Designed Components
Frame - James Lins Cost (USD)

Casting/molding/ primary machining
First half of frame $650
Second half of frame $650

Secondary Machining $200
Fastening $15
Material $50
Misc. Cost $235
Total $1,800

Mechanisms - Nikolas Ilg
Casting/molding/ primary machining

Piston head $400
Actuator shaft $150

Secondary Machining $150
Material $50
Springs $8
Fastening $12
Misc. Cost $116
Total $886

Existing Components
Air cylinder $10
Air cylinder gasket $2
Blade $15
Blade axle $5
Blade bearing $3

Overall total $5,406
Sponsorship (Northpointe) $5,406
Total Cost to Students $0
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Revised Budget 

 
 
 

Designed Components

Frame - James Lins Cost (unit)
Cost 
(Extended)

Material (Delrin) $63.61 $190.83 
Machining N/A
Spring $1.24 $47.30 
Retention Block N/A
Industrial Adhesive $105.95 $105.95

Frame Total $344.08 

Mechanisms - Nikolas Ilg
Blade N/A
Bushing N/A
Detent Axle N/A
Fork N/A
Machining N/A
Bearing N/A
Air Cylinder Gasket N/A

Mechanism 
Total $0.00 

Total Cost to 
Students $344.08 
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APPENDIX F – SCHEDULE 
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M
onth
Q

tr W
eek

1
2

3
4

5
6

7
8

9
10

0
1

2
3

4
5

6
7

8
9

10
11

W
eek

14-18
21-25

28-1
4-8

11-15
18-22

25-29
3-7

10-14
17-21

24-28
31-4

7-11
14-18

21-25
28-2

5-9
12-16

19-23
26-30

2-6
9-13

P
 

 
25

C
 

D
 

 
 

D
 

Fram
 

 
- Ex

 
- Int

 
- Fa
- M

a
 

 
 

sele
- M

a
 

- Ea
 

 
 

M
ec

  
 

- Int
 

 
 

- Plu
- Int

 
 

- Bla
 

Fini
 

 
Des

 
 

22
29

5
D

 
7

F
 

 
 

 
 

n D
 

W
 

 
D

 
14

D
 

 
19

O
 

 
S

 
O

 
 

 
 

 
B

 
 

A
 

P
 

 
 

 
1

T
 

O
 

P
 

 

June
February

Januar
M

arch
April

M
ay

6 6

2
10

22



Slitter Insert for Slitter/ Rewinder – Mechanisms Nikolas A. Ilg 

Appendix F2 

Revised Schedule 
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APPENDIX G – DESIGN ALTERNATIVES 
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APPENDIX H – DRAWINGS 
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APPENDIX I – PROOF OF DESIGN 
 
Proof of Design Agreement 
 
Proof of design for Nikolas Ilg’s portion of the score crush slitter project (mechanisms) will be 
demonstrated in the following ways. 

1.  Six units each will be produced, consisting for these purposes of the fork, air cylinder 
and bladder, and axle/bushing/bearing/cutter assembly.  The fork will be machined 
for the purposes of prototyping. 

2. Once assembled with the frame, the finished unit will be placed a test machine and air 
cycled to it to verify movement and travel, this will be tested 50 times. 

3. The test unit will be placed on a test machine and pressurized with 90psi inlet air to 
demonstrate that the air cylinder and bladder can withstand the induced. 

4. While attached to rail, blade will be removed and inserted to verify it can be done 
while attached.  This will also be timed to take less than 1 min per cycle (remove and 
install).  This will be done by 3 different people, 20 times each, and time per cycle 
will be recorded for each. 

5. The unit will be used to slit 3000 ft of material supplied by a customer of Cincinnati 
Knife at their discretion.  Accuracy of the insert will be measured with a dial indicator 
while cutting to verify accuracy is equal or better to current products. 

All of the aforementioned will be presented to the advisor (Dean Allen Arthur) on or before April 
25th,2008.  The project will then be put on display at Tech Expo on May 22nd, 2008. 
 
 
 
___________________________    __________________________  
 Nikolas Ilg        Dean Allen Arthur 
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