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2. SCORE CUT / CRUSH CUT:
Evaluating Materials, Holders, Blades, Anvil Rolls in the Slitter.
Optimizing Blade Design Angles and Radius, Selecting Pressures.

VOCABULARY:

Score Holder = Pneumatic (or Spring Loaded) Knife Holder

Score Knife__=_Circular Blade with bevel on each side and a radius
Anvil Roll = Hardened Tool Steel Shaft for cutting against

Air Requlator = Pressure Adjusting Device

Blade Hardness = The Rockwell 2C° (Rc) Hardness Scale is used
Blade Cutting Tip = Bevel: MUST BE SPECIFIED i.e. 45-deg x .002° R.

BASICS:

Many common materials such as Papers and Films and Woven Materials and
especially Pressure Sensitive Materials will be punctured and severed when a
acrushing® load of between 15,000 PSI and 200,000 PSI is somehow applied.

These enormous pressures are easily obtained at the cutting tip of ordinary tool
steel score blades when they are pressed against a hard surface such as an
anvil roll. The blade needs a load of no more than 10 pounds to 90 pounds of
downward force to achieve these high values. It is simply the very small metal to
metal contact spot at the tip of the blade that magnifies the apparent PSI
Crushing Load up to these high levels.

The tool steel blade is usually made from Timken Ball Bearing Alloy Tool Steel,
AISI 52100 and is hardened like a ball bearing to Rc 61. This very hard tool steel
has an approximate compressive strength of 250,000 PSI to 300,000 PSI.
Therefore, this is the limiting maximum pressure value beyond which the blade
tip itself will be flattened and damaged. For small amounts of damage, the
contact area, having been increased because of the 4flat® now formed at the tip
subsequently, this blade will require an increase in the air pressure load for that
very same slitting job. The flat will however create a poorer slit edge.

The simple blade design and the relatively small diameter, usually 3-inches
across, allow Score Cut Knives to be amongst the most economical of all blades.
It is one of the most popular slitting methods employed in the converting industry
because of :

Simple, Forgiving and Easy Set-ups
Low cost Blades and Resharpening
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Works well on Paper, Films and Pressure Sensitive Materials and Wovens
and Non-Wovens.

Slit Edge Quality is between good and OK, but never as clean as shear cut.

More Dust may be created when slitting paper and similar fibrous materials.

While the principles of Score Cut Slitting should now be rather simple and easily
understood; THERE ARE STILL MANY THINGS TO YET TO COMPREHEND.

WEB MATERIALS

First, materials that qualify for Score Cutting are ONLY those where a blade load
of 10 to 100 pounds of force are sufficient to cause slitting action. This load can
be created by a Knife Holder which has a strong spring or, more often, one that
has an air cylinder and hose connected to the factory air line. These are called
Pneumatic Crush Cut Holders.

SCORE KNIVES

Blades are usually 3-inches to 6-inches in diameter and should have a radius of
a half a thousandths to 6-thousands of an inch (0.0005° to 0.006°). This looks
and feels somewhat like the tip of a ballpoint pen. Both the Score Blade and the
Anvil Roll must be fully hardened tool steel at the highest levels. Rc 61 is the
practical lower limit for BOTH.

HOW IT WORKS

The Score Knife tip with a small radius is forced against an anvil roll causing
metal to metal contact. However, the contact spot is truly a tiny area of contact. A
contact spot of 20-thousandths (0.020°) length and width create an actual contact
area of 0.0004-square inches. This particular blade will then cause the applied
load to be 2500 times greater than what you might think. At 100 PSI air line
pressure, a typical knife holder which is now pressing the blade down is creating
about 100 pounds of load. In other words, the airline reading in 2PSI° produces
approximately the same exact load value in pounds of force.

If you multiply 100 pounds blade loading by 2500 the result is a MAGNIFIED
LOAD of 250,000 PSI cutting pressure!

As already stated, you should avoid applying air pressure at or near this upper
limit since the tool steel blade tip is probably at its own maximum loading. At this
point, the carefully rounded (radiused) tip will now begin to form a noticeable,
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flattened out nose on this blade. The blade in this example probably has a 45-
degree included angle at the tip and a 4-thousandths (.004°) radius. For blades
with smaller angle and radius, like .001° to .002° the magnification becomes
5000 times the air pressure loading or even higher. In this case the air line
pressure setting of 50-PSI will now be the NEW LIMIT ( 50 times 5000 is 250,000
PSI).

Clearly, selecting a smaller tip radius on the blade makes it appear 2sharper® and
MUCH MORE DELICATE!

SET UP

Score Knife Holders are designed to be as thin and narrow as practical to allow
dozens to be placed next to each other and achieve very narrow cutting widths
down to a half inch or sometimes even less. The holders are placed onto a
mounting beam (dovetail bar) and tightened with their individual locking screws.

The Tape Width is exactly the same as the Knife Holder Spacing! Today, tape
width accuracy (tolerances) are often very small values such as ?plus/ minus a
sixteenth of an inch®. These more accurate specifications may require special
measuring tools, especially at levels smaller than you can read properly on an
ordinary ruler. Holders may be spaced apart on the dovetail bar using a ruler or
using accurate spacers.

Set up is usually quick and simple because the anvil roll is simply a smooth hard
surface below the row of blades. Therefore the holders with the blades can be
placed anywhere along the mounting beam. As many as 120 holders can be
arranged on a 60 or 72-inch slitting machine. Often half-inch wide holders are
simply placed one against the next across a machine and pressed together while
tightening them firmly.

The individual half-inch holders with their individual air hoses may all be used
together to create half-inch wide tape. The holders are very accurate and also
produced a few thousandths undersize to allow for tape width 2spring-back®
resulting from applying and releasing the web rewind tensions. By unplugging the
air hose on every other holder and putting them out of action, the active holders
will then slit one-inch wide tape widths. With half-inch holders packed tightly
together any tape width which is a multiple of half-inch can be created in the
same manner i.e. 1.5°; 2°; 2.5° : 3° etc. simply by unplugging the appropriate
hoses.
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OPERATING REQUIREMENTS

Each new web material must have a designated blade design suitable for that
job.

Each change in web thickness may require its own particular blade geometry.
Use the most appropriate air pressure together with a most suitable blade.

These few necessities give rise to many important and often overlooked
conditions. There are numerous factors that will cause a poor quality cut!

Since the 2appropriate air pressure® results from a careful blade selection, careful
tests must be performed to optimize this requirement.

Things to consider include:

1. Accurate Adjustable Air Pressure Regulator and Gauge.

2. RADIUS of the Blade Tip.

3. Bevel ANGLE of the Blade Tip.

4. Proper Rc 61 Hardness of the Blade.

5. Proper Rc 61 Hardness of the Anvil.

6. Air Flow RESTRICTION for Smooth Blade Decent.

7. Uniform Blade (regrind) Diameter.

8. Anvil Roll MUST BE smooth and FREE of GROOVING!

9. Overloading (flexing) Anvil Rolls with smaller diameters.

10. Overloading (flexing) holder Mounting Beam.

11. ANY Air Leak (holder, socket, hose).

12. Numerous Air Leaks which altogether reduce actual indicated line pressure.
13. Bad Ball Bearings that make blades stick.

14. Blade Wobble cause by worn or warped holder side-plates.
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15. Incorrectly selected blade thickness/ part number.

16. Incorrectly produced/ selected AXLE jambs fork in any of two directions.
17. Incorrect Spacers between the side plates cause @pinch® or @wobble®.
18. Holders mounted not PARALLEL to web flow direction (skewed).

19. Mismatched Center distances: American Spec. is 1.625° Euro is 56mm!

20. Blade too small for material thickness (> .020° needs larger blades).

BLADE SELECTION AND 2APPROPRIATE LOADING®

It is very important to test, measure and permanently record the PSI load value,
as measured on a pressure gauge for each material and blade combination,
exactly when cutting first occurs. It should be apparent that we want the web
material to slit at a load that is well below the load that causes damage to the
blade tip. However, there is little if anything that can be done to change the
actual relationship between a blade and a material that needs to be slit.
Sometimes a more expensive tool steel alloy can help. Otherwise, it is possible
that Score Cut Slitting is not well suited for a particular material.

Often an 2average® blade with a 45-degree Bevel and a 0.002° Radius is used to
start the testing of a new web material. The web material is placed on a portion of
the anvil roll that is smooth and free of scratches or grooving. The pressure
regulator must be turned to the lowest setting and then the holder is @witched
one°.

The regulated air pressure is increased slowly while the anvil roll is rotated and
the point at which the material just begins to be cut is then noted and recorded. If
this PSI value lies between approximately 10 PSI and 60 PSI you have selected
aan appropriate® blade for this job.

At 60 PSI or above there is less and less available @eserve® air pressure
available to compensate for blade wear during a slitting run. The higher air
pressures also can cause more rapid blade wear.
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Therefore, when the slitting test pressures begin to reach 60 PSI or above; stop
the test and change the blade from the 45-degree version to a 2sharper® 30-
degree blade with a smaller, .001° to .002° Radius. This should lower the
required minimum cutting pressure. It should be now reduced to almost half (35
PSI or 40 PSI). If this is indeed the case, the 30-degree blade with a .001°
Radius is clearly a perfect blade to use for that particular job. Each new material
should be marked with the blade angle and the exact radius and the minimum
pressure that causes slitting to just begin.

When the holders have the appropriate blade installed the air pressure can then
be pre-selected and the air may be turned on. The blades should descend
SLOWLY, without any impact onto the anvil roll. Usually, an additional 5 PSI
must be added above the tested value to accommodate blade tip variations and
other operating speed effects.
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DO'S AND DON'TS

Don't replace a few worn blades at a time and run all at higher pressures
Don't leave the regulator @stuck at® 80 or 90 PSI

Don't mix blade diameters (it causes load differences due to the return spring
compression amounts within the holders).

Don't unplug/ replug any holder from the machine with the pressure applied.
Don't mix blade tip angles or radii.

Do set the air regulator to the correct specified test value.

Do note any unusual PSI deviation from the tested value and locate
problem(s).

Verify that the PSI on the regulator and gauge is also the same as can be

measured at a location at the far end of the air manifold on the machine.

1. Air Pressure Regulator and Gauge

It is important to understand that this entire section covering various aspects of
Score Knife slitting is predicated on having an air pressure regulator and air
pressure gauge at a location(s) that allow the operator:

To adjust the air pressure to match the minimum required for EACH patrticular
material
To record the exact air pressure when slitting occurs.

INTERTECH PRECISION LTD., SCARSDALE, N.Y. 914-725-4455 22
C:\Documents and Settings\GARY LANE\My Documents\1-IPL STUFR\1A TECHL, BOOK, PHOTO ETC\book SLITTING
BASICS 2G 3.14.07.doc



To continue to monitor the pressure at all times.

Some machines have an air pressure regulator for each Pneumatic Slitter
Assembly. This allows each holder to be adjusted perfectly and overcome any
small differences between blades, radius and knife holder friction etc.

The regulator is most useful when it is in a position that allows for the observation
of the web as it leaves the knives. Only this way is it possible to find the exact
moment when slitting begins and what the pressure is at that same moment.

The air pressure gauge(s) should also be nearby and additional gauges can be
added for observation at the slitter console panel.

2. Blade radius

The most critical component is the very small radius at the tip of the blade.
Usually it is not easy to procure and keep track of blades with different radii.
However, slitter knife optimization requires that various blades with different radii
(and different angles) be available for test purposes.

Tests should be run for a variety of purposes. First, there is a question of slit
edge quality. At a minimum, a small magnifier with 10X magnification should be
used to study the edge of the tape or material being slit. By comparing any
existing item such as ScotchTape, electrical tapes, paper sheets, paper rolls for

calculators and similar objects together with your own slitting edge appearance,
you gain a fairly accurate idea of the variations that might occur during slitting
which may be attributed to the blade tip radius.

Blades with radii in the " to 1 2hou° class are quite sharp and must be used
with much more care when applying pressure. These blades should give a
cleaner edge condition when viewed under magnification. Blades at the 2 to 3
thousandths level will usually take twice the air pressure to slit the exact same
material and blades with 4 or 5 thousandths radii even more air pressure.

An optimum blade is one that cuts a product at 15 to 45 PSI with an acceptable
edge condition. That blade will have plenty of reserve capacity to allow the air
pressure to be increased slowly while the blade is becoming duller. If the blade's
radius is 3 or 4 thou or greater, it can normally withstand up to approximately 100
PSI for some length of time before becoming flattened (dull) at the tip. The
operator can use this blade through the entire range of air pressures available
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without immediately damaging the blade tip. When the blade has less than a 2
thou radius, it can be ruined at perhaps 65 PSI already. Blades with " thou
radius have such a small contact area that they can be flattened out with not
much more than 25 PSI. This blade would be a very delicate one and should
have individual pressure regulators for each knife holder.

Materials with a thickness of no more than " the radius dimension are only in
contact with the radiused portion of the tip. For thicker materials, the angular
faces of the tip do touch the material. (see encl. dwgs.)

INTERTECH PRECISION LTD., SCARSDALE, N.Y. 914-725-4455 24

C:\Documents and Settings\GARY LANE\My Documents\1-IPL STUFR\1A TECHL, BOOK, PHOTO ETC\book SLITTING
BASICS 2G 3.14.07.doc



INTERTECH PRECISION LTD., SCARSDALE, N.Y. 914-725-4455 25
C:\Documents and Settings\GARY LANE\My Documents\1-IPL STUFR\1A TECHL, BOOK, PHOTO ETC\book SLITTING
BASICS 2G 3.14.07.doc



