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ABSTRACT

To be able to produce injection molded parts with uniform quality in a changing process
environment process parameters have to be adjusted. Those process parameters are either
fixed for a specific reason or can be adjusted in a certain range. The aim of this thesis
was to investigate the influence of a changing switch-over point and the injection speed
on the successful use of a movable mold insert system and the weld line quality of valve
plates. The other factors in this injection molding process that could be considered to have
an impact on the functionality and the produced weld line quality of this system were fixed.

To test the impact of those factors on the weld line quality a new test station was designed
and manufactured. The test station is used to measure the weld line strength under bend-
ing load. It is capable of testing several types of valve plates in a quick and easy way.
Two aspects were investigated during the testing. First, is the production process stable
and second, can the injection speed be lowered and does the switch-over point influence
the results. The process stability was examined by taking a look on shifts in weld line
strength and changes in standard deviation over time. Even with a significantly changing
mold temperature no significant trends or shifts could be found.

The weld line strength was tested by tracking force over displacement of the weld line
area until failing. The results showed that once all movable mold inserts are triggered
reliably there is almost no change in weld line strength detectable. However, some settings
were tested in which the movable mold inserts did not work in the intended way. These
settings showed an unsatisfactory weld line strength although all movable mold inserts
were triggered. These settings produced parts but did not reliably trigger all mold inserts
or showed crinkles at the surface markings of the movable mold inserts. These settings can
be used as the low end settings for future testing but cannot be used for a production run.
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KURZFASSUNG

Um eine gleichbleibende Produktqualitit in einem SpritzgieBprozess mit sich dndernden
Voraussetzungen gewahrleisten zu koénnen, miissen Prozessparameter angepasst werden.
Diese Prozessparameter kénnen aufgrund von spezifischen Randbedingungen unversander-
bar sein oder in bestimmten Grenzen angepasst werden. Dag Ziel dieser Arbeit war es, den
Einfluss des Umschaltpunktes und der Einspritzgeschwindigkeit auf die erfolgreiche Ver-
wendung eines beweglichen Spritzgiefformeinsatzes und die Bindenahtfestigkeit an Ven-
tilplatten zu untersuchen. Weitere Faktoren, welche die Funktionalitét dieses Systems und
damit die Bindenahtfestigkeit beeinflussen kénnten, wurden jedoch nicht variiert.

Um den Einfluss dieser Faktoren auf die Bindenahtfestigkeit tiberpriifen zu kénnen, wurde
ein neuer Priifstand konstruiert und gebaut. Mit diesem Testgerét wird die Bindenaht-
festigkeit durch eine Biegebeanspruchung der Bindenaht getestet. Mit diesem Priifstand
kénnen mehrere verschieden Typen von Ventilplatten schnell und einfach getestet werden.
Waéhrend der Tests wurde einerseits darauf eingegangen, ob der zu iiberpriifende Prozess
gtabil ist und andererseits ob die Einspritzgeschwindigkeit verringert werden kann sowie
weiters ob der Umschaltpunkt die Ergebnisse beeinflusst. Die Prozessstabilitéit wurde mit
Hilfe einer Untersuchung auf Verschicbungen und Trends in den Bindenahtfestigkeiten
und der Standardabweichung iiber die Zeit untersucht. Trotz einer signifikanten Temper-
aturéinderung der Spritzgussform konnten keine signifikanten Verschiebungen oder Trends
festgestellt werden.

Um die Bindenahtfestigkeit zu iiberpriifen, wurde die aufgewendete Kraft und die korre-
spondierende Auslenkung bis zum Bruch aufgenommen und ausgewertet. Die Ergebnisse
zeigten, dass sobald alle beweglichen Spritzgussformeinsitze verldsslich aus der Kavitit
geschoben wurden, keine Anderung in der Bindenahtfestigkeit mehr festzustellen ist. Es
gab jedoch Einstellungen, bei denen zwar letztlich alle beweglichen Einsatze ausgelost
wurden, dies jedoch nicht kontinuierlich und zuverlidssig. Dies fiihrte in Folge zu nicht
zufriedenstellenden Bindenahtfestigkeiten. Bei der Untersuchung dieser Bauteile konnte
eine aufgeworfene, faltige Oberfliche an den Stellen der beweglichen Einsitze festgestellt
werden. Diese Einstellungen kénnen daher nicht zur Produktion von Gutteilen verwendet
werden, jedoch konnen sie als untere Grenze fiir zukiinftige Tests dienen.
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1. Introduction

As new, more efficient reciprocating compressors are developed and designed the need for
better performing valves and therefore its main part, the sealing element, arises. The
sealing element is the key factor for a valve’s performance, efficiency and lifetime. Before
research for a new type of sealing element had begun, the sealing element also known as
valve plate was produced out of injection molded (IM) full disks using short fiber reinforced
(SFR) high-performance thermoplastics. By now, the new sealing element design results in
more complex semi-finished designs of injection molded parts. Because of this development
less rework than with full disks is needed but the requirements on part design, material
and geometrical precision raise new challenges especially in terms of design flaws and the
IM process. Janko [31] developed new applicable designs for semi-finished sealing elements
with a special focus on thermal expansion, warpage and improvement of weld lines. The
new semi-finished sealing elements feature molded-in gates for the compressed medium to
pass through. Therefore multiple weld lines can not be avoided. However, the weld lines
as a weak spot reduce the integrity and therefore the lifetime of the molded component.
For this reason, a new concept was developed to strengthen weld lines [31]. One developed
key mold feature was a passive weld line modification system. The functionality of this
system is presented more detailed in Chapter 2.6.2.

During previous studies [31] a process window for the production of each sealing element
was defined with a focus on minimum warpage and reliability of the weld line modifica-
tion system. As the weld lines are still the weakest part of the valve plate design it is
suggested to set the weld line strength as a key parameter for good parts in the molding
process. For this reason a lot of testing was performed under laboratory conditions on a
Zwick Roell Z010 tensile test machine with a multi-purpose weld line fixture which allows
to test similarly to a three-point bending test. The results of these tests were conclusive
and reproducible but slow and time consuming,.

The objective of this thesis was to develop, design and build a new test station for quick
and easy testing of the produced valve plates directly at the shop floor. It should be as
easy and reliable as possible so machine operators could use it with minimum enrollment
to produce reliable data. In advance the test rig will be used to find the process window
for parts of sufficient quality with the focus on weld line strength in addition to minimum
warpage and reliability of the weld line modification system. To achieve that, the process
window from earlier tests will be used.



2. State of the Art and
Theoretical Background

Thiz chapter outlines the function of valve plates as sealing elements in compression tech-
nology. On this basis a brief look on the injection molding process is taken and the used
materials, the factors for the quality of weld lines and the basics for the design of a test
rig for valve plates are discussed.

2.1. Valve Plates used in Reciprocation Compressors

This subsection contains a short introduction into how reciprocating compressors work,
how valves are used in those compressors, the task valve plates perform in those valves as
much as their geometry and how they work.

Industrial reciprocating compressors are widely used in the oil and gas industry, chemical
industry, cooling, refrigeration plants and many more. Figure 1 shows a compressor without
the motor, drives or piping. The working principle is much like a reversed rail road steam
engine. The motor powers the piston which compresses gas in & double-action movement
meaning both moving directions compress the medium.

During the back movement of the piston the volume in one of the two compression chambers
expands. The gas e.g. air is therefore sucked into the chamber through opened feed valves.
The discharge valves are closed meanwhile. As the piston reverses its movement the feed
valves seal the chamber and compression begins. During compression the discharge valves
are opened for the compressed gas to leave the compression chamber.

Drive shaft

Compression chamber

Figure 1: Cut section of a reciprocating compressor. [30]



Key components of this compression process are the valves that charge and discharge gas
into and out of the compression chambers of the compressor. A basic design valve consists
of four main components (Figure 2):

e Sealing element: The sealing element prevents the gas from escaping the compression
chamber in an uncontrolled way. It is pushed against the valve seat by valve springs.
The valve springs are arranged symmetrically across the whole valve plate geometry.

o Valve guard with valve springs: The valve guard houses the valve springs. The valve
guard of charging valves is the element that is mounted directly to the compression
chamber. The valve guard for discharge valves is the last part of the valve for the
compressed gas to pass.

o Valve seat: The valve springs push the valve plate against the valve seat. The valve
plate and the valve seat touch and therefore seal on their precisely manufactured
edges.

o Unloader with unloader pins and unloader spring: If the valve is used to control the
feed volume of the compressor the sealing element has to be pushed back towards the
valve guard in order to unseal and open a passage for the compressed gas. This action
is performed by the unloader. The unloader with its unloader pins is controlled by
the control system to control the output volume of compressors. The unloader spring
holds the unloader away from the sealing element when the system is deactivated.

Unloader spring
Unloader
Unloader pins

Valve seat

Sealing element

Valve spring

Valve guard

Figure 2: Cut section of a valve for a reciprocating compressor. [30]



The key component of every valve is the sealing element that seals off two areas with a
different level of at least one certain characteristic. For example a bottle cap of a soda
bottle seals off the inside volume of the bottle against the outside atmosphere in terms of
pressure and fluid leakage. Therefore the cap is a sealing element.

The same principle can be used on valve plates as sealing elements in compressors (Figure
3 shows a semi-finished sealing element manufactured by Hoerbiger). The valve plate seals
off the compression chamber against the feed and discharge lines. A semi-finished valve
plate as shown in Figures 3 and 4 consists of multiple concentric rings that are connected
by so called main and secondary webs. From now on, the outmost ring is referred to as
ring 1 proceeding to the innermost ring named ring 8 On the edges of every ring a sealing
edge is machined in order to fit precisely onto the valve seat to seal properly. In the center
of the valve plate a guiding can be seen to prevent the plate from tilting. Between every
two rings a passage can be found. During the feed or unload action of the compression
chamber the medium flows through those passages. The critical spot is the area that is
opened and closed by the sealing edges of the valve plate. The bigger those passages are
the less pressure loss is achieved. To get more space between the valve plate sealing edges
and the valve seat bigger diameters and more rings can be designed.

The geometry of the sealing edges is also crucial to the efficiency of the valve. A more
detailed explanation about the sealing edge geometry can be found in [31].

Figure 3: A semi-finished sealing element (261XP) 261 mm in diameter which was used for
testing.



semi-finished 261XP

stands for Movable Mold Insert System. A detailed explanat
hapter 2.6.2.

Figure 4: Down view and cut section of a



2.2. The Injection Molding Process

This subsection gives a very brief summary of the injection molding (IM) process that is
used to produce the semi-finished sealing elements.

An injection molding cycle starts with the closing of the mold. The movement speed of
the closing operation can be set on several speeds depending on the position of the moving
plate of the injection molding machine. Shortly before the plates close the speed is reduced
to a minimum to prevent mold and machine damsage. After closing the set clamp force
is applied. The clamp force ranges from a few 100kN up to several 1000kN. During the
closing action the injection unit can be moved and pushed towards the mold in order to
prevent molten material from escaping the gap between the nozzle of the injection unit
and the mold. The applied forces typically range from 5kN to 20kN. As the next step,
molten plastic is injected into the mold with a pressure of about 200 bar to 2000 bar. [16]

When the cavity is almost completely full (approx. 95% to 98 %) the transition from
injection pressure to packing or holding pressure is performed. The transition can be
performed in three different ways:

e Volume sensitive: The transition depends on the position of the screw and therefore
on the volume of the injected material. Because of the easy and save implementation
this is the most common method.

e Pressure sensitive: When using this transition method the transition is performed
when a certain injection pressure is reached during the injection process. This method
shows very good results when pressure sensors are located in the mold and are used
to trigger the switch-over. Using a pressure sensor located in the areas last to be filled
show very good results and can help controlling the process. Of course implementing
pressure sensors into the mold is expensive or sometimes impossible.

e Time sensitive: The transition ig performed until a certain time has elapsed without
considering injected volume or applied pressure. It is the easiest way of implementing
a switch-over. However, it is not based on process parameters like pressure or volume
and therefore is not affected by process changes like changes in material viscosity or
temperature changes. This potentially results in under/overfed parts, sink marks etc.

It is very common to use volume dependent transition as the primary transition argument.
However, if this argument fails, pressure and time dependent transition can be used as a
gsecond or third layer argument to prevent mold and machine damaging and ending the
cycle to go into error mode.

During holding phase, pressure is applied to the plastic inside the cavity. Its main purpose
is to prevent shrinkage as the plastic cools down and solidifies beginning at the cavity
walls towards the thickest areas of the molded part. As long as the sprue has a molten core
more material can be forced into the cavity to balance the volume loss of the solidification.
The elapsed time starting from injection until the solidification of the sprue’s core is called
sealing time. After the sprue is completely solid no pressure and material can be transferred
to the cavity. The molded part stays in the cavity for cooling until it reaches a certain
level of rigidness and stiffness to be ejected after opening the mold.



2.3. Process Window

For every process certain parameters have to be adjusted to ensure proper function or
production of goods. This set of parameters and their ranges are summarized as a so
called process window. This chapter points out what a process window is and why it is
important for a good process.

Do define a "good" process at least one key parameter must be selected (e.g. mass, length
etc.). A set value is now assigned to the key parameter (e.g. mass or length). The laws
of nature state that this set values can only be reached with a certain deviation due to
random scattering. Therefore tolerances are defined. A tolerance defines how much a
manufactured key parameter is allowed to deviate from its specified value. In a perfectly
stable and controlled process the deviations of the manufactured products will result in a
Gaussean bell curve with its maximum at the set value. In reality during manufacturing
even if the process was perfectly controlled in the beginning, at some point it will shift
because of material changes, wear, temperature changes etc. For this reason the process has
to be adjusted to meet the tolerance specifications again. To adjust a process, specifically
an injection molding process, a variety of machine parameters can be adjusted. However,
a lot of those parameters influence each other and the overall quality of the manufactured
parts. For example a down shift in material viscosity can be countered with a lower melt
temperature but a too low melt temperature can rise problems with surface quality, weld
line quality or warpage. So, for every adjustable parameter there is a certain value range
in which it can be adjusted without harming another key parameter. A set of those defined
parameters with their value ranges in which they can be changed to produce a good part
is called a process window.

It is easy to understand that a large process window is desired to be able to counter a wide
variety of process changes.

2.4. Weld Lines and Weld Line Characteristics

During the filling stage of the IM process molten material is injected into the cavity in a
fountain like pattern (see Chapter 2.5.2). However when the melt front hits an obstacle like
a core or a section with a low wall thickness the melt stream is divided into two separate
flows (Figure 5). Other possible reasons for two or more melt flows are multiple gating or
co-injection [3,10,35,38,40,46,64]. At some point those two flows have to merge again like
after the core or when the cavity is filling, pressure rises and therefore areas with lower wall
thickness are also filled. The merging happens along a plane over the whole wall thickness
in this area. On the molded part surface this merging area can be seen as a line. Those
lines are called weld lines or sometimes knit lines.

The main problem with these areas is the inhomogeneity in terms of morphology. This
leads to a significant loss of mechanical strength. In unfilled polymers this is mainly caused
by the orientation of the molecular chains [29,44|, in fiber reinforced polymers the main
effect comes from the orientation of the fibers [§].

Weld lines can be divided into two major classes: "hot" and "cold" weld lines. Their
classification depends on how they are formed [10,19, 34,40, 46, 55].

The difference between a hot and a cold weld line can be found in the meeting angle of the
two involved melt fronts. If two melt fronts meet in an about 0° angle it is called a cold
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Figure 5: Appearance of a weld line.

weld line. If the angle is more than that it is called a hot weld line. When two melt fronts
meet under a 0° angle the flow stops immediately and no interaction can take place (Figure
6, Example a). If the melt fronts meet under a small angle they are "pushed" along the
main flow direction as more material is fed into this region. This causes better mixing of
the two melt streams and results in a weld line with better mechanical properties than a
cold weld line [19,21,43,46,55]. The transition from cold to hot weld line is not clear cut
and can change within one weld line. For example directly behind an obstacle the melt
fronts always meet as a cold weld line. Depending on the flow conditions one melt flow
can feed more material, then the weld line is dragged towards the side of the smaller melt
flow which results in a hot weld line (Figure 6, Example b). Figure 6 shows the dragging
of the weld line with a color transition from red (bad- cold weld line) to green (good- hot
weld line) the quality transition depending on the meeting angle.



Inlet
Obstacle

a) Cold weld line b) Hot weld line

Figure 6: Comparison of the two main types of weld lines (cold in red, hot in green). At
b) the hot weld line forms from a cold weld line during filling.

During the formation of a weld line the last volume filled is at the surface of the cavity.
Because of the convex melt fronts in this area and the polymer sticking to the cavity a
notch is formed and freezes rapidly due to the cold cavity surface. This notch is called a
V-notch.

Many studies were made on the formation and the impact of a V-notch [18,39,44,48,60].
Figure 7 shows the formation of a V-notch as the weld line forms. The reasons for a V-
notch to occur is the fountain flow of the plastic melt (for more information about the
fountain flow see Chapter 2.5.2) which brings the melt to the V-notch position. When the
cavity is almost completely filled the melt surface temperature is significantly lower than
when the two melt streams first met. Due to trapped air caused by bad venting or the lack
of pressure due to high polymer viscosity caused by low material temperature the mold is
not completely filled as it can be seen in Figure 7 and a V-notch is formed. Because of the
late meeting of the two melt flows in the surface layers of the two melt streams the inter-
diffusion (Chapter 2.5.3) does not have enough time to take place. Therefore the bonding
between the melt streams is bad, especially in the surface regions. The bad bonding and
the late meeting not only result in bad mechanical properties but also in a visible line
around the part’s surface at the weld line.

A V-notch can be seen as the scribing of specimen in mechanical testing. Especially in
bending failure tests the notch leads to a stress concentration at the bottom of the marking
and to a defined place of failure [41, 54].

The influence of the depth of the V-notch on the weld line strength of unreinforced poly-
styrene (PS) was investigated by Tomari and Harada [59]. To improve the V-notch problem
literature generally suggests a lowering of viscosity by increasing temperatures and raising
the holding pressure [59,60].



V-notch

Weld line

R

Figure T: The forming of & V-notch at a weld line. Based on [26]

Hagerman investigated the influence of the V-notch on different types of acrylonitrile-
butadiene-styrene {ABS}. He showed the influence by carefully polishing the V-notch out
of cold weld lines. The polished specimens showed a consistent yield stress of about 85 %
of that of a non-weld sample, whereas the unpolished samples showed a wide scatter In
yield stress and elongation at break. Hagerman [27] and Malguernera [40] point out that
to achieve a proper weld line quality, venting of the weld line ares is an important factor.

2.5. Morphology of Weld Lines

Firat the motphological background of semi-crystalline thermoplagtic materiala will be
discussed followed by a description of how their properties develop.

2.5.1. Crystallization of Sami-Crystalline Tharmoplastics

There are two bagic types of thermoplastic polymers, namely amorphous and pemi-crys-
talline. The reason for their differemce can be found in their morphology when sclid. In
general, plagtics consist of polymer chaing, In Buid state those chaing are randomly dis-
tributed and are not in a constant relation to each other. In amorphous polymer, if the
glass transition temperature Ty is reached during cooling, the polymer solidifies. Amor-
phous thermoplasts solidify in a random disorder. Semi-crystalline thermoplesta on the
other hand show a different behavior during cooling. Semi-crystalline polymers show a
gecond characteristic temperature, the melting temperature Ty. When cooled to Ty, the
polymer chaing arrange themselves lamellar {0 ordered crystalline regions. This arranging
process needs unapecified starting particles, so called nuclei. These can be different poly-
mer molecules, fillers or contaminations like dust. [15,47]
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Although up to 80 % [13] crystalline areas can form in the matrix, the polymer will never
fully crystallize. The isolated crystalline areas are connected via inter-crystalline molecules
so called tie molecules. Ordered structures need less space, therefore semi-crystalline ther-
moplasts generally show a higher degree of shrinkage. A higher degree of crystallinity
leads to higher density, tensile strength, Young’s modulus, hardness, abrasion resistance,
solvent resistance and because of higher density, a higher thermal conductivity. On the
opposite mechanical damping, impact strength, strain at failure, volume, compressibility,
thermal expansion, resistance to stress cracking, swelling, permeation of gases and vapors
and transparency decrease with a higher degree of crystallinity. [15]

2.5.2. Molecular Orientation

As mentioned in Chapter 2.5.1 thermoplastic melts are built from randomly distributed en-
tangled polymer chains. During the injection process this bulk of chains is forced through
small nozzles and gates under high pressure and has to be distributed into the cavity- a
flow direction with a velocity profile is created. Melt shearing caused by different velocities
of the imaginary layers is introduced to the melt. Because of the shearing the polymer
chains align themselves with a preferred orientation in direction of the main flow direc-
tion [5]. The higher the shear rates are the more this effect will occur. Most of the time the
melt sticks to the relatively cold mold surface. It cools down and solidifies rapidly in these
surface areas. This leads to a freezing of these molecular chain’s orientations [20]. Theoret-
ically, if the melt would not be cooled down, after a while molecular resetting forces would
cause a restoration of the old random orientation of the polymer chains (Figure 8). This
effect is called entropic elasticity [2,17,22,58]. Different frozen-in polymer chain orientation
leads to different material behavior both in and perpendicular to the main flow direction.
This causes internal stresses and can result in differences in the shrinkage behavior of the
material.

_

Z

Figure 8: Basic change in morphology due to entropy-elasticity. Based on [14]
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Compared to metals, thermoplastic materials generally are bad thermal conductors [12].
The hot, unsolidified core regions are insulated by the frozen outer polymer layera of the
sprue or cavity. A bellshaped velocity profile is crested with the highest velocities and
the smallest shear rates directly in the center of the melt gate area. Due to this melt
velocity profile most of the material is fed from the middle areas. This leads to a so called
fountain-flow pattern (Figure 9) [561,56, 57].

i::nm \V/// 77

Plastic flow Melt front

L. ‘_5
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Figure 9: Schematic of the fountain flow inside a flow channel. Based on [26]

When filling a disk-shaped geometry in addition to the described fountain-flow another
flow occurs. Given the idea of a disk that is filled from the center, the fed material, as
it fills the cavity from the center, has to cover a constantly bigger circumference. To
achieve that, the melt flow and especially the melt face has to be constantly expanded
perpendicular to the main radial flow direction. During filling, initially the center polymer
at the melt front is oriented in the tangential direction but then forced onto the cavity wall,
the orientaticn shifts back to a radial orientation due to the fountain flow. The following
material, however, stays in between the surface layers and keeps its tangential orientation.
This leads to a three layer structure. The surface layers are oriented in the radial main
flow direction, the center layer is oriented perpendicular to it. The thickness of those layers
is mainly influenced by the melt temperature and the mold temperature [36].

2.5.3. Molecular Diffusion or Interdiffusion

Interdiffusion is the linking procese between two former completely separated melt bodies.
If the melt bodies are above the glass transition temperature (Tg) the molecular chaing have
enough mobility to migrate from one melt; surface into the other and entangle themselves
with the other melt body to form a strong and uniform bond. This process needs time and
runs faster the higher the melt temperature is. However, in the injection molding process
there is almost never enough time for a fully developed diffusion between two melt bodies
which results in lower bond strength and a mechanical weak spot at the weld line. Figure
10 shows the diffusion and entanglement process schematically. [18,31, 44]

12
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Figure 10: Principle of Interdiffusion. [31]

2.5.4. Fiber Orientation

Like molecules, fillers in plastics are affected by the melt flow direction and align themselves
to it but in contrast to molecules, fillers do not show relaxation meaning their orientation
is not affected by time or temperature [42].

Fillers such as calcium carbonate, glass spheres or carbon fibers have different geometries.
Where calcium carbonate or glass spheres generally show a similar length to width ratio,
fibers have a very high ratio. This ratio is called aspect ratio. The higher the aspect
ratic is the more anisotropic the filler behaves concerning solid material properties and
also processing properties. Spherical fillers are not much affected by flow patterns. High
aspect ratios of fillers on the other hand lead to high anisotropic part properties and have
significant impact on the weld line properties [53].

Modern thermoplastics are often filled or reinforced with either passive or active fillers.
A passive filler like calcium carbonate is mainly used for replacing polymer to make it
cheaper without significantly changing the polymer’s integrity or properties. Active fillers
like fibers, anti-oxidants, fire-retardants influence the properties of the polymer. For better
mechanical properties glass fibers or carbon fibers are added to the polymer matrix. They
increase the strength and modulus of the thermoplastic matrix. When matrix and fiber
are properly linked the fiber takes the load that is applied to the molded part from the rel-
atively weak matrix which results in a much better mechanical performance [47]. However,
this reinforcing effect mostly applies for the axial direction of the fiber. Perpendicular to
the main fiber axis, the effect is significantly smaller to non-existent. This means fiber-
reinforced (FR) polymers show anisotropic material behavior. [12,20, 32]

During the injection molding process the fibers flow in the polymer matrix and are also
oriented in flow direction. However, they do not succumb the effect of entropic elasticity
(Chapter 2.5.2) and stay oriented in the main flow direction. This means process variables
like melt temperature at the weld line or process parameters like mold temperature do
affect the morphology of the matrix at the weld line but do not help with rearranging the
fibers.

13



2.6. Improving Weld Line Strength

Literature suggests two different concepts for improving weld line strength: either the use
of special process and mold techniques or optimizing the standard injection molding pro-
cess. Concerning this thesis a special technique was already in use and therefore not an
option. For this reason this section will focus on the process optimization for short fiber re-
inforced thermoplastics. For more information about special process and mold techniques
see [1,4,6,7,24,25,28,37,38,50,61,62,63,64] which are summarized in [31].

To be able to compare the quality of a weld line with the surrounding flawless material
the so called weld line factor (WLF) [8,9, 18, 43,44, 55| is used. The WLF is a simple
ratio between the measured e.g. tensile strength of a specimen with and without a weld
line. This means the factor can range from 0 to 1. Values close to zero represent very bad
weld line properties whereas values close to 1 indicate that the weld line quality for the
measured weld line property is very close to flawless material.

2.6.1. Optimization of Process Parameters

Improving weld line strength by using a design of experiment (DoE) to vary several process
parameters is a common way to meet that issue. However, literature suggests that there is
no general best process setup. For every material/process composition there seems to be
a different optimum [40]. Despite this, the results of some selected papers are summed up
subsequently.

Selden [55] did extensive research on the behavior of weld lines in filled and unfilled polymer
materials. The investigated materials were: 35wt% glass fiber (GF) reinforced poly-amide
(PA), 40 wt% GF reinforced poly-phenylene-sulfide (PPS), poly-propylene (PP) with tal-
cum, unreinforced poly-phenylene-ether (PPE) and unreinforced acrylonitrile-butadiene-
styrene (ABS). Research was done on both cold and hot weld lines where hot weld lines
generally showed a better performance. As in this thesis only the cold weld lines are of
interest, the following paragraph only sums up the cold weld line aspect of Selden’s research.

Generally, the WLF5 of reinforced polymers are, with values of 0.3 to 0.7, significantly lower
than those of unreinforced materials which show WLFs of around 0.9. The investigated IM
parameters were: injection rate, holding pressure, melt temperature and mold temperature.

Summing up the results, the investigated parameters did not vary the WLF5s in a larger
scale. A slight improvement of the weld line strength was achieved with high holding pres-
sure, high melt temperature and low mold temperature. There was no general advice for
the injection rate as it highly depends on the polymer. For the reinforced PA a high injec-
tion rate decreased the WLF by almost 6 % while increasing the holding pressure increased
the WLF by 4 %.

In a study by Cloud et al. [8] on the weld line integrity of PA66, PP, poly-carbonate
(PC), poly-sulfone (PSU), styrene-acrylonitrile resin (SAN) and PPS unfilled and fiber
reinforced, it was found that the proper venting of the weld line area is crucial for good
results. Therefore a mold with a venting system was used. The unfilled samples generally
showed high WLFs (PA66 unfilled 0.97). Increasing the fiber content of the polymer from
10wt% to 40 wt% dropped the WLF (of the tensile strength) from 0.93 to 0.53. Using
carbon fibers instead of glass fibers additionally decreased the WLF further down 0.47.
Generally, the used PA66 and PC, both with 30 wt% fiber content did not show a sensitive
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behavior when changing the investigated parameters. Only high holding time seemed to
have a significant impact on weld line strength.

To conclude the presented papers unreinforced polymers show about 10% less strength
in weld line areas than in non-disrupted areas. The WLF can be improved by high melt
and mold temperature. The loss in weld line strength in reinforced materials is signif-
icantly higher, usually up to around 50%. The injection rate, holding pressure, melt
temperature and mold temperature are IM process parameters, which seem to affect the
weld line strength the most. In some cases the WLF of unreinforced thermoplastics could
be improved to almost bulk material, reinforced materials generally do not show a high
sensitivity to the change of process parameters. The gain in weld line strength through
optimization lies within a few percent. The weld line strength tends to be improved due
to higher melt temperatures and holding pressures. The effect of mold temperature and
injection rate seems to be either positive or negative, depending on the material.

2.6.2. Movable Mold Insert System (MMIS)

Prior to the development of this thesis Janko [31] and Kaufmann [33] did extensive research
on weld line improvement using a completely new method. Janko developed a passive
movable obstacle which is placed directly in the weld line formation area. The weld line
improving consists of two factors:

o FErtending weld line length: Despite the fact that a long weld line makes a part
weaker it is important to know the place and geometry of the weld line. As it can be
seen in Figure 11 the sealing element consists of concentric rings. Due to a central
gate the weld lines will form in these rings over the whole cross section of one ring.
The position of the weld lines were determined by IM simulation. The big markings
show the main cold weld lines in the element whereas the small ones mark minor
weld lines that never showed any problems during all tests because they are hot weld
lines. All those weld lines can not be avoided. To still improve the weld line strength
the meeting surface of the meeting melt flows should be big in order to offer a big
surface for entanglement. It can be seen that only one ring does not show a major
weld line. For this thesis only rings with major weld lines are of interest. Therefore
only the rings with such major weld lines are numbered beginning at the outermost
one with 1 to 8 for the innermost ring,.

e Reorganizing fiber orientotion: As Janko describes "The emerging fiber orientation
in a standard weld line area is very disadvantageous to withstand bending loads,
so the idea of reorganization of the fibers in this region is obvious. This could be
done by adding a pressure difference, which forces a flow through the weld line after
formation, used in push-pull and multi-cavity concepts, or by active interference at
the time of weld line formation." [31]

Based on these facts Janko developed a new system to force the two meeting melt streams
to interact and therefore create a better entanglement of the matrix caused by a better
distribution and orientation of the fibers. Figure 12 shows the principle of the developed
movable mold insert system (MMIS).

Due to the inclined faces of the obstacle both melt flows are forced to form a large melt
flow surface. When the cavity is filled the two melt streams are forced into the small gap
between the MMIS and the mold. The MMIS obstacle is pushed out of the cavity by the
injection pressure. Because of this pushing-out action small vortices and disruptions are
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Figure 11: The locations of the weld lines at a 261XP specimen and the correlating positions
of the MMISs.

introduced to the melt flow surfaces causing a much bigger weld line surface, a reorganizing
of the fibers and significantly better mixing of the two melt flows.

The results of monotone and dynamic flexural tests with a poly-ether-ether-ketone (PEEK)
material showed up to about 80 % strength and strain improvement. It was found that the
testing direction is a major factor for the improving character of this system as the weld
line is asymmetric.
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Figure 12: Movement of the blue obstacle due to the rising pressure in the gap between
obstacle and upper mold surface from front end position (a) over middle position
(b) to rear end position (c), when the obstacle is completely pushed out of the
cavity [31].
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2.7. Testing Weld Line Strength

With the method described in Chapter 2.6.2 the weld line strength for bending was sig-
nificantly improved. Kaufmann [33] used a standard tensile stress testing specimen for
testing weld line tensile strength and three point flexural strength. He found the weld line
strength was not influenced significantly once the MMIS worked in a proper way. Those
results were later used by Janko [31]. He used the MMIS in a much more complex geometry
and multiple systems per cavity.

2.7.1. Three and Four Point Bend Testing

This section briefly shows the explains the calculation of flexural tension, the setup of a
bend test and the difference between three and four point bend testing.

The load curves displayed in Figure 13 and Figure 14 are determined according to the
Euler-Bernoulli beam theory with equation (1) [23] (Mp...flexural moment, F...applied
force, r...distance from bearing to the point of load):

My=F-r (1)

The section modulus for the given ring geometry shall be constant.
For a constant beam geometry the flexural stress can be calculated by (o...flexural tension,
Es...section modulus) [23]:

o= (2)

Three Point Bend Testing

Figure 13 shows a classic three point bend setup with the correlating flexural moment.
Because of the unchanging geometry of the beam the course of the flexural tension is the
same (see Equation 2 in Chapter 2.7.1) [22,23].

The tension maximum is a peak at the center of the beam at the point of force induction.

Figure 13: Force and flexural moment distribution in a classic three-point bending test.
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Four point bend testing
Figure 14 shows a classic four point bend setup with the correlating flexural moment.
The tension maximum extends between the two points of force induction [22,23].

Figure 14: Force and flexural moment distribution in a classic four-point bending test.

To be able to test beams according to this theory the beam needs to be mounted onto a
holding fixture. For that purpose either fixed or loose bearings can be used. The classic
bend test uses two loose bearings in order to eliminate induced tensile and compression
stresses in the outer layers of the beam and to allow the beam to bend in a simple curve
deflecting from r > 0. For some applications, however, fixed bearings are more accurate
in terms of reflecting the use case of the tested part. Fixed bearings prevent the elon-
gation /shortening of the beam and therefore cause additional stresses in the beam. Also
the beam cannot evade tensions by already deviating at the bearings but has a defined
bend line gradient of zero as a starting condition. So it actually performs a double S-bend
(Figure 15).

7 v
mw o~ 7%

Figure 15: Bending of a beam using a fixed bearing at both ends. Based on [22,23]

The whole setup should be symmetric. The point of force induction should be in the center
of the beam (Figure 16 a). Also the point of force induction should be symmetrical between
the two bearings (Figure 16 b).
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Figure 16: Proper point of force induction for a bend test. Based on [22,23]

Used bend test setup

To be able to perform a classic comparable three or four point bend test a standardized test
specimen such as DIN EN ISO 3167, type A or similar is needed. In the given case of the
ring shaped valve plates the major problem ig the curvature of the specimen. The result is
an asymmetric point of force induction and therefore a very complicated load distribution
in the test specimen. Additionally, all rings with their different diameters provide different
usable beam lengths. Also the secondary webs interfere with a single beam concept and
distribute the applied load partly to other rings. This makes all tests not comparable to
each other in terms of comparing weld line strength between rings or different types of
valve plates but only between weld lines on the same ring throughout one type of valve
plate.

A more detailed explanation of the clamping and force induction can be found in Chapter
34.

2.7.2. Prior Test Benches

During the development of the MMIS two other test benches have been developed and used
to quantify the improvement of weld line strength. Both versions used a Zwick Roell Z010
tensile test machine as main unit and consisted mainly of two bearings and a fixture for
the specimen only. The following paragraphs show these two test benches, the problems
that occurred and how those problems influenced design decisions for the new test bench.

Version 1: A simple fixture

The first version was used for testing a standard ISO test specimen. It only consisted of
two bearings and a simple fixture to keep the specimen in place. The sample preparation
was a main issue with this setup. It was very time consuming to cut the center section out
of the specimen. Also using the expensive tensile test machine was not very efficient and
slow (Figure 17 a).

For the new test bench a quicker test run without cutting out special areas of a specimen
was considered as very favorable.
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Version 2: A fixture for full sealing elements

Version 2 was designed to accommodate a complete sealing element independent of its
diameter. The testing was similar to a three-point bend test with two bearings which could
be adjusted to certain angles for perpendicular axes of the bearing and the sealing ring at
the point of support. The fixture was achieved with a simple beam mounted on top held by
two screws. Advantages of this system compared to the first version were the ability to test
unprepared, curved specimens and independence from specimen diameter. Furthermore, it
was able to measure more than one ring without unclamping the specimen. Disadvantages
were the problem of locating the proper test location. As multiple rings could be measured
the test tip of the test machine had to be adjusted each time in terms of x- and y-axis to
measure exactly in the middle of the MMIS. The fixture faced a problem of evasion during
testing. As the fixture beam was relatively small compared to the size of the specimen
it did not stop the specimen from counter bending throughout the whole specimen. This
could lead to distorted measurement results. The mounting and un-mounting of the beam
took relatively long (Figure 17 b).

The knowledge about behavior and problems with the mentioned test stations influenced
the design of the new test station (Chapter 3.4) significantly.

a) b)

Figure 17: a) Version 1: a simple fixture; b) Version 2: a fixture for full sealing elements
[31].
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2.8. Investigated Material

For all tests a poly-ether-ether-ketone (PEEK) was used. As a member of the poly-aryl-
ether-ketone (PAEK) thermoplastics it is characterized by phenylene rings linked with
oxygen bridges, either ether or carbonyl groups (ketones) [52]. The basic molecular struc-
ture of PEEK is shown in Figure 18.

Lot or

B in

Figure 18: Basic chemical structure of poly-ether-ether-ketone.

The structure of the polymer provides excellent mechanical and thermal properties. The
material with a glass transtition temperature (Tg) of about 145°C and a long term opera-
tion temperature of approximately 250 °C [12,13] is suitable for high performance and high
temperature applications. The crystallinity ranges up to 48 % [13] which depends on pro-
cessing and heat treatment. PEEK resists a wide range of chemicals. Only nitric acids and
some halogenated hydrocarbons affect the material. Sulfuric acid at higher concentrations
dissolve the polymer [13]. PEEK can be characterized by the following attributes:

¢ High tensile and flexural strength

High impact resistance

Good long-term mechanical properties and dimensional stability

High fatigue strength

Excellent hydrolysis resistance (up to 280°C at 18 bar)

Excellent wear and abrasion resistance
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3. Experimental

The experimental section deals with the used equipment, materials, procedures and the
design of the experiments.

3.1. Used Polymer

For all experiments a PEEK with 30 wt% carbon fiber was used. The polymer was com-
pounded by Solvay.

3.2. Test Specimen

For this thesis a valve plate (Figure 3) with a diameter of 261 mm, nine concentric rings and
56 MMISs was used. On every ring with MMISs, four of four weld lines at the two inner
rings and four out of eight weld lines at the six outer rings were tested. These specimens
are referred to simply as 261XP from now on.

3.3. Machine

All specimens were produced on a fully electric Engel e-Motion 940/280T injection molding
machine using a Wittmann Battenfeld Silmax E50/Drymax dryer and a Wittman Batten-
feld Tempro plusC 180 heating unit. The main features of the injection molding machine
(Table 1), dryer (Table 2) and the temperature control unit (Table 3) are listed below.

Table 1: Basic data of the injection molding machine.

Name Engel e-Motion 940/280T
Manufacturer ENGEL Austria GmbH
Clamping Unit

Clamping force kN 2800

Tie-bar clearance mm 940

Opening stroke mm 600

Injection Unit

Screw diameter mm 55

Stroke volume cm® 350

Injection rate cm?® /s 235

Spec. injection pressure  bar 2200

Contact force kN 50

Table 2: Basic data of the dryer.

Name Silmax E50/Drymax
Manufacturer Wittman Kunststoffgerite GmbH
Volume 1 50

Max. temperature °C 160
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3.4.

Table 3: Basic data of the temperature control unit.

Name Tempro plusC 180
Manufacturer Wittman Kunststoffgerdite GmbH
Number of circuits 2

Flow rate 1/min 12-30

Max. temperature °C 180

Operating pressure  bar 3,5-5

Test Station

Based on earlier test station designs by Janko [31] a new test bench was designed. The
design requirements and the final test station design are stated subsequently.

3.4.1. Design Requirements

Stand-alone test station: The test station must be able to operate on its own without
any further machines or equipment (unlike Jankos [31]| approach who used a Zwick
Roell Z010 tensile test machine).

Specimen independent: The test station must be able to test a variety of different
sealing elements which differ in diameter, thickness, number of weld lines, position of
weld lines etc. There are also sealing elements which are of the same type but differ
in diameter.

Quick and easy testing: An average machine operator on the shop floor must be able
to use the test station during one molding cycle with a minimum amount of training
and still be able to perform reliable measurements.

Rugged design: The test station must be sufficiently rugged to be used on the shop
floor in contrast to a laboratory. Therefore it has to withstand rough handling, dust,
dirt etc.

Machine capability: The test station must be able to deliver reproducible values.

Independent testing of rings: As the rings are all connected to each other they influ-
ence each other during testing. However, if one is broken it does not take any load
any more. To exclude this problem the test station must be able to test rings as
independently as possible.

Solving known problems: The test station design must fix or at least mitigate known
problems with previous test stations (Chapter 2.7.2).
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3.4.2. Test Station Design

Based on these requirements a test station design was developed (Figure 20) using the
CAD software PTC Creo 2.0 [49].
The test station consists of four main components:

o Manual press: The press is a standard toggle press by Burster GmbH & Co Kg.
Because of a too small working space the head of the press had to be adapted. The
top clamping screw and the spindle were removed. The two remaining clamping
screws still provide enough safety but for further test stations of this size and kind
of sensors a toggle press with a bigger working space should be considered.

o Test station base unit: This component is mounted on the toggle press. Once adjusted
properly it does not need to be changed regardless of what sealing element is tested.
The only part that has to be changed for each type of sealing element is the locking
rail because of the different distances between the rings and the different amount of
MMISs per sealing element. The locking rail works with a lock guard mounted at
the base plate.

e Carrier: There are multiple carriers for this test station. For every main type of
sealing element an individual carrier and lock rail is manufactured. This is neces-
sary because not only the radial distance between two weld lines is different on each
sealing clement design but also their position and quantity. For every test session
the appropriate carrier and lock rail has to be mounted onto the base unit. The
carrier itself consists of a base, a pressure plate, two column guidances and two hand
operated fasteners. The specimen is inserted between the base and the pressure plate.

The basic mounting setup in the carrier can be seen in Figure 19. Different to clas-
sic bend test setups (compare with Chapter 2.7.1) the clamping is a double sided
fixed bearing. This is because of the counter-bending of the specimen during testing
meaning the tested ring can deviate much more before breaking. As a manual toggle
press is used for inducing the force only a very small proportion of the toggle press’s
stroke can provide the full force necessary to break the test specimen. Using fixed
bearings increases the breaking force of a ring by reducing the level of freedom and
introducing more tensile and compressive stresses during bending — the gain of force
by reducing the needed stroke of the toggle press is still a key advantage. Also al-
lowing the specimen to counter-bend would mean getting even more influences from
other rings into the tested ring as the other webs connect each ring and transmit
forces.

Another problem introduced by the shape of the specimen is the distance between
the bearings and the point of force (x) (see Figure 19). This means a form of torsion
is added to the load characteristic of the beam.
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Figure 19: The applied bend setup for the test station. The bearings are positioned at
the main and secondary webs if possible. The distance between the bearings
is limited on one hand by the symmetric distance between the MMIS and the
next web and on the other hand by the fact that the shorter the distance is the
higher the needed force for breaking will be.

e Sensor equipment: To measure the weld line strength a strain gauge sensor accompa-
nied by a range sensor was chosen. To evaluate the results a Burster Digiforce 9310
evaluation unit accompanied by a selection-switch was used. The data sheets of the
sensors can be found in appendix A.
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Figure 20: Schematic of the test station.

A complete collection of part designs, assemblies and technical drawings can be found in
appendix B and C.
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3.4.3. Testing Process

To measure an accurate weld line strength the measurement must be done according to
the following procedure:

Remove dirt and dust: Make sure no foreign objects or particles are on the test
station or the specimen. Compressed air can be used to remove those objects or
particles. Especially the depression in the base of the carrier must be checked for
bits and pieces that might have broken off from the last specimen tested.

Move carrier to utmost position: Lock the carrier in the position that is closest to
you.

Insert sealing element: Make sure the centering pins are at the correct position for
the sealing element type. Position the sealing element using the two pins on the
carrier base plate. Make sure the pins are centering the element at the main webs
not the secondary wehs.

Apply pressure: Lock the valve plate by pushing down the two levers of the quick
release fasteners mounted on the side of the test station. Before starting the test,
check if both levers need the same amount of force to lock. It is sufficient to simply
check if all screw nuts on both levers are in the same position on the fastening hooks.
If not, adjust the screw nuts.

Test the mounted specimen: Activate the DigiControl software. Using F3 starts the
measurement mode. Use the turn-switch to set program "1". Pull down the lever un-
til the test tip is almost touching the specimen. Slowly proceed, until the DigiControl
automatically starts the actual measurement. Apply force until the specimen breaks
and/or the lever is fully pulled down to its end position. Release the lever. Unlock
the carrier and push it to the next position until it locks automatically. Use both
hands to assist the carrier with turning itself into the right angle while moving to-
wards the press. This is important especially for bigger carriers. Use the turn-switch
to switch to the next program. Repeat until all weld lines are tested. Move carrier to
the utmost position and lock it. Loosen the fasteners, remove the plate and turn it
counter-clockwise to the next set of weld lines and insert it again. Fasten the pressure
plate again, make sure program "1" is selected and start testing again. Repeat until
all sets of weld lines are tested. Hit the "Return" -key on the PC to stop the test run.

Go to the analysis program, select the measured valve plate type and search the
correct path of the generated data. The correct path can be found in the DigiControl
settings. Set the desired plate number and the setting. Press "Go". After a while a
new entry in the top right list box appears and can be analyzed. Every set of data
that is found in the given directory is displayed in this list box and can be analyzed.
After all specimens are tested, define a protocol directory and press "End Testing".
All datasets in the list box will be saved to this location and an additional full report
is created.
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3.5. Design of Experiments (DoE)

This section deals with the possible process parameters to compensate the changing process
conditions, explains why two specific process parameters were chosen for the experiments
and subsequently gives an overview of the selected process parameters used for all tests.

During the development of the MMIS and a working production process the values for
process parameters listed in Table 4 have been successfully applied. To meet altering
process conditions the following process parameters can be adjusted to maintsin a stable
production process specifically using the MMIS.

e Switch-over point: A later switch-over point can help filling the cavity more quickly
using injection pressure instead of hold pressure which is usually lower resulting in
a higher melt temperature at the very end of the filling phase. This results in a
better trigger behavior of the MMIS as much as a better pressure distribution during
the hold phase. However, setting the switch-over too late would not only harm
the injection molding machine but also the mold and specifically the MMIS could be
severely damaged. A volume sensitive switch-over argument was used for this process
(see Chapter 2.2).

o Feed speed and back pressure: A higher feed speed together with higher back pressure
results in a higher shear rate of the material resulting in a higher energy entry and
distribution in the polymer. A problem with high shear rates is the degeneration of
the polymer. A significant reduction of the molecular weight takes place. Fibers used
as reinforcement in the polymer are sheared, eventually brake and result in a lower
average fiber length which lowers the overall mechanical properties of the polymer.
In the given case, the feed speed is set almost at the maximum of the machine’s
capabilities. The remarkably high viscosity of the used polymer needs very high
torque at the screw. Lowering this process parameter, although possibly keeping a
higher molecular weight, would result in a worse heat and melt distribution which,
in this very injection molding process, is known to cause problems with insufficient
and unstable injection speed.

o Injection speed and maz. injection pressure: The injection speed is a very important
and versatile process parameter. It influences not only the filling time, viscosity,
shearing with filler distribution etc. but also melt temperature. For the MMIS to
work it is crucial to maintain a high melt temperature. The higher the injection speed
is the more pressure is needed to maintain the mentioned injection rate. As a result,
injection speed and maximum injection pressure are linked via the viscosity of the
material. During the process development, it was found that a high injection speed
is suitable for triggering the MMIS and a satisfying part surface quality. Using a
high injection rate of 100 cm? /s resulted in reaching the maximum injection pressure
of the machine. This means regardless of the goal of 100 cm?/s the machine cannot
exceed its limit of about 1800 bar injection pressure. If the pressure limit is reached
the injection speed will drop below 100cm?®/s. This is a machine based limitation.
Therefore it is suitable to be able to lower the injection speed to stay below the
maximum pressure level so the machine can adjust injection pressure to maintain
the desired injection rate and not only work on its absolute maximum.
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o Hold pressure and hold time: Hold pressure and time is mainly used to completely fill
the cavity, prevent parts from shrinking and warping. The influence of these process
parameters on valve plate geometry and the MMIS was analyzed by Janko [31].

e Temperatures: For the MMIS to work the temperature of the melt stream, the melt
front and the temperature of the obstacle itself is crucial. During the production
process development the melt temperature was raised to 425°C which is already
the absolute maximum the polymer can take before degrading. Lower temperatures
showed pressure problems, untriggered MMISs and in some cases very bad weld
line quality. To keep the viscosity of the polymer low not only the polymer can be
heated but also the mold. The occured problem with a higher mold temperature
was sticking [31]. Also the cycle time which is already very high, due to the wall
thickness and temperature of the part, is extended.

From the given parameters, the switch-over point and the injection speed seemed to have
the highest potential and were chosen for optimization and verification of their influences
and possible alterations to define the process window (for a more detailed explanation of the
process window see Chapter 2.3). The switch-over point was determined with a fill study.
However, it was not optimized. Because of the triggering of some of the inner MMISs the
cavity volume changes significantly and the switch-over point can possibly be set later than
expected. The given problems with the high injection speed and the maximum possible
injection pressure led to the desire of lowering the injection speed without changing the
weld line quality. The setup for the production run can be seen in Table 4. Subsequently,
the DoE with altering switch-over points and injection speeds can be found in Table 5.
The setting used for the production run is called Setting 1. This setting is also used as
part of the DoE. The additional settings for the DoE are called Setting 2 to Setting 9.
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Table 4: Process Setup of the Production Run: Setting 1

Injection Unit

Dosing volume cm?® 380
Switch-over point cm?® 44

Dosing rate rpm 120

Back pressure bar 100

Injection rate cm®/s 100 const.

Max. injection pressure bar 1810

Hold pressure profile bar-s  820-0//820-25//600-32//100-35
Nozzle contact force kN 10

Clamping unit

Clamping force kN 2500

Cooling time 8 50
Temperatures

Barrel (nozzle to feed) °C 425-425-425-420-415-60
Mold A-side (inner-outer)  °C 190-150

Mold B-side (inner-outer) °C 190-150

Mold base water °C 90

Table 5: Design of experiment; Setting 1-9 with Setting 1 being the production setting.

Setting

1

2 3 4 5 6 7 8 9

Switch-over point (cm?)
Injection rate (em?3/s)

44

34 54 54 54 34 34 44 44

100 100 100 50 70 50 70 70 &0
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4. Results and Discussion

This section deals with results taken from the evaluation of the DoE (Chapter 3.5). Also
a closer look on the process over time is taken as the process stability is a major factor for
a high quality production.

4.1. Analysis of Testing Process

According to Chapter 2.7 the test specimen with the clamping should be symmetric at
the xz-layer. In this case this is not possible as the beam part of the specimen is curved
(Figure 19). This means a torsion moment and asymmetric stresses are introduced to the
beam.

Another problem can be observed when looking at the point of force induction. As men-
tioned in Chapter 3.4.1 the test station must be easy and quick to use. So the station
is designed in a way that molded semi-finished valve plates can be tested without further
manufacturing except for removing the sprue by simply breaking it off by hand or with a
wrench. This means some marking from the MMIS is still on the ring at the desired point
of force induction as the obstacle of the MMIS moves further out of the cavity than the
ring geometry is machined into the mold (Figure 21). This is because of the mold defects
remaining on the surface caused by flow and the moving of the obstacle. To be able to
remove them easily the markings stick up a little bit. Because of this elevated area, the line
tip of the test tip will be reduced to a point causing a pressure tension peak. Depending on
the weld line quality the needed force to actually break the test tip deforms the elevated
MMIS mark causing an undefined shift in the force-displacement diagram. This must be
considered when the graphs are analyzed.

Figure 21: The markings that occur during testing on the obstacle markings.
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In some cases a bad weld line can be instantly determined by looking at the fracture
surface. The worst case is pictured in Figure 22 a). In this case the ring broke along the
induced weld line geometry which means no interaction had taken place between the two
melt streams. These weld lines are typically very weak. Figure 22 b) shows a typical radial
fracture surface of good weld lines.

='p

a) b)

Figure 22: a) a typical bad weld line fracture surface. b) a typical good weld line fracture
surface.

4.2. Analysis of Startup and Production Run

As usual in injection molding a production run is accompanied by a previous startup phase
of the process to eject degenerated material and to heat up the mold. In this case, especially
the MMIS had to be heated up in order to work properly.

From experience, it takes about 5 to 10 shots to finally trigger all MMISs. Usually ring 7
and 8, the most inner rings, almost always trigger at the first shot. This is because of the
high injection pressure these rings get during filling. Also, the outermost rings, ring 1 and
2, mostly trigger after the first few shots.

The reason for this behavior can be found in the filling and holding phase of the molding
process. During filling the pressure at the inner MMISs raises as the melt front proceeds
to the outer areas. The further out the MMISs are the lower is the pressure of the melt
being directly in contact with them. For the inner MMISs the pressure during filling is
already high enough to trigger them. The pressure at every MMIS raises until the cavity
is filled up to 99 %. This is the point of switch-over.

The last areas that are filled are the areas of the weld lines of ring 1. As the melt that
just hit the obstacle, immediately gets the full hold pressure, the melt stream does not
cool down at the obstacle and easily raises it. In the middle areas of ring 3-6 the melt flow
hits the obstacles and stops but does not have enough pressure yet to raise the obstacle.
It remains at the still cold obstacle, cools down and eventually even begins to stick to the
obstacle. As hold pressure is applied to the melt, the pressure level in the whole part rises
to almost the same level ( [11]). However, because of the cooled down melt at the obstacle
there is not enough pressure to force the too cool melt under the obstacle to raise it. This
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problem can only be met by heating up the obstacles during startup from a cold mold.
Once the mold and the obstacles are heated up to a certain level all MMISs seem to work
in the same way.

The first shots, the startup phase and the current production run all used Setting 1. From
the moment, all MMISs triggered the recorded startup phase began (Usually after about
five shots). This was because sometimes parts got stuck on the untriggered MMISs and
had to be removed manually which caused delay in the mold cycle and a cool-down of the
mold. The startup phase was controlled semi-automatically to ensure no parts remained
stuck in the mold. After the startup phase the production run began and was controlled
automatically. The set quantity for the startup phase was 10 parts. Then 25 parts where
molded in a production run.

Figure 23, 24, 25 and 26 show the full run consisting of 10 shots startup and additional 25
shots production adding up to 35 consecutive shots of Setting 1. The black graph shows
the mean force of four weld lines that was necessary to break the weld line. The standard
deviation of these four weld lines is displayed in red. If a set of four tested weld lines
represented by one black data point shows a standard deviation of more than double the
mean standard deviation of all 35 tested specimens it is considered an outlier and marked

red.
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Figure 23: Results for weld line strength, ring 1 to 2 during production run including 10
preceding startup shots.
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Figure 24: Results for weld line strength, ring 3 to 4 during production run including 10
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Figure 25: Results for weld line strength, ring 5 to 6 during production run including 10
preceding startup shots.
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As the testing conditions for each ring are not comparable to each other also the level of
force cannot be compared between the rings. Within one ring, even including the startup
phase, there did not seem to be any changes in weld line strength once the MMIS was
triggered.

Some parts seemed to show remarkably high weld line strength (eg. Ring 6, Part 34) but
also the standard deviation was very high. This leads to the assumption of outliers. One
possible explanation for those outliers could be found during testing of ring 7 and 8. The
radius of ring 7 and 8 is so small, when the first weld line of those two rings was tested,
usually the whole ring shattered because of its stiffness and sometimes parts broke out of
the ring remaining inside the carrier. This was observed mainly at ring 7 and 8 but also
happened at other rings.

Most of the time the shattering happened when not the actual weld line broke but the
ring itself mostly near a main or secondary web. Even if not the weld line broke but the
specimen itself, it was still considered an integral failure and counted as weld line strength.
In this case the weld line strength can be seen as the same as bulk material strength. As a
ring shatters, small pieces can remain in the carrier and work as a support for other rings
when lying directly below them, lowering the free beam length for bending and therefore
raising the level of force needed to break the beam. The much higher levels of force were
detected by the operator of the test station. After checking the carrier, the remaining
shattered parts were removed and the other three weld lines were tested normally. This
explains why all tested parts with remarkably high force values also show a high standard
deviation at these rings.

Another result is the average standard deviation of the rings (Listed in Table 6).

Table 6: Standard deviation per ring.
Avg. w.l strength /N Avg. std. dev. / N Avg. std. dev. / %

Ring 1

2436 73 3.0
Ring 2

2587 115 4.4
Ring 8

20974 76 2.6
Ring 4

3065 72 2.3
Ring §

3338 58 1.7
Ring 6

3857 91 2.3
Ring 7

2160 255 11.8
Ring 8

3196 447 14.0

While ring 1 to 6 show an average standard deviation of less than 5%, ring 7 and 8 have
a considerably higher level of over 10% of their average weld line strength. As mentioned
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before when testing the first weld line of ring 7 and 8 the rings often shattered, destroying
the ring geometry completely. As explained in Chapter 3.4.1 the test station should be able
to test each ring and each weld line as independently as possible. However, at these two
rings it seemed the structural integrity was destroyed to a point where the pressure plate
could not keep up the stiffness of the ring to the needed level of force. It was observed that
the main webs connecting the four sections of the inner rings just bent and cracked leading
to a much lower force till failure. This behavior, together with the force value of the first
weld line with intact ring geometry results in a significantly higher standard deviation of
the inner rings.

4.3. Shifts of Weld Line Strength and Standard Deviation

For a stable production it is necessary to make sure no trends or shifts occur as a result
of changing conditions e.g. temperature. As it can be seen in Figure 27 there is almost no
shift detectable over 35 parts of each ring. The temperature was taken from the movable
side’s inner temperature sensor which showed the highest changes in temperature during

production. From earlier production runs it is known that the temperature stabilizes at
about 182°C.

; - 178
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3600 ] 172
_, 3400+ 1170 ©——Ring 1
~ 3200 - - 5 —Ring 2
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Figure 27: The average weld line strength per ring of all eight rings over the period of 35
shots. The significantly increasing temperature did not seam to influence the
weld line quality. For a better overview the outliers have been removed.

Taking the standard deviation (see table 6) into account there is no significant change in
weld line strength starting from part number 1 to 35.

Summarizing the temperature influence it can be stated that the weld line strength, once
all MMISs trigger, is mold temperature independent. Over the whole logged production
cycle the mold temperature was changing from about 430K (157°C) to 448K (175°C)
which means a temperature increase of about 18 K without significantly influencing the
weld line strength (Figure 27). This seems to be inconsistent with the statement that the
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MMISs are too cold to work during the first injections. Considering the fact that the melt
temperature is somewhere close to 673 K (400 °C} and the mold at less than 473K (200°C)
the assumption can be made that the temperature of the mold is not important but the
temperature of the MMISs. The obstacles are very small and have a lot of conjoint surface
with the much hotter melt. After a few shots, the energy introduced into the MMISs re-
gion by the melt and the obstacles of the MMISs which work like heat conductors could be
enough to heat up the obstacles and the area around the MMISs so the obstacle can keep
enough heat during its pushed-back state to finally work in the desired way. As this only
happens in a small area the heat sensor does not detect those small changes in temperature
as the energy input into the mold by the rest of the cooling material has a substantially
higher impact.

A high-quality process can be characterized as a process with a small standard deviation.
For this reason it is interesting to track the progress of the standard deviation during
the production run. Figures 28 and 29 show the standard deviation with a cubic fit over
time/part number.
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Figure 28: Results for weld line strength standard deviation, ring 1 to 4 during production
run including 10 preceding startup shots.
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No overall conclusion for all rings can be made. Some rings like ring 2 and 8 show a
decrease in standard deviation over part number, while others like ring 6 and 7 show an
increase. Taken into account that the standard deviation of the outer six rings is less
than 5% and of the inner two about 10% the changes in standard deviation over time
are mathematically between less than 1% of the mean weld line strength of ring 3 and
little over 5% for ring 8. Taken into account that there is no overall drift of the standard
deviation and the problems with testing the inner rings (see Chapter 4.2), this little change
in standard deviation cannot be considered a significant change. Such a small change in
standard deviation can be classified as a stable process.

4.4, Analysis of DoE

To determine a statistically significant change in weld line strength an analysis of variance
(ANOVA) was performed using Tukey’s method. For all statistics the software Minitab
by Minitab Inc. and Excel by Microsoft were used. Taken from the Minitab StatGuide:
"Tukey’'s method compares the means for each pair of factor levels using a family error
rate to control the rate of type I error (concluding that there is a significant difference
when there is none). The family error rate is the probability of making one or more type
I errors for an entire set of comparisons." [45]

Setting 1 with medium switch-over and high injection rate was set as reference (Group A)
for every ring. If a ring of another setting does not show up as Group A but Group B or
Group C it is considered to have a statistically significant difference in weld line strength
compared to the weld line strength of Setting 1. If a group shows two letters it can not be
clearly allocated to a certain group and is part of both groups. To determine if the differ-
ence in weld line strength was either positive or negative the graphs in Figure 30 to Figure
34 were used.

Setting 2: Late switch-over and high injection rate.

Setting 2 does not show any specific changes in weld line strength or in standard deviation.
The test results for significant changes in weld line strength can be found in Table 7. The
measurement results can be seen in Figure 30.

Table 7: Grouping information using Tukey’s method for Setting 2.
Ring! Ring2 Ring3 Ring{ Ring5 Ring6 Ring7 Ring8
Group: A A A A A A A A

Setting 3: Early switch-over and high injection rate.

Also Setting 3 does not have significant changes compared to the production run. This
suggests the switch-over point does not have an influence to weld line strength using MMIS.
The test results for significant changes in weld line strength can be found in Table 8. The
measurement results can be seen in Figure 31.

Table 8: Grouping information using Tukey’s method for Setting 3.
Ring! Ring?2 Ring3 Ring4 Ring5 Ring6 Ring7 Ring8
Group: A A A A A A A A




Setting 4: Early switch-over and low injection rate.
Not all MMISs triggered and parts had to be removed by hand. The setting is considered
not working,.

Setting 5: Early switch-over and medium injection rate.
Not all MMISs triggered and parts had to be removed by hand. The setting is considered
not working.

Setting 6: Late switch-over and low injection rate.

Setting 6 was on the very edge of a working production cycle. While the first injections
triggered all MMISs successfully the fifth shot did not. Therefore producing parts with
Setting 6 was stopped to prevent mold damage and cooling down of the mold because of
the manual ejection of the part. The close to the edge character of this setting can also
be seen in the test results. Ring 1, 4, 5 and 6 show significantly lower weld line strength.
The test results for significant changes in weld line strength can be found in Table 9. The
measurement results can be seen in Figure 32.

Table 9: Grouping information using Tukey’s method for Setting 6.
Ring! Ring?2 Ring3 Ring4 Ring5 Ring6 Ring7 Ring8
Group: C A A C B B A A

Setting 7: Late switch-over and medium injection rate.

Setting 7 shows significantly lower weld line strength on ring 1 and 4. Those rings showed
a weld line quality as bad as in Setting 6. Despite the fact that the setting worked it
cannot be considered an option as the weld line quality must not decrease. The surface
of the markings produced by the mold inserts showed major crinkles and were far away
from the relatively smooth surface of the production run using Setting 1. The test results
for significant changes in weld line strength can be found in Table 10. The measurement
results can be seen in Figure 33.

Table 10: Grouping information using Tukey’s method for Setting 7.
Ring! Ring2 Ring3 Ring4 Ring5 Ring6 Ring7 Ringd
Group: BC A A B A AB A A
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Setting 8: Medium switch-over and medium injection rate.

Setting 8 also shows weaker weld lines on ring 1 and 4 and is therefore considered not
an option although all MMISs triggered. The surface of the markings produced by the
mold inserts showed major crinkles and were far away from the relatively smooth surface
of the production run using Setting 1. The test results for significant changes in weld line
strength can be found in Table 11. The measurement results can be seen in Figure 34.

Table 11: Grouping information using Tukey’s method for Setting 8.
Ring!1 Ring2 Ring3 Ring4 Ring5 Ring6 Ring7 Ring8
Group: B A A B A A A A

Setting 9: medium switch-over and low injection rate.
Not all MMISs triggered and parts had to be removed by hand. The setting is considered
not working,

As described in Chapter 3.5 to improve process stability the influence of a changed switch-
over point and a change in injection speed was tested. The initial process setup (Setting 1)
was developed during the R&D of the mold supported by simulations and polymer supplier
suggestions. The following figures (Figure 30 to Figure 34) show how Setting 2 to 9 influ-
ence the weld line strength by comparing the results of the weld line tests of the specimens
produced with Setting 2 to 9 (black line) to the mean weld line strength and standard
deviation of Setting 1 (red line). The evaluation of Setting 1 can be found in Chapter 4.2
and is summarized in Table 6. The specimens of Setting 2 to 9 were produced directly
after the 35 shots with Setting 1.
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Figure 33: Results for weld line strength, ring 1-8, Setting 7.
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Subsequently a comparison of the three values for the switch-over point from a) 54 cm3
and b) 44cm? to ¢) 34cm? can be found. It is clearly visible in Figure 35 a) that the
early switch-over point does only trigger the three inner rings which means there is not
enough material in the cavity yet to reach 98 % cavity fill, especially when the cavity
volume changes as more and more MMISs are triggered. Also a lot of sink marks can be
seen. Figure 35 b) shows the switch-over point used in the production run. Although more
MMISs triggered and less sink marks can be observed the switch-over is still not optimized
whereas in c¢) all MMISs triggered which means the cavity volume does not change any
more. By checking the parting surface and the parting line on the specimen it was ensured
that the cavity was not overfed.

Figure 35: Comparison of the three used switch-over points. a) 54cm? and b) 44 cm3 and
c) 34cm3

4.5. Defining a "Good" Part

The purpose for every test station is to be able to determine if a certain criterion meets
its requirements. If the criterion does meet its set value the specimen shall be defined as a
"good" part, otherwise as a "bad" part. As the main criterion for the weld line tests the
overall weld line strength until break was defined. It represents the proper working of the
MMIS the best and provides the most information for the durability of the weld lines and
therefore the sealing element. During prior testing Janko [31] found that sealing elements
that broke in field tests and load tests showed a much lower weld line strength than parts
that were performing well, although the loads in application are much more dynamic than
the test situation with its comparable static conditions. A very good indicator for the
parts’ quality is the surface and the location of the broken weld lines. A well performing
weld line shows a fracture layer which is almost perpendicular to the ring geometry just like
a weld line would be if there would be no MMIS but with a very rough surface. A bad weld
line breaks exactly along the MMIS with a very smooth surface as the two melt streams
could not interact (see Chapter 4.1). With these two criteria force at break and break
surface geometry/structure a good weld line can be determined. As the sealing element is
as weak as its weakest weld line, a set of four out of eight weld lines per ring was tested to
minimize the probability of undetected bad weld lines.
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In Table 12 the set force limits for every ring of the respective sealing element based on the
research done are listed. For all weld lines that showed less than 5% standard deviation
and shift in standard deviation the force limit was set 5% below the average weld line
strength of Setting 1 (startup and production run). For the two inner rings that showed
more than 5% standard deviation the limits were set individually to 15 % for ring 7 and
20% for ring 8 below the settings of Setting 1.

Table 12: Set minimum force levels to define a good 261XP part.
261XP Unit Value

Ring 1 N 2310
Ring 2 N 2460

Ring3 N 2830
Ring4 N 2910
Rings5 N 3170
Ring6 N 3660
Ring7 N 1940
Ring8 N 2560

As a second criterion for a good weld line the surface of the markings produced by the
MMIS can be used. A good weld line normally shows no or very small crinkles whereas
mold inserts that barely triggered mostly show a considerably rougher surface (Figure
36). As this is a very quick optical test but subjective, it can be taken as an additional
pre-gelection.

Figure 36: Example for a weld line marking with a bad surface quality taken from a Setting
6 shot.
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4.6. Conclusion

The injection rate turned out to be the more important of the two investigated process
parameters. All settings with a high injection rate showed good weld line quality. It can be
stated that the time elapsed from start of injection to the point where the melt front hits
the obstacles and the time that elapses until the mold is finally completely filled and the
pressure can trigger the MMISs is the most important factor as the elapsed time directly
affects the temperature of the melt, the mold surface temperature and the temperature of
the obstacles. The switch-over point seems to play an assisting role if the injection speed
is too low. For example, comparing Setting 4 to Setting 6: Setting 4 was not working,
by delaying the switch-over point it was at least possible to get the low injection speed
working. The same is valid for Setting 5 and Setting 7 or Setting 8. Setting 7 and Setting 8
did not produce good parts but at least the later switch-over triggered all MMISs. Figure
37 gives an overview of the DoE and its working settings.

% 2 1 3
= 8 :
E i
e
=3
% 7 8 5
)
g
e
2
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1 X
34 44 54

Switch-over point / cm®
Figure 37: Overview of all tested settings and if they worked (green check mark), worked
but showed inferior results (orange circle) or if they could not be run for the
production of specimens (red cross). The number next to each symbol represents
the setting number.

Summarizing all experiments it seems that everything comes down to melt viscosity. The
lower the viscosity of the polymer is during filling and especially at the moment of trig-
gering the MMIS the better. To achieve low viscosity in the moment of triggering the
MMIS, the melt and mold temperature or the injection speed can be raised. As described
in Chapter 3.5 the temperatures have already been raised or caused other problems during
production and are therefore no option any more. Raising injection speed would be gen-
erally an option but not with the used injection molding machine as it was already at its
pressure limit. Also polymer and filler degradation caused by very high injection speeds
had to be taken into account.

One solution could be to not heat the mold as a whole but only the obstacles and/or the
area of the MMIS to heat up the melt during its standby at the obstacle waiting for the
switch-over to hold pressure. This could be done during mold open time. The mold open
time in the process is relatively long to allow the mold to cool down a little especially in
the center areas. With electric heaters or induction the small obstacles could be heated
up fairly quickly which might help to use lower injection speeds. Another option could be
changing the barrel of the injection molding machine to a smaller diameter resulting in a
higher possible injection pressure leading to higher possible injection speeds.
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5. Resume

To be able to produce injection molded parts with uniform quality in a changing process
environment process parameters have to be adjusted. These process parameters are either
fixed for some reason or can be adjusted in a certain range [31]. The aim of this thesis
was to verify the influence of a changing switch-over point and to determine the influ-
ence of a changed injection speed on the successful use of a movable mold insert system
(Chapter 2.6.2). Most other considerable factors in this process which have an impact on
the functionality of the MMIS and the produced weld line quality of this system were fixed.

To test the impact of those factors a new test station was designed and manufactured
(Chapter 3.4). The test station consists of a hand press, a base unit and a changeable
carrier accompanied by an evaluation unit. It is capable of testing several types of valve
plates in a quick and easy way. Two aspects were investigated during the testing. First, is
the production process stable and second, can the injection speed be lowered and does the
switch-over point influence the results. Process stability was examined by taking a look
on shifts in weld line strength and changes in standard deviation over time. Even with
a significantly changing mold temperature no significant trends or shifts could be found
(Chapter 4).

The weld line strength was tested by tracking force over displacement of the weld line area
until failing. The results showed once all movable mold inserts were triggered reliably there
was almost no change in weld line strength detectable regardless of which injection speeds
and switch-over points were used. However, some settings were tested which showed a
barely working character. These settings showed an unsatisfactory weld line strength al-
though the produced specimen had triggered all movable mold inserts. The settings were
able to produce parts but did not reliably trigger all mold inserts. To identify such settings
that trigger all mold inserts but still show a bad weld line quality the surface of the obstacle
markings can be used as a quality criterion (Chapter 4.5). These settings can be used as
the low end setting for future testing but cannot be used for a production run.

As the designed test station worked properly and showed no major flaws additional carriers
for other types of valve plates will be designed and manufactured. With all carriers man-
ufactured the test station will be able to test eight different types of plates with minimal
setup time. For every plate type a production run has to be analyzed to determine the
weld line characteristics of each type. Subsequently, a DoE has to be made and tested. It
is suggested to use smaller parameter steps than those that were applied in this thesis.

Because of the close to the edge character of Setting 6 (Chapter 4.4)it is suggested to
design a new experiment with only changing the injection speed in several steps down to
the injection speed of Setting 6 but leaving the switch-over at the latest switch-over point.
This would keep expenses to a minimum and still gives information about the lowest pos-
sible injection speed for the 261XP process.

For the currently used production process it is advised to set the switch-over point to the
latest setting of 34 cm® and leaving the injection speed at the used setting of 100 cm?/s.
For future investments in the injection molding machine a smaller barrel and screw should
be considered.
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Test- and Calibration Certificate
Kraftsensor fiir Handhebelpressen

Load cell for manual toggle presses

Typ

Serien-Nr.
Qualitatspriifungen
Nennkraft

Fehlergrenzen (Zusammengesetzter Fehler)
Summe der Fehler aus Linearittsabweichung,
Relative Umkehrspanne und Reproduzierbarkeit

Kalibriert in

: 8451-6020

hurster

! Type oo 2008 & '
/ Serial no. - 453775 el U]
!/ Quality Inspections

! Nominal Force Foom :0...20 kN

| Accuracy (Combined value) foomp :<%1,0% V.E./FS

| Combined value for nonlinearity,
| repeatability and hysteresis.

[ Calibration for

: Druckrichtung / Compression

Maximale Gebrauchskraft | Maximum Force, Operating Fs  :150 % v.E./FS
Integrierter Uberlastschutz bis ! Integrated overload protection  F, : 30 kN

Schutzart (IP-Code) | Degrees of protection (IP-Code) . IP 67 nach / according to EN 60 529
Referenzspeisespannung 1 Reference Excitation Urer @ 10,0 Vpe
Ausgangssignal (Kennwert) | Output signal (Sensitivity) C :1,6272 mVIV
Ausgangssignal beim Messbereichsendwert  / QOuiput signal at measuring range

bei tariertem Nuilpunkt 1 with balanced zero.

Nulisignal ! Zero Output So :-0,0108 mV/V
ohne Einbauteile ! without fitting parts

Eingangswiderstand / Input Impedance R. :377,82Q
Ausgangswiderstand / Output Impedance R, :35239Q
Isolationswiderstand ! Insulation Resistance Rs :=230MQ @45V
Kalibriersprung (bei unbelastetem Autnehmer) / Shunt Cal Factor without any load) Cspune © 1,1021 mVIV
Kalibrierwiderstand [ Calibration Resistor (Shunf)  Rspun : 80 KQ

Ein Kalibrierwiderstand Rgnunt, Zwischen | A Calibration Resistor Rspun connected

-Speisung und -Ausgangssignal, erzeugt 1 across -excitation and -outpu: produce

bei tariertem Nulipunkt, den angegebenen 1 this Shunt Cal Factor Cshum

Kalibriersprung Cspynt- I with balanced Zero Output.

Validiert nach Prifanweisung | Validated according to Inspection Instruction : 1219

Die Ruckfiihrbarkeit der verwendeten Sekundérnormale auf nationale bzw. internationale Normale, entsprechend
der Normenreihe DIN EN ISO 9000 ff, ist ber Kalibrier- oder Eichscheine gewahrleistet. Die verwendeten
Normale sind auf Kalibrierlaboratorien ruckfihrbar, die nach ISO/IEC 17025 akkreditiert sind.

The traceability of the used secondary standards to the national respectively international standards, according to
DIN EN ISO 9000 f, is guaranteed by Calibration certificate. The used standards are traceable to calibration
laboratories, which are accredited to ISO/IEC 17025.

Das Produkt erfiillt die im Datenblatt angegebenen Spezifikationen.
The device performs the specifications mentioned in the data sheet.

Anschlussbelegung: 4-Leiter unverstarkt Belegung / mode Steckertyp / Connector model

Wiring Code: 4-Wire unamplified 99004 99007 9941 9900- 9900- 91615 9900- 9900-

Signal / Signal Farbe / Color V209 V280 V506 V106
+ Speisung / Excitation weill | white _ —— C/b 12 8 20 5 11
- Speisung !/ Excitation braun [/ brown — —— A/B 4/5 1 3 6 9
+ Ausgangssignal / Qufput gelb ! yellow _— :><: G 6 11 1 1 13
- Ausgangssignal / Qufput grin  / green —_— F 9 12 2 3 14

Schirm | Shield blank / not isolated Gehauseicase 13 3 6 9
1 99004 : Steckermontage: Standard-Belegung: Ausgangssignal in Vorzugsrichtung positiv /

Plug assembly: Normal mode: Output signal in preferred direction is positive

& 9900-V209 : D-Sub-Stecker 9-polig (metallisiertes Plastikgehause) / D-Sub-Connector 9-pin (Metalized plastic backshells)
9900-V210 : Identisch mit 9900-V209 (45° Kabelabgang) / Identically to 9900-V209 (45° cable outlet)

Nach der vorliegenden Erfahrung ist es empfehienswert, das Produkt im Abstand von etwa24 Monaten neu zu
kalibrieren. / According to our experience it is recommended to recalibrate this product in intervals of 24 months.

Raumtemperatur / Ambient temperature: 22 °C +2 K Rel. Feuchte / Relative humidity: 50 % £ 20 %

Prufdatum / Test Date : 10.02.16 Prifer / Inspector : M. Fratric

Dieses Dokument wurde elektronisch erstellt und ist auch ohne personliche Unterschrift gultig.
This is a computer generated document and it is legally binding without signature.

Teilegruppe: 8451-6020 Prifvariante: 1219 Protokolinr: 1071 Infonr: 17 Druckdatum: 10.02.16 10:13:37 Anwender:mg

 burster prézisionsmeRtechnik gmbh und co kg Talstr. 1—5 D-76593 Gernsbach (Postfa\.h 1432 D-76587 Gemsbach) Tel. 07224/645-0 Fax. 07224/645-88
http:/Mmww.burster.de  http:/mww.burster.c~  e-mail: info@burster.de




Priif- und Kalibrierprotokoll hurster
Test- and Calibration Certificate o

Siecker.  Kabel Potentiometrischer Wegsensor

03(+) b= potentiometric displacement sensor

————— 02 gelb

a= 311 lc < 0,1 pA :

Ly m A 61(=) bown TYP / Type. : 8711-50

‘ e E N A R

[l TEW Anschiufncite Serien-Nr. / Serial no. : 87154200196

|- MW
Messweg (Elektrischer Nutzweg) ! Range (useful electrical stroke) ENW. : 50 mm +3/-0mm
Theoretischer elektrischer Weg | Theoretical electrical stroke  TEW. : ENW+1mm £1mm
Mechanischer Weg | Mechanical stroke MW E.N.W+5mm
Maximal zulassige Speisespannung / Maximum applicable voltage  Umex <50 Vipe
Anschlusswiderstand / Connecting resistance . Renw 5kQ+20%
Empfohlener Strom im Schleiferkreis / Recommended cursor current Is - .0 <.0,1 pA
Fehlergrenze (Linearitatsabweichung) ! Error limit (independent linearity)  fin © £0,1 % V.E. / FSinnerhalo EN.W / within EN.W.
Isolationswiderstand | Electrical isolaton Re :>100 MQ
Arbeitstemperaturbereich ! Operating Temperature range t, = :-30...100 °C
Temperaturkoeffizient | Temperature Coefficient K :<1,5 ppm/K
Verstellgeschwindigkeit !/ Displacement speed <10mis
Schutzart (nach) | Grade-of Protection (according to)  : IP40 (DIN VDE 0470/ EN 60 529 / IEC 529)
Validiert nach Prufanweisung | Validated according to Inspection Instruction = 417

Die Ruckfuhrbarkeit der verwendeten Sekundarnormale auf nationale bzw. internationale Normale, entsprechend
der Normenreihe DIN EN SO 9000 ff, ist (lber Kalibrier- oder Eichscheine gewahrleistet. Die verwendeten
Normale sind auf Kalibrierlaboratorien ruckfihrbar, die hach ISO/IEC 17025 akkreditiert sind.

The traceability of the used secondary standards to the national respectively international standards, according to
DIN EN ISO 9000 ff, is guaranteed by Calibration certificate. The used standards are traceable to calibration
laboratories, which are accredited to ISO/IEC 17025. '

Das Produkt erfiillt die im Datenblatt angegebenen Spezifikationen.
The device performs the specifications mentioned in the data sheet.

Nach der vorliegenden Erfahrung ist es empfehlenswert, das Produkt im Abstand von etwa24 Monaten neu zu
kalibrieren. / According to our experience it is recommended to recalibrate this product in infervals of 24 months.

Anschlussbelegung: Belegung / mode Steckertyp / Connector model  Typ: 9180 9181
Wiring Code: 99004 .99007 9941 9900- 9970 91615 9900- 9900- 9900- 9900-
Signal / Signal  Farbe / Color » V209 V106 V280 V506 V506

+ Speisung | Excitation blau [/ blue e : c/D 12 12 20 11 2 5 5

- Speisung /Signal / Excitation braun / brown ——— - A/B/F 4/5/9 4/5/6 3/2 913 112 6/3 6/3

+ Ausgangssignal / Oulput gelb  / yellow G 6 3 1 14 11 2 1

1 99004 . Nullsignal bei ausgefahrener Schubstange / Zero signal with control rod end position out

1 9900-V209 : D-Sub-Stecker 9-polig (metallisiertes Plastikgehause) / D-Sub-Connector 9-pin (Metalized plastic backshells)
9900-V210 : Identisch mit 9900-V209 (45° Kabelabgang) ! Identically to 9900-V2089 (45° cable outlet)

Raumtemperatur / Ambient temperature: 23 °C £ 3 K Rel. Feuchte / Relative humidity. 50 % + 20 %
Datum / Date : 15.10.15
Protokoll erstellt durch / Certificate written by C. Adams

Dieses Dokument wurde elektronisch erstellt und ist auch ohne personliche Unterschrift gultig.
This is a computer generated document and it is legally binding without signature.

Teilegruppe: 871X Prufvariante: 417 Protokolinr: 727 Infonr: 1 Druckdatum: 10.02.16 10:14:40 Anwender:mg

burster prézisionsmefitechnik gmbh und co kg Talstr. 1-5 D-76593 Gernsbach’ (Postfach 1432 D-76587 Gernsbach) Tel. 07224/645-0 Fax, 07224/645-88 ‘
http:/imwww.burster.de  http://www.burster.com  e-mail: info@burster.de ‘




B. Assembly Drawings
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Zylinderstift

DIN 7-h8-8x20

ungehdrtet

Zylinderschraube

DIN 912-M5x10

8.8

Zylinderschraube

DIN 912-M6x30

8.8

Zylinderschraube

DIN 912-M4x16

8.8

Zylinderschraube

DIN 912-M8x16

8.8

Stiftblock

Stiftblock.dwg

1.1.3

Trager unten

Trager_unten.dwg

1.1.2

Linearfihrung

LLTHS15A2T0296P5

SKF

Grundplatte

Grundplatte.dwg

1.1.1

Benennung

Bemerkung

ZUSBAL)_BODEN

Toid, Ar.

Geprusft

Tolerierung ISC 8015
= I EN ISC 2768-mH

Nerm

Prvrlomy | EN ISO 2768-mH

1.2

Zusammenbau Bodeneinheit

WWETEIRCARE SOV EAELFARLTICUNG DIESEN LNTERLAGEN, VERWERTUNG

VR METT EILUNG IHRES INHAL T8 15T NGHT GESTATTE [, SOWEIT NGHT

KUNSTSTOFF
TECHNIK
LEDBEN

KUNSTSTOFFVERARBEITUNG

ZUSBAU_BODEN

Blait-Nr. 1 wn 1 Index 1.1

7

| 8




{EITEETL RN VST £ Ul R

©

TRRATI.

Senkkopfschraube

DIN 7991-M4x8

Zylinderschraube

DIN 912-M4x8

Zylinderschraube

DIN 912-M4x6

mit Schelbe

Zylinderschraube

DIN $12-M6x10

Zylnderschraube

DIN 912-M6x16

-
™

Zentrierstit

Zentrierstift.dwg

1.2.10

[y
[

Druckfeder

D-263VH

Gutskunst Fedem

Centerpin

=|nN

Centerpin.dwg

129

[y Y
- N

[y
(=]

Zwischenpiatte

Zwischenplatte dwg

127

Schnellspanner

AMF 94624

Schnellspannhaken

AMF 847G

Abdeckung unten

Abdeciung_unten.dwg

Distanzplatte

Distanzplatte. dwy

Abdeckung oben

Abdeckung_cben,dwg

Fiihrungssaule

E1325/24x140 45

Mausburger

Druckplatte

Druckplatte.dwg

123

Tréiger oben

eI LIRS

Traeger_oben.dwy

== NGO~ 0D

Tall- Baug ruppmn-He.

1 Tolariarung 150 8015
I.ﬂ_ TEN 150 2768-mH
Vo

-I-"‘“"IIENIEDHMH

Beart.
G
L]
1:2

Zusammenbau Drehteller 261 XP

STETaLT
%

ZUSBAU_DREHTELLER

Blatihir. von e

12




WWETERGARE SOWE VEMAELFARLTICUNG DIESEN U NTERLAGEN, VERWERTUNG

R T EILUNG IHRES INHAL T8 15T NEGHT GESTATTE T, SOWEIT NGHT

©

AUSDRUECIGH ZLGEHT ANDEN, Z1WIDERHANDLUNGEN VERPFLIGHTEN U
SCHADENERSATZ. ALLE REGHTE FUER DEM FALL DER PATENTERTHLUNG DGER

Zylinderkopfschraube

DIN 7991-M6x12

Banennung

Druckfeder

VD-197A

Gutekunst Fedem

Arretierstange

Arretierstange.dwg

1.33

Arretierstangenspitze

Ameflerstangenspiize.dwg

1.32

Amretierblock

Arretierblock.dwg

1.3.1

Benennung

Toid, Ar.

Tolerierung ISC 8015
= I EN ISC 2768-mH

Prvrlomy | EN ISO 2768-mH

Zusammenbau Armrretierung

KUNSTSTOFF
TECHNIK

LEDBEN
KUNSTSTOFFVERARBEITUNG

ZUSBAU_ARRETIERUNG

Blait-Nr. 1 wn 1 Index 1.3

7

| 8
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—/é{@b 1

ezl

Alle nicht bemaften Fasen mit 0,5x45°
3

GRUNPLATTE

Toik, .
Tolerierung I1SO 8015

Tt | EN 1SO 27684mH

Prvrlomy | EN ISO 2768-mH

Grundplatte

KUNSTSTOFF
TECHNK GRUNDPLATTE
krormes | s 1 e 1 riox 1.1.1

7 | 8

WWETERGARE SOWE VEMAELFARLTICUNG DIESEN U NTERLAGEN, VERWERTUNG

R T EILUNG IHRES INHAL T8 15T NEGHT GESTATTE T, SOWEIT NGHT




Alle nicht bemaften Fasen mit 0,5x45°

- T STIFTBLOCK

Rohtel-Nummar Obaflaschanbshandiung Toll, Baugruppen-Nr.

Bearb. Tolerierung 180 8015
Gopruaft Laengen- EN IS0 2768-mH
Norm i g""-'r‘dﬁ“,."nﬁ.,. EN ISO 2768-mH

Stiftblock fiir Kulissensteuerung

1:1

M | STIFTBLOCK

LEDBEN
KUNSTSTOFFVERARBEITUNG Blalt-Nr, 1 wvon 1 moex  1.1.3

VIEITERGADE SOVME VENVIELFAFLTIGU M DIEAER UNTEALAGEN, VERWENTUNG
UMD MITTELUNG HRES INHALTS 13T MICHT GESTATTET, STWEIT NICHT

AFCRVERKLIGH ZUGESTANDE N ZUWIDE R HANDLUNGEN VERPFLIGHTEN ZU
SGHADENERSATZ ALLE RECHTE PUER DEN FALL DER PATENTERTELLNG ODER

©




[=]
™

Alle nicht bemafiten Fasen mit 0,5x45°

5t

TRAGER_UNTEN

o T

Tolerierung I1SO 8015
Dons ]| EN IS0 276BmH
Prvrlomy | EN ISO 2768-mH
Trager unten

KUNSTSTOFF
TECHNIK TRAGER UNTEN
rossomaass | e 1 wn 1 e 14,2

7 | 8

WETERGARE SOV ELBELFARLTICUNG DIESEN U NTERLAGEN, VERWERTUNG

R T EILUNG [HRES INHAL T8 15T NEGHT GESTATTE T, SOWEIT NGHT




(P0)124.5
(P1)121.63

(P2)424 — "\

I
P3)10.37 | A0
SO

(P1141.48
{P0)45.48

(P4)5.7
(P5)32.3
(PE)50

(P7)122.59
(P8)124.6

Jeweils R3 bei PO-P8

TRAGER_OBEN

Toid, Ar.

Tolerierung ISC 8015
= I EN ISC 2768-mH

Podep. Fom. | EN SO 2768-mH
TT&ger oben

Oberseite + Schnitt
i | TRAEGER_OBEN

KUNSTSTOFFVERARBEITUNG Bt 1 wn 3 e 1.2.2
7 I 8

WWETERGARE SOWE VEMAELFARLTICUNG DIESEN U NTERLAGEN, VERWERTUNG

R T EILUNG IHRES INHAL T8 15T NEGHT GESTATTE T, SOWEIT NGHT




(P1)146.32
(P2)127.46  \
(P3)102.16 .
(P4)100.23
(P5)89.25
(PT)76.96

(P11)0.08

= T j—

(P1 GE;; .:5 Jeweils R3 bei P1-P11

(P9)55.1
55.1

(P8)64.68

TRAGER_OBEN

Toid, Ar.

Tolerierung IS0 8015
2 |EN 180 2768-mH

Mrkap. Fom. | EN ISO 2768-mH
TTager oben

Unterseite
KUNSTSTOFF
TECHNIK TRAEGER OBEN
SOV | g 2w 3 Fedex 1@
7 | 8

WWETERGARE SOWE VEMAELFARLTICUNG DIESEN U NTERLAGEN, VERWERTUNG

R T EILUNG IHRES INHAL T8 15T NEGHT GESTATTE T, SOWEIT NGHT




WWETERGARE SOWE VEMAELFARLTICUNG DIESEN U NTERLAGEN, VERWERTUNG

R T EILUNG IHRES INHAL T8 15T NEGHT GESTATTE T, SOWEIT NGHT

©

GERRALCHSSMTEREIN THAGUNG VORBEHALTER.

Aluminium

TRAGER_OBEN

Toid, Ar.

Tolerierung ISC 8015
= I EN ISC 2768-mH

Wrkar. o TEN 180 2768-mH

TTaeger oben
Grundabmalie

KUNSTSTOFF
TECHNIK
LEDBEN

KUNSTSTOFFVERARBEITUNG

TRAEGER_OBEN

Blait-Nr. 3 wn 3 Index 1.2.2

7

| 8




(P1)124.03
(P2)42.97

(P4)5.72 —
(P5)29.77
(P6)46.53
(P7122.21

(P1)45.46

(P6)23.21

Alle nicht bemaRten Fasen 0,5x45°

Varianta Habaaug und Werlastofl Ted-, Nr.
- - Tolerierung I1SO 8015
Projekt Bindenahtprifatand e | EN 180 2768-mH

- Prvrlomy | EN ISO 2768-mH

Bemalung Oberseite
Blatt_1

KUNSTSTOFF

TECHNIK DRUCKPLATTE

KUNSTSTOFFVERARBEITUNG Blati-Nr. 1 von 2 Idex 1 .2.3
7 l 8

01.04.2018

WWETERGARE SOWE VEMAELFARLTICUNG DIESEN U NTERLAGEN, VERWERTUNG

R T EILUNG IHRES INHAL T8 15T NEGHT GESTATTE T, SOWEIT NGHT




WWETERGARE SOWE VEMAELFARLTICUNG DIESEN U NTERLAGEN, VERWERTUNG

R T EILUNG IHRES INHAL T8 15T NEGHT GESTATTE T, SOWEIT NGHT

©

GERRALCHSSMTEREIN THAGUNG VORBEHALTER.

i

4x9.5

——

Alle nicht bemalten Radien der Geometrie: R3

Alle nicht bemaften Fasen 0,5x45°

Varianta

Habaaug und Werlastofl

Toid, Ar.

Tolerierung ISC 8015
= I EN ISC 2768-mH

Prvrlomy | EN ISO 2768-mH

Bemalung Unterseite
Blatt, 2

KUNSTSTOFF
TECHNIK
LEDBEN

KUNSTSTOFFVERARBEITUNG

DRUCKPLATTE

Blait-Nr. 2 wn 2 Index 1.2.3

7

| 8




Alle nicht bemafiten Fasen 0,5x45°

- ABDECKUNG_OBEN

Rohtel-Nummar Obaflaschanbshandiung Toll, Baugruppen-Nr.

Tolerierung 180 8015
Laengen- EN IS0 2768-mH
i g""-'r‘dﬁ“,."nﬁ.,. EN ISO 2768-mH

Abdeckung oben

1:1

[T]i4" | ABDECKUNG_OBEN

LEDBEN
KUNSTSTOFFVERARBEITUNG Blalt-Nr, 1 wvon 1 moex  1.2.4

VIEITERGADE SOVME VENVIELFAFLTIGU M DIEAER UNTEALAGEN, VERWENTUNG

UMD MITTELUNG HRES INHALTS 13T MICHT GESTATTET, STWEIT NICHT
AFCRVERKLIGH ZUGESTANDE N ZUWIDE R HANDLUNGEN VERPFLIGHTEN ZU

SGHADENERSATZ ALLE RECHTE PUER DEN FALL DER PATENTERTELLNG ODER

GERRAAUCHEMUHTERE INTRAGLNG WORBEHAL TEM

©




1om = e — ' N W -
Alle nicht bemaliten Fasen

- DISTANZPLATTE

Rohtel-Nummar Obaflaschanbshandiung Toll, Baugruppen-Nr.

Tolerierung 180 8015
Laengen- EN IS0 2768-mH
i g""-'r‘dﬁ“,."nﬁ.,. EN ISO 2768-mH

Distanzplatte

1:1

T |DISTANZPLATTE

LEDBEN
KUNSTSTOFFVERARBEITUNG Blalt-Nr, 1 wvon 1 mex  1.2.5

VIEITERGADE SOVME VENVIELFAFLTIGU M DIEAER UNTEALAGEN, VERWENTUNG

UMD MITTELUNG HRES INHALTS 13T MICHT GESTATTET, STWEIT NICHT

AFCRVERKLIGH ZUGESTANDE N ZUWIDE R HANDLUNGEN VERPFLIGHTEN ZU
SGHADENERSATZ ALLE RECHTE PUER DEN FALL DER PATENTERTELLNG ODER

GERRAAUCHEMUHTERE INTRAGLNG WORBEHAL TEM

©




60

39.6

Alle nicht bemalfiten Fasen 0,5x45°

- IABDECIIUNG_UNTEN

Rohtel-Nummar Obaflaschanbshandiung Toll, Baugruppen-Nr.

Tolerierung 180 8015
Laengen- EN IS0 2768-mH
i g""-'r‘dﬁ“,."nﬁ.,. EN ISO 2768-mH

Abdeckung unten

1:1

[T]i46" |ABDECKUNG_UNTEN

LEDBEN
KUNSTSTOFFVERARBEITUNG Blalt-Nr, 1 wvon 1 naex 1.2.6

VIEITERGADE SOVME VENVIELFAFLTIGU M DIEAER UNTEALAGEN, VERWENTUNG

UMD MITTELUNG HRES INHALTS 13T MICHT GESTATTET, STWEIT NICHT
AFCRVERKLIGH ZUGESTANDE N ZUWIDE R HANDLUNGEN VERPFLIGHTEN ZU

SGHADENERSATZ ALLE RECHTE PUER DEN FALL DER PATENTERTELLNG ODER

GERRAAUCHEMUHTERE INTRAGLNG WORBEHAL TEM

©




ZWISCHENPLATTE

Rohtal-Nummer

Obarflaschanbahandiung

Toll, Baugruppen-Nr.

Tolerierung 180 8015

EN ISO 2768-mH

1:1

mrzen | EN 1SO 2768-mH

Zwischenplatte

VIEITERGADE SOVME VENVIELFAFLTIGU M DIEAER UNTEALAGEN, VERWENTUNG

UMD MITTELUNG HRES INHALTS 13T MICHT GESTATTET, STWEIT NICHT
AFCRVERKLIGH ZUGESTANDE N ZUWIDE R HANDLUNGEN VERPFLIGHTEN ZU

SGHADENERSATZ ALLE RECHTE PUER DEN FALL DER PATENTERTELLNG ODER

©

m

KUNSTSTOFFVERARBEITUNG

KUNSTSTOFF
TECHNIK
LEDBEN

ZWISCHENPLATTE

e 1.2.7




IARREHERBLOCKl

Rohtel-Nummar Obaflaschanbshandiung Toll, Baugruppen-Nr.

Baarb. 05.08.16 Tolerierung 180 8015
Gopruaft Laengen- EN IS0 2768-mH
Norm i g"""-'ﬂdﬁ“,."?,, EN ISO 2768-mH

Arretierblock

1:1

=" |ARRETIERBLOCK

VIEITERGADE SOVME VENVIELFAFLTIGU M DIEAER UNTEALAGEN, VERWENTUNG
UMD MITTELUNG HRES INHALTS 13T MICHT GESTATTET, STWEIT NICHT
AFCRVERKLIGH ZUGESTANDE N ZUWIDE R HANDLUNGEN VERPFLIGHTEN ZU

SGHADENERSATZ ALLE RECHTE PUER DEN FALL DER PATENTERTELLNG ODER

GERRAAUCHEMUHTERE INTRAGLNG WORBEHAL TEM

LEDBEN
KUNSTSTOFFVERARBEITUNG

©




Samtliche z-Malle der Arretierbohrungen mit h7

Alle nicht bemafdten Fasen 0,5x45°

1 S‘_ - T BRRETIERLEISTE

Variants Rohtel-Nummear Obarflaschanbahandiung Tell-, Baugruppen-Nr.

Bearb. Tolerierung 180 8015
Gopruaft Laengen- EN IS0 2768-mH
Norm i g""-'r‘dﬁ“,."nﬁ.,. EN ISO 2768-mH

Arretierleiste

1:1

M=i |JARRETIERLEISTE

LEDBEN
KUNSTSTOFFVERARBEITUNG Blalt-Nr, 1 wvon 1 moex 1,28

VIEITERGADE SOVME VENVIELFAFLTIGU M DIEAER UNTEALAGEN, VERWENTUNG
UMD MITTELUNG HRES INHALTS 13T MICHT GESTATTET, STWEIT NICHT
AFCRVERKLIGH ZUGESTANDE N ZUWIDE R HANDLUNGEN VERPFLIGHTEN ZU

SGHADENERSATZ ALLE RECHTE PUER DEN FALL DER PATENTERTELLNG ODER

GERRAAUCHEMUHTERE INTRAGLNG WORBEHAL TEM

©




L7 | |
— - BFis-lalal- [
p— = Rreuzranae

ARRETIERSTANGE

Rohtal-Nummer

Obaflaschanbshandiung Toll, Baugruppen-Nr.

Tolerierung 180 8015

EN ISO 2768-mH

VIEITERGADE SOVME VENVIELFAFLTIGU M DIEAER UNTEALAGEN, VERWENTUNG

UMD MITTELUNG HRES INHALTS 13T MICHT GESTATTET, STWEIT NICHT
AFCRVERKLIGH ZUGESTANDE N ZUWIDE R HANDLUNGEN VERPFLIGHTEN ZU

1:1

h g"-'r‘d:“,."‘f:m EN ISO 2768-mH

Arretierstange

SGHADENERSATZ ALLE RECHTE PUER DEN FALL DER PATENTERTELLNG ODER

GERRAAUCHEMUHTERE INTRAGLNG WORBEHAL TEM

©

m

KUNSTSTOFFVERARBEITUNG

KUNSTSTOFF
TECHNIK
LEDBEN

ARRETIERSTANGE

1 von 1 incee  1.3.3




- ARRETIEREBTANGE_SPITZE

Rohtel-Nummar Obaflaschanbshandiung Toll, Baugruppen-Nr.

Tolerierung 180 8015
Laengen- EN IS0 2768-mH
i g""-'r‘dﬁ“,."nﬁ.,. EN ISO 2768-mH

Arretierstangenspitze

21

VIEITERGADE SOVME VENVIELFAFLTIGU M DIEAER UNTEALAGEN, VERWENTUNG
UMD MITTELUNG HRES INHALTS 13T MICHT GESTATTET, STWEIT NICHT

m%&‘é‘ﬁﬂﬁf"“ ARRETIERSTANGENSPITZE

LEDBEN
KUNSTSTOFFVERARBEITUNG Blalt-Nr, 1 wvon 1 moex  1.3.2

AFCRVERKLIGH ZUGESTANDE N ZUWIDE R HANDLUNGEN VERPFLIGHTEN ZU
SGHADENERSATZ ALLE RECHTE PUER DEN FALL DER PATENTERTELLNG ODER

©




Alumninium/Stahl

ARRETIERUNGBRUECKHALTER

Rohtal-Nummer

Obarflaschanbahandiung

Toll, Baugruppen-Nr.

Tolerierung 180 8015

tolamnzen

EN ISO 2768-mH

‘Wnked=, Fai
n| e,
-Tola

Lags Tolaranzen

VIEITERGADE SOVME VENVIELFAFLTIGU M DIEAER UNTEALAGEN, VERWENTUNG

UMD MITTELUNG HRES INHALTS 13T MICHT GESTATTET, STWEIT NICHT
AFCRVERKLIGH ZUGESTANDE N ZUWIDE R HANDLUNGEN VERPFLIGHTEN ZU

21

EN ISO 2768-mH

Arretierungssperre

SGHADENERSATZ ALLE RECHTE PUER DEN FALL DER PATENTERTELLNG ODER

GERRAAUCHEMUHTERE INTRAGLNG WORBEHAL TEM

©

m

KUNSTSTOFFVERARBEITUNG

KUNSTSTOFF
TECHNIK
LEDBEN

1 von 1

ARRETIERUNGSRUECKHALTER

Irchix =




15.00
P15 h7 (14.98

1 SIG 1730 . - CENTERPIN_203CP

Variants Halbzeug und Warkstof? Rohtel-Nummear Obarflaschanbahandiung Tell-, Baugruppen-Nr.

- N Baarb. Schmid M. Tolerierung ISO 8015
Projekt Haarblger Gapreft sl EN ISO 2768-mH

Norm A oeren | EN ISO 2768-mH

Centerpin 203CP

21

1) ™ CENTERPIN_203CP

LEDBEN
KUNSTSTOFFVERARBEITUNG Biatt-Nr, 1 von 1 ndex =

VIEITERGADE SOVME VENVIELFAFLTIGU M DIEAER UNTEALAGEN, VERWENTUNG
UMD MITTELUNG HRES INHALTS 13T MICHT GESTATTET, STWEIT NICHT
AFCRVERKLIGH ZUGESTANDE N ZUWIDE R HANDLUNGEN VERPFLIGHTEN ZU

SGHADENERSATZ ALLE RECHTE PUER DEN FALL DER PATENTERTELLNG ODER

GERRAAUCHEMUHTERE INTRAGLNG WORBEHAL TEM

©




Alle nicht bemalfiten Fasen 0,5x45°

- ZENTRIERSTIFT

Rohtel-Nummar Obaflaschanbshandiung Toll, Baugruppen-Nr.

Tolerierung 180 8015
Laengen- EN IS0 2768-mH
i g""-'r‘dﬁ“,."nﬁ.,. EN ISO 2768-mH

Zentrierstift

4:1

M= | ZENTRIERSTIFT

LEDBEN
KUNSTSTOFFVERARBEITUNG Biatt-Nr, 1 von 1 Ik

VIEITERGADE SOVME VENVIELFAFLTIGU M DIEAER UNTEALAGEN, VERWENTUNG

UMD MITTELUNG HRES INHALTS 13T MICHT GESTATTET, STWEIT NICHT

AFCRVERKLIGH ZUGESTANDE N ZUWIDE R HANDLUNGEN VERPFLIGHTEN ZU
SGHADENERSATZ ALLE RECHTE PUER DEN FALL DER PATENTERTELLNG ODER

GERRAAUCHEMUHTERE INTRAGLNG WORBEHAL TEM

©




