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Abstract

The proposed product is an innovative new
4ft Ladder blow molded as a single piece
with a hinge made of TPV using an
intermittent parison extrusion with two
extrusion heads. The product will be made
of glass filled PP with the hinge formed, as
stated above, from TPV. The ladder is
intended for use by homeowners and for
light construction work and will have a 200
Ib OSHA load rating.

There are no blow molded ladders currently
available on the market. This product
eliminates the labor-intensive assembly of
the currently produced aluminum, wood and
fiberglass ladders and thus will be less
costly to produce. It also has greater design
freedom in terms of styling because of the
manufacturing method used and thus can be
more aesthetically pleasing than what is
currently available on the market. Because it
is made of lightweight PP, the ladder will be
lightweight, which will make it more
ergonomic for consumers to use.

In summary, the ladder proposed will be
both easier to produce and offer higher
functionality than the current ladders made
without the benefit of blow molding
technology.

Introduction

There are few tools with the utility and
downright value to human civilization as
ladders. Ladders have been utilized by
humans to build cities, ships, explore the

unexplored, and much more for millennia.
The basic concept of the ladder has not
changed much in this time with the largest
changes just being in the material they are
created with. One of the largest and most
substantial innovations in ladder technology
came in 1862 at the hands of a
Pennsylvanian inventor John Basely. Basely
created the first collapsible step ladder that
could be stored away when not in use.

The main intent for step ladders is their
convenience and size in this case a 4ft step
ladder. The former large single sided ladders
are not of convenience or use in and around
the house because it is necessary to have a
wall to lean the ladder against. The step
ladder allows for effective use of ladders
just about anywhere.

Target Market

The target market for the 4ft blow molded
step ladder would be homeowners and “do it
yourselfers” needing a light duty ladder at a
reasonable price point. The ladder would be
intended for around the house use and
outdoor use on relatively flat surfaces like
driveways, patios, and even gardens. The
elastomer feet would prevent scratching
wood floors, nicking of tile and prevent
slipping on these surfaces also. The ladder is
designed small enough in size it could be
stored away easily in a closet. It could be
stored in a damp garage or shed or outside
under a tarp due to moisture not affecting
the material like with wood or aluminum
ladders.



Currently Produced Ladders

There are multiple standard materials for
various types of step ladders all providing
key attributes. The most common materials
for step ladders include wood, aluminum,
and fiberglass. Each type of step ladder
carries distinct advantages lending to its
practical use. Step ladders all take multiple
operations to assemble each ladder due to
the many parts to create the ladders.

Wooden step ladders have found their niche
in many homes due to their cost. Wooden
step ladders are the cheapest of all the step
ladders due to the simplicity of
manufacturing and cost of the material.
Wooden step ladders are made in all step
ladder sizes but are typically used in only
light-duty household ladders due to their
strength. One primary downfall of the
wooden step ladder is its durability it is very
common for the steps to sag overtime. Also
they are not good for use in moist
environments like the outdoors. The
moisture causes warpage and loss of
strength over time.

Aluminum step ladders are the most
common type of step ladder on the current
market. Aluminum is a more sturdy and
durable material than the wooden ladders
and can tolerate outdoor conditions. The
aluminum ladders are also the most
lightweight ladders which leads to more
convenience for home owners. The
aluminum step ladders are more expensive
than their equivalent wooden ladders
coming in at an average of about $60 for a
4ft step ladder. The downside to aluminum
is that it can bow over time and can bend
and buckle with impact.

Fiberglass cast ladders are the highest
quality of the step ladder variety. Fiberglass

is a rigid material that can bear a high load.
The fiberglass ladders are the most durable
of the ladders and also are only slightly
heavier than the aluminum. The fiberglass
ladders also pose a good weather resistance
and resilience to impact. These beneficial
qualities make them a very desirable high
end option which are an average of about
$68 for a 4 ft step ladder. The fiberglass is
currently the best option in step ladder and
standard ladder choices.

Proposed Method of Manufacture

The proposed method to manufacture this
step ladder design is extrusion blow molding
(EBM). EBM is a very commonly used
process to produce hollow three dimensional
multi walled parts. This is a significant
advantage over injection molding where
internally hollow parts are impractical. EBM
can be used with a wide variety of
thermoplastic materials including high
density polyethylene (HDPE),
polypropylene (PP), polyvinyl chloride
(PVC), elastomers, and even nylons.
Another particular advantage to the EBM
process is its ability to utilize different fillers
like glass fibers, talc, and others to help to
alter particular properties.

The EBM process can produce a wide
variety of parts with different specific
attributes. EBM parts can be made with
multiple materials as long as they are
compatible, giving great design freedom
when designing for specific applications.
The process to produce EBM parts is not
only open to a lot of design freedom but also
a large amount of freedom in the size of the
parts produced. EBM can produce parts as
small as a 1 oz. bottle and as large as a 1000
gallon tank.



There are a few particular steps to the EBM
process that make it unique. The first step in
the EBM process is loading plastic material
into the hopper where it is fed into a
plasticizing unit to mix and melt the
material. Once the material is melted it can
either be fed directly into a die or into an
accumulator head. An accumulator head is
like a container in front of the die that builds
up a shot of material that can then quickly
be forced through the die. The die, which
can be a contoured cone shape, shapes the
melt into a cylinder with a wall thickness
determined by the die gap or the opening
between the die and mandrel and the die
swell of the material. The cylinder is called
a parison and is open on the bottom end.
Once the parison has been extruded the
mold is closed. The bottom and potentially
top of the parison are pinched closed and a
blow pin or needles are inserted into the
parison. The blow pin or needles are used to
pressurize the parison forcing the material to
stretch out to the mold cavity walls. The
pressure is held until the wall of the material
has cooled below the melt state so it holds
its shape. The molds are cooled using
conventional water line circuits similar to
that of injection molding. The mold is then
opened and the part is ejected using air or by
hand and moved to a secondary operations
station if required.

Amongst EBM processes there can be wide
variation in tooling and technique. In
particular the largest differences are between
the type of die utilized, converging or
diverging, and if it uses an accumulator or
continuous extrusion head design.

There are two types of dies utilized in EBM
diverging or converging dies. Converging
dies are commonly used for smaller
parisons. They tend to result in higher die

swell than diverging dies but the heater
bands can be located closer to the melt
channel giving more control over the melt
temperature. The thickness of the parison
can be varied as it is extruded using parison
programming to give greater initial
thickness in regions that need to stretch
further. The mandrel is moved up and down
to vary the width of the die gap.

Beyond the die and more importantly is the
type of head or machine used. For many
smaller applications with relatively short
parisons and fast cycle times a continuous
extrusion machine or head is used. In the
continuous extrusion method the plasticizer
is constantly running pushing material
through the die. This creates a parison which
is continuously dropping at a constant rate
into the molding region. When the parison
has extended far enough to fill out a part a
mold is shuttled in and closes on the parison.
The mold then cuts the remaining parison
away and moves out of this region so the
parison can continue to be extruded. While
the mold transfers to its next position it
begins pressurizing the mold [1]. This
process is typically ran with multiple molds
moving in sync resulting in a high
production rate. The continuous process is a
precise process requiring proper die shaping
and parison programming to run smoothly.

The accumulator head machines have
distinct advantages over continuous
extrusion machines when making large
parts. During each cycle the screw rotates
and fills up a chamber (accumulator head) in
front of it with the amount of material
required to produce one part. When the
desired amount of material has been built up
and the preceding cycle completes the
material is forced through the die quickly
creating the parison for the next part. By



forcing out the material quickly and having
the mold close on it immediately it does not
have to hang under its own weight as long,
reducing parison sag. This carries distinct
advantages particularly for materials with
low melt strength or narrow processing
regions [1]. One disadvantage carried with
accumulator head machines is the material is
more susceptible to degradation as it sits in
the chamber waiting to be extruded.

Specifications

Ladders of any sort must meet certain
specifications to ensure their safety. There
are different institutions with governing
standards for ladder designs and
performance criteria such as the
Occupational Safety and Health
Administration (OSHA) or American
National Standards Institute (ANSI). The
ladder was designed to meet ANSI and
OSHA standards for a certified light duty
ladder.

Mechanical:

An ANSI light duty ladder is a ladder
designed for an individual weighing
approximately 200 Ib. To meet ANSI
standards the ladder must then be able to
support a static 800 Ib force applied
vertically to the ladder to qualify [2], [3].
All ANSI ladders must be able to support
four times the intended user weight. The
ladder must also be able to support the
weight in temperatures ranging from 20 — 90
°F which accounts for the approximate
temperature range a ladder is likely to
experience in the Ohio Valley and North
Eastern United States during use [4].

Design:

The step height of the blow molded ladder
must be 10 - 14 inches as specified by ANSI

[2], [5]. The distance between side rails
must be at least 11.5 inches at the top and 16
inches at the bottom [2]. ANSI also specifies
that step ladders must have a metal spreader
or locking device to hold the ladder open
[2]. It is recommended that the ladder be
designed with an in-use angle equivalent to
1 horizontal foot for every 4 vertical feet [6].
In order that the ladder may suit at least up
to the 95th percentile of humans, the tread
depth should be at least 10 inches [7], [8].
The steps must be made of slip resistant
material or have a slip resistant surface
finish to improve user safety [9].

The ladder must fit inside a bounding box 50
x 20 x 10 in. to ensure ease of storage and
shipping of the ladders.

Chemical and Weather Resistance:

The proposed ladder should last 2 - 5 years
outside. This is equivalent to the weathering
resistance of an uncoated Werner fiberglass
ladder [10]. It must have some resistance to
paints/ oils/ and solvents including acetone,
alcohols, benzene, epichlorohydrin, esters
and hydrocarbons, (common in building
products) and should also have good
resistance to soaps, bleach, peroxides and
other cleaning products found in the home
[11].

Design procedure

At the beginning of the design process, some
initial ideas were sketched up. At first, it
was attempted to design the ladder to avoid
pinch offs between the steps. However, in
order to fit the 95" percentile of foot
lengths, this would have required that the
tread depth be almost 10 inches. This meant
that the ladder would be far too thick to fit



inside the 10 in dimension of the specified
bounding box.

The next idea was drawn up with pinch offs
to form the holes between the steps. To
ensure that these would not fail in use they
were placed in low stress areas of the part.
This was planned to be checked later using
Finite Element Analysis (FEA).
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The ladder was then modelled in Creo
Parametric. Surface modelling was used to
draw half of one step, which was then
patterned down to create half of each of the
other three steps. The steps were made to
extend past the intended side of the ladder.
After this, the steps were cut to length using
a work plane. The side rail was surface
modelled in and merged with each step.
Then the model was mirrored to form the
other half of the ladder steps. The two
halves were merged and draft was applied to
ensure that the part would be able to be
ejected from the blow mold. Following this,
the surface model was converted to solid
geometry to make applying the rounds easier
because rounding surface models is difficult
in Creo. Rounds were applied to all corners
on the part to finish the initial model.

Material Selection

For material selection for the part, material
selection matrices were used for both the
hinge material and the more structural ladder
material. Enlarged images of the material
selection matrices can be seen in the
Appendix, Section 2.

Hinge
Properties
Witstand Temperature Compatible with
6000 flex |Chemical |Weather |effects minimal |Ladder rocessing
cycles resistance |resistance |20-90degF materials Temperature
not PVC or
Materials TPV POM 320-430F
good
compatibility
with olefins and
TPE-0 SOMme pve 300- 420 F
good with PVC
and other polar
TPU plastics 390-430F
MPR PVC, PC.ABS |[<350F
Ladder
Properties
High stiffness [compatible geod impact
(tensile with hinge 2010 90 I ] th Pro g
modulus) material degF resistance [resistance [temp
Materials |GF PP 350-460F
PVC Stiffness OR Stiffness
impact OR impact
PC
GF Nylon

The material chosen for the ladder was
Celstran PP-GF30-05CN05/10. It is
extrusion blow moldable and has very high
stiffness due to the high glass fiber loading.
Polypropylene has good chemical resistance
as required in the specifications and, with
UV additives, will last the required 2-4 years
outside. PP is also lower cost per pound than
the alternatives, even with 30% glass fibers.
This will help reduce the materials costs for
manufacturing the part. The TPV chosen for
the hinge and foot area of the part was
Santoprene 101-80. This is a blow molding
grade of Santoprene, which has reasonably
stiffness and is suitable for outdoor
applications. Most importantly, it is
compatible with the Celstran, in fact, it is PP
based. This will ensure a strong bond
between the hinge and foot regions and the
rest of the part.



The Parison

The parison will be
extruded with dual
extrusion heads, one
extruding a stiff, structural
polymer and the other an
elastomer or
thermoplastic vulcanizate
(TPV). The sections of the
parison shown in red at
left will be extruded from
the structural polymer
while the sections shown
in yellow will be extruded
from TPV.

This will enable the
molded in hinge and also
will provide molded in
rubber feet for the ladder
to improve grip when
working on slippery
surfaces.

The blow ratio was calculated from the
intended parison diameter and the distance
from the parison center to the deepest
draw of the part. This was in accordance
with the blow ratio calculation method
spelled out in the GE Engineered Blow
Molding Part Design Guide [12].

From the dimensions shown in the figure
above, the blow ratio was found to be 2.16.
This is below the maximum recommended
blow ratio of 3.0 and, as such, is acceptable.

Pinch offs and Tack offs

Tack Off

Pinch Off
The image at left shows
the proposed pinch offs
and tack offs on the part.
The vertical tack offs on
the ladder back will help
to add strength to the
panel. The horizontal tack
off in the center of the part
forms the molded in hinge.
This is the key to this one-
part, innovative ladder
design. The pinch offs
form the cutouts for the
steps. Although using
pinch offs leads to higher
scrap, they are necessary
to make the steps deep
enough for the 95"
percentile user without
having the ladder exceed
the specified boundary
box.

Blow Needles

Blow needles will be used for this part
because there is no natural opening in the
part that would lend itself to the use of a
blow pin. Four blow needles will be used
and will be inserted at the attachment
locations of the metal spreader braces for
the ladder. By doing this, the blow needle



holes can double as predrill holes for the
rivets holding the spreader braces onto the
ladder, saving time during assembly. The
locations are shown in the image below.

Wall Thickness

The first step in deciding on the wall
thickness needed for the part was hand
calculations to get a reasonable initial
estimate before using FEA to refine it. The
calculations were done using standard beam
and column buckling formulas and can be
seen in the Appendix, Section 3. The results
are shown below.

PP30GF Material Properties

E 870000 psi

Yield Stress 13800 psi

Per buckling 4791 psi
Wall Ti 0.05/in  [Safety Factors
Max Bending Stress in Step Tread 3067 psi 45
Leg Compressive Stress 1494 psi 92
Buckling Stress 1550 psi 31

The lowest safety factor is 3.1, which should
be sufficient. The solid model was saved as
an IGES file (which saves surfaces only) and
imported into ANSYS Workbench to
perform a static structural analysis. The
results of the analysis can be seen in the
Design Validation section.

Mold Design

Our mold is made using Aluminum as a
mold material which drastically cuts down
on machining cost, although it is a more
expensive material than steel. It has
sufficient strength to cope with the pressures
of blow molding. The mold will be
machined (not cast) as this can be done for
only about $50 000 including materials costs
according to calculations derived from
Kazmer’s book, “Injection Mold Design
Engineering”. The calculations, performed
using a template developed by J. Meckley of
Penn State Erie, can be seen in the
Appendix, Section 4. The actual mold
design is as follows.



Parting Line

The parting line is shown in red on the
image above. Its location balances the need
to reduce draw ratios as much as possible
with the demands of draft and part
moldability.

Venting Locations

Vents are located along the parting line as it
is a centralized location on the part allowing
for efficient air removal as the parison is
inflated. Other vents are located in the deep
draws of each step, which are the last places
to fill, so air can escape as they fill out.

Surface Finish

An SPI- D2 oxide blast #240 finish was
decided on for the mold as a mirror finish is
not required. The rougher surface allows for
surface venting of the part and will help to
hide imperfections that would be more
obvious on a shiny surface. The texture
depth is about 63 micro inches [13], which
should not necessitate a draft angle higher
than the 1 degree minimum currently used in
some places on the mold.



Die Design

Die swell was assumed to be 1.3. Anand and
Bhardwaj [14] found that the die swell of PP
through a 5mm channel with a 10:1 L/D was
around 1.8. However, we are using a glass
fiber filled PP. Garcia-Rejon et al [15],
found that adding glass fibers to HDPE
reduced the diameter swell by 30%.
Diameter swell was assumed to correlate
roughly to thickness swell as thickness swell
data was not given. Die swell of 1.3 was
chosen for this project as it is about 70% of
the 1.8 value obtained by Anand and
Bhardwaj in order to allow for the glass
fibers.

The die/mandrel design includes the
different shaping depth cuts used to achieve
a fairly consistent nominal parison wall of
about 0.20”. The nominal die gap used
assuming a die swell of 1.3 was .154” To
achieve consistent wall thickness six
separate die shaping cuts were required. The
calculated depth of the cuts for the corners
(denoted in the calculations as
ShapingDepthp) is 0.190” and for the two
outside edges the cuts are named
ShapingDepthe and are 0.154”. However, as
recommended in the Advanced Elastomer
Systems EBM design guide [16] these
calculated cut depths were reduced slightly
to allow for the preferential flow of the
polymer through the thicker regions of the
die.

Taking 70% of the calculated cut depths
gives an actual cut depth of .143” for
ShapingDepthp and .116” for
ShapingDepthe. The die shaping

calculations can be seen in the Appendix,
Section 5. Images of the die model can be
seen below.

Design validation

In the completion of this part design
project there were not proper resources to
completely fabricate and test a physical
ladder. In place of physical testing, FEA
simulation was run to determine if the
design was feasible. The simulation helped
to determine the ideal wall thickness which
would be needed for the ladder to stand up
to the requirements of the Type | ladder
qualification test.
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The simulation used a half model of the
previously described Creo model of the
ladder. A symmetry model was chosen
instead of a full model to cut down on
simulation time because the geometry of the
ladder and loading condition is symmetric
about the center plane. In the simulation an
evenly distributed load of 400 Ib was
applied to a steel plate across the entire top
step. This load simulates what would be an
800 Ib load on the full width ladder during
the OSHA Type | Ladder qualification
testing.

Other constraints are used on the feet of the
ladder to prevent the ladder from moving
away from the force. A constraint is also
applied to simulate the steel ladder brace
that will be present in the final assembly 16
inches below the top of the ladder and will
prevent the ladder from simply splaying out
and collapsing. The ladder brace was
modelled with constraints instead of
geometry for the simulation to save
simulation time and because it is not
expected to be a failure point due to the
much higher strength of steel compared to

polypropylene.

The figure below shows the actual deflection
of the ladder with a .050 inch wall thickness
under a simulated 800Ib load. The original
position of the ladder is shown with a black
line and the final position is shown by the
colored model. The colors indicate distance
from the original position. The max
deflection of 1.7 inches is larger than the
allowable deflection of 1 inch. In actual use,
frictional forces on the feet of the ladder (not
accounted for in the simulation) would help
to prevent the ladder from splaying so badly.
However, this functions as a safety factor to
ensure that the ladder can support itself on
slippery surfaces.

Type: Total Deformation
Unit: in
Time: 1
4/11/2017 11:10 Ad

1.7316 Max
15644

. 13971

. 1.2298

. ;
L0626

= 0.89532
. 0.72805
— 0.56079
L‘j 0,39352
0.22626 Min

An iterative process trying progressively
thicker walls was used to come up with a
wall thickness that would provide sufficient
resistance to deflection without using
unnecessary material. At the end, a 0.1 inch
wall thickness was decided on.

As can be seen in the image below, the feet
of the ladder spread less than half the
distance of the .05 inch wall thickness ladder



when the load is applied, a maximum
deflection of 0.76 inches. This is acceptable
as it is under the 1 inch limit.

Timel
41172017 11:37 AM

0.76419 Max
0.69034
0.61649
0.54265

0.4688

0.39445
03211
0.24725

0.1734
0.099552 Min

It was also important that the polypropylene
would not pass its yield point when the test
force was applied. A plot of the maximum
equivalent stress was obtained from the
simulation and compared to the tensile stress
at break from the Celstran datasheet (shown
in the Appendix, Section 2). Yield stress
was not available and it was assumed that
this was due to the very high modulus of the
Celstran (812 000 psi) causing yield and
breakage to occur at almost the same point,
meaning that the stress at break was
effectively the yield stress. Material samples
would have to be obtained and tested to
check this.

The simulation showed that the maximum
equivalent stress caused by the 800Ib load
was 11,233 psi. This is a little less than the
yield strength of 12 300 psi.

There is a certain amount of error in the
simulated value for equivalent stress

because the maximum occurs where a
constraint is applied to an edge. The edge is
the hole where the ladder brace is attached
to the ladder. ANSYS can over predict the
stress when forces or constraints are applied
to sharp edges because they result in
singularities where the stress concentration
factor tends to cause results to go towards
infinity. To get around this simulation
shortcoming, the areas with singularities
were omitted from the next plot.

4/11/2017 12:05 PM

11233 Max
9985.2
8737.3
7489.3
6241.4
4993.4
3745.5
2497.5
1249.5
1.5907 Min



1.5907 Min

The plot of equivalent stress without the
singularity regions indicates that the
maximum stress on the ladder away from
the hole region occurs in the region shown
in red above and is about 3300 psi, well
below the yield stress of 12300 psi.

The conclusion drawn from the simulation is
that a 0.1 inch wall thickness is required to
obtain the necessary strength for the ladder
to qualify as an OSHA Type | ladder.

To further validate the design of the ladder a
filling simulation was ran using the software
Polyflow. By running a polyflow simulation
some valuable results were obtained. The
overall simulation was ran as a general
troubleshooting or conformational
simulation. The material data was set to a
typical 30% glass filled polypropylene. In
the running of the simulation some key
results were gathered.

The pictures following display area stretch plots
which are essentially plots showing the blow
ratio to different parts of the ladder. In this case
it is advisable to keep the blow ratio to less than
3:1. The first picture is scaled to a blow ratio of
3:1 to help to highlight any problematic areas.

The simulation highlighted the deep draws of
the stairs to be over a 3:1 blow ratio which can
be an issue in the blow molding process as the
walls may thin too much.

ANSYS

R17.1
Academic

1.400e+000
1.200e+000
1.000e+000

ANSYS

R17.1
Academic

2.200e+000
1.800e+000
1.400e+000
1.000e+000

o

The picture above shows an area stretch plot
displaying the actual maximum blow ratio of
the part. In this case it is approximately a 5:1
blow ratio. This most likely is due to how the
pinch offs are configured causing the plastic to
have to stretch much further. This may not be
avoidable in the production but may be able to
be combatted with parison programming.

0 0.500 1.000 (m)
0.250 0.750
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Contour 1
3.109e-002
2.882e-002
2.655e-002
2.428e-002
2.201e-002
1.974e-002
1.747e-002
1.520e-002
1.293e-002
1.066e-002
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6.122e-003
3.852e-003

[m]

o

While considering the area stretch plot a more
critical aspect is the wall thickness. The
preceding picture displays the thickness plot
representing the inherent wall thickness
throughout the part. In this plot the areas in
dark blue are the thinnest regions and are at a
wall thickness of 0.15” which is slightly over the
target nominal wall. This is due to trying to
simulate pre blow in Polyflow and adjusting the
wall thickness to try and hit a nominal value of
0.10”. The wall thickness of the parison could
be further adjusted to create a more accurate
simulation. This plot does an excellent job of
displaying the gradient in wall thickness and
how the further away from the pinch off the
larger decrease in wall thickness. This plot also
does a good job to show how the thinnest areas
that will occur are in the deep corners of the
stairs.

The Polyflow was used as a trouble shooting
technique and displayed how further
modification of the mandrel and die could
work to great effect in creating a consistent
nominal wall. The front of the parison could
be extruded thicker than the back half to
help combat the large draw ratio the parison
experiences. The simulation also further
verifies the moldability of the product.

Conclusion

Through simulation and research this project
helped to show that an EBM ladder could be
a cost effective alternative to a standard
aluminum, wood, or fiberglass step ladder.
The FEA analysis proved the ladder would
be able to withstand the forces a Type |
ladder would need to be able to hold up to.
The analysis helped to determine the
optimum wall thickness needed to stand up
to the force which helped to reduce costs
and cut down on the weight of the overall
ladder.

Future Improvements

The design could be further improved by the
production and testing of a prototype part.
This would give a more realistic idea of the
part’s response to applied forces than the
simulation. The design could also be altered
to help reduce the blow ratio in the draws of
the stairs which would also help with the
nominal wall and ultimately the strength of
the ladder.
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Section 2

Hinge
Properties
Witstand Temperature Compatible with
G000 flex |Chemical |Weather |effects minimal [Ladder Processing
cycles resistance |resistance |20-90degF materials Temperature
not PYVC or
Materials TPV FPOM 320 -430 F
good
compatibility
with clefins and
TPE-o s0ome pyvc 300 - 420 F
good with PVC
and other polar
TPU plastics 390-430F
MPR PVC, PC ABS |<350F
Ladder
Properties
High stiffness [compatible good impact
(tensile with hinge 20 to 50 Chemical  |Weather Processing
modulus) material degF resistance |resistance
Materials |GF PP
PVC Stiffness OR Stiffness
impact OR impact

PC

GF Mylon




CAMPUS® Datasheet "9 Celanese

CELSTRAM +PP-GF30-05CN05/10 - PP-GF 30 The chemistry inside innovation
Celanese

Product Texts
Material code according to 150 1043-1: PP

Polypropylene reinforced with 30 weight percent long

glass fibers. Impact modified copolymer, low emission. The fibers are
chemically coupled to the polypropylens

matriz. The pellets are cylindrical and normally as well as the
embedded fibers 10 mm long.

Parts molded of CELSTRAM have outstanding mechanical properties such
as high strength and stiffness combined with high heat deflection.

The notched impact strength is increased at elevated and Low
temperatures due to the fiber skeleton built in the parts. The long
fiber reinforcement reduces creep significantly.

The very isotropic shrinkage in the molded parts minimizes the
warpage.

Complex parts can be manufactured with high reproducibility by
imjection molding.

Application field: Functionial/structural parts for automotive

Mechanical properties Value Unit Test Standard
Tensile modulus 5600 MPa 150 527-1/-2
Stress at break 85 MPa 150 527-1/-2
Strain at break 15 % 150 527-1/-2
Charpy impact strength, +23°C 55 kJ/m? 150 1794 1eU
Charpy impact strength, -30°C T0 kJ/m? 150 179412l
Charpy notched impact strength, +23°C 22 kJ/m? 150 179/12A
Charpy notched impact strength, -30°C 22 kJ/m? 150 179/ 1A

Thermal properties Value Unit Test Standard
Melting temperature, 10" C/min 165 C 150 11357-1/-3
Temp. of deflection under load, 1.80 MPa 156 "C 150 75-1/-2
Temp. of deflection under load, .00 MPa 130 "C 150 75-1/-2

Other properties Value Unit Test Standard

Density 1130 kgfm?* 1501183



Santoprene™ 101-80

Product Description

ExxonMobil

Ky Foatures

A, soft, black, versatile thermoplastic vulcanizate [TPY) inthe
thermoplastic elastomer (TPE) family. This material combines good
K ies and chemical resistance for use ina wide range of

physical properties
apphcations. This grade of Santoprene TPV is shear-dependent and can

e processed on conventional thermoplastics equipment for injection
malding, extrusion, blow malding, thermoforming or vaouum forming.
It is podyolefin based and recydable within the marufacturing stream.

= UL listed: file #QMMFZ2EBON7, Plastics - Component; file
#OMFZA.EBOOTT, Plastics Certified For Canada = Component; fike
SOMTT2ERSIN 3, Polymeric Materiak for Use in Wine, Cable and
Hexdble Lighting Products - Companent.

« idthough not MEF certified, this product has a Matenal Supplier Form
on file with MSF to fadiltate its evaluation for use in applications
requiring MSF oertification.

» Recommended for applications requiring escellent fles fatique

resistance.

» Ewodllent omne resistance.
Genoral
.ﬁ.uil.ﬁil‘."' = A & Middlke East = Europe = Maorth America
= ihgia Padfic = Latin America
Applications = futomotive = &ir induction System Ducts
« durtomotive = Boots and Beliows for Stesring and Suspension
= dutomotive = Plugs, Bumpers, Grommets, Oips
« hutomotive = Seals and Gaskets
« Consumer = Electronics
« Consumer = Floor Care
« Industrial = Seals and Gaskets
« Tubing
Lises a = Diaphragms « Spals
« hutomotive Applications = Electncal Parts « Tubing
= futomotive Under the Hood = Gaskets
» Consumer Applcations =« Outdoor Applications
Agency Ratings = L GMFZ2Z = L QMFZB = UL QMTT2
RoHS Compliance = RoHS Complant
Auromiotioe Specifications « CHRYSLER MS-AR-100 OGN - GW GRPEM.004
« FORD WSD=kA20 381 41 = GMGRMWI5E13 Type 7
LI Filie: Mumiber « EAON7T = EBAZ13
Calor « Blade
Fommis) + Pellets
Processing Methad = Blow holding = Injection Blow MMaolding » Sheet Extrusion
» Copatrusicn = Injection Malding » Thermafonming
= Extrusion = Multi Injection bolding = ‘Waouum Forming
= Extrusion Blow Molding = Profile Extruson
Revision Date « D&S2020N4
Phrymacal Typical Value (English] Typical Value {51 Test Based On
Specific Gravity 0940 0.9&0 ASTMA DT
Density 0940 gfom? 0960 gécm? 1501183
Outdoor Surability f f UL Fasl
Detergent Resstance fa [Z] UL 74
Dietergent Resistance: fd fa UL 2157
Hardness Typical Value (English) Typical Value (51 Test Based On
Shore Hardness IS0 B4R
Shore &, 15 sec, 73°F (23°C) 84 B4

EFecne Dme: DaiONI0 14

Faggec ol



Santmprena™ 100-AN

Ex¢conMobil

Elastomers Typical Vahse (English) Typical Value (S0} Test Based On
Tensile Stress at 100% - Across Flow &8Z poi 470 bPa ASTR D412
[73°F (237
Tensile Stress at 100% - Across Flow 682 psi 470 MPa 15037
[73°F (23"

Tensile Strength at Break - Across Flow 1610 psi 111 BaPa ASTR D412
[73°F (23~
Tensile Stress at Break - Across Flow 1610 psi 111 bdPa 15037
[73°F (23%C])
at Break - Across Flow 540 % 540 % ASTM D412
[73°F (23°C)
Tensile Strain at Brealk = Across Flow 540 % 540 % 15037
[737F (237
Teear Strength = Across Flow 200 IEffin 350 kNm ASTM Da24
[73°F (3%, Dhe )
Tear Strength = Across Flow 150 34-1
73%F (23%C), Methed Bl, Angle (Micked) 200 Ikffin 35 k'm
Compression Set ASTM D958
158 (PO0PC), 22 b, Type 1 41 % 41 %
257F(125°C), 70 hr, Type 1 47 % 47 %
Compression Set L4
188 [FOPC), 22 b, Typa & 41 % 41 %
257F (125°C), 70 hr, Type A 47 % 47 %

Thermal Typical Vahse (English) Typical Value (S0} Test Based On
Brittkeness Temperature =Th °F &0 *C ASTH D746
Brittleness Temperature =Th °F &0 °C 150812
Rl Bl 194 °F o0 °C LIL 74
RT &r UL 748

Q0 im {10 mem) 194 °F 0 *C
00 in (1.5 mim) 194 °F 00 °C
@12 ir (3.0 mem) 03 °F 950 °C

Electrical Typical Vahse (English) Typical Value {S1) Test Based On

Driediectric Strength ASTM D12%
73 (23%0), DOTET in (2,00 mm) 750 Wmil 3 KV mm

Diiediectric Constant ASTR D150
F3°%F (23%C), 00780 in (1.98 mm) 240 2&0

Diiediectric Constant |EC &0250
73% (23%0), 0.0780 in {1.78 mm} 240 260

Comparatiee Tracking Indes (CTIT) PLCO PLCO UL 748

High fump Anc gniticn (A1) PLCO FLCOD LIL 74

High Vokage Arc Resistance to ignition PLC& PLC 4 UL T4

[HVAR]

High Vokage Arc Traddng Rate (HWTR] PLCA BLCA UL 748

Hot=wire Ignition (HWI) UL 748
@04 im (1.0 mem) PLC 4 PLC4
004 i (1.5 mem) PLCE mMCa
@12 in (3.0 mem) PLCZ2 PC2

et e BRGIVIE [S—— Pa———



Section 3

[wail Thickness 0.05in PF30GF Materal Properties.
E HTDO00 psi

Max Sanding Siress in Sep Tread  [Smamjs)| 3087 psi “Yiekd Siress 13800 pei

Leg Comgressive STess 1454 psi

Buckling Stress. 1550 psi Prr bucking 4781 psi

Compression in Leg

Load on Tan [F ] 0w assieg

Leg Widh 15 in

Leg Depth [ e | 4 in

Leg rea 0.345 in"Z (ASSUMES C-CHannE SECHon Nest 10 siep)

Leg Compressive Sress 1454 pasi

Bending Stress in Step Tread
[Assumes fread s fully supporied in e midde)

Load on Step [ ] sow

Max step width 12 in

pat [ ] ¢m

| ol step tread bebtween center and lag
[Assumes wead and side flanges are shaped as shown below)

Side fange average height II' ain PN, ) —
'y ¥ ny I
Stair tread 03 2478 0.B528
Flange 1 01475 15 0228
Flange 2 0.1475 15 022128
0.585 1335
‘Vertical distance o centroid ois) 234 in
| of step tread Is) | 0.5487 in4
Max be=nding mament in siep read L] TED In"bs

Max Bendng Siress i Siep Tread  [Smams)| 3067 psi

Buckling of Angled Stair Tread Support

Max vertical length of angled support B in
End fuxity tactor 1 | k=1 assumes pimed ends)

LoD
Qa.1125
Q1125

A b
(Ao g
07437

Safety Faclors.

4.5
a2
3.1

A2
OLIED4
D086
D086

I+ 2
0.1505
0.1941

0.1841




| of angled stair tread support

[Assumes support and side fanges ane shaped as shown below)

Oz a
1 005
[E=2Ap4 235
v Ay i d Aotz I+ Az
Bearing Wal 05 2335 QXIATE 00000 O.BA4Y QOGAZ  DL0B4Z
Flange 1 oLl 1928 12376 D.04TE 0.4455 o219 D053
Flange 2 01 1125 Q12376 DU4TS 04485 Q026 D.0sE3
0.37 058125 02029
Vertical distanoe o ceniroid ols) 1.57 in
I of ssep tread ifg) | 0.202% in"4
Max: bending mament in step wead | MA{s} in"bs
Max Bending Stress in Siep Tread psi
r 0.74047¢ e I5.27B45641
L 4.17TRTTE
K 1
= 12.3688¢ CE-5R
Per 4TB0.TE
Fhuckling ETAETE
Phucking 1850455
Section 4
26,000 L—?‘
| o e
SCALE  0.035
112,000 R
y o o
SCALE  0.030 g 000 =— 10,000
§ e oL ACTIVITY Blow| Hold|
SR oF
Fenn State Behrend ”:::: s M- B Kewin Orndor [/Nigel Robertshax B |SHEET | OF |
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Note: The template shown below was developed by J. Meckley of Penn State Erie using equations from
D. Kazmer.

Machining Factors (Kazmer)
I Machining Efficiency=0-25
£ tivitling Efficiency=0-06
S itting =1
fErmding =4
Frurming =115

 ivitting =05

Mold & Insert Material - QC 7 - Kazmer - Injection Mold Design Engineering

| k

Plnsery=2800 7
_

K sy i= 208
kg

k]
Rtateria Vbame=0.0091 7

hr
2
Biptaterial area="0.225 ':;
o
R tachiring foge=23-94 hr

Surface Finish:=“SP1D-27 Enter in desired surface finish (Kazmer Book)



z
Ripsnins :==il' Surface_Finish="Texture” —0.0100 "‘F
| 2
I jo.oopz ™
] I hr
alse if Surface Fingsh=“3PI A—1"
| ;)
[l 0.000s ™
| i hr
I alse if Surface Finash=“3P1 A—3"
| 1
fo.om ™

I else if Surface Minish="8P1 B—3"
| 2
fo.oozs ™
I hr
|| else if Surface Finish=“8P1 C—3"
i 2
lo.oos ™
hr

else if Surface_Finish=“8P1 D27
2

(W
I jom ™
hr

|
alse
| 3
I ooz ™
i

Recacl e = 1003 —

hr

Machined Item Volumes, Areas, and Lengths
Must come from CREQ model

Wall Thicknesspgy:=1 in Cnly used for inserts
Voluwmep, := 2575 in’

Surface_Areap,,=3100 in’®

Volumeping Mitling:= 20105 in' Final shape
V ORI i = 1680 im” Initial shaps

Surface_Areayg,,=3100 in" + 1676 in’ =3.087 m"  Includes Parting Line
Surface_ATenpjing'=3109 in® Arza to be polished

Volumegpyging = 0001 in’ Set to 0,0001 if there is no EDMing done to
the item to be machined

Surface_Areagpygy,,=.0001 in’

Lengthy, i, = 1320 in For ejector pins, cooling lines, ...

Thamelerpom g 0.5 m



Machining Costs

Volwme - — Volume ;.
e L Workpicee — ¥ 0 Final Milling _ 4 & po
Ryjorerial Vobume
S = A «Wall Thickne
ARNANS rface_Areap,n > S5Part _ | g
B Volumep,

I prrt. Complining™=FPort Complering = 1-207 ** 2at to 1 if machining anythiong
LLL other than a mold insert

Enilling*= & i s = frar cCompierity = Fagiting = 88,66 hr
;PP e
Surface_Areagpygn,

Rﬂiﬂaﬂm

L pren EDMing = - f nting= (114710 %) hr

Volume g
yolume EDMing™= "0« fEDMing=0.000 hr
erind Vil

Ly cdame,_ b7y T Lilres_EodNeliag
Cititting = — = I iart_Compleig * TMing = 0-00 R

T iackiing ¥ficieny

" .. 2
|'.1 .Im&grm -Lenglﬁwug]

l\ HMﬂ.h'riui Vidlvaren
L rilling = — - =0.3 hr
S Dilting Efficioncy
Su e
o1 L rface_ mmM:E[H]_E Al

Bpinising

Cpsactetreng = {Enseueng + Leenseing + Lorming) - Bvacsming rate + Lpmasong - Rpmesong o= 506777 ©

Total Mold Cost

Clartepioce = VORIMNe Y ke Plsert” Kinsery =43317.22 &

Crrosa™= (Cwortpicre + Ctachining) " NOC » f sy =4B375.00 0



Section 5

Note: For these calculations diagrams and equations were used from the Chevron Phillips Die Shaping
Guide [17].

Parison Shaping Calculations
Project Team 4

Kavin Omderf

Nigel Robertshaw

Parisan
A=121in
B:=6mn
ThameleT pyrigm =6 in
NominalThicknessprion == 0.2 in

o L Py
2

A

E="=6in
2

D= V(G +E) =6.708 in

Diametet o,
Thicknessy:= é - --leimeMr_&msam=ﬂ.2 n
Diameter prism

Thicknessp:=— f} I Numimﬂ".?‘uickﬂesapm-,m =0.089 #n




IheSwell:=1.3

Binlti=— (Reimm | E i

Parison and Die Shaping Calculations
Project Team 4

Kevin Orndorf

Negel Robertshaw

FIGURE 4

Diverging Land Mandrel 6=120 deg

d,,=ShapingDepth,,=0.19 in

W= IRAMELET e » 5= TR

DieLand = (DieGap + ShapingDepthy,) - 10=3.44 in
ShapingLand;,—= .7 . DieLand

a:=ShapingLand;=2.408 in

o ‘3'“"“"2”"*“ — DieGap=2.846 in



A=180 deg—6=1.047
sin () = 0,566

sl = dyye “i”.E'E“‘J. —0.068
B = asin (sinB;) = 0.068
C=m—(A+B)=202

&=C—%=EE.D’?‘D deg

h=ro— 05V (((4)-r.%) —w®) =0.427 in

b= hi—dpy=101.237 in

= {“1 +4"h-r-:]
He b

=4 B62 in

diameter, =r,. 2=9.723 in

Z=r,+dy—T,=22H6 in

ShapingLandg = .7 . Die Land
a=Shapinglandy,=2.408 in

Ihameter .
ril= 2 P _ Die(rap="2 846 in

+
A=180 deg—8&=1.047

sin (A) =566

sinBy=d,,- T8 (4) _p pes
a

Be=asin (sinB) =0.068

C=m—(A+B)=2026

=0 "27 =26.079 deg

h=r—05. V{{()-r") —w’) =0.427 in
h,=h—d,=0.237 in
_ [w* +4-n7)

= =4 862 in
-h,

dizmeter, ==r,-2=0.721 in

z=r+idy—r,=2206 in



