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ABSTRACT
Preventing Sheet Metal Wrinkling in Coil Lines
by

David Revers

The University of Wisconsin-Milwaukee, 2012
Under the Supervision of Professor Ilya V. Avdeev

Coil lines are used in metal packaging facilities to treat the metal before forming
the final product. As the sidewalls of cans are becoming thinner and thinner, one can see
that the equipment has not been designed properly to feed up lighter plate weight metal.
Thinner can walls cause the metal sheet to be fed into the machine crooked and results in
a wrinkling of the first few feet of metal, which then needs to be thrown away. Because
the current equipment is not working properly, operators have been feeding sheets of
metal up a ten-foot ladder into the machine to feed the sheet in straight. This method puts
the operator at a safety risk. The feed mechanism that is currently installed does work
better with heavier plate weight metal. After talking with the operators and looking at the
current equipment, a conceptual design test prototype was built to see if it would fix the
problem. When running numerous tests with the prototype it was verified that the
conceptual design would fix the problem. After the test prototype proved to be
successful, a full design of the roller system was implemented. The design is currently
finished and is in the process of being purchased. The expected installation date will be

December 3-7" of this year.
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CHAPTER 1: INTRODUCTION

1.1 Coil Lines
1.1.1 Coil Lines

Coil lines have been around for hundreds of years in the metal industry. Although
coil lines are primarily used for metal purposes, they can also be used for paper and some
plastics [28]. In the metal industry, coil lines are used in many applications
predominantly for coating, cutting, and punching. There are a wide variety of metal
materials that can be used on coil lines like steel, aluminum, copper, stainless steel, and
alloy metals [29].

Coil coating lines are used to coat the metal sheet as it goes through the line.

Coating lines vary in size, but are often hundreds of feet long consisting of un-coilers, re-
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Figure 1-1: Process diagram of a coil coating line

coilers, accumulators, coaters and ovens. As shown in Figure 1-1 above, there are two
un-coilers which uncoil the large metal rolls to keep the line running continuously. There
are two accumulator sections, one in the front of the line and one in the back. The

accumulators are used when the line needs to switch rolls. They accommodate about a



45-second window for the operator to crimp and connect the end of one sheet to the
beginning of the other. The accumulators allow for the line to run continuously.
Depending on the product you are making, the metal sheet sometimes goes into a
pretreatment and rinse section of the line where the metal is cleaned of all dirt and oils to
ensure good adhesion of the coating [30]. The coaters come next, where the metal sheet
goes through a series of rollers and a set of large applicator rolls apply a controlled
thickness coating to both sides. The protective coating is applied to protect the metal
from the environment and the product that the metal will be used for. This coating also
creates a good-looking finish [30]. After the metal sheet is coated, it travels through a
series of different temperature ovens ranging from 400° to 1000° to bake and cure the
coating on the metal [30]. Once out of the oven, the metal sheet is wrapped back up into
a large roll to be used on a different line.

Coil cutting lines are used in industry to take large rolls of metal and cut them into

smaller metal sheets. Figure 1-2 below shows the floor plan for a typical coil cutting line.
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Figure 1-2: Coil cutting line floor plan
The start of the line is on the right, where a large roll of metal is put on the reel. The
metal sheet is fed through a straightener that straightens the metal sheet from being coiled

on the roll, this ensures that the metal sheet is flat when the sheet gets cut into smaller



Figure 1-3: Process flow for a coil cutting line

pieces. The metal sheet then advances to the build-up loop, which allows the roll to
continuously pay out instead of starting and stopping a 5-10 ton roll [31]. The metal
sheet is then aligned by side guide rollers and goes into the shear. The shear cuts the
metal sheet into specific sizes and lengths to help minimize the amount of scrap that is
left over [31]. From here, the metal sheets are stacked on bundles to be used on a
different line.

Coil punching lines are extremely similar to coil cutting lines. The main

difference is that instead of having a cutting shear, there are series of punches that punch

DIRECTION THRU
RESCROLL SHEAR

. Figure 1-4: Coil punch line sheet layout

out the product. If the product is simple, the process can be completed all in one step by
forming the shape in a die and cutting it out from the metal sheet [31]. Other processes

simply cut the metal shape out of the sheet and form it in another machine later on.



Figure 1-4 above shows an accurate representation of a pattern of a coil punch layout
system for can ends. Once the product is punched out, there are scrap choppers which cut

the metal waste into small pieces so it can be recycled [31].

1.1.2 Silgan Containers Coil Lines; Process Description

Silgan Containers began their company back in 1899 under the name Carnation
Company, which specialized in metal packaging [1]. Over the course of 113 years in
business, Silgan has become the leading supplier of the metal packaging market in the
United States with some big brand companies like Campbell’s Soup, Spam and Del
Monte [1]. Using their 28 manufacturing facilities, on average Silgan produces 28-30
billion cans per year [32]. Worldwide Silgan operates 82 manufacturing facilities in
North and South America, Europe, and Asia.

Out of Silgan Containers’ 28 manufacturing facilities, they currently run 31 coil
lines. Out of the 31 coil lines at Silgan, 13 are coil cutting lines, 17 are coil punch lines,
and only one is a coil coating line [32]. Wrinkling is more prominent in coil coating lines
because the metal sheet is run through a line that is 100-700 feet long, compared to a
three-foot by three-foot cut piece of metal. This is why the majority of Silgan’s coil lines
are either coil line cutters or coil punch lines.

One of Silgan’s manufacturing plants in Hammond, IN is having issues with their
coil coater. In Hammond, this manufacturing plant coats five-foot in diameter by three-
foot wide rolls of bare metal, with an epoxy coating on either side. The large five-foot
diameter rolls are first placed on a large mandrel in the beginning of the 500-foot long

coil line [33]. Once on the mandrel, the three-foot wide metal sheet is fed up a conveyor



to a set of pinch rolls that are ten feet off the ground. The pinch rolls feed the metal sheet
to the shear, where a straight edge is cut and then continues to the crimping machine to

connect the sheet to the end of the last roll. The machine is set up to run continuously

i, .
Figure 1-5: Mandrel #2 and mandrel #1

where there are two mandrels in the beginning of the machine. For mandrel #2 the roll is
fed directly horizontally, but for mandrel #1 the roll is fed up and over the first process.
When one roll runs out, the crimper crimps the end of one roll to the beginning of the
other to keep it a continuous process. After going through the crimper, the metal goes
through a series of two coaters which applies an epoxy coating to either side of the metal.
Next, the metal is suspended through a massive oven, where the metal is heat treated at
different temperatures to cure the epoxy coating. At the end of the line, there is one
mandrel that rolls the metal back up into a five-foot diameter roll so that it can be used in

another plant.

1.1.3  Problems
The coating line in Hammond is having problems with the mandrel #1 loading
station. The problem exists because mandrel #1 has to go up ten feet in order to go over

the mandrel #2 station. A hydraulic conveyor system is the current process that allows



the sheet to be fed up ten feet. Once the roll is on the mandrel, the operator sets the angle
for the conveyor. After the angle is set, the dead plate moves out to almost touch the
metal roll. The operator then turns on the conveyor belt and pinch rolls at the top of the
conveyor. The operator then advances the mandrel to feed the metal sheet up to the pinch

rolls.

The key to this entire process is to have the metal sheet fed straight into the pinch rolls. If
the metal sheet goes into the pinch rolls crooked, then it wrinkles and destroys the first 10

to 20 feet of metal sheet until it straightens out. Throughout the entire day, the plant runs

Figure 1-7: Metal sheet as it enters the pinch rolls

on average 30 to 36 rolls [33]. When looking at the average day, the approximate cost

per foot of a three-foot wide roll is $0.40 and the number of occurrences where the metal



sheet wrinkles is about five times per day [33]. Estimating that about ten feet of material
is wasted during each occurrence, this calculates to be $20 of wasted material per day. If
this is projected though the 235 work days per year, the average estimated material

wasted per year adds up to $4,700 per year [33].

Figure 1-8: 20 Feet of damaged metal sheet

This problem does not occur every time a new roll is started; however, it does take extra
time to straighten the metal sheet for the operator, and costs the company money every
time there is wasted metal. To some people, a few wasted feet of metal is not a
significant issue, but from the cost of wasted material mentioned above, one can see that
it does add up throughout the year.

Operators have been avoiding this problem by not using the current in-feed
conveyor. Instead of using the conveyor and hoping the metal sheet is fed straight into
the pinch rolls, operators have been climbing up a ten-foot step ladder to feed the metal
sheet perfectly into the pinch rolls. This is a huge safety hazard for any operator and is
against Silgan’s safety policy. The first reason for this rule is because the metal sheet is
heavy and awkward to carry up a ten-foot tall ladder. Another reason is that the

operator’s hand could get sucked into the pinch rolls; the metal sheet is extremely sharp



and could cut the operator very easily. With these problems occurring on the coating

line, Silgan’s equipment engineering group was asked to help fix the problem.

1.1.4 Similar Coil Coating Lines

There are similar coil coaters like the one at the Hammond, IN plant that operate
the same way. Since the coil lines have to run continuously, the rolls have to be in-line.

The newer coil lines have better designed metal sheet in-feeds, where the metal sheet

Figure 1-9: Coil line in-feed, Shanghai, China

does not have to go up ten feet and over the first roll. The newer designs have the rolls
offset in height and the framing is not as bulky as the older machines.

The coil coating line from Figure 1-9 is at Shanghi Fenghang Industrial
Automatic Equipment facility [4]. They specialize in debugging integrated equipment for

processing metal sheets [4]. As depicted in Figure 1-9, the conveyor extends out to the



large roll and the metal sheet is fed up to the pinch rolls via a conveyor. There is no
record of any issues with this line, but making an assumption that this facility would be
having similar problems that Silgan is facing with their in-feed coil coating line because
the in-feed conveyor and roll set-up in Shanghai looks very similar to Silgan’s coil coater
in-feed at Hammond.

Another coil line similar to the line Silgan uses is a Red Bud Industries coil line
that is installed at Stripco, Inc [5]. The in-feed on the Red Bud coil line is a little
different, but some of the same issues are present. The machine in Figure 1-10, does not

have a conveyor to allow the coil line to feed up the metal sheet; therefore, an operator

" Figure 1-10: Red Bud coil line al Stripco, Inc
has to physically put the sheet into the pinch rolls. This is the same issue that Silgan is
having with their coater; operators are putting the sheets into the pinch rolls by hand,
which puts the operator at risk of injury. Although the Red Bud line is not as high as the
one in Hammond, IN, it is still a safety hazard to allow operators to handle the metal
sheet by hand. This system at Stripco, Inc is a similar design to what is at Silgan’s

Hammond, IN plant and it could benefit from the findings of this research.
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1.1.5 Coil Cutting Line Straightener

There are many areas throughout the 28 Silgan manufacturing plants where the
same or similar issues are occurring when feeding metal sheet stock. One such area is on
a specific Minster servo feed machine that is at numerous Silgan plants. The Minster
servo feed machines are on coil cutting lines where a large five-foot in diameter roll is cut

into smaller sheets to later be coated and converted to can ends. The Minster machine is

Figure 1-11: Minster servo feed drive machine

placed right before the shear, where it allows slack to build up so the sheet has time to
start and stop when the shear cuts the metal sheet [3]. The slack is built up in the build-
up loop because it would be too hard to start and stop a 20-ton metal roll of metal every
second [3]. The metal roll continuously pays out the metal sheet at a constant speed, and
the slack is taken and replenished at a consistent rate to keep up with the shear. As the
servo drive pulls the metal sheet from the build-up loop, it is moving so fast that it causes
the metal sheet to sway and jerk around. Therefore, on the Minster machine, there is a

swing away-bracket that prevents the metal sheet from jumping off the track due to the
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swaying and jerking. However, it does not keep the sheet aligned perfectly. The swing-
away brackets are simply guide bars that keep the sheet on the track [3]. The tolerance
between the metal sheet and the sway bars is so large that it allows the metal sheet the

freedom to float back and forth. This issue is similar to the conveyor at the Hammond,

Figure 1-12: Swing away bracket

IL plant, where the light plate allows the metal sheet to float until about halfway up the
conveyor until the conveyor belt finally grabs the metal sheet.

The Minster press could use a differently-designed swing away bracket to help
keep the alignment of the metal sheet straight all the time. This alternate design would
happen by decreasing the tolerance between the table and the sway brackets. If the sway
brackets tolerance were to be decreased to a point at which they almost touched, the bars
would have to be replaced with rollers so the sheet could still pass through the machine
without scuffing the metal sheet. By decreasing the tolerance, the jerk and sway would

lessen because the freedom of the metal sheet would be minimized.
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1.1.6 Roller Bar Coil Line

After doing some research and looking at all of Silgan’s 28 plants, a straightener
was found that is similar to the machine that was described in section 1.1.5 at Silgan’s

Rochelle, IL facility. This machine is a little older, but performs the same job as the

Figure 1-13: Roller bars mounted on the out-feed of the coil line servo
feed machine

Minster servo drive feed machine. Instead of having swing away bars on the machine,
custom roller bars were installed instead because of metal sheet control issues.
Therefore, rollers were installed on the top and bottom of the out-feed of the straightener
to sandwich the metal sheet.

This straightener on the coil cutting line at Rochelle has implemented the
suggestions as suggested in section 1.1.5. This machine has decreased the tolerance by
actually sandwiching the metal sheet between two rollers, which gives complete control
of the metal sheet exiting the machine and decreases the jerk and sway in the build-up
loop. After talking to the plant mechanics, when the straightener had the old swing away
bars they were having so much trouble with alignment and markings so the roller bar

design was installed. The plant mechanics inferred that after the roller bars were installed
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Figure 1-14: Under side of the rollers that sandwich
the metal sheet

on the coil line, there was less damage on the metal sheet with markings from the
swaying and jerking and better sheet handling as it would enter the shear. The control

gained from adding the rollers was enormous compared to only having the guide bars.

1.2 Sheet Metal Wrinkling

Wrinkling is one of the most common and difficult obstacles in sheet metal
forming. Wrinkling is a plastic buckling process in which the wavelength of the mode in
one direction is very short [20]. The mode is based on the local curvatures and
thicknesses of the metal sheet, as well as the material properties and the stresses on the
area. Wrinkling can be related to certain shell buckling modes and can be useful in

predicting and understanding wrinkling.

1.2.1 Plastic Bifurcation Theory

One theory that is used for wrinkling theory is the plastic bifurcation theory for

thin plates and shells. In order for this theory to be applied, there are a few assumptions
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that are assumed; the metal sheet is assumed to be isentropic in the unstressed state and
uniform over the region where there is a uniform thickness throughout the sheet [20].

According to the theory and shallow shell approximations, buckling from the uniform

membrane gives incremental stretching (E'aﬁ) and bending strains (Kaﬁ) [21].
(Eep) =5 (Uap * Upa) + bapW (1-1)
Kop = —Wap (1-2)
Where Ua (a, B = 1,2) are the incremental displacements in the X; and X, directions, 114
is the incremental buckling displacement normal to the middle surface of the metal sheet,
and bgp is the curvature tensor of the middle surface [21]. From Equations (1-1) and (1-
2) above, the stretching and bending strains result in causing stress resultants Naﬁ and

bending moments M,, B
Nop = tL™%P¥YE,, (1-3)
. £3 = .

Map = L%k, (1-4)
Where t is the metal sheet thickness and L is the plane stress incremental moduli [22].

Now that the stress resultants and moments are determined, the critical stress state for

buckling equation is calculated using the bifurcation functional theory:

F(UW) = [ [S1 kophyy, + (DP9 Eqgliy + NPW W|ds  (15)
In Equation (1-5), S is the area of the metal sheet middle surface where the wrinkles
occur. When F > 0 for all U, W warrants that bifurcation will not occur and when F=0
bifurcation is possible [23]. Using Equations (1-1)-(1-5) from the plastic bifurcation
theory, it is a reliable method for relating the metal sheet geometry and material

properties to determine the formation of wrinkling on a metal sheet surface.
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1.2.2  Donnell-Mushtari-Vlasov Theory

The Donnell-Mushtari-Vlasov theory is another wrinkling concept based on the
plastic buckling and shallow shell theory [20]. The DMV theory uses the Hutchinson
bifurcation functional that involves substituting fields that represent wrinkling into the
functional. When assuming incompressibility and pre-wrinkling loading is proportional,
then the theory can be used to model the material behavior. Using the power law

hardening relationship, the first principal direction reduces to:

1n
cr 1+r t 1-—
0" = K| —=——*x—*vVn*a 1-6
1 J3(@+2r) Ry vn 1 (1-6)
cr? _ 2V3Vn
Vi =57 Q-n)Vitzr 1 (1_7)
Vi+2r (1+47) a%

Where R; is the radius of curvature in the second principal direction, K is a constant, n is

related to the number of values, and r is the average Lankford strain ratio [25].

1

@ =[1-22 4 2] (1-8)

a, is the proportionality factor of the principal stress in the second direction over the

principal stress over the first direction [25].

fo=1% (1-9)

cr
o1

When the wrinkling risk factor f; is greater than 1, a wrinkling risk exists on the material

surface.



16

Tc TG lc_. lﬁ
2 7 T A7 21 TR LR A VA -2
Vo, ‘o, 1o, ls,

Figure 1-15: Possible wrinkling directions

Figure 1-15 above shows the different combinations in which wrinkling can occur. As
stated in the DMV theory, the wrinkling depends on the orientations of the principal
stresses on either side of the metal mesh that are analyzed [21]. The Donnell-Mushtari-
Vlasov theory is used highly in the finite element analysis software because the theory

demonstrates the use of adaptive meshes in the material for wrinkling prediction analysis.

1.2.3 Finite Flement Analysis

As the metal sheet thickness becomes thinner and thinner, the more prominent the
issue of wrinkling becomes. A study was done by the Netherlands Institute for Metals
Research where they analyze wrinkling theory [13]. From their research, they showed
that the issue of wrinkling theory is larger than the geometries they have studied.
However, with using finite element analysis (FEA) software and finite element method

Flat Taper
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Figure 1-16: Visual of strip over the tapered roll
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(FEM) calculations, wrinkling assumptions can be shown. In another journal, engineers

analyzed a flat metal sheet being pulled by an advancing roll using FEA software [14].
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FEA wuses its adaptive mesh to help
determine the location and details of the
wrinkles on the metal part it is analyzing
[24]. In this study, a metal sheet was
analyzed as it passed through a continuous
processing line. Within the process the
flat metal strip was run over a tapered roll
under tension, shown in Figure 1-16 and
analyzed using FEA [14].

In Figure 1-17 above, as the metal

sheet gets past the taper on the tensioning

Figure 1-18: Simulation of forming a wrinkle
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roll, it causes much stress in the metal sheet. When the tensioning roll pulls the sheet, it
creates a compression region 90 degrees from the maximum tension location [14]. This
compression region in the metal sheet causes it to form a bubble. When bubbles get
large enough, a wrinkle will form. From the findings in Figure 1-17, they simulated the
formation of a wrinkle using FEA, Figure 1-18. This figure shows the metal sheet
contacting the roll in three different locations, ultimately forming a wrinkle [14]. Figure

1-19 shows a 3-D visual of the formed simulated wrinkle from the trial.

Figure 1-19: Simulated 3-D wrinkle

Comparing the findings of the study with the pinch rollers that are installed on the
Hammond, IN coil coating line, some of the same issues exist. When the metal sheet is
not fed into the pinch rolls straight, the roll acts as if it is a tapered roll such as the one
found in the study. If the metal sheet is not fed into the pinch rollers straight, a
compression region forms within the sheet, forming the bubble. The further misaligned
the metal sheet is, the larger the compression region is and the bigger the bubble will be
which then ultimately forms the start of the wrinkle in the sheet. From what was
analyzed in this study, connections are being created as to why the wrinkles are being
formed. It was found that there must be a consistent tension on the metal sheet where no

compression regions will form.
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1.2.4  Arc Roller

Coil coating lines sometimes have an issue with feeding thin metal sheets over
feed rollers throughout the coil coating line process. To reduce the wrinkling while the
metal sheets are running over the rollers, a special roller design was invented. The rollers

are called the Arcostretcher AV rollers [27]. The specially designed rolls are bowed in

Figure 1-20: Arcostretcher AV bowed roller

the middle of the roll in order to keep the metal sheet stretched over the top. This allows
the top of the metal sheet to always be in tension and the bottom side of the sheet to
always be in compression [27]. If the metal sheet changes from tension to compression
or vice versa, this is when wrinkling occurs. Many coil lines have gone forward in using
these bowed rolls because it eliminates any potential for wrinkling to occur where a

normal roller still has the potential.
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CHAPTER 2: Understanding the Issues

With any problem, there is a reason why the problem has occurred. For the in-
feed conveyor at Hammond, there are numerous predictions and assumptions as to why

the metal is not being fed into the pinch rollers straight.

2.1 Analyzing the Problems

One of the first issues that the current conveyor design has is that it was not
designed for light gauge metal. Silgan is always looking for ways to make a better
lightweight and cheaper cost can for the customer. Since technology and Silgan’s
expertise has grown in the can-making field, they are able to make cans out of lighter
gauge metal. In the past, Silgan’s lightest gauge metal was 80 gauge and today the
lightest gauge is 55 gauge metal [1].

One of the first issues is how the sheet is fed up the conveyor. If the metal sheet
is not heavy enough, the conveyor will not be able to pull the metal sheet up until the
sheet is halfway up the belt. With heavier gauge metal, the plate weight will cause the
metal sheet to hit the conveyor sooner, which will convey the metal sheet up straight to
the pinch rollers. When operators are running the lighter gauge metal up the conveyor, it
either buckles, causing it to fall back down the conveyor, or it veers off to the right side
of the conveyor.

Another issue with the current conveyor are the magnets behind the rubber
conveyor belt. As shown in Figure 2-21, there are two magnetic strips 17 x 18.5” long
behind the rubber conveyor belt. When testing the magnetism on the magnets by placing

a4” x 4” 105 gauge and 55 gauge metal sample over the magnets, the samples barely
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Figure 2-21: Magnetic strips

held any attraction at all. Since both samples had the same magnetic attraction toward
the magnets, this does not explain why the heavier gauge metal goes up the conveyor
fine, but not the lighter gauge metal.

When looking at all the times the metal sheet would feed up crooked to the pinch
rollers, 90% of the time it went crooked to the right side [32]. When the back side of the
conveyor was inspected, another issue was found. When the conveyor sets the angle up
to the five-foot metal roll, there is only one hydraulic cylinder supporting the conveyor
angle position on the left (operator) side. When the angle is set and the dead plate is
extended, the conveyor has an enormous moment of inertia hanging out. A test was
performed when the angle on the conveyor was in position up to the five-foot metal roll
and either side of the conveyor was measured from the corner to the ground. The test
showed that the conveyor sagged 9/ 16" of an inch lower on the side that did not have the
hydraulic cylinder (motor side) on it. This is why whenever the metal sheet went up

crooked, it veered off to the right side of the conveyor and not the left.
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2.2 Safety Hazards

Ultimately, if the metal sheet does not feed into the pinch rolls with a = 17
tolerance, it will create unwanted stresses in the metal sheet and cause wrinkling. Once
the wrinkle has started, it causes a crease until the sheet moves within the tolerance.
When the metal sheet crinkles 10 to 20 feet, it takes extra time for the operator to prepare
the roll for coating. When the sheet crinkles, the operator has two options. One is to use
the hydraulic sheer at the top of the line to cut the damaged sheet into one foot sections or
two, reverse the pinch rolls, cut off the damaged sheet by hand, and then feed the sheet
back up again. Since both of these options take extra time on the operators behalf,
operators have been using a ladder to place the metal sheet in the pinch rolls instead of
using the conveyor. To do this, operators take the end of the metal sheet, climb up the
ten-foot ladder, and place the sheet into the pinch rollers straight. This is a big safety
hazard for three reasons: One; the operators are climbing up a ten-foot ladder while
handling an awkward three-foot wide heavy metal sheet, which creates a risk of falling
off the ladder. Two; the edges of the metal sheet are thin and act like razor blades when
objects are run along the edges. Operators are required to wear gloves whenever
handling the metal sheets, but if an operator would fall off the ladder, gloves or clothing
would still not provide adequate protection from the metal sheet edge. Three; the
operators could get his or her hand or shirt caught in the pinch rollers. Before the
operator climbs up the ladder with the metal sheet, he or she turns the pinch rollers on so
they are always turning. If the operator leans over or loses his or her balance, he or she
could easily get their shirt or hand caught in the pinch rollers. Another point is that while

the operator is on the top of the ladder, the on and off switch for the pinch rollers are on
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the ground. So, if he or she did get caught in the pinch rollers, there would be no way for
the operator to turn the rollers off.

Another safety risk involved for operators is when the metal sheet wrinkles in the
pinch rollers and the operator has to back the sheet out of the pinch rollers. When
operators do this most of the time the sheet buckles and falls back down the conveyor.
With ten feet of metal sheet falling back down the conveyor, it could fall in any direction
putting the operators at risk. With the sheets as sharp as they are, if the operators are in

the wrong place at the wrong time, then an accident could occur.
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CHAPTER 3: Conceptual Design

After reviewing the issues that the plant currently faces, a conceptual design was
created. Since the metal sheet is not heavy enough for the conveyor to pull it up until it is
halfway up the conveyor, the proposed design uses contact rollers. The metal sheet
advances straight up at the beginning of the conveyor when it comes off the roll, so if
there is no chance for the metal sheet to float or shift over then the alignment issue would
be solved. Therefore, with rollers installed at the beginning of the conveyor, the sheet
will remain straight and the conveyor will convey it up to the pinch rollers. A 3-D model
was created using Inventor for the concept. It uses three roller bars to distribute the force
on the metal sheet equally, 2- 80/20 bars, and mounting plates to allow it to be clamped

to the sides of the conveyor.

Figure 3-22: Roller 3-D model concept design
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3.1 Conceptual Design Calculations

Since three roller bars were used to distribute the load on the metal sheet, the bars
needed to be evenly spaced and avoid the conveyor belt holes. If the rollers were
mounted over the conveyor holes, the rollers could cause the metal sheet to warp as the
sheet goes underneath the rollers, therefore the roller spacing R was calculated:

R¢=L.—A*?2 (3-10)
Where L. is the conveyor length and A is the hole distance. For this conveyor system,
L. =33.25in and A=3.51n.
Rg =33.25in—3.5in* 2 = 26.25in
From Equation (3-10) it was determined to place the rollers 1.5 inches inside the
conveyor belt on either side, and the third roller bar was directly placed in the center.

In addition to placement, the pressure applied to the metal sheet was also
determined to be 20 psi. This allows for the sheet to have enough force to contact the
belt, but it is not enough force to damage the sheet.

After collecting information from the operators, supervisors, and equipment at
Hammond, the conceptual design was built to be trialed. The trial occurred February gth

2012 while the coil line was down for cleaning and maintenance.

3.2 Prototype Test

During the trial, numerous tests were performed to test the current conveyor
system and the prototype concept system. The first tests were solely with the current
system, where the metal sheet was fed up to the pinch rolls and back down five times. A

scrap roll of 55-pound plate with a diameter of 35 inches was used for the test. The first
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three times the metal sheet was fed up normally, with the five-foot roll coiled perfectly
straight. Out of those three times, two of them went into the pinch rolls crooked, at 1-2”
outside of the pinch roll tolerance zone. The next two times, the top two layers on the
five-foot roll were offset 0.5 to either side of the roll and then fed up the conveyor.
When the roll was offset to the left (operator side), the roll went into the pinch roller
straight. The reasoning for this is because the left side is higher, due to the hydraulic
cylinder support located on that side. When the roll was offset to the right (motor) side,

the sheet was fed into the pinch rollers crooked at = 2 outside the pinch roller tolerance.

After the five trials were run on the current conveyor system, the prototype roller
design was put on the conveyor. Describing the roller prototype from Figure 3-23, there
are three rollers mounted on an 80/20 frame that is meant to sandwich the metal sheet
between the rubber conveyor and the rollers. The prediction for the rollers are to allow
for the conveyor to grip the metal sheet sooner and to help keep the metal sheet aligned
straight. Otherwise if the sheet is misaligned the rollers are predicted to help re-align the

sheet as it gets fed up to the pinch rollers.

Figure 3-23: Roller design
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Figure 3-24: Prototype roller design mounted

for testing

The 80/20 frame for the design was clamped to the conveyor sides for the test. The dead
plate extension for the conveyor had to remain extended due to the clamps that were
mounted on the sides for the test. The rollers were mounted so they were in direct contact
with the rubber conveyor belt. Figure 3-24 above shows the roller design mounted on the
conveyor.

The 55-gauge metal sheet was run up the conveyor to test the roller design five
times. During the first run, the metal sheet was solely fed up the conveyor to see how it
would work, and there were no issues at all. The sheet was fed up and was sandwiched in
between the conveyor belt and the rollers, which brought the metal sheet up straight to
the pinch rollers. The second run was performed the same way, but this time the mandrel
speed was increased which fed up the metal sheet faster. As a result, the metal sheet hit
the end of the roller bracket instead of sliding underneath the roller. During the last three
runs, the metal sheet was purposely offset to the right side to see if the rollers would help
re-align the sheet. During the third run which was offset 0.5, the sheet fed up and re-

aligned itself. During fourth run, when fed up the sheet re-aligned itself to be just within
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the pinch roll tolerance, but did not re-align perfectly. During last run, the top three
layers of metal sheet on the coil were offset 0.75” to the motor side. When feeding up the
metal sheet, the sheet began re-aligning itself; however because it wasn’t perfect, the coil
was stopped and backed down the conveyor and then fed back up again and the metal
sheet was then re-aligned straight into the pinch rollers. The rollers supplied pressure
between the conveyor and the metal sheet, which allowed the sheet to reverse and go

back down in order to re-align straight.

_ Trial Description Straight Misaligned

1 Fed Straight X
2 Fed Straight X

3 Fed Straight X
4  0.5" Left Offset X

5  0.5" Right Offset X
1 Fed Straight X

2 Fed Straight X

3  0.5" Right Offset X

4  0.5" Right Offset X

5 0.75" Right Offset X Reversed

Table 3-1: Prototype testing results

When analyzing Table 3-1 for the
prototype test, the results show that the roller
system will help and provide pressure to keep
the metal sheet feeding straight and to help in
correcting misalignment issues. The rollers
allowed the metal sheet to make contact with
the belt sooner, which allowed the sheet to be

fed up the conveyor more quickly. The

Figure 3-25: Roll hold down unit
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pressure that was applied to the metal sheet prevented the sheet from feeding up
crookedly. Because the rollers provide down pressure against the conveyor, the hold
down unit shown in Figure 3-25, which holds the 5 foot rolls on the mandrel, was able to
be lifted off the roll without the metal sheet sliding down the conveyor. This allows more

flexibility if the operator needs to reverse the coil to re-align the metal sheet.

3.3 Trial Recommendations
After the prototype design was tested, some recommendations for the final design

proposed solution were established:

e Implement the roller design onto the conveyor belt to help adjust for mis-
alignment.

e Mount gradual bars on the rollers to ensure that the metal sheet is fed under the
rollers and not over them.

e Mount the roller design on the framework above the conveyor system. The sides

Figure 3-26: Frame work where roller design will be mounted
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of the conveyor are too cluttered and have limited mounting space available.

e Use pneumatic cylinders to raise and lower the rollers from the top framework to
the conveyor belt surface. This will allow for the conveyor to be placed at
different angles.

e Install a second hydraulic cylinder on the left (motor) side to eliminate conveyor
offset. Currently there is only one hydraulic cylinder on one side of the conveyor.
When a measurement was taken on each side, the conveyor was sloping down by
9/16” on the side with no hydraulic cylinder. This could be a cause to the metal

sheet shifting off to one side when fed up the conveyor.

e

Figure 3-27: Back si[de of the conveyor
e All of the recommendations listed will be implemented on the final design. The
prototype test and trial was proved to be successful and helpful in the process of

moving forward to the final design.
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CHAPTER 4: Proposed Solution

4.1 Design

Figure 4-28: Proposed solution

The proposed design will be based off of the knowledge gained from the
operators, supervisors, and the prototype test, please refer to Figure 4-28 above. As
recommended from the prototype test, the sides of the conveyor are too cluttered and
there is not enough room for the roller system. Also, once the metal sheet is fed into the
pinch rollers, the roller system needs to be able to retract so it is not touching the metal
sheet. Therefore, the proposed solution is going to be fixed to the existing upper metal

framework above the conveyor. The roller system will use the same three roller bars
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used for the prototype. The framework that will hold the roller bars will be constructed
with 80/20 because of its ease of assembly, strength, and lightweight material. The
system will be pivoting from the front and middle back, where pillow block bearings will
be used for a smooth fluid motion. There are two pneumatic cylinders mounted on the
back of the roller system to lift and lower the roller design to and from the conveyor. The
rollers will be free-floating because the system is on a pivot. This is to allow the rollers
to adjust to any angle the conveyor will be set at. The rollers will be set off balance so
the weight of the rollers will cause the roller frame to hit rubber stops and always be in
the right orientation. The system will be controlled by a dual pressure regulator and Mac
valve that will allow 70 psi to raise the system and 20 psi to lower the system. There will
be a proximity sensor and a pressure sensor incorporated into the system to ensure that
the roller design remains in the home position, and to make sure that the right pressure is
applied to the conveyor at all times. The operator will only have two extra buttons then

they currently have to raise and lower the rollers. Figure 4-29 shows the final roller

design.

Figure 4-29: Roller design
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The second part of the proposed design will be to add a second hydraulic cylinder
to the right side of the existing conveyor (refer to Figure 4-30 below). To fix the offset of
the conveyor, an identical hydraulic cylinder will be purchased and mounted to the right
(motor) side of the conveyor. A custom bracket was designed to fit onto the right side of
the conveyor without hitting the existing hydraulic motor. The bracket does restrict the
dead plate from coming up as far as it does by 2.75 inches. As a result of this, the home
proximity sensor for the dead plate needs to be lowered by 2.75 inches as well. Two
additional custom cylinder mounting brackets were designed to ensure that the hydraulic
cylinders are at the same location and because of existing space restrictions on the right

side. The additional hydraulic cylinder will tee off of the existing hydraulic cylinder,

causing no extra buttons for the operator.

Figure 4-30: Adding the rear bracket, hydraulic cylinder and front bracket to the conveyor
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4.2 Calculations

Throughout the design process, a few calculations had to be performed to ensure
that the right parts were purchased for the roller design. The first set of calculations were
performed to determine the proper pneumatic cylinder diameter. The roller design is
cantilevered from the framework. Therefore, the moments were calculated to determine
and make sure that the pneumatic cylinders would be able to raise and lower the design
with the 100 psi plant air supply. The maximum bending moment M, exerted by the

rollers: F

M.
Rez |

Ray

Figure 4-31: Free body diagram of roller design bending moment diagram
YMy,=F=«D (4-11)

Where F is the force in pounds and D is the distance in inches from the center of gravity
to the cantilever point. Using the 3D modeling software inventor that the design was
drawn up on, an estimated weight for the roller system was determined to be 51.851bs
which was used as the force F. Also using Inventor, the center of gravity where the force
acts from on the design was found to be 32.08 inches from the pivot point which was
used as distance D. When the roller design is in the up position, this will be where the
design has the largest bending moment and greatest force that the pneumatic cylinders

will have to overcome.

2 M, = (51.853 lbs) * (32.08 in) = 1663.44 in — lbs
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For determining what diameter of cylinder required for operation, both a 1-1/2” and 2”

cylinder was used.

D1 D2
in 1.50800 0.43700
m 0.03830 0.01110
in 2.01000 0.62500

m 0.05105 0.01588
Table 4-2: 1-1/2” and 2” Bimba pneumatic cylinder specifications

Now knowing the maximum force that the pneumatic cylinders have to overcome, the
equation is worked backwards using the cylinder mount distance from the end of roller
system as D= 24.284 inches instead of using the center of gravity distance to find the
force F, in the vertical direction. Equation (4-12) is also multiplied by 2 because there
are two cylinders that will raise the rollers assembly.

XMy =FE,«D=x2 (4-12)

YM, =1663.44 in — lbs = (Fy) = (24.284 in) * 2

Fy = 34.24in — lbs
The roller design will not be raised as high where the 80/20 frame is horizontal with the
floor. Using Inventor, the angle 8 was measured from horizontal to the 80/20 frame
which was 17.26° to determine the cylinder lifting force F.

Fy = F * sin(0) (4-13)
34.24 in — Ibs = F * sin(17.26°)
F = 115.43 Ibf - 0.51346 KN

Using the required force F needed and the Bimba pneumatic cylinder diameters D; and

D, (from Table 4-2), the air pressure P required to lift the roller design can be solved for:
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1-1/2” Cylinder:

F=PxA (4-14)
F =P*%(D12—D22) (4-15)
0.51346 KN = P * % % [(0.03830 m)? — (0.01110 m)?]

P = 486.53 kpa — 71 psi

2” Cylinder:

Using Equations (4-14) and (4-15) for the 2” cylinder results:

0.51346 KN = P * =« [(0.05105 m)* — (0.01588 m)?]

P = 277.66 kpa — 41 psi

The calculations show that both the 1-1/2” and 2” diameter cylinders will work for the
roller design. The 1-1/2” diameter pneumatic cylinders were chosen for the design
because they are smaller, cheaper, and will be able to operate with no issues using the
supplied 100 psi plant air. The pressure required to lower the roller design does not have
an impact on the cylinder selection because it does not require as much force as raising
the roller design requires.

Another calculation performed was to determine the force for the hydraulic
cylinder brackets. The same hydraulic cylinder that is currently being used will be the
same make and model for the cylinder that will be added to the motor side of the
conveyor. Since one cylinder operates the conveyor with no issues, calculations do not
have to be made for adding the second. However, calculations were performed to

determine the strength of the rear bracket for the hydraulic cylinder. For the calculation,
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the maximum hydraulic pressure that the Parker cylinder can accept is found to be 3,000
psi [8]. From this, a simple calculation was used to determine the area of the cylinder to

define the maximum force Fy,,, that the cylinder can exert on the rear hydraulic bracket:

A=7(DD) (4-16)
T
A=7(20%in) = 3.14 in?
_, 3,000 lbs
FMax = 3.14-in=« T = 9,424 lbs

Since the maximum force will occur when the cylinder is pushing, the cylinder rod does
not have to be accounted for when calculating the area. After calculating the maximum
force that the hydraulic cylinder can produce, the rear hydraulic bracket was analyzed

using FEA analysis using the maximum force found. For the analysis, 9,500 lbs was used

for the maximum force.

L— N

Figure 4-32: Free body diagram of the rear hydraulic cylinder bracket
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After running the program through the Abaquis package, Figure 4-33 shows the results.

S, Mises
(Avg: 75%])

+3.530e404
+3237e+04
+2.943e+04
426459404
+2.355e+04
+206le+04
+1.768e+04
+1474e4+04
+1130e+04
+83864e+03
+3.927e+03
+2980e+03
+3163e+01

Figure 4-33: FEA analysis of the rear hydraulic mounting bracket

The analysis shows that the maximum stress point is at the corner of the bracket yielding
a maximum stress of 35 ksi. The rear hydraulic bracket is being made with ASTM A572
steel, which has a maximum yield stress of 50 ksi. The FEA analysis shows that the rear
bracket is well below the material yield stress; therefore, no permanent deformation will

occur when using the hydraulic cylinder.

4.3 Timing Sequence

The timing sequence below shows the sequence in which the operator will need to
operate the system. The system will be programmed this way for safety reasons and to
ensure that the metal sheet will not get damaged when starting or retracting the conveyor

and roller system.
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Starting a New Roll:

1 Place roll on the mandrel
2 Set the angle of the feed conveyor
e There is a proximity switch that controls when the conveyor is in the home
(vertical down position)
3 Extend the dead plate of the feed conveyor to the roll outer diameter
e Another proximity switch makes sure the dead plate is in the home (all the
way up position)
e The angle of the conveyor, sequence #2, cannot be adjusted unless the
dead plate is in the home position
4  Lower the rollers to the conveyor surface
e A proximity sensor controls the home position (up) for the rollers
e A pressure sensor monitors the down pressure on the conveyor surface to
be in a range from 20 to 40 psi
5 Start the conveyor belt
6 Start the pinch rollers
7 Feed the roll up using the mandrel

Once the System is Running:

1 Raise the rollers until the system hits the shut-off home proximity switch
2 Retract the dead plate to the home proximity switch

3 Lower the conveyor table in the vertical home position
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4.4 Parts List

All of the parts for the roller design and the addition of the second hydraulic
cylinder are listed in Appendix A.

The coil line assembly parts list from Table A-3 are the parts for the upper
assembly. The upper assembly parts are mainly for adding the second hydraulic cylinder
to the existing conveyor. This includes the new hydraulic cylinder brackets, the
hydraulic cylinder, and all the necessary hardware.

The coil line feeder assembly parts list from Table A-4 are the parts for the roller
assembly. All of the parts listed are for the complete package for the installation of the
mechanical components for the roller design.

The coil line electrical components found in Table A-5 are the electrical
components for the roller assembly. There are no electrical components for the upper
assembly. The electrical components are everything that will control the roller system

and will allow it to function.

4.5 Final Design

After finishing the design work for the proposed solution, the project was
presented to the supervisors, operators, and plant managers at the Hammond, IN plant.
The design was presented and an explanation was provided as to how this would solve
the issues at the plant. After asking a few questions and further understanding a few
more things for the design in more detail, the plant personnel approved the roller design.
After the roller design was approved, the proposed solution could go into the final design

stage. During the final design stage, the parts are detailed on drawings in order to be
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made, manufactured, and assembled. Once the parts were detailed, the entire design was
reviewed by another equipment engineer. The finished drawings were then sent to the
plant services department, where the entire project was sent out to be quoted for the parts,
labor, and assembly of the roller design. When the quotes were received, a project
engineer wrote up the project and the capital money was requested from the company.
The final design has now gone through the approval stage, during which the upper
managers, plant managers, and accounting department review and sign off on the project.
The design package was ordered the week of October 22, 2012 through NEFF
Engineering. All parts will be ordered and the entire assembly will be assembled at
NEFF Engineering. Once NEFF starts on the order, there is a six-week lead time for

acquiring the parts and finishing the build.
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CHAPTER 5: Conclusions and Future Work

5.1 Installation

As aforementioned in section 4.5, this project has a six-week lead time to be
completed once the order is sent into NEFF Engineering. The roller design will come
fully assembled, but not for the addition of the second hydraulic cylinder. Before the
rollers and the second hydraulic cylinder can be installed, some work needs to be done.

For the roller design, there are a few things that have to be moved or modified on
the existing framework in order for the system to be installed. The first thing is a
guarding bracket that is mounted to where the roller pillow block must be mounted. The
guarding bracket needs to be cut off on the bottom side, and the rest of the bracket will
remain welded to the framework. This will allow enough room for the pillow block to be

installed.

Figure 5-34: The bracing on the motor side needs to be lowered; cylinder mounting bracket needs to be
ground off and welded to match the motor side
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Figure 5-35: Dead plate sensor

In order to add the second hydraulic cylinder, three modifications must occur.
First, the existing cross-bracing on the back side of the conveyor needs to be lowered on
the motor side where the new cylinder will be going. The bracing needs to be lowered to
the same height as the bracing on the existing cylinder side. Second, the dead plate
sensor needs to be moved down on the front side of the conveyor. With the custom
hydraulic cylinder bracket being installed around the conveyor motor, the dead plate will
not be able to retract as far as it currently does. Therefore, the sensor must be moved
2.75 inches down from its current location, (See Figure 5-35). The third modification
required for the installation of the second hydraulic cylinder is to modify the existing
hydraulic mounting bracket. The cylinder mounting bracket will be ground off, and a
new bracket will be welded in place to match the exact location of the new mounting
bracket for the new hydraulic cylinder.

After these modifications are performed, the two components can be installed.
The roller system requires ten bolts to be fastened to the existing framework, the plant air

to be hooked up to the valve, and the electrical switch to be hooked up. After the roller
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system is installed, there will need to be adjustments to the regulator and roller position.
The home position sensor also needs to be fastened to the existing framework with two
bolts, and then be wired into the system logic and adjusted for exact positioning. To
install the second hydraulic cylinder, some more work has to be performed. For the
cylinder bracket, four 17 holes need to be drilled through the conveyor side to mount the
bracket. Then, the new rear bracket needs to be aligned and welded into place. The
existing side rear cylinder bracket needs to be modified as aforementioned. The existing

cylinder hydraulic lines need to be teed off, and then hooked up to the new cylinder.

5.2 Summary of Design

The roller system was designed as a simple system that will fix the problems that
the plant is having. The design utilizes 80/20 parts which are lightweight, easy to use,
and easy to adjust. In using the 80/20 components, almost the entire system is adjustable,
which is great for dialing in the process so the problem can be resolved. The design uses
a dual regulator with a three-position valve. The dual regulators allow two different
pressures to be used for the raising pressure and lowering pressure. This helps the system
work well by allowing the capability for it to adjust if more pressure or less pressure is
needed for the down force. The three-position valve is a great built-in safety system
because every time the air pressure is off, the valve goes into the center safe position.
This allows no air to leave or enter the valve, which keeps the rollers stationary even if
the plant air were to shut off. This prevents the roller system from crashing down if the
cylinders lose air pressure or break an airline. The design also had bearings and slip

bushings for ease of motion and to prevent wear from occurring. The last key to the
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design that was incorporated was the place it was mounted. Since it is being mounted on
the upper existing framework, the rollers when in the home position are completely out of
the way. Mounting the rollers on top allows for the rollers to be out of the way of the
coating process when the line is running.

The design for adding the second hydraulic cylinder was copied from what
existed. The current cylinder has been working for years; therefore, the same design was
copied as closely as possible for the other side. Because of the conveyor motor, the
bracket was lowered, causing a custom front and rear bracket to be made. Other than the
custom brackets, the design for the second cylinder includes the same Parker cylinder that
exists on the current design and getting the front and rear bracket locations to line up with

either side of the conveyor.

5.3 Future Work

After the complete cylinder and roller package is installed at the Hammond, IN
coil coating line, the problems that the plant was having will hopefully be solved.
Though this is the only continuous roll coil coating line in the Silgan Containers
Company, Silgan utilizes thousands of conveyors, tracks, coil cutting and coil punching
lines throughout all of their plants. From the research found, there are similar coil line
set-ups that will be able to benefit from the roller design and research gathered.
Therefore, looking toward the future, the roller design could be used to help metal sheet

to be conveyed, eliminating damage and safety issues with the final product.
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Coil Line Upper Assembly Parts List

Item # Description Vendor Part # Qty
1 Roll Feed Assy, Coil Line Table Assembly 8CL57617 1
1 Parker 31" Long Hydraulic Cylinder Parker 2.00CBB2HCT14AC31.0 2
1 Mounting Plate, Limit Switch Custom 6CL58187 3
1 Mounting Bracket, Hydraulic, Right Custom 8CL58188 4
1 Mounting Bracket, Hydraulic, Left Custom 8CL58189 5
1 Feed Roll, Angle Bracket, Left Custom 6CL58193 6
1 Switch, Limit NEMA Type 4 Alan Bradley 802T-A 7
1 Actt:ator, Limit Switch 1-1/2" X Alan Bradley 802T-W1 8

3/4"D
2 10-32 X 2" Hex Screw 80/20 9
2 10-32 Washer 80/20 10
2 10-32 Lock Washer 80/20 11
2 10-32 Hex Nut 80/20 12
2 5/16"-18 X 7/8" Hex Screw 80/20 13
2 5/16" Flat Washer 80/20 14
2 5/16"-18 Hex Nut 80/20 15
2 1"-8 X 1-3/4" Hex Screw 80/20 16
2 1"-8 X 2-3/4" Hex Screw 80/20 17
2 1"-8 Hex Nut 80/20 18
Table A-3: Coil line upper assembly parts list
Coil Line Feeder Assembly Parts List

Item # Description Vendor Part # Qty
3 Roller Bar 4 Meter Quixx Smart A4MS 1
3 Feed Bar, In-Feed Custom 6CL58190 2
2 Mounting Bracket, Cylinder Custom 6CL58191 3
2 Mounting Plate, Air Cylinder Custom 6CL58192 4
1 Base Plate, Valve Custom 6CL58106 5
2 8 Hole Inside Corner Bracket 80/20 4513 6
1 T- Slotted Profile, 1530 Lite X 65" 80/20 1530 LITE X 65 7
2 T-Slotted Profile, 1515 Lite X 44.25" 80/20 1515 LITEX 44 _25 8
2 T-Slotted Profile, 1515 Lite X 42.00" 80/20 1515 LITEX42_0 9
2 T-Slotted Profile, 1515 Lite X 33.25" 80/20 1515 LITE X 33.25 10
1 T-Slotted Profile, 1515 Lite X 33.00" 80/20 1515 LITE X 33.00 11

Ground Polished Steel Tube, 1515
1 Tube X 72" 80/20 5015 TUBE X 72 12
1 Ground Polished Steel Tube, 1515 80/20 5015 TUBE X 48 13




TUBE X 48"

1-1/2" Food Grade Sealed Ball

4 . McMaster 3730728 14
Bearing
2 ;‘/‘g,f:g”’t:/dsfﬁ‘;hBear'”g' /270D, |\ Master 6391K172 15
R Al
MAC Valve With PR92C-KECA-9 92B-JAF-BAA-DM-
1| Regulator Neff Eng DDAP-1DM-9 17
1 3/8" OD Speed Control 1/4" NPT SMC ASN2-NO02-S 19
3 Air Fitting SMC KQ2L11-35S 20
3 "T" Tube Fitting 3/8" OD SMC KQ2T11-00 21
4 Single Horizontal Base, 1-1/2" 80/20 5880 22
2 Rubber Bumper, 1-1/2" 80/20 2849 23
6 5 Hole 90° Joining Plate 80/20 4351 24
20 Standard T-Nut 80/20 3203 25
19 Double Economy T- Nuts 80/20 3279 26
8 Triple Economy T- Nuts 80/20 3285 27
8 1/4"-20 X 5/8" Bolt, SHCS 80/20 3067 28
12 5/16"-18 X 1/2" Bolt, SHCS 80/20 3106 29
44 | 5/16"-18 UNCX 11/16" Lg. Fingd, 80/20 3330 30
BHCS
14 5/16"-18 X 7/8, BHSCS 80/20 3119 31
12 5/16"-18 X 1- 1/4" Bolt 80/20 3123 32
2 #6-32 x 1-1/2" Cap Screw 80/20 33
2 #6-32 Hex Nut 80/20 34
2 #6-32 Lock Washer 80/20 35
6 1/4"-20 x 1" Hex Bolt - UNC 80/20 36
6 1/4" Narrow-Flat Washer 80/20 37
4 1/4" Flat Washer 80/20 38
14 1/4" Lock Washer 80/20 39
6 1/4"-20 Hex Nut 80/20 40
26 5/16" Flat Washer 80/20 41
4 1/2"-13 x 1-3/4" Hex Bolt - UNC 80/20 42
4 1/2" Flat Washer 80/20 43
4 1/2" Lock Washer 80/20 44
4 1/2"-13 Hex Nut 80/20 45
1 3/8" Air Lines, ~20' 80/20 46
1 3/8" to 1/4" Quick Fitting SMC KQ2HO07-11A 47
1 1/4" Quick Fitting to 1/8" NPT SMC KQ2F07-34A 48
Female Thread
1 Pressure Switch Sensor Honeywell 480-2041-ND 49

50



Sensing
1 | 4-Pin MAC Valve Connector 19" MEZ‘;Sm MDC-4MR-2-0.5M | 50
1 g/zlatZIeF:“m/lale Connector Straight Murr PVC-0B 51
2 1/8" NPT to 3/8" Tube Elbow SMC KQ2L11-34AS 52
2 1/8" Male to 1/4" Female Reducer McMaster 50785K260 53
2 é{) L::thT 0 3/8" Tube Dual Speed SMC ASDA430F-N02-115 | 54
Table A-4: Coil line feeder assembly parts list
Coil Line Electrical Components

Item # Description Vendor Part # Qty
1 Push-Button, 30mm, blk, 1INO Allen-Bradley 800T-A2D1 4
2 Selector Switch, blk, INO/1NC Allen-Bradley 800T-H2A 1
3 Legend Plate, 30mm, UP Allen-Bradley 800T-X556 1
4 Legend Plate, 30mm, DOWN Allen-Bradley 800T-X503 1
5 Control Box, 12x14 - - 1
6 Terminal Block, 2-pt Pass-Thru Allen-Bradley 1492-xx 26
7 Cover for 1492 TB Allen-Bradley 1492-N36 1
8 Clamp for 1492 TB Allen-Bradley 1492-xx 2
9 Din Rail, 15mm, 10" Long - - 1
10 Relay, 3-pole, 120VAC Coil Allen-Bradley 700-HA33A1 2
11 Relay Base, 3-pole Allen-Bradley 700-HN101 2
12 PLC-5 Input Module, 16-pt, 120V Allen-Bradley 1771-IAD 1
13 PLC-5 Output Module, 16-pt, 120V | Allen-Bradley 1771-0OAD 1
14 Misc Parts - Wires, Cables, etc - - 1
15 Legend Plate, 30mm, RAISE Allen-Bradley 800T-X535 1
16 Legend Plate, 30mm, LOWER Allen-Bradley 800T-X526 1
17 Legend Plate, 30mm, OUT Allen-Bradley 800T-X534 2
18 Legend Plate, 30mm, IN Allen-Bradley 800T-X515 2
19 Legend Plate, 30mm, START Allen-Bradley 800T-X547 1
20 Legend Plate, 30mm, red, STOP Allen-Bradley 800T-X550 1
21 Legend Plate, 30mm, JOG FWD Allen-Bradley 800T-X518 2
22 Legend Plate, 30mm, JOG REV Allen-Bradley 800T-X519 2
23 Legend Plate, 30mm, yel, E-STOP Allen-Bradley 800T-X504Y 1

Table A-5: Coil line feeder assembly electrical parts list
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Appendix B: Detailed Drawings of Final Roller Design

PILLOW BLOCKS AND REAR BRACKETS WILL HAVE
TO BE MOUNTED TO THE EXISTING FRAMEWORK
MOUNTING HARDWARE SPECIFIED IN DRAWING BCLS7617

CROSS BRACING WILL NEED TO BE LOWERED TO
ALLOW FOR THE LEFT SIDE ANGLING BRACKET
(SIMILAR TO THE RIGHT SIDE)

BOTTOM OF GUARDING BRACE WILL BE GROUND OFF
AND RE-SUPPORTED IF NECESSARY

NEEDS TO BE EXISTING LIMIT SWITCH WILL HAVE TO BE LOWERED
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CURRENT HYDRAULIC MOUNT WILL BE GROUND OFF AND 8CL58188
'WILL BE WELDED ON IN PLACE OF THE OLD ONE

BREAK ALL SHARP EDGES WITH (12 X 45° CHFRS &
INSIDE CORNERS 02R MAX_UNLESS

i ey
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LOCATE PILLOW BLOCK AS SHOWN THEN
DRILL @ 0.5 THROUGH HOLES TO MOUNT

FOUR THROUGH HOLES DRILLED THROUGH
CONVEYOR SIDE

CLAMP PART 8CL58193 ONTO CONVEYOR AND
CENTERPUNCH FOR DRILLING HOLES

DETAIL A
SCALE 1/2

RIGHT SIDE MOUNT LEFT SIDE MOUNT

PLAGE ACTUATOR ON FLAT
'SURFACE OF 80120

CUT OFF EXISTING RIGHT SIDE MOUNT,
GRIND FLAT, AND WELD 8GL56188 TO
THE OLD BRACKET

r—//_/ ALIGNMENT OF THE BRACKET IS
DETERMINED BY THE HYDRAYLIC

CLEVIS MOUNT ON THE CONVEYOR

WELD 8CL58189 TO THE EXISTING FRAME

ALIGNMENT OF THE BRACKET IS
DETERMINED BY THE HYDRAYLIC
CLEVIS MOUNT ON THE CONVEYOR
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PARTS LIST
DESCRIPTION PART NUMBER TTEM
506 SEENOTE —~{_3 _|ROLLER BAR4 METER, "QUIXX SMART" AAMS
(3.498) [3 |FEEDBAR INFEED 158190
[ 2 |MOUNTING BRACKET, CYLINDER L58151
[ 2__|MOUNTING PLATE, AIR CYLINDER (56192
[ 1 |BASEPLATE, VALVE 156106
8 HOLE INSIDE CORNER BRACKET, “8020" 4513
7 T- SLOTTED PROFILE, 1530 LITE X 65,80120" 1530 LITE X 65
T-SLOTTED PROFILE, 1515 LITE X 44.25, “80/20 T515 LITE X 43_%5 g
LOTTED PROFILE, 1516 LITE X 42,00, 6020~ 1515 LITE X420 )
LOTTED PROFILE, 1515 LITE X 33.25, "80/20~ 1515 LITE X 3325
I\TMEQSDWT:}N[B g'MVA/!:LbEfvlgAER&J LOTTED PROFILE, 1515 LITE X 3300, "80/20” 1575 LITE X 3300
IRED TC ROUND POLISHED STEEL TUBE, 1515 TUBE X 72, B0I20" 5015 TUBE X 72
BB NEFF” AT THEIS FAGILITY ROUND POLISHED STEEL TUBE, 1515 TUBE X 48, "80/20" 5015 TUBE X 48
[4_[1 172" FOOD GRADE SEALED BALL BEARING "MCMASTER" 3730128
615:08 LUBRICATED SLEEVE BEARING, 1/20D, 3/8ID, J8LENGTH 6391K172
"MCMASTER"
7 |[AIRCYUNDER, 1172 BORE X 16 STROKE, ‘BINBA” C_1716_DPW_D_229_F 6
1_2_14A15
92B-JAF-BAA-DM-DDAP-TDMS | 17
ASNZNOZS
KQ2L11-355
T TUBE FITTING 3/8 OD “SMC" KQ2T11-00
[GLE HORIZONTAL BASE, 1 112, "80/20° 5860
UBBER BUMPER 1 112", "80/20" 2815
(61.875) (42.750) HAUS |6 |5 HOLE 90° JOINING PLATE "80/20" 4351
SILENCER 20 [STANDARD T-NUT, "80/20" 3203
19 |DOUBLE ECONOMY T NUTS "60/20" 3219
8 | TRIPLE ECONOMY T NUTS "B0/20° 3285
8 /8" BOLT, SHCS, '80/20" 3067
2 X1/2" BOLT, SHCS, “8020" 3106
14 UNC X 11716 Lg. Fingd,BHCS, "80120" 3330
4 X778, BHSCS, “B020" 3119
2 X11/4” BOLT, "80/20” 3123
632 x 1 172" CAP SCREW.
632 HEX NUT
632 LOCK WASHER
DETAIL A /420 x 1" Hex Bolt- UNC
s T . NARROW- FLAT WASHER
SCALE 0.35:1 /4 FLAT WASHER 8
4_[1/4" Lock Washer
1/4-20 Hex Nut
[ 26 [6/16 FLAT WASHER
[4_[12-13x13/4 HexBoll-UNG
4 172" FLAT WASHER
72" Lock Washer
AL
A [1_[308 TO 174 QUICK FITTING "SMG" RQZAO7-11A
A 174 QUICK FITTING TO 1/8 NPT FEMALE THREAD "SMC” KQ2FO7-34A
A PRESSURE SWITCH SENSOR "HONEYWELL SENSING™ 4502041-ND
A MAG VALVE CONNECTOR 19" "MENCOM CORP" MDCAMR2-05M
A [_T__|Mi2 FEMALE CONNECTOR STREIGHT CABLE 5M "MURR" PVCOB 51
A[_2_[1/6 NPT TO 3/8 TUBE ELBOW "SM KQ2L11-34AS 52
A[2_[1/ MALE TO 1/4 FEMALE REDUCER "MCMASTER" 50785K260 53
A[Z_[1M NPT TO 358 TUBE DUAL SPEED CONTROL, “SMC" ASDANF-NIZTTS 51

NOTE: ITEM #1 IS PURCHASED IN A4 METER SEGTION, THEREFORE ONLY
/AQUANTITY OF ONE WILL NEED TO BE PURCHASED AND THEN CUT
INTO 3, 48" SECTIONS .

8CL57617

NOTE: REMOYE GUARD MOUNTING BRAGKET ON U GHANNEL FRAME
(FRONT SIDE) TO ALLOW FOR ACURATE BEARING MOUNTING POSITION

BREAK ALL SHARP EDGES WITH .02 X 45° CHFRS. &
INSIDE CORNERS .02R MAX. UNLESS OTHERWISE NOTED

SEE SHEET 2 FOR AIR PIPING GONNEGTIONS
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ITEM 50 AND 51 WILL BE ASSEMBLED
AND HARD WIRED AT "NEFF" TO THE VALVE

REGULATED, START AT 72 PSI
REGULATED, START AT 10 PSI

21f47)48)49) R

PRESSURE SENSOR SWITCH (NOT SHOWN)
GAN BE MOUNTED ON THE FRAME WHERE

INSTALLER FEELS NECESSARY. SENSOR!
NEEDS TO BE ON THE DOWN PRESSURE LINE
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MACHINE FINISH UNLESS OTHERWISE NOTED

MATERIAL
1018 CR. STEEL

HEAT TREAT
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ST Ot T Co bt POPEN AR ROLL FEED ASSY
TWO PLACE (300 =01 rménunzun}uﬂ COIL LINE FEED TABLE ASSY
‘CaST RADH UF O R4S 015, OVERR2S ans” ot
THREADS 1" AND LESS ARE 32 & 38, LARGER ARE 28 & 28 SHEET 1 OF 1
) PATTERN NO. (ASSEMELYNO_ | DATE DRAWN SCALE FULL
6CL58106 8CLATE17 | 1/27/2012 DSR
REF. LAYOUT SMILAR TO MATERIALUST ~ |CHECKED  |APPROVED |DWG.

v B6CL58106
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s

3.00+ .03

]

2X .344 DRILL THRU

150%.13
, ; RA3
3.68=.08 — 2X 212+ 010
675510 234+08 200+ 82
20002
30 —= L 1.156 -]
o 175203 —

1875
STOCK

NOTE:

PAINT PER SILGAN SPEC. DS69-101-1

BREAK ALL SHARP EDGES WITH 02 X 45° CHFRS_&
INSIDE CORNERS 02R MAX. UNLESS OTHERWISE NOTED

125

6CL58187

MACHINE FINISH UNLESS OTHERWISE NOTED

MATERIAL HEAT TREAT
1018 CR. STEEL

SILGAN CONTAINERS MFG. CORP.

EQUIPMENT ENGINEERING, OCONOMOWOC WL

SILGAN CONTAINERS NFS. CORP. AND.
MUST BE AOCOUNTED FOR. INFORMATION HERECM IS CONFDENTIAL

AND MUST
WOTBE USED, REPROCUCED. OR 0 ONS,

‘DR SENT OUTSIDE THE|

MACHINING

MOUNTING PLATE, LIMIT SWITCH
COIL LINE FEED TABLE ASSY

THREADS 1~ AND LESS ARE 34 & 38, L R ARE 248 78 SHEET 1 OF 1
PART NO. PATTERN NO. ASSEMBLYNO. | DATE DRAWN ScALE FULL
SR e FTEpTY 6CL58187 8CL57396 | 1/27/2012| DSR
- |an6M2 o REF. LAYOUT SIMILAR TO MATERIAL LIST CHECKED | APPROVED oWa.
wo.| oare | ev REViSiON NG no. 6CL58187

LS



1.200= 003
2 2
@.752: .0m ¥ THRU
(4.625)
3.750+ oot
2643+ 005
200
1.48+08
451 ]
=]
-
0
[rs]
]
[&]
T =]
NOTE: EXISTING HYDRAULIC BRACKET NEEDS TO
125 BE GUT AND GROUND FLUSH, THEN WELD THIS
l BRACKET INTO PLACE TO MATCH THE OTHER SIDE
BREAK ALL SHARP EDGES WITH .02 X 45° CHFRS. &
INSIDE CORNERS .02R MAX. UNLESS OTHERWISE NOTED
125
MACHINE FINISH UNLESS OTHERWISE NOTED
HEAT TREAT
SILGAN CONTAINERS MFG. CORP.
EQUIPMENT ENGINEERING, OCONOMOWOC WI.
R TS To B kN HERE B CoRDEMTAL iabwst | MOUNTING BRACKET, HYDRAULIC CYL, RIGHT
TO PERSONS.
05 SERT OUTSIE T COMPAAT, WTWOUT PROPER AUTROREIION RIGHT SIDE
rménuuzmqm COIL LINE FEED TABLE ASSY
CRET RAD UF TO A 35 015, OVER RzS s o
35 ARE 32 & 36, | ARGER ARE 2.8 78 SHEET 1 OF 1
RAW MATERIAL LIST MCisarss |TT T |"BCera%e |Terr012| T DSR FULL
Qry | DESCRIPTION [ MATERIAL | TEM - |ansn2| DSR [RELEASED 41-12918 | rer. Lavour SIMILAR TO MATERIAL LIST CHEGKED | APPROVED | DW. 6CL58188
1 _[114 X5 FLATE LG [aAsTMAGT2 | 1 wo. | oate | s REVISION ENNO. )

89



1.940+ 005 —
088=.005 —

RBB\

@ 752+ 001 ¥ THRU \_\_“ L — R1.00
25
3750+ 00
Z R23.08= 25 2643+ 005
1482 00 l
B0=x .05
25 =] b

e (31°)

=-—— 3.00 —J
950+ .08

1.200+ 003

88+ 02

25 (4.625)
25

625

1.13z 08

550+ .08

6CL58189

BREAK ALL SHARP EDGES WITH 02 X 45° CHFRS_&
INSIDE CORNERS 02R MAX. UNLESS OTHERWISE NOTED

125
MACHINE FINISH UNLESS OTHERWISE NOTED

MATERIAL HEAT TREAT
s SILGAN CONTAINERS MFG. CORP.
EQUIPMENT ENGINEERING, OCONOMOWOC W1
R T T Crai A ARl & CWPEBN A i | MOUNTING BRACKET, HYDRAULIC CYL., LEFT
NOT BE USED, REPRODUCED. OR REVEALED | ONS.
B e ey LEFT SIDE
WO PLACE (00 201 MHiREE LACE (k) <s | COIL LINE FEED TABLE ASSY
RAW MATERIAL LIST CRET RAD UF TO A 35 015, OVER RzS s o SHEET 1 OF 1
ary DESCRIPTION MATERIAL [ ITEM T N [ v e v o
1 |[T14" X5 FLAT 5 LG. ASTM AET2 1 6CLEG189 BCL57396 |1/27/2012| DSR 12
1 (58" X3 FLAT-9 12" LG, |ASTM AST2 > ~ [=w2| DSR [FEEASED T12918|rer cavour | swsrto wsmauer v | aeovo o o) o400
1 |34 X3 FLAT-512° LG |ASTM A672 3 no.| oate | sv REviSON Eno "

69



(4.500)

12 GUAGE (.105 REF) =

5555+ 125

3.050+ 080

1.105+ 080

3.500+ 125

R25

I/ | 47

'S R6.00+ 25

2

~=— 5.50 TO CENTER OF 6.00

6CL58190

BREAK ALL SHARP EDGES WITH 02 X 45° CHFRS_&
INSIDE CORNERS 02R MAX. UNLESS OTHERWISE NOTED

125

MACHINE FINISH UNLESS OTHERWISE NOTED

MATERIAL HEAT TREAT
STAINLESS STEEL
TYPE 304

SILGAN CONTAINERS MFG. CORP.

EQUIPMENT ENGINEERING, OCONOMOWOC WL

UNLES.
TWO PLACE {300 =01 THREE PLACE | XXX) =002
FOUR PLACE (J0GKX) +.0002 ANGLES 21i2°
CAST RADH UP TO R_25 +.015, OVER RL25 +.03

FEED BAR, INFEED
ROLL FEED ASSY
COIL LINE FEED TABLE ASSY

art5/12| DSR [RELEASED

41-12918

pate | BY

ENNG.

THREADS 1" AND LESS ARE 34 & 38, LARGER ARE 24 & 28 SHEET 1 OF 2
PART NO. PATTERNNO.  |ASSEMBLYWO.  |DATE ScALE FULL
6CL58190 8CL57617 | 1/27/2012| DSR
REF. LAYOUT saLAR TO MATERALUST  |CHECKED  |APPROVED

W BCL58190

09



9576

4.500% 125

6.0 R. BEND DOWN —a

10R.B

END UP -

/ 2X $.332 DRILL THRU

L
|

oy
,~ 025R BEND UP ~ ‘
150+.03
i5
2928
o
>
s
@©
3584 3
1
o
4714 ©
BREAK ALL SHARP EDGES WITH 02 X 45° CHFRS. &
INSIDE CORNERS (2R MAX_ UNLESS OTHERWISE NOTED
125
MACHINE FINISH UNLESS OTHERWISE NOTED
MATERIAL HEAT TREAT
STAINLESS STEEL SILGAN CONTAINERS MFG. CORP.
TYPE 304 EQUIPMENT ENGINEERING, OCONOMOWOC WI.
TS T B Craue o RRE & MR st | FEED BAR, INFEED
b T ROLL FEED ASSY
WO PLACE (00 201 MHiREE SLACE () <s | COIL LINE FEED TABLE ASSY
CAET RAD U T A 55 0rS, OVER R 25 a8 o 1
THREADS 1~ AND LESS ARE 34 & 38, L R ARE 24 & 28 SHEEr 2 OF 2
FART HO PATTERNNO.  |ASSEMRLYNO_ | oAT TR P FULL
S e e 8CL57617 |1/27/2012| DSR
- |ansn2 o REF. LAYOUT SIMILAR TO MATERIAL LIST CHECKED APPROVED DWE.
NO. DATE BY REVISION EN NO. ne- BCL581 90

19



100 50z 02
p=— 1.500 A‘ 125=03 k
‘ 567+ 020
o Py ‘ 9 P
e @ ¢
1.500 1.867 3.00z 08
J— G
! |
A
1
4X @ 257 THRU
4X ©.328 DRILL ¥ THRU 5M6-18 ¥ THRU
>
i B
|
315 2
5,00z 08 NOTE:
PAINT PER SILGAN SPEC. DS69-101-1
BREAK ALL SHARP EDGES WITH .02 X 45° CHFRS. &
INSIDE CORNERS _.02R MAX. UNLESS OTHERWISE NOTED
125
MAGHINE FINISH UNLESS OTHERWISE NOTED
“TlecrsteeL T SILGAN CONTAINERS MFG. CORP.
EQUIPMENT ENGINEERING, OCONOMOWOC WI.
S R CHIMIED PO B O DR LN 1 CPDEMTAL AT | MOUNTING PLATE, CYLINDER
NCT 5 USED, REPRODUCED. OR REVEALED O IMAUTHORIEED PERSONS.
DR SENT DUTSIDE THE COMPANY, WITHOUT PROPER AUTHORIZATION ROLL FEED ASSY
TWO PLACE (300 =01 rmépuuzl.moun COIL LINE FEED TABLE ASSY
T A SHEET
THREADS 1" AND LESS ARE 34 & 36, LARGER ARE 22 878 1 OF 1
PART NO. PATTERN NO. ASSEMBLYNG. | DATE DRAWN SCALE FULL
R FERbIL 6CL58191 8CLSTE17 | 112772012 DSR
B EXETE) RELEASED E REF. LAYOUT SMILARTO MATERIALLST  |CHECKED  |APPROVED |OWe
wo.| pare | By REVISION. ENNO. e 6CL58191

a9



3X @328 ¥ 375

375

et 4000125 —————————=i

R50
@501540005 ¥ THRU
PRESS FIT BUSHING
L R65
<

DO NOT PAINT IN BORE

6CL58192

IOTE:
PAINT PER SILGAN SPEC. DS69-101-1

BREAK ALL SHARP EDGES WITH 02 X 45" CHFRS_&
INSIDE CGORNERS .02R MAX. UNLESS OTHERWISE NOTED

125
MACHINE FINISH UNLESS OTHERIWSE NOTED

MATERIAL
1018 CR. STEEL

HEAT TREAT

SILGAN CONTAINERS MFG. CORP.

EQUIPMENT ENGINEERING, OCONOMOWOC W1

E53 ARE 34 838, L R ARE 28 & 28

MOUNTING PLATE, AIR CYLINDER
ROLL FEED ASSY
COIL LINE FEED TABLE ASSY

SHEET 1 OF 1

EGETH

DSR

4112918 | rer. Lavour

DATE

REVISION

PATTERN NO. ASSEMBLY NO.
8CL57617
SIMILAR TO MATERIAL LIST

ENNO.

ATE T e
127/2012|  DSR FuLL

ek |aemoves |ons. @) po400

€9



2X ¢.875 THRU
18 ¥ THRU

R1.00

2XR.125

2X @1.031 ¥ THRU

825

R1.00
@753+ 001 ¥ THRU

/ R1.00+ 08

23125+ 005

36.875+ 005

38.875x 050

2X 5875

10.25+ 03

400+ 03

b 1625+ 03

—]

1.00
STOCK

NOTE
PAINT PER SILGAN SPEC. DS69-101-1

DO NOT PAINT INSIDE BORE

6CL58193

NOTE: FOUR 1" THROUGH HOLES NEED TO BE DRILLED IN
THE LEFT SIDE OF THE CONVEYOR FOR MOUNTING OF
THIS BRACKET

BREAK ALL SHARP EDGES WITH 02 X 45" CHFRS_&
INSIDE CGORNERS .02R MAX. UNLESS OTHERWISE NOTED

125
MACHINE FINISH UNLESS OTHERIWSE NOTED

MATERIAL HEAT TREAT
1018 CR. STEEL

SILGAN CONTAINERS MFG. CORP.

EQUIPMENT ENGINEERING, OCONOMOWOC W1

FEED ROLL, ANGLE BRACKET - LEFT
LEFT SIDE HYDRAULIC BRACKET
COIL LINE FEED TABLE ASSY

SHEET 1 OF 1

ansi12| DSR

PART NO. PATTERN NO. ASSEMBLY NO_
6CL58193 8CL57396

REF. LAYOUT SIMILAR TO MATERIAL LIST

ATE T e -
12712012 A

ek |wmoves |ons. o) po10a

¥9



48.00

3475+ 03

T5: 03

787
(20mm)

2X @.332 THRU

b (25)
t
T T

1.575
(40mm)

DRILL AND USE A 1/4-20 X 3/4" SHEET METAL SCREW TO
RETAIN ROLLERS AFTER CUTTING INTO 48" SECTIONS
ON EITHER END OF THE ROLLER BAR

NOTE: CUT THE 4 METER QUIXX SMART ROLLER BAR
(PART # AAMS) INTO 3, 48" SECTIONS

BREAK ALL SHARP EDGES WITH .02 X 45° CHFRS. &
INSIDE CORNERS .02R MAX. UNLESS OTHERWISE NOTED

6CL58627

Jm\mm FINISH UNLESS OTHERIMSE NOTED

E53 ARE 34 838, L

- AT SILGAN CONTAINERS MFG. CORP.
EQUIPMENT ENGINEERING, OCONOMOWOC WI
e B A CDNTED FOR, R TION FAELM B CONDOTAL it | ROLLER ASSY, 48”
B kT U0 T CoMPAAR MY Pl - ROLLER FEED ASSY
MACHINING TOLERANCES UNLESS OTHERWASE NOTED
TWO PLACE [3X) .01 THREE ! 100G

COIL LINE FEED TABLE ASSY

SHEET 1 OF 1

FART HO PATTERNNO.  |ASSEMBLYNO.  |OAT T e
TS [FEERseED P 8CL57617 |7H62012| DSR :
- |Than2 = REF. LAYOUT SIMILAR TO MATERIAL LIST CHECKED APPROVED DWG.
wo | mare | Bv mevision o . 6CL58627

59



Appendix C: Part Specification Sheets

Mac Valve: 92B-JAF-BAA-DM-DDAP-1DM

1, Part Numb

Body Options Base Options Pilot Options
Pressure Models[PM
___Valve Function[VE] port size[Ps]

Lead Wire Length|

Electrical Connection[EC

- Single Pressure - Base Only

|-Dual Pressure - Base Only.

C-Single Operator

N Single Operator - Spools with Memory
Spring

D - Double Operator

K-Open Center

|H-Pressure Center

Body Type[SB

-Non Plug-in / Selencid external plug-in

# - Pilot Exhaust te Main Valve Exhaust

Electrical Options[BEO
A-No Light in Top (AC & DC)

B-With Light (AC & DC)

H - With M.0.V. and Light (AC)

-3/8"

Thread T

E- BSPPL (Note: Dual Presure model
requires Regulator)

_BSFTR (MNote: Dual Presure model

M- requires Regulator)

_NPTF (for use without regulater
Aditional inlet port)

_BSPPL (for use without regulator
Aditional inlet port)

_BSPTR (for use without regulator
Aditional inlet port)

Port Configuration[PC

# - Bottom Ports

# - Side and Bottom Ports

_Side Inlet and Exhaust with Bottom

# - Cylinder Ports

# - Side Ports - Left End

# - Side Ports - Right End

# - Bottom Ports - Left End

# - Bottom Ports - Right End

# - Selector Manifold Middle Station

Pilot Air[PA]

[# - Internal Filot (Non Plug-In)

# - External Pilot (Non Plug-In)

# - Internal Pilot Single Light (Plug-In)

C-Internal Pilot Double Light (Plug-In)

D - External Pilot No Light (Plug-In)

# - External Pilot Single Light (Plug-In)

F - External Pilot Double Light (Plug-In)

DP - Pilot Exhaust Piped (210-32)

# - Pilot Exhaust to Main Exhaust

#-6" External Plug-in connector

# - Grommet

# - Grommet with Diode (DC only)

# - Grommet with M.O.V (AC only)

# - Remote Pilot Operator

#-18"

#-Flying Leads

#-24"

# - Flying Leads with Diode (DC only)

#-36"

# - Flying Leads with M.0.V (AC only)

Remote Pilot Port Size[RPPS]

28"

# - Flying Leads with Ground

#-72"

#-1/8" NPTF

#-96"

#-1/8" BSPP

#-1/8" BSPT

voltage[v]

#-110/50, 120/60 (2.9W)

& _Flying Leads with Diode and Ground
(DC only)

_Flying Leads with M.O.V and Ground
(AC only)

-0-No Operator

-2-Recessed Locking Operator

# - Conduit 1/2" NPS.

# - Metal Conduit 1/2" NPS

# - Metal Conduit with Ground 1/2" NPS

#-220/50, 240/60 (2.9W)

-3-Extended Non-Locking Operator

# - Square Connector

#-24/60, 24/50 (3.7W)

-4-Extended Locking Operator

# - Rectangular Connector Plug-in

#-100/50/60, 110/60, (3.9W)

#-220/60, (3.4W)

#-240/50, (2.8W)

#-200/60, 200/50 (3.9W)

DB-12 VDC (5.4W)

DC-12 VDC (7.5W)

DD - 24 VDC (7.3W))

DE-12 VDC (12.7W)

DF - 24 VDC (12.7W)

FA-12 VDC (1.8W)

FB-24 VDC (1.8W)

FE-12 VDC (2.4W)

FF-24 VDC (2.4W)

Configuration

Copy Part information

Section 1

Rebuild Station

Valve:92B-JAF-BAA-DM-DDAP-1DM-9
RegulatorRequired
Flow Control:Add Flow Control

# - Square Connector with Light

2 Rectangular Connector Plug-in with
Light

# - Rectangular Male Only

# - Mini Plug-in

# - Mini Plug-in with Diode (DC only)

# - Mini Plug-in with M.0.V (AC only)

# - Mini Plug-in with Light

ni Plug-in with Light and Diode (DC

#- Mi
only)

_Mini Plug-in with Light and M.0.V (AC

#~only)

& _Mini Plug-in with Led and Diode (DC
only)

# - Mini Plug-in Male Only’

» - Mini Plug-in Male Only with Diode (DC
only)

& _Mini Plug-in Male Only with M.0.v (AC
only)

i
nly;

DN - Flug-in with Diede (DC only)

# - Plug-in with M.0.V (AC only)

DG - Plug-in with Ground (AC & DC)

bH - Plug=in with Diode and Ground (DC
on

#_Plug-in with M.0.V and Ground (AC
o

nly)
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Parker Cylinder: 2.00CBB2HCT14AC31.00

m .‘

Industrial Cylinder Division

Division Home Products Support Literature Where to Buy About Us Contact Us
Home = Industrial Cylinder Division = Products = INDUSTRIAL HYDRAULIC CYLINDERS = TIE ROD HYDRAULIC C¥LINDERS
2H HEAVY DUTY HYDRAULIC CYLINDERS

Features: Configure Product:

. Standards: NFPA Heawy Duty Hydraulic, ANSH(NFPA) Configure 3D CAD:
T3.6.7R2-1996 Configure CAD/

+  Construction: Steel, Tie rod design; Repairable

* Bore Size: 1 1/2" through 6"

*  Strokes: Available in any practical length

*  Piston Red Diameter: 5/8 to 47

+  Operating Medium: Hydraulic oil

*  Mounting Styles: 18 Standard

* Nominal Pressure: 2000 psi (See catalog for details)
+  Standard Operating Temperature: -10°F to +165°F

«  Optional High Temperature Option; -10°F to 250°F

* Rod Ends: Three standard choices; specials to order
= Cushions: Optional at either or both ends

»  Ports: SAE "0"ring are standard, athers are available

Theoretical Push Forces for Hydraulic Cylinders — Push Force

Cylinder |(Piston Area Cylinder Push Stroke Force in Pounds at Various Pressures
Bore ($q.In.)

@ 100 250 500 1000 1500 2000 3000
1.50 1.97 177 443 885 1770 2651 3540 5310
2.00 3.14 314 785 1570 3140 4712 6280 9420
2.50 491 491 1228 2455 4910 7363 9820 14730
3.25 8.30 830 2075 4150 8300 12444 16600 24900
4.00 12.57 1257 3143 6285 12570 18850 25140 37710
5.00 19.64 1964 4910 9820 19640 29453 39280 58920
6.00 28.27 2827 7068 14135 28270 42412 56540 84810
7.00 38.49 3849 9623 19245 38490 57727 76980 115470
8.00 50.27 5027 12568 25135 50270 75398 100540 | 150810
10.00 78.54 7854 19635 39270 78540 117810 | 157080 | 235620
12.00 113.10 11310 28275 56550 113100 | 169650 | 226200 | 339300
14.00 153.94 15394 38485 76970 153940 | 230910 | 307880 | 461820
16.00 201.06 20106 50265 100530 | 201060 | 301590 | 402120 | 603180
18.00 254.47 25447 63620 127230 | 254470 | 381700 | 508940 | 763410
20.00 314.16 31416 78540 157080 | 314160 | 471240 | 628320 | 942480




Mac Valve: 92B-JAF-BAA-DM-DDAP-1DM

Dimensions shown are metric [mm)
1453 Coubls oparr

L 153 snghcpuar
e
|

1

1/2 wrlomal

pInIpon_h‘“"H-. ’

| &
oo
—d.0
245
F
‘L“] 150 40
1 1 ] L
(=R =] = T45 +—
88 O - L]
e LTRPE 160
cord il connecion
Az5di
1y Hoks
DIM. A B < D E F G
178 125 180 310 540 235 445 180
1/4* 125 180 310 540 235 445 180
38" 120 170 300 540 235 475 170
150

Consult “Precaufions” page 327 before use, installation or sarvice of MAC Valves..

3 POSITION CLOSED CENTER ™~



Mac Valve Regulator: PR92C-KECA-9

T Tall

e | WARRANTY |
- ~—

rtur:::uul - 4

F i

Flviad = Compramod dir, inert gosas

Presira rasge Dic 120

Requicfing rangs ! O 1203

Lubrahon : ot raquinad, 1 used salert o medum oniling jpoint lebricont {oahesen 1B0F lo 210°F
Fitrafen 40p

Tamparsters range.: 0F o 120 - 183 o £ 50°0)

Floww = HE: |

Spor parts » RF2003 : ond plaka kit + RE0I01: bypas and ploka kit

» Goge bt - 160 PSI: NAZ00E01 » Goga kot 0 - 100 FE - HAR0060F
» Goge bt 0 - &0 FE: HM00403

Ophon » Prowum onge:  FEF2C ook |6 0o 120 PS)

B 0eBOPE

C 03P

O Do VY S A" and, [ o BO P51 "B* ond
E 0o 120 P8 *F and, 0 lo B0 P31 A" end
F 0o 120PS *4" end, 0o 30 F3 "B end
G (o 120 FS *B” and, O 1o 30 P3 "&° and
H 0o BOP3 "&" and, 0 io 30 PH *B° and
] 0o B0 FS 2" and, 010 30 P A" ond

m ['miensions shown ore mairic jmm]
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Bimba Pneumatic Air Cvlinder: C-1716-DPW-D-229-F-D-231-1-2-14A

I-1/2" Bore Air Cylinders

70

* Ground and Polished, High Strength Carbon Steel
Piston Rod Standard — 303 Stainless Steel Rod

OPTIONS continued...

Optional — Bronze Rod Guide Bushing Standard
* Force Exerted Approsimately 1.7 of Air Line
Pressure

to each and
= DXDE hollow rod, add §2.35 perinch of extension;
extension added to each end
DOUBLE ACTING FAILSAFE
{45 = Spring Returmn, JR = Spring Extend)
» Add $12.40 to base price + $1. 75 to stroke adder
= See page 1.65 and 1.66 for overall langth adders
HEAVY SPRINGS (H) are standard on all single acting block
front and block rear mount, and all reverse acting and
stroke 8 models.
Forall o i acting, add §2.45
= Spring Force: 8.5 ibs. relaxed —17 lba. compressad

17-DP

K 2

-

Double Acting - Pivot Typa - Air
Return = Rear Pivot Mounting
Standard Stroke Langths:

1w 4" 18", 2" 2" 3" 4 5", 8", 7",

EII.‘ gll.‘ 1Ul.‘ .l .l II.‘ .l EII
Maxirmum Stroke - 32"
Optional Stainless Steel Rod
Optional Rod Wiper

Optional Accessories:
D-231-1 Piston Rod Clavis
$39.40 D-220 Pivot Erackets
BASE PRICE Base Waight: .73

Add $2.85 per inch of stroke

Adder Per Inch of Stroke: .08

mm&m-ﬁdﬂiﬁ.
and reverse acting add 125" to overall langth

r&mmﬂmdbmmsum:hrd ﬂnn
er.m‘q: cd;p}furms with miniature
-ﬂrﬁ'ﬁ.ﬂ? ertrack. page 1.9

* Enclosed Spring Force: 7 |bs. Relaxed — 14 |bs. fﬂfﬂﬂ*fﬂﬁﬂ“ﬂ Fﬂﬁlﬂh‘-ﬁﬂﬂﬂ a3
for switch selection llfumluﬁml.
Compressed LOW TEMPERA
* Rod Wipers Available on D, DP, DX, DXDE, and Temperature Rangs: .ﬁi to 200°F
= Single a add §1.40
D¥DEH Model= 'm g‘g“?‘%ﬂ
. L a a
OPTIONS: + DXDE add 55,95
= PORTS ROTATED (K] Tmpwdﬂwsﬂ'ﬂ sﬂ“fomF 18° to 205°C)
*Front port rotated 90° on BF models. = Double add.ﬂﬁ.ﬁﬂ
THREAD = DXDE acd $19.85
. g,?,; ﬁ * Roverse acting add $10.70
Add . 18" to noss mount overall langth and DNA; BF and ROD WIPER (W)
EBFT add .38" ot available in standard si acting)
= PIVOT BUSHING . frow avallable in biock m ]
375" 1D fuse -1 pivat bracket] » Double acting add £3.20
s:;};temnﬂemmmomempﬂ} = ONDE add $E.40
= Add .125 to overall langth fr..qﬂu mmSTEEL =A)
DOUBLE ACTING BUMFPERS (B) = Standard on DX, DXDE, DXDEH, DNR, DXNR, AN block
= 55.45 additional mounts, and M option
. Md 125 to overall length Lmvmeswne HYDRAULIC (HL)
double add §1.50 ch of
S.rrg.'s. reverse acting, perinch o : {)plrm %
vDIl'.E. nddﬂ.ﬂ?psrnnﬁ of extansion; extension added r.ﬁddﬁi

[J Enter Stroke Length as 3rd Digit




McMaster-CARR Bronze Bushing: 6391K172

ll:;; McMASTER=CARR. ov:r 250.000 proDUCTS

Need help finding a product?
E-mail or call (630} §00-3600.

[Bag1K172

[OFiND| contacT us

Choose a Category
Abrading & Polishing
Building & Grounds
Electrical & Lighting
Fabricating
Fastening & Joining
Filtering

Flow & Level Control
Furniture & Storage
Hand Tools
Hardware

Heating & Cooling
Lubricating

Material Handling
Measuring & Inspecting
Office Supplies & Signs
Pipe, Tubing, Hose & Fittings
Flumbing & Janitorial

Power Transmission
Pressure & Temperature Control ||
Pulling & Lifting

Raw Materials

Safety Supplies

Sawing & Cutling

Sealing

Shipping

Suspending

| CATALOG PAGE 4 1123 D @ PRINT =3 FORWARD THIS PAGE  [) BODKMARK THIS PAGE [&] PAGE OPTI

Lubricated Bronze Sleeve Bearings

SAE 841—Also called Qilite®, this porous material is impregnated with 19% SAE 30 oil.
The oil reduces wear as well as required maintenance.

Graphite SAE 841—This porous material is impregnated with a graphite-based
material, which provides low-friction dry lubrication in a wide range of temperatures

SAE 863—Also called Super Qilite®, this material is similar fo SAE 841 but contains
more iron for greater strength. Note: Color is silver because of the iron.

View tolerance infarmation for these bearings.

Temperature
Bearing Material Range P max W max PV max
SAE 841 10°to 220° F 2,000 1,200 50,000
Graphite SAE 841 -30°to 700" F 1,600 1,000 40,000
SAE 863 10°to 220° F 4,000 225 35,000
——SAE841——  —Graphite— —— SAE863——
SAE 841
oD La. Each Each Each
For Shaft Dia.: 1/8"
104" 18" B391K113 $0.59 9368795  $0.37 2868T31 $0.43
118" 14" B3TKIN 68 9368T96 44 2868T32 44
18" 38" 6391K112 .59 9368797 .50 2868T33 38
For Shaft Dia.: 316"
18" 14" B39TK122 45 9368798 37 2868T34 33
18" " B391K125 T4 9368799 40 2868T35 55
18" 12" B3K124 .82 93687101 43 2868T36 .59
14" 58" 6391K123 .85 93687102 50 2868T37 1.27
518" 147 B3AATK114 66 9368T41 AT 2868738 35
518" 8" B3NIK115 .50 9368742 .56 2868739 A6
516" 12" B3NIKT16 50 9368743 .63 2868T41 A7
For Shaft Dia.: 1/4"
516" 14" B3IYTKIZ26 37 9368T11 1 2868742 33
516" 12" B391K127 69 9368T12 114 2868T43 53
516" 34" B391K401 65 9368T105 60 2868T44 64
g” 14" BINKIH BT 9368713 53 2868T1 1
ag” " B39IK136 T4 9368T14 .63 2868T2 T4
g” 12" 6391K132 .99 9368T15 T3 2868T3 .82
8" 58" G391K133 .84 0368T44 87 2868T45 .54
8" 787 B39IK134 1.03 936387109  1.10 2868746 o8
38" T 6391K135 1 9368T16 1.09 2868T47 .58
12" 12" B39IK14 1.07 93687112 1.30 2868748 85
12" 58" 6391K402 197 . 2868T49 128
12" 34" B39TK142 1.49 93687113 1.57 2868T51 1.26
12" 1 6391K143 230 93687114  1.94 2868752 1.52

For Shaft Dia.: 516"

l:'; McMASTER-CARR. over 250.000 PRODUCTS
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Need help finding a product?
E-mail or call (630) 500-3600.

CONTACT US

Choose a Category
Abrading & Polishing
Building & Grounds
Electrical & Lighting
Fabricating
Fastening & Joining
Filtering

Flow & Level Control

Furniture & Storage

Hand Tools

Hardware

Heating & Cooling
Lubricating

Material Handling

Measuring & Inspecting
Office Supplies & Signs

Pipe, Tubing, Hose & Fittings
Plumbing & Janitorial

Power Transmission
Pressure & Temperature Control “
Pulling & Lifting

Raw Materials

Safety Supplies

Sawing & Cutling

Sealing

Shipping

B
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9368T113 157

cuuu e Lew

12" 4" G301K142 1.49 2868751 1.26
127 1 6391K143 2.30 9368T114  1.94 2868752 152
For Shaft Dia.: 516"
£ 14" G301K402 a4 9368T45 40 2868753 45
8" 8" 6391K152 70 9368T46 AT 2868754 62
s 12" B391K153 T4 93687115 54 2868755 67
g” 58" G391K154 7 9368T116 60 2868756 59
38" ¥4"  B391K155 71 9368T117 67 2868757 62
s” 1 6391K156 148 9368T118 80 2868758 338
718" 14" BIGIKTE1 50 9368T119 56 2868759 61
718" 8" B391K162 50 9368T47 70 2868T61 62
716" 12" G391K163 60 9368748 84 2868762 67
718" &s8"  G391K164 a7 9368749 1.00 2868763 63
718" 4" B39IK165 95 93687121 1.10 2868764 T4
e 1" 6391K166 1.06 93687122 1.30 2868765 1.50
12" 8" 6301K404 1.08 93687123 1.00 2868766 76
12" 12" B391K405 114 93687124 116 2868T67 76
12" 24" B301K408 216 93687125 144 2868768 79
12" 1 6391K443 1.89 9368T126  1.70 2868769 1.49
12" 114" G301K444 207 9368T127  1.93 2868T71 1.96
For Shaft Dia.: 3/8"

127 147 B391KIT 50 9368T17 B0 2868T4 53
12" 3" 6391K172 71 9368718 1.01 2868T5 55

Catalog Page| Bookmark [}

SAE 841 Bronze Sleeve Bearing for Each

3/8” Shatt Diameter, 1/2° 0D, 3/87

Lengh

Bearing Telerance Information In stock
12" 12" B391K1T3 65 9368719 1.23 286876 62
113" AR RAATKITL a5 Q3RATA1 110 ZRARTTZ L]
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SMC Dual Speed Control Silencer: ASN2-N02-S

Weloome back, David Revers _ Loy Ot

M Manufacturing Pneumatics Worldwide E#;

O

Search: Go My Profiis Heip & SupporT LoCanons
Home | Company |  Producs Industmies | cADModeis | swMchews | commerus
You ars hars:

Conmeciors = Spaed Conirollam »r AEHND v

ASN2, Metering Valve with Silencer
Metering vaive with sliencer senes ASKE Nas SUpenon sound
Feciucing perfomance. Over 2008 2 madmum fow rate.

Cylinder spead s easly 52t by the shape of the needie being the
£3Me a5 that of the specd contrailer. Retainer prevents

accidental loss of needie.
Actuators
Valves
Airline Equipment
Connectors
Configuration Options
Electrical Products
ASHZ -NOZ -5
Vacuum
Diryers Salect Product Opiions
Sefect walues from e down lisis or make approprate selections o configure e
Temperature Control rumber. -p et
Thread N (NFT) [v]
A ko Masling List Purt Stze 02 (14) a
", = Cption 5 (Sealanty a
Inc
+ Gray an not compatinle with ofer saleciad opion vaus.
| erta o R = Red confilct with another selecied option value.
' e ) - Amier are not

( Asgass ) O 2
alesls Whave 300 He-dai Eam-cmm

Iz
@,la-ﬂ.-luﬂuh&

Retated Products
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SMC Dual Speed Controller: ASD430F-N02-11S

Email: Pass: Login |Register
_/-‘_/- M Manufacturing Prneumatics Warldwide
’ &
Search: Go My Profile Help & Support Locations
Home | Company | Products Industries CAD Models SMC News | Contact Us
Actuators You are here:

Connectors > Speed Cantraliars > ASD ==

Valves

ASD-D, Dual Speed Controller, Flat
Head Screwdriver Adjustable
Connectors Series ASD, combines a meler-in and meter-oul dual speed
controller in a single body. The series is availabls with PT or

NPT ports and one-louch fitlings are standard, Tamper prool and
flat head screwdriver adjustable versions are also availabls for

Airline Equipment

Electrical Products

Vacuum exira proteciion against inadvertent operation
Dryers + Adjust flow rate with a flat head screw driver
= Prevents inadvertent manual operation
Temperature Control * Meter-in and meter-out types easily determined
by the flow dirsction symbol on the body
* Inch or melric sizes available Tor all models
Add to Mailing List = One-touch fitlings
i >

Ceonfiguration Options

Part Number is Complete

ASD 4 30F-N02-115D
| ‘ Select Product Options

Select values from the drop down lists or make appropriate selections to configure
the part number

Body Size |4 {1/ Basis) 2|
Thread [N (NPT =l B8
Port Size |02 {1/4) =
Applicable Tube OD |11 (3E7) i3
Sealant | S {Sealant) -l =

Options in:

= Gray are not compatible with other selected option valus,
» Red conflict with another selected option value.
+ Amber ara not recommended.

CAD Dewnloads Related Files

o F—

Related Products



Allen Bradley Limit Switch: 802T-A

BO2T Lever Type * Maintained Contact and Neutral Position
Plug-in Style Oiltight Switches

Range of Operation
Mesx: Tramved

Trawel to

Approximate Dimensions [mm (in.)]

a1 |
Piug-in Switch o o ME
Shipping Wi. 0.57 kg (1.25 Ibs) 058
.| ]
gl
Cperstor Head
I
L
Qxlnll.it b
- |- 1825 | v
25410213 .55) &‘ﬁ'ﬂ. '| 0.7
£ or le 245 .| s53e —
; Front g, 16} for
NS el N
Neutral Position Models (.65 Coreduit Opering
Product Selection—Maintained Contact Models
Cat Ho
Torgue to Trawel to Trawel to : =
No. of Operate Operate Max Reset Switch Switch
Cireuits |  Lever Movement vs. Contact Operation {Max) | Contacts Max) | Travel |Contacts Max) | woLever | wio Lever & Base
Clockwise or - 0.3 N=m 3
2| Coumenlockwiss 2oz 1o 32 275 lowin) BORT-AMP BOZT-AMF1
30 04 3 4
" 0o ) 10
s | Ciocowiseor | Sl R T S R
Counterclockwize [390) 24 3 #| [25 lbein)
5 E SO|O6
T o8 T B

@ From one maimsined posiion io another.
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Allen Bradley Limit Switch: 802T-A

75

Specifications

Enclosure Rating| WEMA 4, 13, 6P and IPET
Paollution Degree| 3
Cerifications| UL Listed, C5A Cestified CE Marked for applicale directives
Ambient Temperature [C (File | -18.. 1102 0. 2307
Exception: Wobble stick and cat whisker devices are rased from
-16.. 540 0.+ 130F)
AC Contact Aating (Maximum per Pole, 50 or 6 Hz, 2 Circuoits Same Polarity)
NEMA A Cantinuaus VA
Rating Max Carrying
Designation Vaoltage Make Break Current Make [Break
120 1] B0 10 7200 720
AEDD 240 =] am 10 7200 720
Description AC-15 450 15 1.50 10 7200 720
Bulletin 802T limit switch ideal # & ¢ = it e i
ulletin imit switches are ideal for
applications in which heavy duty pilot iz # 300 5 300 30
ratings, small size, a high degree of Bel0e 240 15 1.50 5 3600 360
:-grs.agl'r;ypind a rugge.d M El'.'li;l'g.pebél'l, AC-15 450 75 0Ts 5 500 %0
an construction are irable.
An important factor in the automation of &0 § 0&l 5 3600 360
industry. these limit swilches are being  A¢ Contaet Rating Maximum per Pole, 50 or 60 Hz, 4 Circuits Same Polarity)
applied extensively on conwveyor - my
systems, transfer machines, automatic :5_“' Max A Cgr"_'““
turret lathes, milling and bering iating rying
machines, radial drills, and many other Designation Voltage Make Break Current Make Break
types of modem, high speed preduction 300 120 &0 600 10 200 20
equipment. 240 ] m 10 T200 20
A wide variety of operating heads and . .
operating levers are available. DC Contact Rating Maximum per Pale)
Opemtir!g heads can be mounted in Circuits Yoltage Hange Current Riating
four positions, 80° apart. TR 0EA
Features 2 Z30-250 02A
= Front mount for simplified mounting 550-600 Q1A
* Plug-in style for ease of wiring 4 1e-128 02A
230-250 02A
= Side rotary, wobble stick, cat whisker,




McMaster-CARR Food Grade Bearing: 3730T28

—
|i"' MCMASTER'CARR OVER 490,000 PRODUCTS Eenig|rs:pc2”?gn3gtn?gt;gd;scgu

3730728 OFIND|  conTACT US BOOKMARKS ORDER HISTORY

Choose a Category | CATALOG PAGE 4 1155 B [EIPRINT [=3 FORWARD THIS PAGE [) BOOKMARK THIS PAGE [ PAGE OPTIONS ] HOW CAN WE IMPROVE?

Abrading & Puolishing

Building & Grounds ?- ,__‘_-ﬁ\ With USDA H1 Solid Polymer-Polyethylene Grease—Made to ABEC-3 dimensional tolerance standards with sealed bearing
) I ' ' inserts to block out dirt. USDA H1 lubricant is solid and long-wearing so it won't leak out of the bearing. Temperature range is 5° to

Electrical & Lighting 212°F.

Fabricating f . . ) . ) . - .

F C With USDA H1 Food-Grade Qil—Made to ABEC-1 dimensional tolerance standards with shielded bearing inserts to block out dirt.
Fastening & Joining A 1 USDA H1 oil is permanently sealed into the bearing. The housing has a corrosion-resistant coating. Temperature range is -30° to

E F D +250° F.
Filtering I-—B—-| = D |
Flow & Level Control
Furniture & Storage

(H,l For technical drawings and 3-D models, click on a part number.

— Bolt Slot—
Hand Tools Size F)
Hardware For Shaft Ctr. Dynamic Load Max. Oall Oall Base Ctr.-to-Ctr.
Heating & Cooling Dia. Ht. (A)  Cap., lbs. rpm Lg. (B) Ht (C) Wd. (D) (E) Lg. Wd. Each
Lubricatin With USDA H1 Solid Polymer-Polyethylene Grease
9 28" 1 8ng" 2,890 6,450 5" 29" 12" 3 zeraz” 716" zemz”  BOSTNI1 §53.74
Material Handling 1" 178" 3,150 5,600 542" 2 z25m2" 12" 418" 718" 131" B0STN1 91.98
. . 13ne" 11118 4,400 4,650 612" Joaaz" 1" 4 58" 916" 15118"  B0ATNS 96.26
Measuring & Inspecting T A7t 5750 4000 Gene” doraz” 17s"  am” one”  1sme”  E05TNI 93.62
Office Supplies & Signs 1me” 17" 5,750 4,000 Bene”  Fzuez” 1ws G a1e” 3wz’ S05TN7  103.54
Pipe, Tubing, Hose & Fittings 112" 1 1818" 6,550 3,850 T aa" Jamaz” 24" 5 am” ae”  1amz"  B06TN2 121.26
; L 134" 2 1" 7,350 3,300 71smz" 4ane” 2" 5 78" ae” 1 1m" 5057M6 121.60
Plumbing & Janitorial [RECE R 7,900 3,050 81s" 4" 238" E7nd’ 118" 1sie”  5057NA 15478
Power Transmission || 2" 212" 9,750 2,750 8 sis" 4222”2 28" 6 15118" 118" 1sme” B05TNEG 208.86
2 71" 2 2" 11,800 2450 912" 57e" 2 wa" T 1aaz” zaaz” 1smz"  B06TMNS 26326
Pressure & Temperature Control
With USDA H-1 Food Grade Oil
Puling & Lifting 2 Asne 2,860 1120 & 2u2" Awue” 3rane” 1a1e” zses”  3TIOT2 79.91
Raw Materials 1" 1 7ne" 3,180 935 5" 2 " 178" 4 184" soves”  2oes” 3730722 87.25
Safaty Supplies 118" 1118”4380 795 Sezes” 3 1mms”  1ames”  4es” sgies”  ames” 3730723 103.98
. . 1 ane" 1 11118" 4,380 795  bewes" 34mmes” 1zmes” 4ss” sgies”  ames”  3730T24  103.98
Sawing & Cutting 118" 1111e” 4,380 795 beaes" 3 imed” 1zmes” 4 os” saiee”  ames”  3730T25 103.98
Sealing 114" 17" 5,730 685 6 1siea” 3 z132"  1ames” 4 a133" suse”  ames”  3730T26 12387
Shipping 176" 17" 5,730 685 6 1mmes” 3 z1mz"  1amed” 4 a3qm” sues”  ases”  373I0T27  123.87
Suspendin 112" 1 15018" 6,900 610 6Gsmes" 3 zamz” 1s5med” 5 1imz” 1511e” ames” | 3730T28 | 138.73
P 9 CAD | Catalog Page | Bookmark [x]
Lubricated Cast Iron Mounted STL Ball Brng for Each

1-1/2" Shaft Diameter
ABEC Bearing Tolerance Information ADDTO ORDER

In stock
7,890 470 8" 4 12" 2 18" 6 amg” 1 118" ames” 3T30T29 17349

1181”2 14

9L



Honeywell Sensing Pressure Sensor: 480-2041-ND

Ke =
In stock
Lead free
RoHS Compllant

Search Again

Product Index > Sensors, Transducers = Pressum = 76053-00000350-01

[ All prices are In US dollars.
| DIgi-Key Part Number | 480-2041-ND Price Ereak|Unit Price|Extended Frice
1 31.75000) 31.75
Quantity Avallable g:ﬁmf’m ala:mw 10 | 2525300 25253 @1
25 23.66000) 501.50 I
| Manufacturer |Homwell Sensing and Control 50 29 53020 1131.06
Manufacturer Part Mumber | 76053-00000350-04 100 21.75780) 217578
250 | 2072178 5,160.44
Description | SWITCH PRESSURE N.0. 35PS1 =00 | 30.99208 299738
Lead Free Status/ RoHS Status| Lead free / RoHS Compliant 1,000 | 19.33000) 16,330.00
Clantity lEem Numbssr Customer Referenca
Image shown |3 a represantation
480-2041-ND Add to Order
only. Exact speciflcations should be
obtalned from the product data
sheet.

When requested quantity exceeds displayed pricing table quantities, a lesser unkt price may appear on your order.
You may submit a request for guotation on quantities which are greater than those displayed In the pricing table.

Datasheets | Pressure Swiiches Line Gulde
Product Photos [076053 00000350 01
|  catalog Drawings 5000 senes
Standard Package |25
Category | Sensors, Transducers
[ Family [Pressure
series 5000

Pressure Type |Switch
|  operating Pressure |25 - 50 PSI

LL



Mac Valve 4-Pin Connector: MDC-4MR-2-0.5M

a 7 & 5 4 a 2 1
PIN# COLOR REWISICNS
REW. DESCRIPTICSN DATE APPRONVED
A IMITIAL RELEASE FIZBI2004
1 BROWN
o 2 WHITE
3  BLUE
4  BLACK
L
M2
[
[25.4] |
1.0 e
TABLE A
P/N L
[‘gf'l ~fa[109] "MDC" is now "M12" ¥
v : 4 MDC-4MR-2 12"
MDC-4MR-2-0.5M 19"
MDC-4MR-2-1M 40"
MDC-4MR-2-2M 79"
MATERIALS: AN O-RING AND LOCKMNUT ARE INCLUDED ..
ON LENGTHS OF 15" AND LONGER. MDC-4MR-2-3M HB“
BODY: ANODIZED ALUMINUM MDC-4MR-2-5M 1 9?.
INSERT: POLYAMIDE MDC-4MR-2-10M 393"
CONTACTS:  GOLD PLATED COPPER ALLOY e B MENCOM CORFORATION
WIRE: UL1007 22AWG e e
&  O-RING: NER ey
LOCKNUT: | ZINC PLATED STEEL wrs aree.
APPROVALS: oo mncomenan | VOLTS | 3poy - e
s o ks AMPS A5 o SIEE |DWG. HD. =EV
us UL RECOGMIZED - =y T 105°C o B mMDC-2mR-2-72 A
CANADA C-UL RECOGHNIZED T e SRR AMHE [0 WA SCALE DRAWIEG SCALE: 21 |WEIGHT: SHEET1 OF I
a 7 & H 4 3 2 1

8L



Murr M12 Female Connector: PVC-0B

INTERNET-DATASHEET of Art.-No. 7000-12221-0140500

M12 female connector straight with cable PVC-OB 4x0,34 yellow 5m
Femnale straight
4-pole

Art-No. 7005 - M12 Lite - (plastic hexagonal screw) on request

Image

IMTMURR

mhAm ELEKTRONIK

stay connected

\
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