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Das Ziel dieser Forschung ist es zu bestimmen, inwiefern sich das Design eines FFF
Desktop 3D Druckers auf die thermischen und mechanischen Eigenschaften eines
Polyamid-Compounds auswirkt. Daflr werden vier unterschiedliche Gerate ausgewahlt
und mehrere Prifkdrper mit festgelegten Ausgangsbedingungen gedruckt. AnschlieBend
wird ein Teil dieser Prifkérper thermisch nachbehandelt. Zur Bestimmung der
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Materialeigenschaften der Prifkdrper zu bestimmen. Es zeigt sich, dass durch das
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Auf dieser Grundlage lasst sich nicht sagen, dass ein aufwendig gestalteter Desktop 3D
Drucker zwangslaufig bessere Ergebnisse erzielt.
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Abstract

The goal of this research is to determine how the design of a FFF desktop 3D printer,
especially its shielding from the environment, affects the thermal and mechanical
properties of a polyamide compound. For this purpose, four different machines are
selected, and several test specimens are printed with fixed start conditions.
Subsequently, a part of these test specimens is thermally post-treated. To determine the
properties, standardized test procedures were performed to determine the material
properties of the test specimens. It is shown that the design influences the proportion of
the crystalline structure. However, it is also shown that a large part of the properties is
achieved by the after-treatment.

On this basis, it cannot be said that an elaborately designed desktop 3D printer
necessarily achieves better results.
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Introduction

1 Introduction

Additive manufacturing or often called 3D printing is a valid option when it comes to the
selection of a manufacturing process. It offers companies the possibility to integrate complex
geometries into their manufacturing processes and drastically reduces the time to
manufacture. Fused Filament Fabrication (FFF), is one of the key technologies at an industrial
scale. This technology has developed in recent years from a technology for hobbyists to a
serious production basis. At the forefront are the numerous desktop 3D printers. This thesis
investigates the influence of different 3D-printing machines have on printed parts [1-3].

In the FFF, polymers are melted and deposited along a defined travel path. A software called
slicer generates a machine path, called G-Code, from the CAD data. The slicing software adds
printer-specific process parameters to the geometric CAD data and stores them in the G-code.
This file will be transmitted to the machine. Thereby, a three-dimensional object can be created
layer by layer [4-7].

The materials used in FFF all have one thing in common, they are all thermoplastic polymers.
Apart from this common property, however, they can differ greatly from each other. The various
polymers are divided into three main groups. The standard polymers, engineering polymers
and high-performance polymers. In addition, a distinction is made between polymers and
polymer compounds. In the case of compounds, additives are added to the base polymer to
improve the properties or even add new properties to the basic polymer. The basis of the
investigation in this work is a polyamide 6 based compound or PA6 for short. PA6 belongs to
the group of technical polymers and is characterized by high heat resistance and excellent
mechanical properties. Polyamides offer the special feature that their properties are largely
determined by the subsequent water absorption of the components. For this reason, these
components are often specified as conditioned, i.e. as parts in which water absorption from
the environment has already taken place. A further factor for the properties is the crystallization
of the polymer. For this reason, parts, especially parts that have been produced in the FFF
process are post-treated. The post-treatment takes place in an oven, in which the added heat
completes the crystallization of the part [8—11].

The industry around FFF is very broadly diversified and addresses to the most different
customers. This applies to the materials used, which offer the best possible properties for the
respective application, but also for the machines, which can be desktop devices or highly
productive production machines. The differentiation between a machine as an industrial
machine or a desktop device is mainly based on the dimensions of the machine as well as on
the specifications and features found in common production facilities. An industrial 3D printer
is also often more expensive than a desktop device. A price difference of the factor 10 or higher
is not unusual. This does not mean that desktop devices are not suitable for production. In
recent years, desktop 3D printers have increasingly evolved into efficient and productive
machine tools [12]. It is possible to use these machines to produce prototypes, tools or even
consumer products. These machines are aimed at hobbyists as well as research laboratories
or production facilities and vary greatly in price and features. As a center of research, a
selection of the printers currently available on the market was taken.
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The printers used, are each common printer in their field of application. They differ primarily in
price, in their basic design and as well as in their shielding from the environment.

The aim of this bachelor thesis is to show what influence the actions and efforts that the
respective manufacturers invest in their machines have on the mechanical properties of the
processed material. By that it is very interesting to see which factor is affected by the different
printers. A distinction is to be made between functions that effect the user experience, functions
that offer an advantage during the printing process, and functions that even have an impact on
the printed part itself. It must be shown whether and how the machine design itself affects the
mechanical and thermal properties of the printed part if all other process parameters are
equated. The same process parameters are added to the G-code by the slicing software, and
the external environmental factors are also monitored throughout the test. Thus, the input
parameters are identical for each of the specimens to be tested and the printer itself will be
considered as a black box. The output values of the black box however are determined from
the mechanical properties of the specimens. For this purpose, the same number of test
specimens are produced in each machine under controlled conditions. For this reason, it is
important to investigate how this effort and the integration of new designs affect the mechanical
properties of the final component.

The investigated mechanical properties are defined by means of a tensile test according to
DIN EN ISO 527, an impact test according to DIN EN ISO 179-1 as well as the testing of the
heat resistance HDT-A according to DIN EN ISO 75-1. These values are recorded for all
machines after conditioning the test specimens. Additionally, the test specimens are examined
with and without previous annealing.
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2 State of art

The following chapter describes the current state of the art on important technical terms and
technologies, which is intended to support the understanding of the subject matter covered in
this work.

21 FFF

Fused Filament Fabrication (FFF) is often also known under the name Fused Deposition
Modeling short FDM®. This is a manufacturing process from the field of additive
manufacturing. Mainly thermoplastic polymers are being used in this technology. The process
was developed in the late 1980s by Scott Crump and commercialized ten years later by the
company Stratasys, founded by Scott Crump himself [7].

In this extrusion-based process, a plastic wire, also called filament, serves as the starting
material. The filament is fed into the FFF machine by an extruder, which often consists of two
counter-rotating gears (

Figure 1).There, the filament is guided through a hot chamber, the HotEnd, and then exits from
a printing nozzle in liquid form. The HotEnd is usually a steel block with three holes. The main
bore is used to connect the extruder with the nozzle. This connection creates a channel for the
filament. Along this channel the filament changes from solid to liquid state. A second hole is
used to fix a heating element to introduce thermal energy into the steel block. The third hole is
used to fix a temperature sensor to control the temperature of the hot end. The nozzle in the
heating block is available in different diameters and materials. The diameter is decisive for the
quality and resolution of the printed component. A larger nozzle allows a higher extrusion
volume and thus higher speeds, since fewer layers are required. The different materials of the
nozzle are needed for different filaments. Brass nozzles are suitable due to their good thermal
conductivity. If abrasive materials are printed, e.g. filaments with a carbon fiber content, a
hardened nozzle material is preferred to counteract the wear of the nozzle. This can be for
example a ruby nozzle or a nozzle of hardened steel.

Figure 1: Extruder and HotEnd combination. Source: based on [13]
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This entire device is mounted on a frame, which allows CNC controlled movement of the x-, y-
and z- axes.

The printing part is created by dividing the geometry into layers. These layers are generally
between 0.1 mm and 0.4 mm in height. The layers are first applied by the machine onto a
printing bed and then onto each other. Due to the high exit temperature of the molten polymer,
each layer bonds with the one below. Layer by layer, a three-dimensional object is thus created
from the two-dimensional single layers.

The starting point for each 3D print is the CAD geometry data. The CAD object is then exported
as a .stl-file. In this file format, the geometry of the component is described as an outer surface
consisting of a triangles (mesh). This file can be processed in the next step with a so-called
slicer. The slicer is a software which divides the three-dimensional object into two-dimensional
layers to control the axis movements of the machine. In addition to the geometry data, the
slicer also has other tasks. It adds all process-relevant information to the model. This includes
material-specific data such as temperature and density. The slicer also processes machine
parameters such as speeds and build space.

These information are then saved in another file format. This file, also known as G-Code,
contains all the necessary information line by line, which is processed as a build job by the
firmware installed on the printer.

At the early stages of the technology's dissemination, the technology was initially used to
create prototypes or tools. This is because it offers the advantage of almost complete design
freedom in the development process. Time to Market can be reduced significantly with this
technology [12]. The costs for tools or assembly aids can also be drastically reduced by
manufacturing with FFF.

In the meantime, the quality of the components produced in this way has matured to such an
extent that entire small series can be produced by additive manufacturing. The freedom of
design and the low machine and tool costs open new markets. Adaptability and batch size 0
are no longer a problem in production planning[12].
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2.2 Printer Designs

Filament based 3D printers can be found on the market in many different designs. These FFF
machines can be categorized as industrial and desktop machines. While the industrial
machines have all criteria to fit within the classical industrial environment, the desktop 3D
printers are rather small and simpler. In addition to the external dimensions, these machines
differ in handling, maintenance, safety features, price as well as in the connection and
integration into industrial processes. Desktop devices, on the other hand, have a consumer-
friendly appearance and can be visually integrated into offices and technical labs. Apart from
their external appearance, desktop devices are no longer inferior to their major counterparts.
Most of the features that until recently were reserved for industrial machines have now made
it into desktop printers.

Firstly, the differences of an FFF 3D printer can be described by its kinematics. There are
printers that work with a "Delta" motion system (Figure 2). This type of motion control is
characterized by the fact that the hot end is attached to three arms. These three arms can
perform a vertical movement. None of these movements is responsible for a specific axis. The
relative movement is a result of the interaction of all three movements.The more common
movement design, which can also be found in all printers in this work, is the "Cartesian" (Figure
2). Here each axis of the printer is responsible for the respective x, y or z axis. Which
component moves on which axis can be different [14].

Cartesian Delta

Figure 2: Schematic of cartesian printer (right) and delta printer (left). Source: [14]
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Besides the differences in the type of drive, there is another major difference between the
machines available on the market. The arrangement of HotEnd and extruder. Machines where
the extruder is located directly above the hot end on the moving part of the machine are called
direct drive. Here the material is pulled into the HotEnd. This type of drive makes it possible to
print especially flexible materials because the distance between hot end and extruder is short
and flexible filaments can be pulled rather than pushed. This has the disadvantage that more
mass must be moved by the motion system of the printer. In contrast to this design is the
Bowden design. Here the extruder is located at a fixed position on the printer and the material
is pushed to the hopper by a tube. This pressing of the material over a long distance is often
inaccurate and sluggish when changes occur. This is not only due to the long distance but also
to the friction that occurs. An advantage, however, is that the moving parts of the printer are
faster and more precise due to the lower mass.

The design aspect of particular interest in this thesis is the printer casing. Ambient temperature
and humidity can have a decisive influence on the properties of the component. 3D printers on
the market today differ in how open the build space is exposed to the environment. This
shielding involves a great deal of effort, so it can be said that the degree of shielding is
proportional to the price of the machine.

The fact that the shielding influences the processability of the materials has already been
shown in many works. ABS is a prominent example of this. [15] This material can only be
processed in FFF under controlled conditions. Whether and how strongly this controlled
condition affects the mechanical properties has only been investigated to a limited extent.
Which printers are examined and how they differ from each other is described in the following
subchapters.
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2.2.1 Prusai3Mk3

One of the printers used in this work is the Prusa i3Mk3s from Prusa Research (Figure 3). This
device is an open source printer, which was developed from the RepRap project. The idea of
RepRap goes back to Adrian Bowyer, it consists of the idea to create a 3D printer that can
create its own components and thus replicate itself. The abbreviation RepRap stands for
Replicating rapid-prototyper. These open source plans are under a GNU Gerneral Public
Licence. From this idea the Prusa i3 was developed in May 2012. The frame of the printer
consists of aluminum profiles and 26 printed plastic components [12].

Figure 3: Schematic representation of the effect of the environment on the Prusa i3Mk3s. Source: Based on [16]

It has a heated printing bed and a printing surface made of PEl-coated spring steel. It has a
hot end, which can reach temperatures of up to 300°C. The printer processes filament with a
diameter of 1.75 mm. A steel heating block for heating a brass nozzle with an outlet diameter
of 0.4mm is provided. The temperature of the HotEnd is measured with a thermistor. The
extruder consists of two toothed gears for feeding the filament. The extruder and the HotEnd
are installed in a direct drive configuration.

The printer was selected for this test series because the printing platform is completely
unprotected from the environment on all sides. The simplicity of the design makes it a good
test object for the effects and investigations in this thesis.
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2.2.2 Ultimaker S3

Another 3D printer in this test series is the Ultimaker S3 from Ultimaker (Figure 4). According
to the company, this printer is the entry into industrial and professional filament 3D printing.
The housing of this machine is closed at the sides, so that the printing area is only open to the
environment from above.

Figure 4: Schematic representation of the Ultimaker S3 shielding. Source: Based on [17]

The printer has a heated printing bed and a printing area made of coated glass. The maximum
printing area of the printing plate is 230 x 190 x 200 mm (H*W*D): It also has a dual HotEnd
so that different materials can be processed simultaneously. The HotEnds can be heated to
temperatures of up to 320°C. The filament processed in this device has a diameter of 2.85
mm. The Ultimaker has exchangeable print heads, the so-called printcore. In the test, the
printer is equipped with a 0.4 AA printcore. AA refers to the nozzle material, here brass. The
addition 0.4 describes the diameter of the nozzle with 0.4 mm. The Ultimaker's extruder
consists of two toothed gears and is mounted on the back of the device. The filament is guided
into the printcore via a PTFE tube in a bowden configuration.

The design of this printer is the next step in shielding the printing area from the environment
and thus a further step towards a controlled processing atmosphere.
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2.2.3 Ultimaker S5

In addition to the Ultimaker S3, the Ultimaker company also offers the Ultimaker S5 (Figure 5).
This printer is another step towards industrial 3D printing. The housing of this machine is closed
not only on the sides, but also on the top, so that the printing area is completely isolated from
the environment.

\\
\
¢ S »

Figure 5: Schematic representation of the Ultimaker S5 shielding. Source: based on [18]

S5 has all the features and technology of the S3, except for a larger build volume. The build
volume is 330 x 240 x 300 mm (H*W*D): Like the Ultimaker S3, the S5 also has exchangeable
print cores. In the test, the printer is equipped with a 0.4 AA printcore. The extruder of the
Ultimaker S5 is also located on the back of the device. Here, again, the filament is fed into the
printcore via a PTFE tube in a bowden style setup.

This printer offers complete shielding of the printing area from its surroundings.
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2.2.4 Makerbot MethodX

Like the Ultimaker S5, the Makerbot MethodX also offers a closed housing (Figure 6). In this
case, however, the housing is additionally insulated. This insulation is necessary because this
device does not have a heated bed. Instead, hot air is used to bring the entire printing chamber
to the desired ambient temperature. This heated chamber provides a more uniform ambient.

Figure 6: Schematic representation of the Makerbot MethodX shielding. Source: based on [19]

A plastic-coated spring steel plate serves as a printing base of the Makerbot MethodX. The
temperature of the print chamber can reach up to 100°C. The printer has two extruders. Like
the Prusa, the Makerbot uses filaments with a diameter of 1.75mm. The Makerbot MethodX is
equipped with completely exchangeable print heads, which include the HotEnd and the
extruder. In the test the printer is equipped with a LABS extruder which includes a 0.4 mm
nozzle. The extruder is located directly above the HotEnd, therefore it concerns as a direct
drive configuration.

This machine offers the advantage that it is not only isolated from the environment, but that
the environment within the machine itself is controllable and uniform. The printer also differs in
that the printing bed is not heated and the environment is brought to the operating temperature
by a hot air fan.

10
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2.3 Polyamide Compound

Many polymers and polymer compounds are used in plastics extrusion and many of them are
specially adapted and modified for 3D printing. Each material serves a different application.
These polymers can be depicted and classified in the so-called polymer pyramid. (Figure 7)

<
o
,a"s‘

Amorphous Semi-crystaline

Figure 7: Polymer pyramid. Source: based on [16]

Polyamides, or PA for short, are technical plastics that are characterized by good heat and
chemical resistance. They are semi-crystalline materials and are one of the oldest engineering
polymers available. There are many different types of PA with PA6 and PA66 being the most
common. [20] Polyamide was invented in the mid-1930s and is known to many as nylon[21].
PA has excellent mechanical properties and is used in a variety of products. Polyamides have
the special property that their mechanical properties are strongly determined by the absorption
of water. Especially with polyamide it is necessary to use a dry starting material. The moisture
absorption of polyamide is between 2 % - 4 % relative humidity[22—24].

In this work a polyamide compound produced be the company LEHVOSS Group is used. The
product “LUVOCOM® PAHT 9825 NT” is based on a PA6 and it was specially developed to
address the complications in 3D printing, e.g. moisture absorption and the warping that occurs
during printing, has been greatly reduced. warping results from the crystallization of the
structure in the layers close to the printing bed due to the thermal energy of the bed. The
crystallization creates a stress gradient within the component, which bends the component
upwards.

11
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The material can be processed without side effects under uncontrolled environmental
conditions. The LUVOCOM PART® 9825 NT is optimized to store less moisture. The moisture
absorption is only half that of conventional PA6 and the time to complete saturation is four
times longer. These properties make this material particularly suitable for use in this work.
Many problems have already been solved on the material side, so the focus of the printers is
on achieving the best possible mechanical properties. An extract of the technical datasheet of
the tested material is shown in Figure 8 .

LUVOCOM® 3F PAHT 9825 NT LUVOCOM 3F
Additive manufacturing solutions
High-temperature polyamide
unreinforced, natural color
Physical properties Test method Specimen Units  Typical value
Specific gravity ISO 1183-3 glcm?® 1,20
Water absorption 23°C/24h ISO 62 MPTS ISO 3167 A % <03
Melt flow rates (MFR) 250°C/2,16kg ISO 1133 peliet 9/10 min 36
Melt volume rate (MVR) 250°C /2,16kg ISO 1133 peliet cm*10 min 347
Linear mould shrinkage DN 16742 MPTSISO3167A % 0,3-05
Mechanical properties at 23°C / 50% rh
Tensile strength dry, @50 mm/min ISO 527 MPTSISO3167A MPa 85
Elongation at maximum force dry, @50 mm/min ISO 527 MPTS ISO 3167 A % 36
Modulus of elasticity dry, @1 mm/min ISO 527 MPTSISO3167A GPa 34
Charpy impact strength dry ISO 179 1eU 80x10x4mm kJ/m? NB
Thermal properties
Heat distortion temperature HDTA ISO75 molded sample °C 90
Continuous service temperature 20.000 h EEC60216 MPTSISO3167A °‘C 120
Service temperature during lifetime max. 200h MPTS ISO 3167 A °‘C 160
Coefficient of thermal expansion ISO 11359 10x8x4 mm 107K 05
Thermal conductivity in plane hot disk ISO 22007 || 60x60x3 mm W/mK 03
Electrical properties
Insulation resistance strip electrode R25 DN IEC 60167 MPTS ISO 3167 A Q >10"%
Surface resistance ROB DN [EC 60093 Ronde 60x4mm Q >10"
Main features
Low influence from moisture and temperature on dimensional stability and electrical properties, compared with PA66

Figure 8: Extract of the technical datasheet of LUVOCOM® PAHT 9825 NT.

12
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2.4 Annealing

Polymers contains of long repeating molecule chains. These chains have two types of
molecular structures: crystalline and amorphous. The crystalline structures are partially
ordered. The amorphous part has a disordered or chaotic form. While the crystalline parts are
stiff, amorphous polymers behave elastically and flexibly. By liquefying the plastic in the nozzle
of the 3D printer, the plastic is mostly amorphous [25]. In this state, the material solidifies when
exposed to the air. Due to the rapid cooling of the layers on top of each other, additional
stresses are created within the component due to the temperature gradient. In addition, more
heat is supplied to the lower layers due to the heated printing bed than to the layers further up
[26].

The post-treatment of plastic components from the FFF printer offers the possibility to optimize
the components afterwards. One of these processes is called annealing. This process serves
to complete the maximum crystallization in the component. The prerequisite for this is an
amorphous or partially crystalline material. For this purpose, the crystal chains are
energetically re-arranging to create a solid structure (Figure 9). To achieve this, the material
must be brought above the so-called glass transition temperature (Tg). At this temperature,
the amorphous components of the polymer change into the glassy or rubbery state. The glass
transition temperature is therefore often called the softening temperature. This soft amorphous
phase provides sufficient space for new organization in the microstructure. [27] This allows
small structural defects to be compensated and repaired. Each polymer has its own specific
glass transition temperature depending on its molecular structure. Polyamide 6 has a glass
transition temperature of 60 °C. However, this value depends on the moisture contained in the
material. For successful annealing, a temperature above Tg must be applied. The temperature
must not exceed the maximum operating temperature. At this temperature, the material will
soften to much and loose its shape. Heating the material further and above the degradation
temperature, the material decomposes and is irreversibly damaged.

=

Figure 9: Polymerechain before (left) and polymerechain after annealing (right).
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2.5 Conditioning

Another post-treatment for plastics, especially polyamides, is conditioning. Conditioned
describes the state the polyamide is in when it is saturated with water. For this purpose, the
material is stored in a special container until it reaches the conditioned state. Within this
container there is a constant relative humidity and temperature. The strength and stiffness of
the material decreases after conditioning. The elongation on the other hand is increased by
conditioning. Furthermore, the glass transition temperature shifts to a lower value. Only
through the storage of moisture does the polyamide acquire its characteristic strength and
elasticity. In the data sheets of the material, the properties are usually specified as
"conditioned", as this meets the requirements of the later application [23].

Water molecules diffuse through the material, searching for charged areas and forcing polymer
chains apart. For this reason, polyamide parts swell up after being exposed to moisture. The
separation of the polymer chains reduces the polar attraction between the bonds and enables
increased chain mobility. This leads to reduced mechanical properties. Within the amorphous
areas, the water binds to the polymer chain through hydrogen bonds. Fortunately, the
crystalline regions show a high resistance against separation by the water because the bonds
between the amide groups are stronger than the attraction to water [24]. (Figure 10)

Conditioning

Figure 10: Effect of conditioning on a polymer chain.
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3 Experimental Methodology
This chapter and its subsections describe the procedure of this test series.
3.1 Pretest

The main purpose of the pre-test is to find suitable settings for all the devices. For this purpose,
the settings specified by the material manufacturer are used as the baseline setting. For the
test, print profiles are created for all printers in the slicer software Cura. The process
parameters are adopted for all machines, only printer-specific settings such as the homing
routine or the size of the installation space are adjusted.

Small test cubes are printed to ensure that the machine firmware calculate the software values
correctly. For this purpose, three builds with five cubes each are printed on each machine.
These 10 mm3 cubes are used to check whether the printers extruded the same amount of
material. For this purpose, the cubes are measured and weighed to calculate the density of
the cubes. The density is also measured with a pycnometer.

The Makerbot MethodX is treated separately here and in the whole further course. Compared
to the other machines, it does not offer a connection to the software Cura and does not use a
standard G-Code. The settings have been adjusted in the MakerbotPrint software to be like
the profiles created in Cura in all important settings.

In addition, a set of tensile specimens is printed and tested on each printer by DIN EN ISO
527. This test serves as a pre-check, to ensure that the values are within the expected range
before the whole test begins. These results are then compared with those of the technical data
sheet to ensure that they are in line with expectations.

3.2 Preparation

The tests are performed one after the other under monitored conditions. For this purpose, the
material is pre-dried for 48 hours in an oven at 100°C to ensure that there is no residual
moisture in the material. The material is then stored in a filament dryer. From this dryer the
material is loaded directly into the respective printers. The dryer ensures that no condensation
occurs on the surface of the material at temperatures above 50°C and a humidity level of no
more than 15%. The humidity and temperature of the room is recorded directly at the printer's
workstation with the help of a data logger. The dry material is loaded through a tube directly
into the extruder of the respective printer. Thus, the material is exposed to ambient conditions
only after exiting the nozzle.

The environment is recorded with a testo Saveris 2 WLAN data logger system. This logger
stores the relative room humidity and the ambient temperature. For the recording of the
moisture content inside the filament dryer a self-built data logger consisting of an Arduino Nano
and a DHT22 sensor is used.
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3.3 Printing

Two types of test specimens must be printed to test the mechanical properties. On the one
hand, these are tensile test specimen according to DIN EN ISO 527. Five of each of these test
specimens are printed on one printing bed. These tension bars are printed in the “flat” position
and the “edge” position as shown in Figure 11. From this point on, the orientation marked as
"flat" refers to the orientation of the specimens in the XY plane. The "edge" orientation therefore
refers to the orientation in the YZ plane.

| I
K K | ‘

Figure 11: Layout of the tensile specimen edge (left) tensile specimen flat (right) and in the Cura Slicer.

Beside the tensile bars, cuboids with the dimensions 10 mm x 4 mm x 80 mm are printed
according to DIN EN ISO 75-2, DIN EN ISO 179 1eU and DIN EN ISO 178. These test
specimens are needed to determine the mechanical properties such as impact strength and
flexural strength as well as the thermal properties of the HDT. These specimens are also
printed in the “flat” and “edge” orientation as shown in Figure 12. There are 15 test specimens
per printing bed.

Figure 12: Layout of the Charpy specimen edge (left) Charpy specimen flat (right) in the Cura Slicer.

Since the properties are tested with and without subsequent annealing, the test specimens are
required in a duplicate version.
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When examining different machines from different manufacturers, it is essential to create a
common basis. In this case the common basis is the G-Code. This must be identical in all

settings relevant to printing. These basic settings are listed in the following (Table 1).

Slicer settings in Cura

Setting Value

Quality Layer height 0,2 mm
Layer width 0,6 mm

Material Extruder temperature 265 °C
First layer extruder temperature 265 °C
Printbed temperature 80 °C
First layer printbed temperature 80 °c
Material flow 100 %

Speeds First layer print speed 20 mm/s
Infill print speed 40 mm/s
Outline print speed 40 mm/s

Layers Number of outlines 3
Number of bottom layers 3
Number of top layers 3

Infill Infill pattern Lines
Infill percentage 100 %
Infill overlap 30 %

Cooling Cooling fan speed 0%

Table 1: Slicer settings in Cura.

These G-Codes were generated with the open source software package Cura 4.5.0. The
height and width of the layers shown in the table are common values which are often chosen
to produce components in FFF. The material settings are taken from the manufacturer's
printing guideline document. It describes how the material can best be processed. The speeds
are slightly below the processing speeds of the material to ensure that a constant material
volume flow is guaranteed. The number of layers is also based on a value normally used in
production. To assess the effect of the environment more precisely, the fan for cooling the
component is disabled. This also helps to keep the energy of the heat inside the component
to achieve a better connection of the layers. In addition, the travel paths of the printers are

examined to ensure that the structure of the individual layers is identical for each printer.
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3.4 Post-treatment (Annealing)

After printing, the test specimens are sealed in a plastic bag. One part of the test specimens
is annealed in an oven. In this oven, the material is first heated to 65 °C for one hour. Then the
temperature is increased to 85 °C and the material is treated for another five hours (Figure 13).
These two stages are chosen to allow crystallization to take place as slowly as possible. A
slow crystallization prevents the geometrical change of the components. The stresses that
were preserved in the component during the printing process can be released by sudden
heating and deform the entire test specimen. This two-step method of annealing can reduce
this deformation to a possible minimum. A completely deformation-free annealing process
cannot be realized with polyamides due to their semi-crystallinity. [15] The degree of
deformation depends on how much stress has been created in the component during the
compression process.

Annealing heating curve
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Figure 13: Annealing heating curve.
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3.5 Testing

The following chapter describes which tests are necessary to collect the required comparative
data. These include the execution of the pre-tests as well as those required for the
determination of the mechanical and thermal properties.

3.5.1 Density determination

The density measurement is performed to see if a comparative value can be achieved. For this
purpose, the 1 mm?2 cubes of the pre-test were first measured and weighed with a fine scale.
The density of the cubes can then be determined from these values. The density is determined
by the following formula:

(1)

Where p is the density, m the mass and V the measured volume.

Three print jobs with six cubes each were printed on each of the four printers. The Pycnometer
tests is performed by “micromeritics AccuPyc Il 1340”.

In addition to the manual determination of the density, the density was then determined with a
pycnometer. The measurement with a pycnometer is based on the principle of volumetric
displacement. For this, the vessel filled with liquid is first weighed. Then the solid to be
measured is added and weighed again. From the difference in weight the density of the solid
is calculated with:

Meotia — M
solid empty " Pliquid 2)

Psolia =
(mliquid - mempty) - (msolid+uquid — Mgoliq)

Where psqiq is the density of the material to be measured, mg,;;4 the mass of the material,
Mempty the mass of the empty vessel, my;4,,;4 the mass of the added liquid and pj;qyq the
density of the added liquid.

Additionally, the density of the filaments was determined to provide a comparative value.

The measurements were taken with an analog caliper gauge. The mass was weighed with a
"KERN PFB".
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3.5.2 Tensile Test according to DIN EN ISO 527

One of the most important parameters of mechanical material properties is the tensile strength.
This value describes the maximum tensile stress at which a material fails. To obtain this value,
a tensile test is carried out according to DIN EN ISO 527. These specimens are tested with a
“ZwickRoell ZMART.PRO”. The test speed of the tensile test is 50 mm/min. Other noteworthy
characteristic values from this test are elongation at maximum force and the tensile modulus.

The specimen tested in this test is the test body 1A which is defined in DIN EN ISO 3167. The
characteristic dimensions of the multipurpose test specimen are a length of 80 mm, a width of
10 mm and a thickness of 4 mm. Five test specimens are required for each measurement.

3.56.3 Charpy impact properties according to DIN EN ISO 179 1eU

Impact strength is another important parameter of the mechanical properties of the material.
To obtain this value, a Charpy notched bar impact test is carried out according to DIN EN ISO
179 1eU, which is the preferred test according to ISO 10350-1. This test is preferred according
to the single point values ISO 10350-1. At this dynamic bending of the test specimen, which
occurs due to an impact-like stress, the test specimen breaks, and the absorbed kinetic energy
can be measured.

The specimen tested in this test is the unnotched Charpy specimen. The characteristic
dimension of the test specimen is a width of 10 mm, a thickness of 4 mm and a length of
80 mm. Five test specimens are required for each measurement. These specimens are tested
with a "ZwickRoell HIT25P Pendulum Impact Tester" equipped with the “RoboTest H” for
automation.

3.5.4 Flexural Strength according to DIN EN ISO 75-2

Flexural strength is a mechanical property that is determined with the three-point bending test
according to DIN EN ISO 75-2. For this test, a Charpy test specimen is exposed to a load and
the deflection is measured in parallel. This test can be used to determine the characteristic
values of flexural strength, elongation, flexural modulus, and elongation at break.

The specimen tested in this test is the Charpy test specimen. The characteristic dimension of
the test specimen is a width of 10 mm, a thickness of 4 mm and a length of 80 mm. Five test
specimens are required for each measurement. These specimens are tested with a
"ZwickRoell RetroLine". The test speed is 10 mm/min.
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3.5.5 HDT according to DIN EN ISO 178

The Heat Deflection Temperature (HDT) is the temperature at which a test specimen deforms
up to a standardized dimension. This is a thermal material property. For this test, a Charpy
specimen is stressed with a load, the temperature is raised, and the deflection is measured at
the same time. This test is standardized according to HDT ISO 75-2. The test method used is
method A with a bending stress of 1.8 MPa and a linear heating rate of 120°C/h. The maximum
allowed deflection is 0.34mm. This test can be used to determine the temperature at which the
allowed final displacement is reached.

The specimen tested in this test is the Charpy test specimen. The characteristic dimension of
the test specimen is a width of 10 mm, a thickness of 4 mm and a length of 80 mm. Three test
specimens are required for the evaluation. These samples are tested with an "INSTRON
HV500".

3.5.6 DSC According to DIN EN ISO 11357-1

Differential Scanning Calorimetry (DSC) is a technique that measures the heat flow into or out
of a material as a function of time and temperature. The polymer crystallinity can be determined
with DSC by quantification of the heat associated with the melting (fusion) of the polymer. The
exact procedure is recorded in DIN EN ISO 11357-1. DSC is also a method for determining
polymer crystallinity. The heat required to melt the polymer is measured and compared with a
reference value of a 100% crystalline microstructure. This difference is directly proportional to
the crystalline portion of the polymer structure. The percentage of crystallinity inside the
polymer can be calculated as:

T2 (3)
AH = f C,dT
T1

Weryst = % 4
m

With A,,Hp,,, being the enthalpy of the probe, A,,H° being the enthalpy of a fully crystalline
structure and w¢,,s; being the percentage of the crystalline structures.

The temperature spectrum in this test was a heating from 30 °C to 280 °C at a speed of
10 K/min. The DSC analysis was performed with a "METTLER TOLEDO DSC 1 STAR®
System”.
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3.6 Scope and Limitation

Such a macroscopic view of a manufacturing process offers many variables and influencing
factors. To evaluate the resulting properties of the produced parts requires a lot of tests and
investigations.

The four different machines from different manufacturers are the basis for the investigations.
All the differences in the construction, both mechanical, electrical, and thermal, must be
considered as a black box. The specific influence of all these components cannot be
differentiated. But it is not only the machines themselves that offer a diverse starting position.
The material used also differs. These differences can be found in the different filament
diameters and possible microscopic differences in the structure of the different batches. The
moisture content of the material cannot be specified exactly either since inline measurement
of the core moisture is not possible.

From these differences, both on the machine side and on the material side, further irregularities
arise in the form of the extruded quantity of the material. This irregularity is mainly due to the
different designs of extruders and HotEnds and is therefore the link between material and
machine. All these variables can be evaluated very well as a black box. In detail, it is not
possible to say which component is ultimately decisive for the result to be seen.

The most serious factor here is the lack of compatibility of the devices in a common software.
The absence of this interface makes it impossible to compare the Makerbot with the other
printers. However, the tests of the Makerbot can be compared with itself. The difference
between treated and untreated specimen on the same machine provide important information
about the degree of crystallization.

Limitations in the consideration of the results are additionally a test approach according to
standards, which are all designed for samples created in injection molding. This is mitigated
by the fact that the industry has agreed to accept these standards as a suitable means of
comparison.

The tensile bars in the "edge" orientation are not an optimal exception. The fact that these
specimens must be supported with support material in the test cross section and therefore
notches and surface damage were left on the surface falsifies the test results. The degree of
damage is not uniform across all machines up to the Makerbot, on which these samples could
not be produced.

Another way of comparing would be to optimize for each individual printer. Then the best
results of the various printers can be compared. However, this approach offers the same
difficulties and only shifts the problem to other variables. The approach chosen here is
therefore identical starting conditions for all machines up to the point where the printer control
takes over.
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4 Result and discussion

The results are presented using the different test methods on the specimens produced in the
FFF process using the specific 3D-printers mentioned before.

4.1 Density determination

Before the main tests can be started on the individual machines, it must be ensured that the
settings made can produce the same results. Whether the same amount of material is extruded
from the machines. This comparison is made with the densities produced by the printers. For
this analysis, test cubes were printed on each of the printers.

The density measured with the pycnometer, here shown in Figure 14, shows a uniform

distribution. All the printers show densities that differ only slightly from the filaments. However,
this deviation is identical for all the tested machines, which all produce a density of 1.16 g/cm3.

Density by Pycnometer
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Figure 14: Part density measured by pyconometer.

This result is to be expected. The density of the material does not change due to the printing
process. What should be determined is the porosity of the components. For this determination,
a test with a pycnometer is unsuitable, because the defects of the layers are open, and
displacement of the liquid is not measured.
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The samples that were measured with a caliper gauge after printing and weighed on a fine
balance show a different pattern, shown here in Figure 15.

Density by dimension and weight
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Figure 15: Part density measured by dimension and weight.

The scattering of the results is very large in this measurement. The G-Codes were developed
with a focus on uniform dimensional accuracy, and it is the mass of the test specimens that
shows the differences (Table 2). Especially the density of the Makerbot and Prusa seem to be
low in comparison.

Machine Mean weight [g] Mean volume [mm?3] Mean density [g/cm?3]

Prusa i3Mk3s 120,94 1097,12 1,10
Ultimaker S3 121,00 1077,75 1,12
Ultimaker S5 119,94 1056,65 1,14
Makerbot MethodX 116,39 1063,08 1,09

Table 2: Geometry and weight for density calculation

The density calculated here not only includes the material density, but also considers internal
porosity. This result indicates that there are cavities or gaps between the layers.

Furthermore, this method of determination is inaccurate. The tactile measurement of the
geometry also includes surface roughness and therefore produces an incorrect measurement
of the geometry.

The fact that the values for the Makerbot are low is due to the limited adaptation possibilities
of the G-code of the corresponding software.
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4.2 Ambient Condition

To ensure that all test specimens were manufactured under the same conditions, the
environmental parameters were monitored and measured during all tests (Figure 16).

Ambient Condition
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Figure 16: Ambient condition during the prints.

The room temperature shows insignificant differences during all tests. Differences of this small
magnitude should not affect the comparability of the prints. These differences are therefore
negligible.

The humidity, on the other hand, fluctuates significantly over the tests. To what extent this
influences the properties of the test specimens produced during printing cannot be said. After
printing, all test specimens are conditioned under the same conditions anyway.
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Another key value is the moisture of the material. This has been pre-treated under the same
conditions. However, storage during printing is just as important, as moisture absorption is very

fast with polyamides. The filament dryer used had a constant value of 60 °C over the entire
test period. The moisture inside was recorded during each print (Figure 17).

Humidity inside filament dryer
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Figure 17: Humidity inside filament dryer.

The relative humidity inside the dryer can be seen for each printer and specimen. The decisive
factor here is that the fluctuation of the humidity between the printers during a specimen print
is as small as possible.

The largest deviation is seen in the printing of the tensile specimens at the "edge" position
without annealing. Here the difference between the Ultimaker S3 and the Ultimaker S5 is about
4%. The sensor used to measure humidity, a DHT22, has an accuracy of +-2%. This
inaccuracy therefore does not allow any statement to be made as to whether this could
influence the condition of the base material.
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4.3 Tensile Test according to DIN EN ISO 527

The data of the tensile test are generally shown in a stress-strain diagram. As an example, the
diagrams from the Prusa i3Mk3s measurements (Figure 18).

Stress-strain diagram Prusa i3Mk3s
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Figure 18: Stress-strain diagram of Prusa specimen.

In this diagram the stress is represented by the strain of the specimen. The diagrams shown
here are those which best describe the average of the five measurements. In addition, the
measurements of both orientations are shown, with and without annealing. This example
shows that the two untreated samples have a higher elongation than those that were not
treated. In order to investigate these properties in more detail, these values are considered
separately in the following and compared with the other printers.
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The results of the tensile test are one of the key results when it comes to considering

mechanical properties. First, the tensile stress of the printed as “flat” specimen, which is shown
in the Figure 19.

Tensile strength for "flat" Specimens
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Figure 19: Tensile strength for "flat" specimens.

Here it can be seen that the peak values of the machines are different. The Ultimaker S5
performes best with a tensile strength of 83 MPa. The lowest result is achieved by the Makerbot
MethodX with only 61 MPa. However, there is no difference in the tensile strength between the
annealed samples and the samples directly from the printer. This suggests that the post-
treatment has no influence on the tensile strength itself.

The visible decrease in tensile stress is a consequence of the standard deviation. There is no
recognizable effect of annealing. The low value of the Makerbot can be explained by looking
at the specimen (Figure 20).

Figure 20: Example of tensile test specimen printed on the Makerbot MethodX.

Here visible gaps between the lines of the first layer can be seen. This is due to limited settings

in the software of the Makerbot. These gaps weaken the component due to the lack of material
and the notch forces generated at the edges.
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The tensile strength of the "edge" specimens is shown below (Figure 21).

Tensile strength for "edge" Specimens
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Figure 21: Tensile strength for "edge" specimens.

For those printed as "edge" samples, the difference between the values produced by the
different printers is smaller. Within the deviation, there is even no difference to be seen.

The reason that differences in the "edge" tension rods are smaller could be that these tension
rods have a low infill and most of the specimen consist of outer layers. In contrast, in the case
of the "flat" specimens, the infill makes up a smaller proportion of the total part. The outer shells
seem to differ less between the machines than the infill. So, the outer layers seemed to be
able to achieve the same tensile strength.

The tensile bars of the Makerbot again cannot achieve the results of the other machines. There
is no data of the Makerbot available for the tensile stresses of the samples printed in the "edge"
orientation, because any support setting in the software of the Makerbot could not provide
acceptable results.
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In contrast, the effect of annealing on tensile specimen elongation can be seen. As shown in
Figure 22.
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Figure 22: Tensile strength-elongation-diagram.

The elongation decreases significantly. The decrease in strain is not uniform. The Prusa
i3Mk3s benefits more from the subsequent annealing than, for example, the Ultimaker S5 or
the Makerbot. This suggests that the design of the printer has an impact on the effectiveness
of the post-treatment. The post-treatment makes the components stiffer. This can be expected
due to the characteristic properties of a crystalline structure.
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This effect can be seen in the vectors shown here, but it becomes even clearer when looking
at the tensile modules. As an example, the values for the "flat" tensile bars are shown in Figure
23.

Tensile module "flat" specimens
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Figure 23: Tensile module for "flat" specimens.

On the Prusa i3Mk3s the tensile modulus increases by 8%. With the Ultimaker S3 it is 6%, with
the Ultimaker S5 it is 3% and the difference with the Makerbot is 2%.

This observation is consistent with the assumption that the design of the printer influences the
mechanical properties. The order in which the printers are protected from the environment is
the same as the order in which the annealing process influences the manufactured parts. The
better the build volume is protected, the lower the effect of the annealing process. This is since,
in a well-insulated build space, the component can already form crystalline structures during
printing. The better the component is shielded, the higher the percentage of crystalline
structures. These structures are created by the heat of the printing bed. This thermal energy
penetrates the component and thus promotes the formation of crystals. In Makerbot MethodX
it is not the printing bed, but the entire environment that provides the thermal energy.
Therefore, the effect of annealing is particularly low with this printer. The crystal structure is
already almost completely formed. Here it can be seen that the difference between untreated
and treated state of the samples decreases with the shielding to environment.
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4.4 |mpact Strength according to DIN EN ISO 179 1eU

The eU notched bar impact test provides the impact strength as well as the impact energy.
The impact strength and the impact energy show qualitatively the same result. Looking at the
results of the impact energy in Figure 24 and Figure 25.
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Figure 24: Impact energy for "flat" specimens.

The notched impact energy is shown here for the specimens printed as "flat". Here the
Ultimaker S3 shows the best result. Followed by the Ultimaker S5 and the Makerbot MethodX
with the Prusa as last. With Prusa, the value after annealing is lower than before treatment.
This is not observed with the other machines.
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Figure 25: Impact energy for "edge" specimens.

It is noticeable that the specimens of the "edge" orientation show higher values than those in
the "flat" orientation. Here the Ultimaker S5 shows the best result.
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With the "edge" samples, there are differences between the annealed and untreated samples
on the Prusa i3Mk3s and the Ultimaker S3. The Ultimaker S5, on the other hand, shows no
visible changes due to the post-treatment. With the Makerbot, on the other hand, an increase
in impact energy can be seen.

Looking at the impact strengths of all samples in Figure 26, it can be said that the two Ultimaker
machines deliver the peak values.
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Figure 26: Impact strength eU of specimen.

A statement about whether the Ultimaker S3 or the Ultimaker S5 delivers higher values cannot
be made due to the standard deviation. However, the characteristic values of the Prusa i3Mk3s
and the Makerbot are inferior to those of the Ultimaker machines in at least one characteristic
value. In addition, the values of the "edge" samples are on average higher than those of the
"flat" samples.

The behavior of the test specimens in this test is also in line with the expected differences in
printer designs. The influence of annealing is lower for "flat" samples, since in this orientation
the area of the sample lying on the printing bed is larger. Furthermore, in this orientation the
top layer of the specimen is closer to the bed. These two points ensure that there is more
surface area to bring energy from the printing bed into the component. These conditions
already promote the formation of crystals in the test specimen during printing. Since the
specimens printed as "edge" are higher and the distance from the heated printing bed in the
Prusa, Ultimaker S3 and Ultimaker S5 is greater, a smaller proportion of the structure is
crystallized. This effect is not visible on the Ultimaker S5 due to the high standard deviation.

The even heat in Makerbot MethodX, however, should show a different pattern. It is to be
expected that the results of both orientations in treated and untreated state will not differ. Again,
a strong deviation in the annealed sample denies a clear result and an unambiguous
statement.
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4.5 Flexural Strength according to DIN EN ISO 75-2

The last mechanical property to be investigated remains the flexural stiffness. The values for
the bending strength are visualized in Figure 27.
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Figure 27: Flexural strength of specimen.

For the Prusa i3Mk3s there is no difference between the two print orientations. For the
Ultimaker printers, both show a higher flexural strength in the "flat" orientation for unannealed
specimen. The Makerbot shows a similar result to the Ultimaker S5. Except for the samples
that were printed as "flat". Here, even higher values are shown for the specimens that were
not post-treated. This result is difficult to interpret because of the differences to the other
results. The values for the tempered samples do not follow the scheme. Here more detailed

investigations could be made to check this error. All other printers show the same bending
stiffness in both orientations after tempering.
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The elongation of the test specimen behaves like the flexural strength. The elongations of all
the tested machines at the highest force can be seen in Figure 28.

Elongation atF__,

Prusa Flat  Prusa Edge S3 Flat S3 Edge S5 Flat S5 Edge Makerbot Makerbot
Flat Edge

Elongation [%)]
N w s (9]

[

o

B Annealed M Not Annealed

Figure 28: Flexural elongation at Fmax.

As seen after annealing in the oven, the elongation is increased for all printers except for the
samples from the Makerbot. In the Ultimaker S5, differences between the tempered and
untreated samples are also smaller.

The results for the elongation support the theory, that the design of the printer has an impact
on the properties of a 3D printed part. In the Makerbot with an evenly heated environment,
there is no difference between treated and untreated specimens. This again seems to show
that the crystalline structures were already formed before the treatment.

For the flexural strength this means that it depends largely on the material of the specimens.
After heat treatment the processing quality does not influence the flexural properties anymore.
The outer layers contribute a large part to the stability of the component. Possible pores or
other defects in the infill or inside the specimen are therefore less important for the flexural
strength.
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4.6 HDT according to DIN EN ISO 178

In this test the specimens were examined with the HDT Test. The results of the test are shown
in Figure 29.
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Figure 29: HDT final temperature.

The untreated test specimens directly from the printer vary slightly from one another. These
values are between the minimum of 54°C and a maximum of 62°C. However, it can be noted
that the "flat" test specimens are slightly superior to those in "edge" orientation. After post-

treatment, however, all these differences are balanced out so that they no longer or only slightly
differ.
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The HDT test cannot be performed with the Makerbot test specimen. These specimens show
a strong warping already after printing. Warping in this case means that specimens show a
considerable deflection already after they have been detached from the printing platform
(Figure 30).

Figure 30: Bend charpy printed on Makerbot MethodX.

The smaller differences in the samples printed as "flat" are again shown by the result, which
could already be observed in the impact strength test. Due to this alignment of the test
specimens, the amorphous part of the microstructure is lower.

Looking at the values of the HDT test, it becomes clear that the HDT temperature is not a

machine characteristic, but rather a material characteristic. Possible errors in the structure of
the test specimen, which are very important in mechanical testing, are not visible in the HDT.
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4.7 DSC According to DIN EN ISO 11357-1

With the help of DSC analysis, the percentage of crystalline structure can be determined by
the amount of heat energy released by the material, or its enthalpy. Therefore, a part of the
sample cubes from the pre-test was annealed. These tempered cube samples were then
examined together with the untreated cubes. A graph of this DSC analysis can be seen in
Figure 31.
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Figure 31: DSC of specimen printed with Prusa i3Mk3s

The enthalpy released over the temperature can be seen here. The green line shows the
annealed samples, and the blue line marks the measurement writing of the untreated samples.
There is an enthalpy absorption at the same temperature as the glass transition temperature.
Here marked as crystallization enthalpy. Another extremum can be seen around the melting
point. Here marked with the melting enthalpy.

The crystallization enthalpy occurs in the untreated sample because the material is annealed
during the test. This crystallization occurring during the measurement must be corrected later
from the result. The melting enthalpy is any enthalpy that is decisive for the percentage of
crystalline components in the microstructure.
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Comparing the differences between these two extremes with the literature value for a one
hundred percent crystalline structure, the crystalline portion of the material can be determined
These values are shown in Figure 32 for all tested machines.
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Figure 32: Mean Crystallinity.

To examine the differences in crystal growth more closely, Figure 33 shows the growth of
crystals by tempering.

Increase in crystallization through annealing
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Figure 33: Increase in crystallization through annealing.

The crystal content of 30% is a value that corresponds to a typical value of the crystallinity of
a polyamide compound. The growth by subsequent annealing confirms the assumptions
already made during the thermal and mechanical tests. The effect of annealing has a greater
effect on printers that have good shielding. The Makerbot, which prints in a annealing

atmosphere, benefits only marginally from this form of post-treatment.
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5 Conclusion

The aim of this thesis was to investigate whether the way an FFF 3D printer is built has an
impact on the mechanical and thermal properties of the parts it produces.

The findings summarized in the results section all present a coherent picture. The mechanical
properties of a polymer are directly related to the proportion of crystals in its structure. These
provide for better mechanical and thermal properties. However, these findings are nothing
new. Previous work by Javaid Butt and Raghunath Bhaskar, has already shown that the
properties of a semi-crystalline material such as LUVOCOM® PAHT 9825 NT are related to
crystal formation [15].

The LUVOCOM® PAHT 9825 NT is a polyamide optimized for 3D printing. Optimized for 3D
printing means that the handling of the material has been improved. This is reflected in the
optimization of a very slow crystallization process. This slow crystallization is advantageous to
avoid stressing the part during printing in an unprotected environment.

Crystallization is therefore often not desired during the processing of polyamides. The results
of this study have shown what the formation of these crystals during the printing process
means for the mechanical properties of the component. The results of these tests show that
the shielding of the part from the environment has a great influence on the properties. It can
therefore be said that the crystallinity is proportional to the attempt to conserve the thermal
energy. A well-insulated 3D printer has more energy available due to the heat emitted by the
printing bed and the HotEnd. It is precisely this energy that can be used during printing to
anneal the component. However, it is also apparent that this heat, which is not used during
printing, can still be brought into the component subsequently. The same properties can be
achieved by subsequent annealing.

The results also indicate that a universal G-code does not promise the same properties. This
can be clearly seen with the Prusa printer and the two Ultimaker machines. The Ultimaker S3
and the Ultimaker S5 show very little difference in most tests. The difference between these
two machines is primarily evident in the performance before annealing, as the S5 has better
shielding. Compared to the Prusa, the two machines show better peak results in almost every
mechanical test. The reason for this cannot be formulated with certainty in the context of this
study. However, it offers a starting point for further investigations. The Prusa machine was
supposed to be capable of the same performance. Rather, it is an indication that each machine
requires adapted and customized settings. This also applies to the Makerbot. This printer can
produce components with a high degree of crystallinity even during printing. This can be seen
not only from the fact that the post-treated components only showed slight differences. The
deformation after detachment from the printing bed also shows that the crystals have
generated high stresses in the component. The mean values of the tested properties were
lower in all tests than with the other machines. This suggests that the sliced G-code was not
adapted to the machine and the material used.
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In this thesis only the produced properties were investigated from a thermal and mechanical
point of view. Other properties such as the effect on the scattering of the results or dimensional
accuracy were neglected in the investigations. No statement is made as to the extent to which
these other key figures of quality management are influenced by the machines.

Material and machine are in symbiosis in the FFF production. They condition each other to
create optimal parts. It is therefore, as happened here, not possible to see a printer as a black
box with identical input. At least not if a comparable output is expected.

These results and the associated effort of the manufacturer to create an optimal printing
environment are described in the paper with all their advantages and disadvantages. However,
what this means for the user has not yet been clearly defined in the results. From the
perspective of a production infrastructure, it is extremely important to match the material to the
printer being used. This applies if the best possible properties are to be achieved with the
material in combination with the respective printer.

It should also be noted that there are significant price differences between the desktop 3D
printers tested here. A Prusa i3Mk3s is available for under 1000€, while the Ultimaker S5 and
Makerbot MethodX have a price tag of about 5000€. With the Ultimaker S3 somewhere
between the machines. In terms of mechanical and thermal properties, as can be seen, this
difference is compensated by material handling, adjustments, and post-processing. It is not
said that the higher price cannot be justified in other aspects. However, this does not
necessarily affect the theoretically achievable properties of the components from the printers.

All in all, the design, and the efforts of the machine manufacturers to better protect the

machines from the environment make a difference. However, this difference is not a missed
opportunity and can be made up after printing.
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Technical Datasheet of LUVOCOM® PAHT 9825 NT

LUVOCOM® 3F PAHT 9825 NT LUVOCOM 3F

Additive manufacturing selutions

High-temperature polyamide
unreinforced, natural color

Physical properties Test method Specimen Units  Typical value
Specific gravity 1SO 11833 glem? 120
Water absorption 23°C/24h IS0 62 MPTS SO 3167 A % <03
Melt flow rates (MFR) 250°C / 2,16kg ISO 1133 peliet g0 min 36
Melt volume rate (MVR) 250°C /2,16kg ISO 1133 peliet cm?/10 min 347
Linear mould shrinkage DIN 16742 MPTS SO3167 A % 0,305
Mechanical properties at 23°C / 50% rh

Tensile strength dry, @50 mm/min IS0527 MPTSISO3167A MPa 85
Elongation at maximum force dry, @50 mm/min IS0527 MPTSISO3167A % 36
Modulus of efasticity dry, @1 mm/min IS0527 MPTSISO3167A GPa 34
Charpy impact strength dry SO1791eU  80x10xmm KJim? NB
Thermal properties

Heat distortion temperature HDTA IS0 75 molded sample °'C 90
Continuous senice temperature 20.000 h EC60216 MPTSSO3167A °C 120
Senvice lemperature during lifetime max. 200h MPTS SO 3167 A *‘C 160
Coefficient of thermal expansion 5O 11359 10x8x4 mm 107K 05
Thermal conductivity in plane hot disk 50 22007 || 60x60x3 mm WimK 03
Electrical properties

Insulation resistance strip electrode R25 DIN IEC 60167 MPTS SO 3167 A Q >10%
Surface resistance ROB DIN IEC 60093 Ronde 60x4mm Q >10%
Main features

Low influence from moisture and temperature on dimensional stability and electrical properties, compared vith PAG6

LEHVOSS 12

Gravw

Aoy recommendations made for use of Seller's malerials are made to he best of Seller's knowledge and are based upon prdor iests and experianca of the Seller
befeved to be reliable; however, Seller dees not guaraniee the resulls to be cbitained and all such recommendations are non-binding — also with regand 1o the
protecton of thisd party's rights —, do not consBiute anyrepresantation and do not affedt in anyway Buyer's cbiigaton 1o examine andor st he Seller's goods with
regard 1o their sultabilityfor Buyer's purposes. No information given bythe Seder is to be construed in anyway as a guaraniee regarding charackeristics or duralion
of use, unless such infarmation has been explicitly given &s a guaraniee.
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LUVOCOM® 3F PAHT 9825 NT LUVOCOM 3F

Additive manufacturing selutions

High-temperature polyamide
unreinforced, natural color

Recommended processing parameters

General

3D Printing parameters may vary from machine ko machine. The following settings may be used as an indication: nozzle
lemperature: 265 - 290 *C [/ nozze matarial: abbrasion resistant / print bed temperature: > 50 °C [ layer thickness: > 0,2mm /
printing spead 40 - 60 mmys.

The processing noles provided merely represent a recommendation for general use. Due to the large varety of machines,
geometies and volumes of parts, elc., It may be necessary lo employ different settings according to the specific application.
Please contact us for further information.

Predrying
It is advisable to predry the granulate with a suitable dryer immediately before processing. The granulate may absorb molsture
from the emdronment.

Dryer type Temperature "C Drying time inh
Dehumidifyng dryer 130 G-8
Vacuum Dryer 120 4 -8
Processing

Zoma 1 ' 260 - 300
Zoma 2 *C 260 - 300
Zoma 3 ' 260 - 300
Mozzde *C 250 - 290
Melt temperature 'C 280

In general LUNWOCOME 3F can be processed on convenional exdrusion machines while obsendng the usual technical
guidelines. Any added fibrous malerals or fillers may have an abrasive effect. In this case the cylinder, screw and die should be
pratected against wear as is usual in the processing of reinforced themoplastic materials. Lengtiy dwell imes for the mels in
the cylinder should be avolded. Lower the temperatures during interruptions!

Delivery form & storage

Uress indicated othansse, the materal is delivered as 3mm long pelals in sealed bags on pallets. Preferably storage should
be effected in dry and normally lemperatured rooms.

Additional information

Filaments produced from this material may be wound into standard size spools.

08825 010618

Burops and Head Office Horth Arnerica Asia
Lehrranndviss 00 KOG LEHVOEE Morth Amarica, LLE LEHWCESS (Shangha) Chermical Trading Co, Lid.
Askeruer 19 185 South Broad Sreet Uiniit 4805, B ¥ingyl Road
20354 Hamburg Pawcaluck, CT 06379 Changning Disirict, Shanghai 200336
Cemmany Lisa China
Tal +48 40 44 1870 Tal +1-B55-681-3226 Tel +86 21 B2TES181
Email: ivocormifletwoss de Email: infogilatnoss us Ernail: infoi@letvoss on
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Tensile Test according to DIN EN ISO 527

LehmannaVosssaCo. @

15.10.20

Prufprotokoll
Proflosnummear ;800000029655
Matarial : LUVOCOME 3F PAHTE 0825 NT & 20 kg
Materialnummear . 2611982500
Prozassauftrag :  BODODDD20655
Charge : NILS
Profer : Ms3
Profnorm : DIN EN ISD 527
Bemerkung : Job 14.10.20 1x25'W RO72
Geschwindighkeit Zugmodul © 1 mm/min
Prifge schwindigkait » 50 mmvmin
Prifergebnisse:
Zugfastigkeit | Dehnung bai Fmax | Zugmodul E:| Bruchspannung | Bruchdehnung h b
Nr MPa %= GPa MPa % mm mm
max 100:0,00 10,00 10,00
min 1,00 0,10 0,00
1 B4 57 2.08 3,36 Be 44 208 3,040 [ 9.BO4
2 £5,02 212 3,38 B5,04 213
3 66,31 213 3,40 65,31 213
4 7447 251 3,33 7407 251
5 59,88 1,87 3,40 5g,88 1,87
Seriengrafik:
&
=
2
=
o
2
=4
|
Dehnung in %
Statistik:
Serie | Zugfestigkeit | Dehnung bei Fmax | Z wgmodul E; | Bruchspannung | Bruchdehnung
n=5 MPa ¥ GPa MPa ¥a
X 66,33 214 337 56,30 214
5 547 0,23 0,03 548 0,23
v [%] B24 10,84 0,82 826 10,81
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Lehmanns&VossaCo. @

16.10.20

Prafprotokoll
Proflosnummer 890000020656
Material : LUVOCOME 3F PAHTE 0825 NT & 20 kg
Matarialnummer T 25118825-00
Prozessaufirag : 800000020656
Charge . MILS
Prifar : MsS
Profnorm - DIN EN IS0 527
Bamearkung » Job 14.10.20 1x25 W ROr 2
Geschwindigkait Zugmodul : 1 mm/min
Prifge schwindighkait > 50 mm'min
Prifergebnisse:
Zugfestigkeit | Dehnung bei Fmax | Zwegmodul E:| Bruchspannung | Bruchdehnung| h b
Mr MPa %= GPa MPa ¥ mim mm
max 1000,00 10,00 10,00
min 1,00 0,10 0,00
1 B 46 244 3,11 65,18 244 3,925 | 10,07
2 7040 270 307 70,10 270
3 70,35 270 3,09 70,35 270
4 £9,52 2,62 3,09 67,84 263
5 50,96 2,65 3,10 67,36 2,66
Seriengrafik:

Zuglastigket in MPa

2 3
Dehnung in %
Statistik:

Sarie | Zugfestigkait | Dehnung bei Fmax | Zugmodul E:| Bruchspannung | Bruchdehnung
n=5 MPa %= GPa MPa ¥

X 60,28 252 3,00 68,16 263

3 1,60 0,11 0,01 213 0,11
v [%] 23 412 045 313 404

B2



Appendix

15.10.20
LehmannaVossaCo.
Prufprotokoll
Proflosnummer 800000029657
Matarial » LUVOCOME 3F PAHTS 0825 NT & 20 kg
Materialnummer 1 25118825-00
Prozessaufirag :  BOD0DOD2965T
Charge : NILS
Profer : MsS
Profnorm : DIN EN ISD 527
Bamarkung » Job 14.10.20 1x25 W RO72
Gaschwindigkeit Zugmodul : 1 mm/min
Profge schwindigkeit : 50 mm'min
Prifergebnisse:
Zugfestigkeit | Dehnung bei Fmax | Zugmodul E: | Bruchspannung | Bruchdehnung h b
Mr MPa % GPa MPa ¥ mim T
max 1000,00 10,00 10,00
min 1,00 0,10 0,00
1 62,03 1,97 347 B0,19 1,07 3,935 | 10,07
2 B5,08 216 337 64,83 217
3 65,03 218 3,30 65,93 2,18
4 70,91 2,26 3,51 68,45 2.0
5 449,82 1,52 3,40 48,99 1,53
Seriengrafik:

Zugfastighei in MPa

3
Dehnung in 9%
Statistik:
Serie | Zugfestigkeit | Dehnung bei Fmax | Zwgmodul E:| Bruchspannung | Bruchdehnung
n=>5 MPa % GPa MPa ¥
X 63,11 202 341 61,68 202
5 796 0,29 0,08 7,70 0,29

v 3] 12,62 14,60 245 12,48 14 5&




Appendix

LehmannsVossaCo. @

16.10.20

Priufprotokoll

Proflosnummer o 890000029658

Matarial o LUVOCOME 3F PAHTS 9825 NT a 20 kg
Materialnummar o 2511982500
Prozessaufirag : BO0000020658

Charga o NILS

Profar o MsS

Profnarm : DIN EN IS0 527
Bemarkung o Job 14.10.20 1x25 W ROT2
Geschwindigkeit Zugmodul - 1 mm/‘min
Profgaschwindigkeit o B0 mm‘min

Priifergebnisse:

Zugfastigkeit | Dehnung bai Fmax | Zugmodul E;| Bruchspannung | Bruchdehnung| h b

Mr MPa ¥a GPa MPa % mim mim
M 1000,00 10,00 10,040

miir 1,00 0,10 0,00

1 50,76 1,80 208 50,30 1,81 3915 | 10,21
2 69,40 3,17 204 53,68 528

3 68,95 3,18 2,94 55,87 5,15

- 6o, 48 3,14 247 G, 44 4,14

B 71,16 an 3,00 5314 3,46

Seriengrafik:

Zugfastigkait in MPa

1
I
3
n

Dehinung in %
Statistik:
Serie |Zugfestigkait | Dehnung bei Fmax | Zugmodul E:| Bruchspannung | Bruchdehnung
n==5 MPa ¥ GPa MPa %
i 65,95 288 2 06 55,13 3,97
g 853 0,60 0,03 457 1,42
W [%] 12,94 20,91 0,88 828 35,70

B4



Appendix

LehmannaVossaCo. @

02.11.20

Priufprotokoll

Proflosnummar o BO0000029E8T3
Material o LUVOCOME 3F PAHTS Q825 NT a 20 kg
Matariglnummer o 25119825-00
Prozassaufirag o BODDO0029873
Charge o NILS

Profer oW

Profnorm : DIM EN IS0O 527
Bamarkung 3

Geschwindigkeit Zugmodul - 1 mm/min
Profgaschwindigkait - B0 mm‘min

Prifergebnisse:

Zugfastigkait | Dehnung bai Fmax | Zugmodul E: | Bruchspannung | Bruchdehnung| b b

Nr MPa e GPa MPa %= mim mim
i 1000, 00 10,00 10,00

min 1,00 0,10 0,00

i 7962 2407 3,35 7745 2,97 3,652 | 9085
2 85 58 3,30 343 85 58 3,30

3 70,56 2,44 3,38 70,56 244

4 82,84 3,00 3,39 20,34 3,10

5 76,85 2,81 3,31 74,87 2,81

Seriengrafik:

Lugfastighatt in MPa

Dehnung in %
Statistik:
Serie | Zugfestigkait | Dehnung bai Fmax | Zugmodul Et | Bruchspannung | Bruchdehnung
n=>5 MPa kS GPa MPa O
X 79,00 2402 .37 77,76 2,93
5 570 032 0,05 566 0,32
¥ [%] 732 11,08 1,37 27 11,08

B5



Appendix

LehmannaVossaCo. @

02.11.20

Prifprotokoll
Proflosnummar o BOODOMD29874
Material o LUVOCOME 3F PAHTS 9825 NT a20kg
Matarialnummer o 25119825-00
Prozessaufirag o BODDOD020ET 4
Charge o NILS
Prifar S
Profnorm . DIN EN IS0 527
Bemarkung :
Geschwindigkseit Zugmodul - 1 mm/min
Profgeschwindigkeit o B0 mmdmin
Priifergebnisse:
Zugfastigkait | Dehnung bei Fmax | Zugmodul E:| Bruchspannung | Bruchdehnung [ b b
Mr MPa % GPa MPa %= mim mm
M 1000, 00 10,00 10,00
mir 1,00 0,10 0,00
1 7368 299 3,11 722 209 3,886 [ 9871
2 82,97 3,84 3,23 7720 4 45
3 78,93 3,85 3,12 734 4 36
4 71,28 297 3,18 71,28 277
5 7851 344 3,16 75,21 3,44
Seriengrafik:
m -+
a 0T
= 4
= 1
£ 1
gt
= 1
= 14
2 1
Fad
0 ———
5
Dahinung in %
Statistik:
Sarie |Zugfestigksit | Dehnung bei Fmax | Zugmodul E:| Bruchspannung | Bruchdehnung
n=>5 MPa e GPa MPa S
X iroe 3,38 3,16 73,88 3,60
5 462 0,49 0,05 235 077
WV [%] 6,00 14,52 1,56 3,20 21,3

B6



Appendix

LehmannaVosszCo. @

15.10.20

Priifprotokoll
Proflosnummar o B9000002966T
Matarial o LUVOCOME 3F PAHTS 0825 NT a20kg
Matarialnummer o 2511982500
Prozassauftrag - BO00000206ET
Charge o NILS
Profar o MsS
Profnorm : DIN EN ISD 527
Bamerkung o Job 141020 1x25 W ROT2
Geschwindigkeait Zugmodul - 1 mm/min
Profgeschwindigkeit : BD  mm/min
Prﬂfergel:nisse:
Zugfastigkait | ehnung bei Fmax | Zugmodul E: | Bruchspannung | Bruchdahnung | b b
Mr MPa % GPa MPa % mim mim
i 1000,00 10,00 10,00
min 1,00 0,10 0,00
1 62,00 202 3,27 62,00 202 3,992 | 10,08
2 55,38 1,78 3,26 53,44 1,79
o3 e P e e et
- 50,32 1,93 3,26 58 32 1,93
3 63,28 203 339 61,53 203
Seriengrafik:
B0 -+ il
- 1
S w0
& +
; 1
= 1
[
22T
=l 4
|
[i] +—
0.0 0.5 1.0 1.5 2.0 2.5
Dehinung in %
Statistik:
Sana | Zugfastigkait | Dehnung bai Fmax | Zugmodul E;| Bruchspannung | Bruchdehnung
n=4 MPa ¥ GPa MPa %
X 50,00 1,04 3,30 50,07 1,04
5 345 012 0,06 3,93 0,11
W [%] 5 A2 503 1,96 6,65 588

B7



Appendix

LehmannsVossaCo. @

16.10.20

Prifprotokoll

Proflosnummar o BO0000D0206E8

Material o LUVOCOME 3F PAHTE® 9825 NT a20kg
Materizinummer T 2511982500
Prozessauftrag o BO0000029668

Charga : NILS

Profar © MsS

Prifncrm . DIN EN IS0 527
Bemarkung o Job 141020 1x25 W Ra72
Gaschwindigkeit Zugmodul - 1 mm/min
Profgaschwindigkaeit o B0 mm/‘min

Prufergebnisse:

Zugfestigkait | Dehnung bei Fmax | Zugmodul E;| Bruchspannung | Bruchdehnung| h b
Mr MPa W GPa MPa % mim mm
i 1000, 00 10,00 10,00
min 1,00 0,10 0,00
1 65, 96 248 3,02 65, 56 248 396 | 10,28
2 50 62 2,16 3,02 50 B2 216
3 74,02 337 3,03 44 32 10,07
4 63,72 237 3,03 63,72 237
5 43,11 1,47 3,04 4311 1,47
Seriengrafik:
- _-‘-\-\1"“-..._
1 Te—
DT 1 \\-
= 4 —
fwT
3 4
=4 =+
8
&2l
M 4
o } | : | ; |
a § 2] 10
Dehinung in %
Statistik:
Sene | Zugfestigkait | Dehnung bei Fmax | Zugmodul E:| Bruchspannung | Bruchdahnung
n=5 MPa W GPa MPa %
X 61,28 297 3,03 55, 35 3,71
5 11,43 0,68 0,04 10,86 3,58
[

o] 18,66 28,84 0,28 19,63 56, 40




Appendix

15.10.20
LehmannaVossaCo.
Priafprotokoll
Priflosnummar - 8000000209695
Matarial : LUWWOCOME 3F PAHTE Q825 NT a20 kg
Matariaglnummer o 2511982500
Prozessaufirag o BO00000206595
Charge o NILS
Prifar : MsS
Profnorm : DINEMISORZT
Bemarkung o Job 141020 1x25'W Rar2
Geschwindigkeit Zugmodul - 1 mmd/min
Profgaschwindigkeit - B0 mmmin
Prifergebnisse:
Zugfestigksit | Dehnung bai Fmax | Zugmodul E;| Bruchspannung | Brechdshnung| b b
HNr MPa Y GPa MPa 9= mim mm
miax 1000,00 10,00 10,00
min 1,00 0,10 0,00
1 7255 237 3,49 72,55 238 4134 [ 101
2 2032 3,85 3,32 55,10 13,83
3 75,27 250 3,44 71,75 250
4 20 60 3,44 3,41 84 24 344
B 203 3,75 3,60 85,54 3,95
Seriengraﬁk:
-.1..,___________‘
&0 —
_-_-_‘_-__'_"'-'——-—-_._.______
T,
& B0
=
]
E" 40
n
£
r 20
0 ———————— :
il &8 10 14
Dehnung in %
Statistik:
Serie | Zugfestigkeit | Dehnung bai Fmax | Zugmodul E;| Bruchspannung | Bruchdahnung
n=>5 MPa ¥ GPa MPa %
X 83,01 3,18 3,45 75,85 5,22
5 837 0,70 0,10 874 485
v [%] 10,08 21,99 29 11,52 43,01

B9



Appendix

LehmannsVossaCo. @

16.10.20

Prufprotokoll

Priflosnummer : B90000029696

Material : LUNOCOME 3F PAHT® 9825 NT 420 kg
Malerialnummer : 25119825-00
Prozessauftrag : BO0000029696

Charge : NILS

Prifar MsS

Prifnorm : DINEM ISO 527
Bemerkung : Job 14.10.20 1x25 W R972
Geschwindigkeit Zugmodul : 1 mm/min
Prifgeschwindigkeit : 50 mm'min

Prifergebnisse:

Zugfestigkeit | Dehnung bei Fmax | Zugmodul E; | Bruchspannung | Bruchdehnung h b
Mr MPa Yo GPa MPa Y mm mm
miax 1000,00 10,00 10,00
min 1,00 0,10 0,00
i 82 45 3,50 3,35 54 95 7,60 4,057 | 10,07
2 80,63 3.4 3,29 7967 3,69
3 8273 3,45 3,37 45839 4,40
4 81,58 344 3,34 76,51 3,93
5 82,00 3,51 3,34 49,00 12,45
Seriengrafik:
B0
60
&
=
[
j@ 40
=
E
N§1 20
o
Dehnung in %
Statistik:
Serie | Zugfestigkeit | Dehnung bei Fmax | Zugmodul E; | Bruchspannung | Bruchdehnung
n=5 MPa % GPa MPa %
X 81,88 3,45 3.34 61,70 6,42
5 0,82 0,04 0,03 15,22 3,72
¥ [36] 1,00 1,25 0,91 24 BB 58,04

B10



Appendix

LehmannsVossaCo. @

15.10.20

Prufprotokoll

Priflosnummer : B90000029697

Material : LUNOCOME 3F PAHT® 9825 NT & 20 kg
Materialnummear : 25119825-00
Prozessauftrag  B90000029697

Charge : NILS

Prifer MsS

Prilfmorm : DINEN ISO 527
Bemerkung : Job 14.10.20 1x25 W R972
Geschwindigkeit Zugmodul : 1 mm/min
Pridfgeschwindighkoit : 50 mm'min

Priifergebnisse:

Zugfestigkeit | Dehnung bel Fmax | Zugmodul E; | Bruchspannung | Bruchdehnung h b
Mr MPa Yo GPa MPa Yo mm mim
Mmiax 1000,00 10,00 10,00
min 1.00 010 0,00
1 70,08 2,34 3,34 66,76 2,35 4126 | 10,07
2 63,63 2,02 3,38 63,27 203
3 80,43 282 3,34 80,43 2,82
4 59,11 1,88 3,36 56,23 1,88
5 5471 1,71 3,38 54,68 1,71
Seriengrafik:
B0 +
60 T
ni:g =+
= 4
il
2 4
= 4
]
:51 20 T
o -4 f f
0
Dehnung in %
Statistik:
Searie | Zugfestigkeit | Dehnung bel Fmax | Zugmodul E, | Bruchspannung | Bruchdehnung
n=5 MPa Yo GPa MPa Ya
X 65,59 215 3,36 64,28 2,16
g 10,06 0,44 0,02 10,31 0,44
¥ [36] 15,33 20,44 0,58 16,03 20,33

B11



Appendix

LehmannsVossaCo. @

16.10.20

Prafprotokoll

Priflosnummer : B80000029698

Maierial : LUWOCOME 3F PAHTE 9825 NT a4 20 kg
Materialnummer : 2511982500

Proze ssauftrag ;. B90000029698

Charge : NILS

Prifer MsS

Prifnorm : DIN EN ISO 527
Bemearkung : Job 14.10.20 1x25 W RS72
Geschwindigkeit Zugmodul : 1 mm/min
Pridfgeschwindigheit : B0 mm/min

Prifergebnisse:

Zugfestigkeit | Dehnung bei Fmax | Zugmodul E; | Bruchspannung | Bruchdehnung h b
Nr MPa Yo GPa MPa % mm mm
max 1 000,00 10,00 10,00
min 1,00 010 0,00
1 76,33 3,35 3,09 45,77 6,70 4076 | 10,09
2 74,01 2,86 3,11 71,80 2,87
3 76,71 3,18 3,09 76,71 3,18
4 59 68 2,08 3,11 57,03 2,09
5 76,96 34 311 48,09 789
Seriengrafik:
B0 T
g 4
= 4
Ean+
3 ==
= 4
o 4
220+
N ol
0 —
]
Dehnung in %
Statistik:
Sere |Lugiestigkeit | Dehnung bei Fmax | Zugmodul E, | Bruchspannung | Bruchdehnung
n=5 MPa Ya GPa MPa Y
X 72,74 2,98 3,10 59,48 455
s 7,39 0,54 0,01 14,34 258
¥ [36] 10,16 18,21 042 2410 56,68

B12



Appendix

LehmannaVossaCo. @

29.10.20

Prafprotokoll

Priflosnummer : B90000029703
Malarial T LUWOCOME 3F PAHT® 9825 NT 420 kg
Materialnummer : 2511982500
Prozessauftrag . B90000029703
Charge : NILS

Prixfer T ogw

Prifnorm : DINEN ISO 527
Bemerkung :

Geschwindigkeit Zugmodul ©: 1 mm/min
Pridfgeschwindighksit : B0 mm/min

Prifergebnisse:

Zugfestigheit in MPa

Zugfestigkeit | Dehnung bei Fmax | Zugmodul E, | Bruchspannung | Bruchdehnung h b
Mr MPa Yo GPa MPa % mim mim
max 1000,00 10,00 10,00
min 1,00 0,10 0,00
1 5671 1,89 3,22 56,71 1,89 4272 | 10,34
2 6249 2.1 3.28 61,63 211
3 64,19 2,19 3,18 64,19 219
4 63,72 2,16 3,27 63,58 217
5 4722 1,51 3.24 47,22 1,51
Seriengrafik:

Dehnung in %
Statistik:
Sere |Zuglestigkeit | Dehnung bei Fmax | Zugmodul E; | Bruchspannung | Bruchdehnung
n=5 MPa Yo GPa MPa %o
X 5B 86 1,97 324 58,67 1,97
g 7,186 0,28 0,04 7,04 0,29
v [%] 12147 14,44 1,18 12,00 14,50

B13



Appendix

LehmannsVossaCo. @

29.10.20

Prufprotokoll

Priflosnummer : B90000029704
Material : LUWOCOME 3F PAHTE 9825 NT a20 kg
Materialnummer 1 25119825-00
Prozessauftrag : BoD000029704
Charge MNILS

Prifar gw

Prikfmorm DIM EM I1SO 527
Bemerkung I

Geschwindigkeit Zugmodul ©: 1 mm/min
Prifgeschwindigksit : B0 mm‘min

Prifergebnisse:

Zugfestigkeit | Dehnung bei Fmax | Zugmodul E, | Bruchspannung | Bruchdehnung h b

Nr MPa % GPa MPa Eo mm mm
miax 1000,00 10,00 10,00

min 1,00 0,10 0,00

1 221 2,25 3,27 64,21 2,25 4336 | 10,14
2 66,26 2,33 3,13 64,41 2,34

3 56,75 1,80 3,37 54,20 1,80

4 56,23 1,92 3,13 56,23 1,92

5 63,16 218 3,05 61,68 219

Seriengrafik:

Zuglestigkeit in MPa

Dehnung in %
Statistik:
Serie | Zugfestigkeit | Dehnung bel Fmax | Zugmodul E; | Bruchspannung | Bruchdehnung
n=5 MPa Y GPa MPa Ya
X 61,32 2,10 3,19 60,15 210
5 455 0,23 0,13 4 68 0,23
v [%4] 743 10,90 4.07 7,79 10,91

B14



Appendix

Impact Strength according to DIN EN ISO 179 1 eU/eA

19.10.2020
LehmannsaVossaCo.
Prufprotokoll
Schlagzahigkeit
Priflosnummer 820000029659
Material : LUVOCOME 3F PAHTE 9825 NT 420 kg
Materialnummer : 25119825-00
Prozessauftrag © 820000029659
Charge » NILS
Prisfar T -
Prixfnorm : DINENISO 179 1eA
Ergebnisse:
b b h Schlagzahigkeit (ak) | Schlagarbeit [W] | Versagensart
Mr mm mm mm kd'm2 J
miax 1000,00
min 1,00
1 7,992 | 9992 | 4,146 4,01 0,166 8
2 222 0,092 8
Seriengrafik:
11| i et ek Yt e ey REERREESERREESE e e et e o s e e e e |
1 1 1 1 1
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I I I I I
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= 1 1 1 1 1
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By cesonmesins HERER R Smpusis Lssssaunsos s s :
g | | ; | | |
—_ 1 1 1 1 1
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= 1 1 1 1 1
1 = s s s s
2 : SRR P e :
s | : : : : :
I I I I I
1 1 1 1 1
0 } } } } } } } } } |
0 2 4 B 8 10
Probennummer
Statistik:
Serie | Schlagzahigkeit (ak) | Schiagarbeit (W]
n=2 kJ'm= J
X 3,12 0,129
8 1,27 0,053
V [B4] 40,89 40,69

25119825-00 PA 890000029659 Ch NILS 1eAzs2

C1



Appendix

19.10.2020
LehmannsVossaCo.
Prufprotokoll
Schlagzahigkeit
Priflosnummer 890000029659
Maierial : LUVOCOME 3F PAHT® 9825 NT 420 kg
Materialnummer : 2511982500
Prozessauftrag : 890000029659
Charge : NILS
Prifer .
Prifmorm DIN EN IS0 179 1eU
Bemerkung
Ergebnisse:
b h Schlagzahigkeit (ak) | Schiagarbeit (W] | Versagensart
Nr mm mm kXm= J
miax 10:0:0,00
min 1,00
i 9992 | 4,146 1257 0,521 8
2 26,94 1,116 5
3 20,59 0,853 8
Seriengrafik:
X 1 1 1 1
of fo SR L e e e S T o L S i o S e S e i
1 1 1 1 1
1 1 1 1 1
" ! ! ! ! !
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Probennummar
Statistik:
Serie | Schlagzahighkeit (ak) | Schlagarbait W]
n=3 kJim2 J
X 20,03 0,830
8 7.20 0,298
v [34] 35,93 35,93

25119825-00 PA 890000023653 Ch NILS 1el)zs2
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Appendix

19.10.2020
LehmannsVossaCo.
Prufprotokoll
Schlagzahigkeit
Priflosnummer 820000029660
Material ; LUVOCOME 3F PAHTE 9825 NT a20 kg
Materialnummer : 2511982500
Prozessauftrag © 890000029660
Charge : NILS
Pridfar .
Prifnorm DIN EN 15O 179 1A
Ergebnisse:
b b h Schlagzahigkeit (ak) | Schlagarbeit W] [Versagensart
Mr mm mm mm kd'm?2 J
miax 1000,00
min 1,00
i 7,866 | 9.B66 | 4,195 1,96 0,081 8
2 3.89 0,161 8
Seriengrafik:
| e et i o e i e e e el e = |
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0 2 4 B 8 10
Probennummer
Statistik:
Serie | Schlagzahigkeit (ak) | Schiagarbeit W]
n=2 kJ/m2 J
X 292 0,121
8 1,37 0,057
¥ [34] 46,73 4573

25119825-00 PA 830000029660 Ch NILS 1eA zs2
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Appendix

19.10.2020
LehmannsaVossaCo.
Prufprotokoll
Schlagzahigkeit
Proflosnummear © 200000029660
Material o LUWOCOMSE 3F PAHTE& 0825 NT a20 kg
Matarialnummer © 25118825-00
Prozessauftrag :© 200000029660
Chargo . NILS
Profar Do
Profnorm : DIN EN IS0 179 18U
Bemarkung
Ergebnisse:
b h | Schlagzahigkeit {ak) | Schlagarbeit [W]| Versagonsart
Mr mm mim kJd/'m? J
s 100000
min 1,00
i 0, 856 | 4,195 32,90 1,362 5
2 2472 1,023 ]
3 4323 1,789 t
Seriengrafik:
1 1 1 1 1
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4 i i i i i
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I 1 I I I
o : | : | : | : | : |
o 2 4 L] 8 10
Probennummer
Statistik:
Sarie | Schlagzahigkeit {ak) | Schlagarbeit [W]
n=3 kXNm? J
X 33,61 1,301
5 027 0,384
¥ [95] 27 50 27 50

25119825-00 PA 890000029660 Ch MILS 1eU.zs2
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Appendix

20.10.2020
LehmannaVossaCo.
Prifprotokoll
Schlagzahigkeit
Proflosnummer . 290000029651
Matarial o LUNVOCOME 3F PAHTE 0825 NT &20 kg
Matarialnummer : 25119825-00
Prozessauftrag : 800000020661
Charga : NILS
Prifar Do
Profnorm . DINEN IS0 179 10A
Ergebnisse:
b b h |Schiagzahigkseit (ak) | Schiagarbait W] | Versagensar
Mr mm mim mim kime J
ML 1000, 00
min 1,00
1 8,246 | 10,25 | 3,931 206 0,083 5
2 1,58 0,064 5
Seriengrafik:
L8 e ity Attty T T e ittty |
1 1 1 1 1
- 1 1 1 1 1
1 1 1 1 1
1 1 1 1 1
A fromeomeeees [ A I E— |
2 1 : : : : :
= ! d L ] |
e
i ] ! ! ! ! i
- : i i i i
?
el {FR R hni it Rt ekt :
e 1 1 1 1 1
o - 1 1 1 1 1
B i i i i i
R Omszzzndemnom e drermmmneee e oo demmmmnemnne |
o ¢ 1 1 1 1
wi 1 1 1 1 1 1
1 1 1 1 1
1 1 1 1 1
0 : : : : = : = : = |
o 2 4 5] 8 10
Probannummer
Statistik:
Seria | Schlagzahigkeit (ak) | Schiagarbait [W]
n=2 kJm? J
X 1,82 0,073
g 0,34 0,014
¥ [%] 18,89 18,80

25119825-00 PA 890000029661 Ch NILS 1eA zs2
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Appendix

20.10.2020
LehmannaVossaCo.
Prifprotokoll
Schlagzahigkeit
Proflosnummer . 290000029651
Matarial o LUNVOCOME 3F PAHTE 0825 NT &20 kg
Matarialnummer : 25119825-00
Prozessauftrag : 800000020661
Charga : NILS
Prifar Do
Profnorm : DINEN IS0 179 18U
Ergebnisse:
b h | Schlagzahigkeit (ak) | Schlagarbeit [W] | Versagansart
Mr mm mim kJ/m? J
ML 100000
min 1,00
1 10,25 | 3,931 41,80 1,683 8
2 40,31 1,623 t
3 22 55 0,908 t
Seriengrafik:
1 1 1 1
. s e ¥ TRt pRssSSEsSetas i ]
1 1 1 1 1
i i i i i
E | | | | :
T L e gt it i Tl R, i :
=] 1 1 1 1 1
ey 1 1 1 1 1
] ! ! ! ! !
A ) f---——m———————— iy ey Sy Sy 1
B i i | i i
L= 1 1 1 1 1
B 1 1 1 1 1
O] 1 1 1 1 1
i 1 1 1 1 1
R L ik it e b HISSESESEEEE S ]
E 1 1 1 1 1
@ i | | | i
1 1 1 1 1
1 1 1 1 1
o : i = : = : : ; = |
o 2 4 L] 8 10
Probannummer
Statistik:
Seria | Schlagzahigkeit (ak) | Schiagarbeit [W]
n=3 km?2 J
X 3488 1,405
8 10,71 0431
W [96] 30,70 30,70

25119825-00 PA 890000029661 Ch NILS 1el zs2
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Appendix

19.10.2020
LehmannzaVossaCo. @

Prufprotokoll
Schlagzahigkeit

Proflosnummer © 200000029652

Matarial o LUWOCOME 3F PAHTE 0825 NT a20 kg
Materialnummer : 25110825-00

Prozassauftrag . 890000029662

Charga : NILS
Profar To-
Profnorm : DIMEM IS0 179 1aA
Ergebnisse:
by b h | Schlagzahigksit (ak) | Schlagarbeit W] | Versapensart
Mr mm mm mm kJime J
miax 1000,00
min 1,00
1 8,181 | 10,18 | 3,01 3,70 0,151 g
2 1,94 0,077 5
Seriengrafik:
""""""""""""""""" et e e e e b e ety e A b e
1 1 1 1
1 1 1 1
1 1 1 1
e TR L L ey R S |
E ! ! : !
=2 i i i i
3 1 1 1 1
s o R ey | S g, T e W e N i ey | 1
3 i | | |
ESd 1 1 1 1
] i [ S e e e e i
L=} 1 1 1 1
£ 1 1 1 1
il 1 1 1 1
4 1 1 1 1
E AR b o s :
1 1 1 1
k- i i i i
1 1 1 1
! . ! i | . |
I J 1 T T T 1
4 i} 8 10
Probannummer
Statistik:
Saria | Schlage ahigkeit {ak) | Schlagarbait [W]
n=2 kJ'm? J
X 287 0,114
g 1,31 0,062
¥ [3:] 46 62 45 62

25119825-00 PA B90000029662 Ch NILS 1efzs2
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Appendix

19.10.2020
LehmannsVossaCo.
Prufprotokoll
Schlagzahigkeit
Proflosnummer 290000029662
Mataorial o LUVOCOME 3F PAHTE 0225 NT a20 kg
Matariglnummer ;| 25119825-00
Prozossauftrag : 200000020662
Charge o MILS
Profar Do
Profnorm . DINEN IS0 179 18U
Bamearkung
Ergebnisse:
b h  |Schlagzahigkeit (ak) | Schlagarbeit [W] | Versagensart
Mr mm mim kJ'm? J
Mg 100000
min 1,00
i 10,18 3™ 34,16 1,350
2 45,50 1,815
3 60,26 2423
Seriengrafik:
L e T R SRR FESEARA e RS T :
1 1 1 1 1
1 1 1 1
1 1 1 1
s - 1 | | |
E 1 d i i i
—; 1 I I I
S Mg s AL e Sy RS E LR SR T !
oy 1 1 1 1
= + 1 1 I 1
= i i i i
£ T 1 1 1 1
g 1 i i i |
e 1 1 1 1
R e e CELEEERE R :
1 1 1 1
g 7 : ! ! !
3 1 i i i i
T 1 | | |
0 | : | : | : |
o 4 [:] 8 10
Probannummer
Statistik:
Sarie | Schlagzahigkeit (ak) | Schlagarbait [W]
n=3 kNm? J
X 48 87 1,866
5 13,40 0,533
v [%] 2860 2860

25119825-00 PA 890000029662 Ch NILS 18U zs2

C8



Appendix

LehmannaVossaCo. @

20.10.2020

Prufprotokoll

Schlagzahigkeit

Proflosnummer 290000029669
Matorial o LUNOCOME 3F PAHTE 0225 NT a20 kg
Materialnummer ;. 25119825-00

Prozassauftrag : 200000020669
Charge . NILS

Profar

Profnarm - DINENISO 179 18A

Ergebnisse:

b b
Mr mm mim

mm

kJ'm?

Schlagzahigkait (ak) | Schlagarbeit W] | Varsagensar
J

i

100,00

min

1,00

1 7,982 | 9962
2

Seriengrafik:

B S R S S R S R e e

3,769

Schlagzihigka t (ak) in kl'm?
.
!
T
1
1
1
1
1
1

4,10

0,154

388

0,146

Statistik:

Serie | Schlagzahigkait (ak)

n= 2 kXNm?

= I S

Schiagarbeit [W]

J

3,89

0,150

0,16

0,006

<
ulle

3,04

3,04

g o ————
o —t—————

Probannummer

10

25119825-00 PA 890000029669 Ch NILS 1eAzs2
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Appendix

20.10.2020
LehmannaVossaCo. @

Prufprotokoll
Schlagzahigkeit

Proflosnummer 290000029669

Matorial o LUNOCOME 3F PAHTE 0225 NT a20 kg
Materialnummer ;. 25119825-00

Prozassauftrag : 200000020669

Charge . NILS
Profar e
Profnorm . DINEN IS0 179 18U
Bamerkung
Ergebnisse:
b h |Schlagzahigkeit (ak) | Schlagarbeit [W] | Versagensart
Mr mm mim kJ/m? J
Mg 100000
min 1,00
1 0,062 | 3,769 60,00 2,604 8
2 71,96 2,702 t
3 7237 2717 g
Seriengrafik:
e ———0
L s : : : :
1 1 1 1 1 1
1 ] 1 1 1
g BEes sttt e O P e :
E T i d i i i
E + i i i i i
= I 1 I I I
T | i i i | i
. i S [T T i
g 1 : i i | i
=] 1 1 1 1 1
= 4 1 1 I 1 1
) IR R NIRRT e e v s { SRS !
g 1 : : : : :
5 1 s | e e e
+ I 1 | | |
0 } ! } ! } ! } ! } !
o 2 4 ] 8 10
Probannummer
Statistik:
Saria | Schlage ahigkeit {ak) | Schiagarbait [W]
n=3 kNm? J
X 71,14 2671
8 1,79 0,067
v %] 251 251

25119825-00 PA 890000029669 Ch NILS 18l zs2
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Appendix

LehmannaVossaCo. @

19.10.2020

Matarial
Matarial

Charga
Profar

Mr

Proflosnummer

Prozassaufirag

Profnorm

Prufprotokoll
Schlagzahigkeit
© B90000029670

o LUWOCOME 3F PAHTE& 0825 NT 220 kg
nummear . 25119825-00

: MNILS

Ergebnisse:

bw b h
mm | mm | mm

: 800000029670

- DINEN ISO 179 184

Schiagz ahigkait (ak)
kdim?

Schiagarbeit [W]
J

Varsagensart

i

100,00

min

1,00

1
2

Schlagzihigka t (ak) in kl'm?
]

Saria
nfE

Seriengrafik:

\

43,59

1,726

45,04

(R N F S RNE R U S CSRCE L) ety

1,823

T~ Tr-TTTTTT ST T T

1 J S S N

Statistik:

g ———— -

Probannummer

Schlagzahigkeit (ak) | Schlagarbait [W]

kJ/m?

J

44 82

1,775

1,73

0.069

<
L= L0
=
—_—

3,86

3,86

o ——————

B T A A b R

10

25119825-00 PA B90000029670 Ch NILS 1efzs2
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Appendix

19.10.2020
LehmannsVossaCo.
Prufprotokoll
Schlagzahigkeit
Proflosnummer ;. 290000029670
Mataorial o LUNVOCOME 3F PAHTE 0225 NT a20 kg
Matariginummer ;| 25119825-00
Prozossauftrag : 200000029670
Charge o MILS
Profar Do
Profnorm . DINEN IS0 179 18U
Bamearkung
Ergebnisse:
b h  |Schlagzahigkeit (ak) | Schlagarbeit [W] | Versagensart
Mr mm mim kJ'm? J
Mg 100000
min 1,00
i 10 3,96 51,44 2,037 t
2 74,05 2,068 b
3 7453 2 051 t
Seriengrafik:
T 1 1 1 1
1 1 1 1 1 1
1 ] 1 1 1
4 I 1 1 1 1
5 TRap— Wos | wonin nein e slifess snienn s 8 b i e won PRAECRETNPE. i
BT ! ! ! ! !
2 i i i i i
= T I 1 I I I
oy 1 1 1 1 1
= T I 1 I I 1
L e A ik e eiaasases :
el <4 1 1 1 1 1
g 1 i i i i |
e 1 1 1 1 1
-“= <4 1 1 1 1 1
B e e AT A s N R, st v et !
A ! : ! ! !
5 1 s | e e e
4 | 1 | | |
0 : : : ! : : : : : |
o 2 4 [:] 8 10
Probannummer
Statistik:
Sarie | Schlagzahigkeit (ak) | Schlagarbait [W]
n=3 kNm? J
X 66,07 2 652
5 13,45 0,533
v [%] 20,09 20,09

25119825-00 PA 890000029670 Ch NILS 18l zs2

C12



Appendix

LehmannaVossaCo. @

20.10.2020

Prufprotokoll

Schlagzahigkeit

Proflosnummer . 290000029671
Matarial o LUVOCOME 3F PAHTE 0825 NT 320 kg
Matarialnummer © 25118825-00

Prozessauftrag : 890000020671
Charge : NILS

Profar

Profnorm - DINENISO 170 18

Ergebnisse:

bw b
Mr mm mm

mim

Schiagzahigkeit (ak)
kJim?

Schiagarbeit W]
J

Varsagensart

i

1000, 00

min

1,00

1 7,885 | 9,885
2

Seriengrafik:

Schilagzahigkait (ak) in KM@
Is
|
T
1
1
1
1
1
1
1
1
1
1

4,039

\

252

0,101

3,65

0,142

Statistik:

Sarie | Schlagzahigkait (ak)

2 klim?

= i K

e ——————

Probannummer

Schiagarbeit [W]

J

3,04

0121

0,029

X
5 0.73
%] 23,05

23,95

| —t—————

10

25119825-00 PA B90000029671 Ch NILS 1eAzs2
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Appendix

20.10.2020
LehmannaVossaCo.
Prifprotokoll
Schlagzahigkeit
Proflosnummer . 290000029671
Matarigl o LUNVOCOME 3F PAHTE 0825 NT &20 kg
Materiglnummer ;| 25119825-00
Prozossauftrag : 200000029671
Charga : NILS
Profar Io-
Profnorm . DIN EN IS0 179 18U
Bamerkung
Ergebnisse:
b h  |Schlagzahigkeit (ak) | Schlagarbeit [W] | Versagensart
Mr i mim kJ'm? J
M 100000
min 1,00
1 0,885 | 4030 24 52 0,979 g
2 24 65 0,984 8
3 41,00 1,676 t
Seriengrafik:
1 1 1 1 1
- o o Bt A rTTRRIRAAIE TR R B :
1 1 1 1 1
1 1 1 1 1
o 1 1 1 1 1
E i i i i i
2 30 oot e S SEERsRaRAaREES potommTtes Ao :
= I I I I I
rw 1 1 1 1 1
= I 1 1 1
o i i i i i
M- ) T--—---————————- e e - A - e e e Bt ettt 1
g i i i i i
=4 1 1 1 1 1
o 1 1 1 1 1
i i : i i i
§ mp ecensnn R ne R et e essrsaanes |
e 1 1 1 1 1
& i i i i i
| | | | |
o : | : | : | : | : |
o 2 4 B 8 10
Probannummer
Statistik:
Seria | Schlagzahigkeit (ak) | Schiagarbait [W]
n=3 kJm? J
X 30,38 1,213
g 10,05 0401
¥ [%] 33,07 33,07

25119825-00 PA 890000029671 Ch NILS 18U 252
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Appendix

LehmannaVossaCo. @

19.10.2020

Prufprotokoll
Schlagzahigkeit

Proflosnummear © 290000029672
Material o LUVOCOME 3F PAHTE 0225 NT 520 kg
Matariglnummear © 25119825-00

Prozessaufirag 200000020672

Charga . NILS
Prifar :

Profnorm DI EM IS0 179 1ah

Ergebnisse:

by b h
Mr mm mim mm

Schlagzahighkait (ak)
kdim?

Schiagarbeit [W]
J

Varsagensart

i

11000, 00

min

1,00

1 7,958 | 9058 | 4,083 3.64

2

Seriengrafik:

Schlagzihigkait (ak) in klm?
N
!
L:

0,144

e = e e i

0,153

Statistik:

Sarie | Schlagzahigkait (ak)
2 kJim?

[ I SV

g —m————

Probannummer

Schiagarbeit [W]
J

0,151

X 3,70
8 0,09

0,004

v %] 2,50

2,50

ma-————-

10

25119825-00 PA 890000029672

Ch MNILS 1af zs2
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Appendix

19.10.2020
LehmannaVossaCo.
Prufprotokoll
Schlagzahigkeit
Proflosnummer  © 290000029672
Matarial : LUVOCOME 3F PAHTE 0826 NT &20 kg
Matariginummear © 25119825-00
Prozessaufirag :© 200000020672
Charge : NILS
Prifar D o-
Profnorm : DINEN IS0 179 18U
Bamerkung
Ergebnisse:
b h | Schlagzahigkeit (ak) | Schlagarbeit [W] | Versagensart
Mr mm mim kJ'm? J
Mg 100000
min 1,00
1 0,058 | 4,083 40,12 1,631 8
2 73,42 2,085 b
3 86,56 3,620 i
Seriengrafik:
1 1 1 1 1
1 1 1 1 1
L / ------ - aaa- . e !
1 1 1 1
g 1 1 1 1
E i i i i i
L A L — I —— R < —— :
= I 1 I I I
= 1 1 1 1 1
= 1 1 1 1 1
= i i i i i
- e A | T TN A S A N T TCR | A NP LEr LTy S g, P LTy LIRS ELELIEN 1
g 40 H 0 D 1 |
=] 1 1 1 1 1
£i 1 1 1 1 1
H : : : : :
R fommmmee e drmmmmnmn e oomnnneeee dommomn oo :
5 i i i i i
ol 1 ] 1 1 1
| 1 | | |
o - : | : | : | ; | : |
0 2 4 & 8 10
Probannummer
Statistik:
Seria | Schlage ahigkeit {ak) | Schlagarbeit [W]
n=3 kNm? J
X 66,70 2712
g 2304 0,973
¥ [%] 35,89 35,80

25119825-00 PA BO000002967 2 Ch NILS 1l zs2
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Appendix

LehmannaVossaCo. @

19.10.2020

Prufprotokoll

Schlagzahigkeit

Proflosnummer @ 200000029609
Material o LUWOCOME 3F PAHTE 0825 NT a20 kg
Matariglnummar - 25110825-00
Prozessauftrag :© 290000029609
Chargo o NILS

Profar

Prafnorm - DINEN ISO 170 1a

Ergebnisse:

b b
Mr mm mm

mm

Schlagzahigkeit (ak)
kJim?

Schiagarbeit [W]
J

Versagensart

miax

1000,00

min

1,00

1 8,084 | 10,08
2

Seriengrafik:

L e e | i

Schlagzihighka t (ak) in klme
I
!

415

438

0,183

4,03

0,168

Statistik:

Serie | Schlagzahigkait (ak)

n=2 kJ'm?

[ T e ATt

B —a-———

Probennummer

Schiagarbeit [W]

J

420

0,176

0,25

0,010

<
Em:—t

589

589

= P

10

25119825-00 PA 8300000293699 Ch NILS 1eA zs2
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Appendix

19.10.2020
LehmannaVossaCo.
Prifprotokoll
Schlagzahigkeit
Proflosnummer | 290000029609
Matarial o LUNOCOME 3F PAHTE 0825 NT a20 kg
Materigilnummer ;| 25119825-00
Prozessauftrag @ 200000020609
Charga : HILS
Profar Io-
Profnorm . DIN EN IS0 179 18U
Bamerkung
Ergebnisse:
b h  |Schlagzahigkeit (ak) | Schlagarbeit [W] | Versagensart
Mr i mim kJ'm? J
M 100000
min 1,00
i 10,08 | 4,16 63,47 2 656 t
2 35,30 1,477 5
3 30,60 1,204 3
Seriengrafik:
1 1 1 1 1
¥ i ek et itk i et ekt et et e A CEES SRS EREE T AFTTEnERsnTT AR i
1 1 1 1 1
T 1 1 1 1 1
o 1 1 1 1 1
E T i i i i i
2 T i i i i i
E 40 fmmmmm mmmm e fmmmmm e e e e Fommmmmmmmmm e A== e i
= I 1 1 1
2 7 i i i i i
- —_— 1 1 1 1 1
g d i i i :
=4 T 1 1 1 1 1
S s by s | e :
- i i i i i
= g i i i i
& T i i i i i
T | | | | |
0 : ! : ! : : : ! : |
o 2 4 B 8 10
Probannummer
Statistik:
Sarie | Schlagzahigkeit (ak) | Schlagarbait [W)
n=3 kJm? J
X 4312 1,804
5 1777 0744
W [%] 41,22 41,22

25119825-00 PA 890000029629 Ch NILS 18U 252
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Appendix

LehmannaVossaCo. @

19.10.2020

Prifprotokoll
Schlagzahigkeit
Proflosnummer . 290000029700
Matarial o LUVOCOME 3F PAHTE& 0825 NT a20 kg
Materiginummer ;| 25119825-00
Prozessauftrag @ 200000029700
Charga . NILS
Profar Io-
Profnorm : DINENISO 179 18
Ergebnisse:
b b h |Schiagzahigkeit (ak) [ Schilagarbait W] | Versagensar
Mr mm mim mim kdime J
M 1000, 00
min 1,00
1 7,095 | 9045 | 407 6,72 0,273 5
2 302 0,150 5
Seriengrafik:
L e e T T s R e !
1 1 1 1 1
- 1 1 1 1 1
1 1 1 1 1
1 1 1 1 1
el fmn e s i s e
2 1 : : : : :
£ i d ! y :
= B
i ! ! | i |
- i | | i i
¥
o 4 g T y |
s 1 1 1 1 1
ol - 1 1 1 1 1
E i i i i i
-4 R e R Ao S doomnon e |
a 1 : : : : :
: : : : :
0 = : = : = : = : = |
o 2 4 i} a8 10
Probannummer
Statistik:
Serie | Schlageahigkeit (ak) | Schiagarbeit [W]
n=2 kJm? J
X 532 0,216
5 1,98 0,081
V3] 3FET K TT

25119825-00 PA 890000029700 Ch NILS 18A 252
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Appendix

19.10.2020
LehmannaVossaCo.
Priufprotokoll
Schlagzahigkeit
Proflosnummer : 200000029700
Matarial ; LUVOCOMS 3F PAHTE 0825 NT &20 kg
Materialnummear : 25115825-00
Prozessauftrag :© 290000029700
Charge : NILS
Profar Do
Profnorm : DIN EN IS0 179 1al
Bemarkung :
Ergebnisse:
b h | Schlagzahigkeit {ak) | Schlagarbait [W] | Versagansart
Mr mm mim kd'm? J
ML 1000,00
min 1,00
1 0,905 | 407 I 1,518
2 66,08 2725
3 32 66 1,329
Seriengrafik:
4 I 1 1 1
1 1 1 1
ks e e s e s e s e s e oo :
1 1 1 1 1
2 T 1 1 1 1 1
E 1 : : : ! !
2 ] ! ! ! ! !
E 1 1 1 1 1
R s LR B e . e |
2T i i i i i
8T ! : : : :
& - 1 1 1 1 1
- 1 1 1 1 1
e Jozsomsensases s osszessancss Aersemssneanancs e
= ] : : ! : :
& T i i i i i
T | | | | |
4] } ! t ! } ! } ! t !
o 2 4 6 8 10
Probannummar
Statistik:
Saria | Schlagzahigkeit {ak) | Schlagarbait [W]
n=3 kMm? J
X 45 66 1,857
8 18,62 0757
¥ [96] 4079 40,70

25119825-00 PA 890000029700 Ch NILS 1elUzs2
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Appendix

20.10.2020
LehmannaVossaCo.
Prufprotokoll
Schlagzahigkeit
Proflosnummer : 200000029704
Matarial o LUVOCOME 3F PAHTE 0825 NT a20 kg
Materialnummer : 25115825-00
Prozossauftrag :© 290000029701
Charge : NILS
Profar Do
Profnorm : DINENISO 179 184
Ergebnisse:
b b h |Schiagzahigkeit (ak) | Schilagarbait W] | Versagensar
Mr mm mim mim kime J
M 1000, 00
min 1,00
1 7,952 | 0052 | 4,048 3,78 0,152 5
2 3,75 0,151 g
Seriengrafik:
L L e T e e R e e e el e |
1 1 1 1 1
- 1 1 1 1 1
1 1 1 1 1
1 1 1 1 1
il e s sy o oo e
3 T i i i i i
= i d L y :
=il ST TR s S R T S SR m m m A S S AT R A s E SR S e T mE e S ST e m e S R
i i ! ! ! !
£ 1 1 1 1 1
9 1 1 1 1 1
g oy PR R 4 sanasea RSt kiR RS |
B 1 1 1 1 1
O] - 1 1 1 1 1
i : : : : :
§o 1 dmmes e drm e b ommooeeoeee g mmmemmee - |
@ 1l i | | i i
1 1 1 1 1
1 1 1 1 1
0 : i : : = : = ; = |
o 2 4 L] 8 10
Probannummer
Statistik:
Seria | Schlagzahigkeit (ak) | Schiagarbeit [W]
n=2 kbm? J
X 3,77 0,152
g 0,03 0,001
W [%] 0,71 0,71

25119825-00 PA 890000029701 Ch NILS 1eA 252
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Appendix

20.10.2020
LehmannaVossaCo.
Prufprotokoll
Schlagzahigkeit
Proflosnummer : 200000029704
Matarizl o LUVOCOME 3F PAHTE 0825 NT &20 kg
Materialnummer : 25110825-00
Prozessauftrag :© 200000029701
Charga : NILS
Profar i
Profnorm . DINEN 130 179 18U
Bamarkung
Ergebnisse:
b h | Schlagzahigksit (ak) | Schlagarbait [W] | Versagansart
Mr mm mm kJ'm? J
MK 100000
min 1,00
1 0,052 | 4,048 131,490 5,207 t
2 76,29 3,073 i
3 56 20 2203 t
Seriengrafik:
=+ 1 1 1 1
1 1 1 1
L B N I IR e HEREmIe :
4 I I 1 1
- 1 1 1 1
E 100 4-mmm oo e o p o m e qmmmmmmmmmmmmeo qmmmmmm e e mmmmmmmmmmmm oo i
) 1 | i i i
= I I I I
2y e e it s e g e b L T A e e el e i o o it i et et i el e e ol e o bl i el e o 1
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- T PR e R | PR A RS B S AR SRR i
3 1 I | I |
4] } ! } ! } ! } ! } !
0 2 4 i ] 10
Probannummer
Statistik:
Sarig | Schlagzahigkeit (ak) | Schlagarbeit [W]
n=3 kJ/m? J
X 87 66 3,531
8 30,40 1,587
v %] 44 04 4404

25119825-00 PA 890000029701 Ch NILS 1eU zs2
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Appendix

19.10.2020
LehmannaVossaCo.
Priufprotokoll
Schlagzahigkeit
Proflosnummer :© 290000029702
Matarial o LLWOCOME 3F PAHTE 0825 NT &20 kg
Matarialnummear : 25118825-00
Prozessaufirag : 290000020702
Charga : NILS
Prifar Io-
Profnorm  DINENISO 179 184
Ergebnisse:
bw b h |Schlagzahigksit (ak) | Schiagarbait W] | Versagensar
Mr mm mim mim kme J
MK 100:0,00
min 1,00
1 80041 10 | 4011 3,67 0,147 ]
2 372 0,140 g
Seriengrafik:
L1 e ity Attty T T i ittty |
1 1 1 1 1
- 1 1 1 1 1
1 1 1 1 1
1 1 1 1 1
R — frossemmeeeees oo I E— |
3 T i i i i i
& : 4 i 4 I
e B Tt
i ] ! ! ! ! i
e 1 1 ] 1 1
/P - | PR d raeseney A PP |
g’ e | ! : |
ol o 1 1 1 1 1
= i i i i i
g2 o I Ao fomnommeeoeee oo |
a | : : : : :
1 1 1 1 1
1 1 1 1 1
0 : : : : : : = : = |
o 2 4 5] B 10
Probannummer
Statistik:
Sarig | Schlagzahigkeit (ak) | Schiagarbeit [W]
n=2 kJm? J
X 3,70 0,148
g 0,04 0,002
V%] 1,09 1,09

25119825-00 PA 890000029702

Ch MILS 1af zs2
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Appendix

19.10.2020
LehmannsVossaCo.
Prufprotokoll
Schlagzahigkeit
Proflosnummer 200000029702
Matarigl o LUVOCOME 3F PAHTE 0226 NT &20 kg
Matarialnummer ;| 25119825-00
Prozossauftrag : 200000029702
Charge . NILS
Profar e
Profnorm . DINEN IS0 179 18U
Bamerkung
Ergebnisse:
b h |Schlagzahigkeit (ak) | Schlagarbeit [W] | Versagensart
Mr mm mim kJ/m? J
Mg 100000
min 1,00
1 10 4011 22 52 3,312
2 00,48 3,631
3 a7 86 3,07
Seriengrafik:
/ 1 ] 1 1
1 1 1 1 1
1 1 1 1
1 ] 1 1 1
< = | S—— L N e . :
E i i i i i
E i i i i i
=] 1 1 1 1 1
= AR o Ea ek RESnne :
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40 o seesteay A smrersesug l Lt sty b !
= 1 1 1 1 1
o 1 1 1 1 1
= i i i i i
e ke R b R A :
& i i i i i
| 1 | | |
2 : : : ! : ! : ! : |
o 2 4 ] 8 10
Probannummer
Statistik:
Seria | Schlagzahigkeit {ak) | Schiagarbait [W]
n=3 kNm? J
X 00,29 3,623
g 767 0,308
¥ [%] 850 850

25119825-00 PA 890000029702 Ch NILS 18l zs2
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Appendix

02.11.2020
LehmannaVossaCo.
Prufprotokoll
Schlagzahigkeit
Proflosnummer : 200000029705
Matarizl o LUVOCOME 3F PAHTE 0825 NT &20 kg
Materialnummer : 25118825-00
Prozessauftrag :© 200000029705
Charga : NILS
Profar Io-
Profnorm : DINEN IS0 179 104
Ergebnisse:
bw b h |Schlagzahigksit (ak) [ Schiagarbait W] | Viersagansar
Mr mm mim mim kJim? J
(11t 1000, 00
min 1,00
1 7,951 | 9051 | 4130 462 0,190 g
2 520 0,214 g
3 5,24 0,216 ]
4 524 0,216 g
Seriengrafik:
10 === =m==m-m—mmymmmmm s e m o T T i ittty |
1 1 1 1 1
- 1 1 ] 1 1
1 1 1 1 1
B de e e L e e d e |
E® ! ! ! ! !
2 + | i i i i
=] 1 1 1 1 1
6 o {mmmm e el [mmTmTmmmmees ittty |
L - rl——————— i i i
- o~ | : : : :
-l bE R R R b b R L [oomssn e E s J=ssmsr e ns st i
<“ 1 1 1 1 1
o T i i i i i
- I o e R |
-5 2 1 1 ] 1 1
@ 1 i i i i i
| | 1 1 |
0 } ! } ! } ! t ! } !
o 2 4 5] B 10
Probannummer
Statistik:
Sarig | Schlagzahigkeit (ak) | Schiagarbeit [W]
n=4 kJm?2 J
X 508 0,200
8 0,31 0,013
v [3:] 6,05 6,05

25119825-00 PA 890000029705 Ch NILS 1eA 1252
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Appendix

02.11.2020
LehmannsVossaCo.
Prufprotokoll
Schlagzahigkeit
Proflosnummer  : 200000029705
Matarial o LUVOCOME 3F PAHT® 0826 NT &20 kg
Materialnummer : 25118825-00
Prozossauftrag :© 200000029705
Charge : NILS
Profar Do
Profnorm - DINEN IS0 179 18U
Bamarkung
Ergebnisse:
b h | Schlagzahigkeit (ak) | Schlagarbait [W] | Versagensart
Mr mm mim kJ'm? J
i 100000
min 1,00
1 0,051 | 4,130 66,66 2746 t
2 42 44 1,748 t
3 11,99 0,404 g
4 20,25 1,205 t
& 31,12 1,282 t
Seriengrafik:
- 1 1 1 1 1
1 1 1 1 1
B0 === --=3g---- Ao - N REEEEREEES boo oo dmm e :
1 1 1 1 1
o= T 1 1 1 1 1
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e o e R e !
= 1 i i i i i
e i ! ! ! : :
g T i 1 i i d
- 2Pl I I . & L e o e e |
e ! : ! : !
E T | 1 1 1 |
3 71 i i ! ! !
-~ 1 1 1 1 1
1 1 1 1 1
0 : : : : : = : = |
o 2 4 [:] 8 10
Probannummer
Statistik:
Seria | Schlageahigkeit {ak) | Schiagarbait [W]
n=>5 kNm? J
X 36,20 1,405
g 2017 0831
¥ [%] ERE7 ER5T

25119825-00 PA 890000029705 Ch MILS 16U zs2
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Appendix

02.11.2020
LehmannaVossaCo.
Prufprotokoll
Schlagzahigkeit
Proflosnummer : 200000029706
Matarial : LUVOCOME 3F PAHTE 0825 NT a20 kg
Materialnummer : 25110825-00
Prozossauftrag :© 200000029706
Charge : NILS
Profar Io-
Prifnorm : DINENISD 179 1a4
Ergebnisse:
by b h |Schiageahigksit (ak) | Schlagarbait W] | Versagensar
Mr mm mim mim kJime J
M 1000, 00
min 1,00
1 8,040 | 1005 | 4,152 507 0,240 t
2 385 0,161 g
3 3,76 0,157 5
4 358 0,149 g
5 463 0,193 5
Seriengrafik:
t |} o p b b e e b by [ e L e e e e T e P E e e 1
1 1 1 1 1
- 1 1 1 1 1
1 1 1 1 1
1 1 1 1 1
LJj e R e AR SRR :
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2 T i i i i i
=1 —_—— P | L. | o B ]
5] i | | i i
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R i eSS R :
F< 1 1 1 1
3 T | | : | |
| — Lo L s e oo oo et e
@ 1 i i i i i
1 1 1 1 1
1 1 1 1 1
0 : | } I ! I : | : I
0 2 4 6 8 10
Probennummer
Statistik:
Sorio | Schlageahigkeit (ak) | Schlagarbeit [W]
n=5 kbm? J
X 4,36 0,182
g 0,90 0,041
W [3] 22 65 22 85

25119825-00 PA 890000029706 Ch NILS 1eA 252
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Appendix

02.11.2020
LehmannzaVossaCo. @

Prufprotokoll
Schlagzahigkeit
Proflesnummer  © 200000029706

Matarial o LUWOCOME 3F PAHTE 0825 NT a20 kg
Materialnummer : 25110825-00
Prozassaufrag . 290000029706
Charga : NILS
Profar To-
Prifnorm - MM EN IS0 179 1al
Bamarkung
Ergebnisse:
b h | Schlagzahigkeit {ak) | Schlagarbait [W] [ Versagensart
Mr mm mm kJ'm? J
miE 100000
min 1,00
1 10,05 | 4,152 35,00 1,460 5
2 27,07 1,130 t
3 33,90 1,415 5
4 £0,08 2,503 t
5 51,48 2148 ]
Seriengrafik:
i | e it e e S | I 1
1 1 1 1
-+ 1 1 1 1
1 1 1 1
4 I I 1 1
. 1 1 1 1
E 1 ' : : i
= 1 1 1 1
T I Ao e b drmm e |
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A 1 \E:/ . 1 . '
- : i i i i
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= : : : : :
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g 7 | | : : :
-+ 1 1 1 1 1
E: ! ! ! : !
T 1 1 1 1 1
1 1 1 1 1
[u] } } } } } } } } } |
o 2 4 i} 8 10
Probannummer
Statistik:
Sarie | Schlage ahigkeit (ak) | Schlagarbait [W]
n="5h kMm? J
X 41,40 1,731
5 13,60 0,571
v 9] 3200 3200

25119825-00 PA 890000029706 Ch NILS 1elU zs2
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Appendix

02.11.2020
LehmannsaVossaCo.
Prufprotokoll
Schlagzahigkeit
Proflosnummear - 290000029707
Matarizl : LUWOCOMSE 3F PAHTE& 0225 NT a20 kg
Matarialnummer : 25119825-00
Prozessauftrag :© 890000029707
Charge : NILS
Profar Do
Profnorm : DINENISO 179 1aA
Ergebnisse:
bw b h  |Schlageahigkeit (ak) | Schlagarbait W] | Viersagensart
Mr mm mim mm kJime J
miax 100:0,00
min 1,00
1 7,901 | 9001 | 4,000 3.56 URES] 5
2 250 0,029 5
3 3.67 0,146 5
4 1,91 0,078 5
Seriengrafik:
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Probannummer
Statistik:
Sarie | Schlagzahigkeit {ak) | Schiagarbait [W]
n=4 kXNm? J
X 20 0115
g 0,85 0,034
W [3] 20,14 20,14

25119825-00 PA 290000029707 Ch MILS 1eAzs2
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Appendix

02.11.2020
LehmannaVossaCo. @

Prufprotokoll
Schlagzahigkeit

Proflosnummer - 200000029707
Matarial o LUWOCOME 3F PAHTE& 0825 NT 220 kg
Materialnummer : 25110825-00
Prozassaufirag - 200000029707

Charge : NILS
Profar To-
Profnorm - MM EN IS0 179 18l
Bamarkung
Ergebnisse:
b h | Schlagzahigkeit {ak) | Schlagarbait [W] [ Versagensart
Mr mm mm kJ'm? J
migx 1000,00
min 1,00
i 0,901 | 4,000 104,19 4,334 t
2 7473 2,966 5
3 25,44 1,010 t
4 45,16 1,703 t
5 63,03 2 D2 -]
Seriengrafik:
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Probannummer
Statistik:
Sarig | Schlage ahigkeit (ak) | Schlagarbait [W]
n=>5 kXm? J
X 63,51 25M
g 31,62 1,265
v [%] 4070 4070

25119825-00 PA 890000029707 Ch MILS 16l zs2
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Appendix

02.11.2020
LehmannaVossaCo.
Prufprotokoll
Schlagzahigkeit
Proflosnummer : 200000029708
Matarial o LUVOCOME 3F PAHTE 0825 NT &20 kg
Materialnummer : 25118825-00
Prozossauftrag :© 200000029708
Charga : NILS
Profar Do
Profnorm . DINEN IS0 179 10A
Ergebnisse:
b b h |Schiagzahigksit (ak) | Schlagarbait W] | Versagansar
Mr mm mim mim kime J
TS 1000, 00
min 1,00
1 822411022 | 410 3,78 0,162 5
2 3,60 0,154 g
3 3,67 0,157 5
4 3,70 0,150 5
5 3,45 0,148 5
Seriengrafik:
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Probannummer
Statistik:
Serig | Schlagzahigkeit (ak) | Schiagarbeit [W)
n=>5 kbm? J
X 3,64 0,156
5 0,13 0,005
W [9:] 3,47 347

25119825-00 PA 890000029708 Ch NILS 1eA zs2
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Appendix

02.11.2020
LehmannsVossaCo. @

Prifproto

koll

Schlagzahigkeit

© BOO000029708
: LUVOCOME 3F PAHTE 0825 NT a20 kg

Proflosnummer
Matarial

Matarialnummer : 25119825-00
Prozessaufirag 290000020708
Charga : NILS
Prifar Do
Profnorm : DINEN IS0 179 18U
Bamerkung
Ergebnisse:
b h  |Schlagzahigkeit (ak) | Schlagarbeit [W] | Versagensart
Mr mm mim kJ'm? J
s 1000,00
min 1,00
1 10,22 | 419 26,22 1,123 £
2 50,74 2173 t
3 47 66 2,042 5
4 20,20 1,266 t
5 61,97 2,655 8
Seriengrafik:
60 F------------=- 3 boom oo fmmmm oo :
1 1 1 1
T i i i i
e -4 1 1 1
E i i i i
3 i T | | | |
= e Ty U + Sy iy 1
= 1 i i i i
o i i i i
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=T s e | e
e o 1 ! e e !
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0 : : : : : : : : : :
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Probannummer
Statistik:
Sorio | Schlagzahigkeit (ak) | Schlagarbeit [W]
n=5 kMm?2 J
X 4317 1,850
5 15,00 0,646
¥ [%] 3405 3495

25119825-00 PA 890000029708 Ch NILS 16l zs2
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Appendix

Flexural Strength according to DIN EN ISO 75-2

16.10.20
LehmannaVossaCo.
Prufprotokoll
Proflesnummar - 820000020659
Materizl o LLVOCOME 3F PAHTE 0825 NT a20kg
Matarizinummer o 2511982500
Prozessauftrag . 890000029659
Charge : NILS
Profar o MsS
Bamerkung :
Profnorm : DINENISO 178
Gaschwindigkeit Biegemodul : 2 mmdmin
Profgaschwindgkeit o 10 mmdmin
Frﬂfergehnisse:
Biegeiastigkeit| Dehnung bei Fmax | Biegameodul | Biegefastigkeit bai Bruch | Bruchdehnung| h b
Mr MPa % GPa MPa % mim mim
i 500,00 3,00 50,00 3,00
min 1,00 0,10 1,00 0,10
1 128,75 =585 3,11 - - 4,180 | 9935
2 120,30 =6,05 3,13 - - 4183 | 0,929
3 128,77 =505 324 - - 4,182 | 0,947
- 127 56 =555 3,09 126 =508 4.2 0,974
5 128 5E =500 311 - - 4202 | 9,911
Seriengrafik:
120
100
- 80
(a1
=
(=1
=
]
"
20
Ji]
Verformung in %
Statistik:
Sarie | Biegelestigkeit| Dehnung bei Fmax | Biegemodul | Biegafestigkait bai Bruch | Bruchdehnung h b
n=5 MPa %= GPa MPa % i i
X 128,59 588 3,13 126 5,58 4191 9,539
8 0,54 0,20 0,05 - - 0,000406 | 0,02339
¥ [%] 0,50 3,34 1,52 - - 0,22 0,24




Appendix

16.10.20

LehmannaVossaCo. @

Prifprotokoll

Proflosnummar : BS0000029660
Matarial o LUVOCOMS 3F PAHTE& 0825 NT a20kg
Materialnummer o 2511982500
Prozessaufirag : 800000029650
Charge o NILS

Prifar : MsS
Bemarkung :

Profnaorm : DINENISO 178
Goschwindigkeit Biegamodul © 2 mm/min
Profgeschwindighkseit 10 mm/min

Prufergebnisse:

Biagafostigkeit | Dehnung bai Fmax | Biegemodul | Biagefastigkait bai Bruch | Eruchdahnung h b
MIr MPa % GPa MPa % mm mim
max 500,00 3,00 50,00 3,00
min 1,00 0,10 1,00 0,10
1 109,03 =5,14 280 2.7 =8 02 4157 | 9,919
2 107 51 >5,06 288 91,4 >0, 03 4188 | 9,884
3 109,41 »5,16 200 - - 4212 | 9,903
4 108,07 =5,10 285 - 41 19032
5 105,86 =5,21 285 - 4216 | 9,875
Seriengrafik:
100
80
o
b 60
5
L =4
& 40
- 4
20
i} }
Veriormung in %
Statistik:
Seoria | Biagodastigkait| Dehnung bai Fmax | Bisgamaodul | Biegafestigkait bai Bruch | Bruchdahnung h b
n=5 MPa % GPa MPa % mim mim
X 107,97 513 287 220 2498 4197 |9,903
5 1,40 0,06 0,03 0915 0,08 0,0247 | 0,02367
W [956] 1,30 1,10 0,28 0,99 0,86 0553 (024




Appendix

16.10.20
LehmannaVossaCo.
Prifprotokoll
Proflesnummar - B20000029661
Matarial o LLNOCOME 3F PAHTE 0825 NT a20kg
Matarialnummer o 2511982500
Prozessaufirag - BG0000029661
Charga o NILS
Profar : MsS
Bemarkung :
Profnorm : DINEMISO 178
Gaschwindigkeit Biegamodul © 2 mm/min
Profgeschwindgkeit ;10 mmdmin
Prufergebnisse:
Biegaiostigkeit| Dehnung bai Fmax | Biegemodul | Biagafastigkait bai Bruch | Bruchdehnung| h b
Mr MPa e GPa MPa % mim mim
[t 500,00 3,00 50,00 3,00
min 1,00 0,10 1,00 0,10
1 128 47 =5 76 290 - - 3040 | 10,2
2 126,26 =566 3,02 - 3,028 | 10,28
3 126,70 =577 294 - 3,020 | 10,23
4 120,41 =571 3,07 - 305 | 10,2
5 127,58 =580 274 - 304 | 1019
Seriengrafik:
120
100
o 50
o
-
& 60
=
I
o
[i]
Viariormung in %
Statistik:
Sarie | Biegeiastigkeit| Dehnung bei Fmax | Biegamodul | Biegefestigkait bei Bruch | Bruchdahmung h b
n=5 MPa %= GPa MPa ¥ mim mm
X 127 69 574 204 - - 3,03 (1022
g 1,28 0,05 013 - 0,01062 [ 0,03896
W [%] 1,1 0,93 4,33 - 0,27 0,38

D3



Appendix

15.10.20

LehmannaVossaCo.

Prifprotokoll

Proflosnummar - BE0000029662

Matarial o LLNOCOMES 3F PAHTE 0825 NT a20kg

Matarialnummer o 2511982500

Prozessaufirag : BG0000020662

Charga o NILS

Profar : MsS

Bemarkung :

Profnorm : DINEMISO17E

Gaeschwindigkeit Biegamodul © 2 mm/min

Profgeschwindgkeit 100 mmdmin

Prufergebnisse:

Biegafostigkeit | Dehnung bai Fmax | Biegemodul | Biagefastigkait bai Bruch | Bruchdahnung h b

Mr MPa % GPa MPa % mm mim
M 500,00 3,00 50,00 3,00

min 1,00 0,10 1,00 0,10
1 108,46 =4 83 279 02,2 =045 3027 | 10,2
2 108,64 =4 88 286 923 =8, 47 3,022 | 10,2
3 108,38 =481 275 921 =8, 46 3,04 | 1016
4 108,88 =401 283 925 =2, 48 3,042 | 10,22
5 109 51 =4 B8 282 83,1 =8,43 3019 | 10,18

Seriengrafik:

Krak in MPa

Veriormung in %

Statistik:
Serie | Biegeiastigksit | Dehnung bai Fmax | Biegamodul | Biagefastighkait bei Bruch | Bruchdahmung h b
n=>5 MPa % GPa MPa % mim i
X 108,78 4,88 281 925 845 3,93 10,19
g 0,45 0,03 0,04 0,386 0,02 0,01037[ 0,02134
v [%] 0,42 0,71 1,41 042 021 0,26 0,21




Appendix

16.10.20
LehmannaVossaCo.
Prufprotokoll
Proflesnummar - BG00000209669
Material : LLNOCOME 3F PAHTE 0825 NT a20kg
Materizinummer o 2511982500
Prozessaufirag . 890000029669
Charga . MILS
Profar © MsS
Bamarkung :
Profnorm : DINENISO 178
Geschwindigkeit Biegemodul : 2 mmdmin
Profgaschwindgkeit 10 mmdmin
Priifergebnisse:
Biegeiastigkeit| Dehnung bei Fmax | Biegeamodul | Biegafastigkeit bai Bruch | Bruchdehnung| h b
Mr MPa %= GPa MPa % mim mim
i 500,00 3,00 50,00 3,00
min 1,00 0,10 1,00 0,10
1 12829 =6,28 3,19 - - 3,033 | 9,924
2 128,86 =6, 42 3 - 3,020 | 0.872
3 12855 =6,42 3,18 - 303 | 9966
4 12227 =6,68 208 - 3037 | 0975
5 12954 =6,65 3,19 - 3,010 | 9,909
Seriengrafik:
120
100
o B0
(a1
=
g 60
L =
@
= 4D
20
[i]
Varformung in %
Statistik:
Sarie | Biegelestigkeit| Dehnung bei Fmax | Biegemodul | Biegafestigkait bai Bruch | Bruchdahnung h b
n=5 MPa %= GPa MPa % mm mm
X 127 50 6,48 3,15 - - 3,920 9,529
8 2 06 0,17 0,10 - 0006208 | 0,0423
¥ [%] 232 2567 3,02 - 0,18 0,43

D5



Appendix

15.10.20
LehmannsVossaCo.
Prifprotokoll
Proflosnummear : BS0000029670
Matarial o LUVOCOME 3F PAHTE 0825 NT a20kg
Materizinummer o 2511882500
Prozassaufirag - 800000029670
Chargs o HNILS
Profar o MsS
Bamarkung ;
Profnorm : DINENISO 178
Geschwindigkoit Biegemodul : 2 mmémin
Profgeschwindigkait 10 mmdmin
FI‘UfEI'g-EIJI‘IiSSE:
Biagefastigkeit| Dehnung bei Fmax | Biegamodul | Biegaefastigkait bei Bruch | Bruchdehnung h b
Mr MPa % GPa MPa % mim mm
i 500,00 3,00 50,00 3,00
min 1,00 0,10 1,00 0,10
1 106,46 =558 278 - - 3824 | 10
2 112,17 =5, 64 202 - 3003 | 10,07
3 11201 »5,86 282 - 3,006 | 10,05
4 116,78 =5,63 208 - 3000 | 0086
5 106,85 =5, 68 2,64 - 4009 | 10,06
Seriengrafik:
100
20
]
o
= B0
&
]
= 40
20
i
Veriormung in %
Statistik:
Sorio | Biogolastigkeit| Dehnung bei Fmax | Biegamaodul | Biagafastigkait bai Bruch | Bruchdahnung h b
n=>5 MPa B GPa MPa % mim mim
X 110,85 568 284 - - 3,964 (10,03
8 4 00 0,11 0,12 - 0,07840( 004770
¥ [%] 3,87 1,87 407 - 1,98 0,48

D6



Appendix

16.10.20
LehmannaVossaCo.
Priifprotokoll
Proflesnummar - 850000029671
Matarial : LLNWOCOME 3F PAHTE 0825 NT a20 kg
Matarialnummer o 2511982500
Prozessaufirag - 850000029671
Charge o NILS
Profar : MsS
Bamarkung :
Profnorm : DINENISO 178
Gaschwindigkeit Biegamodul © 2 mm/min
Profgeschwindigkeit ;10 mmdmin
Prifergebnisse:
Biegaiostigkeit| Dehnung bei Fmax | Biegemodul | Biagefastigkait bai Bruch | Bruchdehnung| h b
Mr MPa e GPa MPa ¥ mm mim
M 500,00 3,00 50,00 3,00
min 1,00 0,10 1,00 0,10
1 129,27 =6,00 202 - - 4097 | 9,823
2 130,16 =6,05 202 - 4,030 | 9842
3 129,92 =6,05 283 - 4,052 | 9,855
4 130,89 =6,00 208 - 405 | 9865
5 131,05 =6,14 204 - 4058 | 9,85
Seriengrafik:
120
100
m 20
o
-
£ &0
L =
I
"
i} }
Veriormung in %
Statistik:
Sarie | Biegaiostigkeit| Dehnung bei Fmax | Biegemedul | Biegefestigkait bei Bruch | Bruchdahnung h b
n=5 MPa %= GPa MPa e M M
X 130,26 6,07 292 - - 4050 |0845
5 073 0,05 0,05 - 0,02225]0,0134
W [%:] 0,56 0,86 1,81 - 0,55 0,14

D7



Appendix

16.10.20
LehmannaVossaCo.
Prufprotokoll
Proflosnummer : B000000296T2
Matarial o LLVOCOMS 3F PAHTE 0825 NT a20kg
Materiginummer o 2511982500
Prozossauftrag . 800000029672
Charga : NILS
Profar : MsS
Bemarkung :
Prifincrm DIN EN IS0 178
Geschwindigksit Biegamodul © 2 mm/min
Profgeschwindigkeit Al mmmin
Frﬂfergel:nisse:
Biegatastigkeit | Dehnung bai Fmax | Biegemodul | Biegefasiigkait bei Bruch | Bruchdahnung h b
MWr MPa B GPa MPa % mim mm
M 500,00 3,00 50,00 3,
min 1,00 0,10 1,00 0,10
1 100,00 =4 78 255 85,0 =0,03 4,092 |1 9.973
2 101,40 =4 88 270 - - 4,083 | 9,960
3 100,45 =4 07 274 : - 4,102 | 0,947
4 100,39 =4 72 277 853 =804 4,131 | 9.848
5 102,17 =4 85 267 - - 4081 | 9147
Seriengrafik:
100
80
o
= i
(<
5 40
< |
20 -4
4]
a
Veriormung in %
Statistik:
Seorio | Biagolostigkeit| Dehnung bai Fmax | Biegemodul | Biegafastigkait bai Bruch | Eruchdahnung h b
n=5 MPa % GPa MPa % mim mim
X 100,88 482 260 852 £93 4008 (0,031
5 0,89 0,07 0,08 0,240 0,01 0,02023[0,065135
W [5] 0,88 1,46 3,20 028 0,10 0,49 0,52




Appendix

LehmannaVossaCo. @

16.10.20

Prufprotokoll
Proflosnummer ;8000000206040
Matarial o LLVOCOME 3F PAHTE 025 NT a20kg
Materiginummer o 2511982500
Prozassauftrag © 800000029600
Charge ;. NILS
Profar : MsS
Bemarkung D
Prrfnarm : DINENISO 178
Geschwindigkeit Biegamodul © 2 mm/min
Profgeschwindigkeit A0 mmimin
Fr[lfergel:nisse:
Biegatastigkeit | Dehnung bei Fmax | Biegemodul | Biegafastigkait bai Bruch | Bruchdehnung| h b
Mr MPa %% GPa MPa % mim mm
i 500,00 3,00 50,00 3,00
min 1,00 0,10 1,00 0,10
1 127 36 =6,14 3.08 - - 4,183 | 10,22
2 130,30 =620 3,16 - 4173 | 10,07
3 120,85 =6,26 3,10 - 4,171 | 10,08
4 130,82 =6,75 3,13 - 416 | 10,07
5 130,78 =6, 76 312 - 4124 | 10,13
Seriengrafik:

Krat in MPa

Viariormung in %

Statistik:
Saria | Biagolostigkeit| Dehnung boi Fmax | Biegemodul | Biegafastigkait bai Bruch | Eruchdahnung h b
n=5 MPa %= GPa MPa % M mm
X 120,82 6,42 312 - - 4162 [10,11
5 1,43 0,31 0,03 - 002279 006321
W [9] 1,10 478 0,92 - 0,55 0,63

D9



Appendix

LehmannaVossaCo. @

15.10.20

Prifprotokoll

Proflosnummar
Matarial
Matarialnummer
Prozassaufirag

Charga
Profar

Bamarkung
Profnorm

Profgaschwindgkaeit

Prifergebnisse:

o BG0000029700
o LUNVOCOMES 3F PAHT& 0825 NT a20 kg
o 2511982500
» BO0000029700
o NILS

. MsS

2 mmimin
10 mmdmin

- DINENISO 178
Gaschwindigkait Biagemodul -

Biegefostigkeit| Dehnung bei Fmax | Biegamodul | Biegefastigkait bei Bruch | Bruchdahnung| h b
Nr MPa % GPa MPa % mm mim
i 500,00 3,00 50,00 3,00
min 1,00 0,10 1,00 0,10
1 121,35 =5 67 3,10 - - 4062 [ 9983
2 120,75 =570 3,08 - 4077 (10,02
3 120,90 =5 74 3,00 - 4057 (10,02
4 120,55 =568 3,06 - 4031 (10,01
5 112,01 =5 67 287 - 4081 | 9,992
Seriengrafik:
120
100
&0
m
s
c &0
L -
]
= 40
20
i}
Varformung in %
Statistik:
Seria | Biogelostigkait | Dahnung bai Fmax | Bisgemodul | Bisgafastigkait bai Bruch | Bruchdaehnung h b
n=>5 MPa ¥ GPa MPa % mim mm
X 119,11 570 3,04 - - 4,081 10,01
5 3,08 0,03 0,10 - 0,01995] 001746
¥ [%] 3,34 0,47 3,16 - 0,49 0,17

D10



Appendix

16.10.20
LehmannaVossaCo.
Prifprotokoll
Proflosnummar - BS0000029701
Matarial o LLNOCOMES 3F PAHTE 0825 NT a20kg
Materizinummer o 2511982500
Prozessaufirag - BG0000029704
Charga . NILS
Profar o MsS
Bamarkung 5
Profnorm : DINENISO 178
Gaschwindigkait Biegamodul : 2 mm/min
Profgeschwindgkeit 100 mmémin
Prifergebnisse:
Biegadostigkeit | Dehnung bai Fmax | Bisgemodul | Biegefastigkait bai Bruch | Bruchdahinung h b
Mr MPa % GPa MPa % mm mim
i 500,00 3,00 50,00 3,00
min 1,00 0,10 1,00 0,10
1 132,11 =6,07 3,09 - - 4,048 | 9,911
2 131,43 =6,14 285 - 3,006 | 0,883
3 131,86 =6,04 3,11 - 4,033 | 9,939
4 132,69 =6,03 3,06 - 4041 19943
5 129,41 =607 3,06 - 4039 | 9,921
SEI'iEﬂQI'Hfik:
120
100
m 80
o
=
L
=
]
o
20
[u]
Varformung in %
Statistik:
Serie | Biegeiastigkeit | Dehnung bei Fmax | Biegamodul | Biagefaestigkait bei Bruch | Bruchdshnung| h b
n=5 MPa % GPa MPa % mim mim
X 131,50 6,07 3,03 - - 4031 19913
g 1,25 0,04 010 - 0,0204| 0,02027
¥ [%] 0,95 0,70 3,38 - 051 0,20

D11



Appendix

16.10.20

LehmannaVossaCo.

Prufprotokoll

Proflosnummar : BGD000029702

Matarial o LUWOCOMS 3F PAHTE 0825 NT a20kg

Materialnummer ;2511982500

Prozessauftrag © 890000029702

Charga : NILS

Profar .

Bamerkung 5

Profnorm DIN EN ISO 178

Geschwindigksit Biegemodul © 2 mmimin

Profgaschwindigkaeit 10 mmdmin

FI‘UfEI'gEIJI'IiSSE:

Biageiastigkeit | Dehnung bai Fmax | Biegamodul | Biegefastigkait bai Bruch | Bruchdehnung| h b

Mr MPa % GPa MPa % mm mim
i 500,00 3,00 50,00 3,
min 1,00 0,10 1,00 010
1 107,22 =517 2 56 - - 4,023 | 10,04
2 106,54 »5,11 283 - - 4033 | 10,07
3 29,79 >4 95 259 g4 8 =878 4048 | 10,07
4 105,18 =510 279 - - 4017 | 10,08
5 101,81 =4 B8 250 - 4007 | 10,06

SEI'iEﬂQI'Hﬁk:

Krakt in MPa

Verformung in %

Statistik:
Sonio | Biegolostigkeit| Dehnung bei Fmax | Biegamodul | Biegafestigkeit bei Bruch | Bruchdehnung| h b
n=>5 MPa % GPa MPa % mim mm

X 104,11 504 2,67 248 878 4,026 | 10,07

8 3,19 0,12 0,14 - - 0,016 | 001474
¥ [] 3,06 239 532 - 0,40 015

D12



Appendix

29.10.20
LehmannsVossaCo.
Prifprotokoll
Proflesnummer o Bo0000029705
Material o LUVOGCOME 3F PAHTE 9825 NT a20kg
Materialnummar o 2511982500
Prozessaufirag - 800000029705
Charge o HNILS
Profar Doaw
Bamarkung B
Profnorm : DINENISO 178
Geschwindigkeit Biegemodul © 2 mm/min
Profgeschwindigkait o 100 mm/min
F'I'UfE'I'Q-EIJI'IiSSE':
Biagofostigkeit| Dahnung bai Fmax | Biegamodul | Biagefestigkait bai Bruch | Bruchdehnung| h b
Mr MPa %% GPa MPa % mim mm
Mg 500,00 3,00 50,00 3,
min 1,00 0,10 1,00 0,10
i 107,85 =7 36 237 - - 4176 [ 1015
2 104,95 =7 50 1,06 - 4186 [ 10,09
] 102,78 >7 67 1,90 - - 4191 [ 1013
4 00,47 >4, 50 212 80,5 =4 50 419 [ 104
5 8274 =4 51 202 By =4 51 4206 | 10,14
Seriengrafik:
_,_.--——'_'_._'_____:__'-__.—‘_‘—I—.__q=
100 -
-
80
I:E
s &0
=
=
® 40
¥
20
0 } : :
6 10
Verformung in %
Statistik:
Serie | Biegelastigkeit| Dahnung bei Fmax | Biegamaedul | Biagafestigkait bai Bruch | Bruchdehnung h b
n=5 MPa e GPa MPa ¥ M mm
X 9896 6,31 2,08 806 4,50 419 10,12
5 875 1,65 0,18 1,22 0,04 0,041087] 0,0255
W [%] 8,84 26,17 8,89 1,36 0,13 0,26 0,25

D13



Appendix

29.10.20
LehmannaVossaCo.
Prufprotokoll
Proflosnummer ;800000029706
Matarial o LLVOCOME 3F PAHTE 0825 NT a20kg
Materiginummer o 2511982500
Prozassauftrag © 800000029706
Charge : NILS
Profar i
Bemarkung D
Prrfnarm : DINENISO 178
Geschwindigkeit Biegamodul © 2 mm/min
Profgeschwindigkeit A0 mmimin
Frufergehnisse:
Biegatastigkeit | Dehnung bei Fmax | Biegemodul | Biegafastigkait bai Bruch | Bruchdehnung| h b
Mr MPa %% GPa MPa % mim mim
i 500,00 3,00 50,00 3,00
min 1,00 010 1,00 0,10
1 104,00 =6,52 253 - - 4,103 |10,18
2 108,92 =6,23 252 - 4077 [10,16
3 106,54 =6,80 229 - 4167 | 9,963
4 113,11 =6,18 263 - 4,066 | 10,04
5 00,12 =7, 07 205 E 416 [10,11
Seriengrafik:
100 : -—
T —
M —‘
Drlil
= B0
(<
I
b 40
20
0 f | :
12
Viariormung in %
Statistik:
Saria | Biagolostigkeit| Dehnung boi Fmax | Biegemodul | Biegafastigkait bai Bruch | Eruchdahnung h b
n=5 MPa %= GPa MPa % M mm
X 106,34 6,58 240 - - 4115 (10,08
5 5,25 0,38 0,23 - 0,04685( 0,08860
W [9] 403 508 073 - 1,14 0,88

D14



Appendix

29.10.20
LehmannaVossaCo.
Prufprotokoll
Proflosnummer ;800000029707
Matarial o LLVOCOME 3F PAHTE 0825 NT a20kg
Materiginummer o 2511982500
Prozassauftrag - 800000029707
Charge : NILS
Profar i
Bemarkung D
Prrfnarm DINEMN SO 178
Geschwindigkeit Biegamodul © 2 mm/min
Profgeschwindigkeit A0 mmimin
Frﬂfergel:nisse:
Biegatastigkeit | Dehnung bei Fmax | Biegemodul | Biegafastigkait bai Bruch | Bruchdehnung| h b
Mr MPa %% GPa MPa % mim mm
i 500,00 3,00 50,00 3,
min 1,00 010 1,00 0,10
1 128,68 =6, 64 279 - - 4,182 | 10,32
2 130,90 =653 273 122 =8,18 415 10,32
3 127 02 =6,65 267 - - 4203 | 10,35
4 130,24 =6, 44 277 - 4,155 | 10,36
5 131,21 =6 51 273 - 4167 | 10,27
Seriengrafik:
120
100
™
o
=
(<
=
]
=
4]
Viariormung in %
Statistik:
Saria | Biagolostigkeit| Dehnung boi Fmax | Biegemodul | Biegafastigkait bai Bruch | Eruchdahnung h b
n=5 MPa %= GPa MPa % M mm
X 120,79 g,55 274 122 2810 4172 (1033
5 1,43 0,08 0,05 - - 0,02132[ 0,03753
W [9] 1,10 1,37 1,72 - 0,51 0,36

D15



Appendix

29.10.20
LehmannaVossaCo.
Prifprotokoll
Proflesnummer o BS0000029708
Material o LUVOCOMS 3F PAHTE& 0825 NT a20kg
Matarialnummear o 2511982500
Prozassaufirag : 800000029708
Charga . NILS
Prifar i
Bamarkung .
Profnorm DINEN IS0 178
Goeschwindigkeit Biegamodul © 2 mm/min
Profgeschwindigkeit 10 mmimin
F'I'UfEI'g-ElJniSSE:
Biagafostigkeit | Dehnung bai Fmax | Biegemodul | Biegefastigkait bai Bruch | Bruchdahnung h b
Mr MPa % GPa MPa ¥ mm mimi
miaEx 500,00 3,00 50,00 3,00
min 1,00 0,10 1,00 0,10
1 120,26 =6,25 269 - - 4251 | 10,3
z 120,71 >6,36 275 - 4208 | 10,38
3 118,85 »6,29 256 - 415 | 10,47
4 121,00 =6, 35 278 - 4232 | 10,32
3 120,44 =6,39 243 - 4,246 | 10,41
Seriengrafik:
120 A
100
&0
il
s
- 60
-
]
w40
20
i
Veriormung in %
Statistik:
Seria | Biagolostigkeit| Dehnung bei Fmax | Bisgamodul | Bisgafestigkait bai Bruch | Bruchdahnung h b
n=5 MPa % GPa MPa ¥ Lyl mm
X 120,27 6,33 264 - - 423 10,38
5 0,79 0,06 014 - 0,01872| 0,06461
W [356] 0,66 0,90 527 - 0,44 0,62

D16



Appendix

Test-Edduterung

Probe-Mamen: 25119825 Ch NILS PL 89-29639

HDT according to DIN EN ISO 178

Gruppe 1
Materizl-Code
Standardtest |HDT IS0 75-2
Standardtestmathode & (1.8 MPz - 120 °C/'h)
Heizrate 120 °C/h
Biegespannung 1,800 [MPza]
Stiitzweite 4,00 [mem]
Lings 20,00 [mamn
Braite 10,00 [man
Stirke 4,00 [mm]
Testende Durchbiegung 1034 [mm]
0,35 1
=
_ 03 5
E c |
E 025
E" 0z
2015
=
£ 01
0,05 ﬁj
0
40 30
Temperatur [*C]
Endzustand Endugiltige Endrempsratur
Verschiebung [=C]
[mm]
1 (Getestet 0,340 72,3
2 (Getestet 0,340 71,2
3 (Getestet 0,340 71,8
Mitzahwert 0,340 71,8
Sed dev 0,00 0,65
Bereich 0,000 1.3




Appendix

Test-Erdduterung

Probe-Mamen: 25119825 Ch NILS =PL 89-29660

Gruppe 1
Materiz!-Code
Standardtest |HDT IS0 75-2
Standardtestmathode & (1.8 MPz - 120 °C/h)
Heizrate 120 °C/h
Biegespannung 1,800 [MPz]
Stiltzweite 4,00 [mm]
Lings 20,00 [mamn
Braite 10,00 [mamn
Stirke 4,00 [mm]
Testende Durchbiegung 10,34 [mm]
035
4]
03 —
———ai
T 023
E
= 0.2
£
£ 015 -
=
@ 01
g 0,05 _’_"_',f
0 —
T
25 an 358 40 45 50 55 G GE
Temperatur [*C]
Endzustand Endugiiltige Endremperatur
Verschiebung [=C]
[mm]
1 Getestet 0,320 62,3
2 Getestet 0,320 62,1
3 Getestet 0,320 62,1
Mitzahwert 0,320 62,2
Sed dev 0,00 0,12
Bereich 0,000 0.2

E2



Appendix

Test-Edduterung

Probe-Mamen: 25119825 Ch MILS PL 89-29661

Gruppe 1
Materizl-Code
Standardtest |HDT 150 73-2
Standardtestmathode & (1.8 MPz - 120 °C/h)
Heizrate 120 °C/h
Biegespannung 1,800 [MPz]
Stiitzweite 4,00 [mem]
Lings 120,00 [rmamn
Braite 10,00 [man
Stirke 4,00 [mm]
Testende Durchbiegung 1034 [mm]
0.3 1
J —2
02
—
Fo2s /{,r yd
= 02
en
g 015 ,-///
£ o1
E 003
2
a Y -I
005 f
01
20 40 50 ) Ta
Temperatur [C]
Endzustand Endgiltige Endtermperatur
Verschiebung [=C]
[mm]
1 Getestet 0,340 72,2
2 Getestet 0,340 59,1
3 (Getestet 0,340 58,6
Mitzahwert 0,340 70,0
Sed dev 0,00 1,93
Bereich 0,000 3.6

E3



Appendix

Test-Edduterung

Probe-Mamen: 25119825 Ch NILS PL 89-29662

Gruppe 1
Materizl-Code

Standardtest |HDT IS0 75-2
Standardtestmathode & (1.8 MPz - 120 °C/h)
Heizrate 120 °C/h
Biegespannung 1,800 [MPz]
Stiitzweite 4,00 [mem]
Lings 120,00 [rmamn
Braite 10,00 [man
Stirke 4,00 [mm]
Testende Durchbiegung 1034 [mm]

0,35

03

0,25

[mm]

E"EIE

9 013

01

Wersch

0,05

A

G :#ﬁ

25 20 35 40 45
Tamperatur [*C]
Endzustand Endgiiltige Endremperatur
Verschiebung [=C]
[mm]

1 Getestet 0,340 59,8
2 Getestet 0,340 38,7
3 Getestet 0,340 39,9
Mitzahwert 0,340 59,5
Std dev 0,00 0,67
Bereich 0,000 1,2

55

G0

— R

E4



Appendix

Test-Erdduterung

Probe-Mamen: 25119825 Ch MILS PL 89-2966%

Gruppe 1
Materizl-Code
Standardtest |HDT IS0 75-2
Standardtestmathode 2 (1.8 MP= - 120 °C/h)
Heizrate 120 °C/h
Biegespannung 1,800 [MPz]
Stiltzweite 4,00 [mm]
Lings 20,00 [mamn
Braite 10,00 [mamn
Stirke 4,00 [mm]
Testende Durchbiegung 10,34 [mm]
0,35
03
E 025
E" 0z
2015
£ 01 /
2 0.05 J .-—f/
—:ﬁ""r

25 an 35 40 45 ] 55 a0
Temperatur [*C]
Endzustand Endugiiltige Endremperatur
Verschiebung [=C]
[mm]
1 Getestet 0,340 65,2
2 Getestet 0,340 674
3 Getestet 0,340 63,7
Mitzahwert 0,340 66,1
Std dev 0,00 1,13
Bereich 0,000 2,2




Appendix

Test-Erlduterung

Probe-Mamen: 25119823 Ch NILS 89-29670

Gruppe 1
Materizl-Code

Standardtest HOT 150 73-2
Standarcdtestmathods & (1.8 MPz - 120 °C/h)
Heizrate 120 *C'h
Biegespannung 1,800 [MPa]
Stiitmweite 64,00 [mem]
Ling=s 20,00 [mamn
Braite 10,00 [man
Starke 4,00 [mm]
Testende Durchbiegung 0,34 [mm]

14
A

0,33
0.3
E 095
E 0,25
E" o2
T 015
b=
E 01 j:ﬁjff
T e il
5 Fg/
0 _-Eﬁ
30 35 40 45 50
Temperatur [*C]
Endzustand Endgiltige Endremperatur
Verschiebung [=C]
[mm]
1 Getestat 0,340 36,2
2 Getestat 0,340 37.9
3 Getestat 0,340 574
Mittehwert 0,340 352
Std dev 0,00 0,87
Bereich 0,000 1,7

55

60

—

E6



Appendix

Test-Erdduterung

Probe-Mamen: 25119825 CH NILS M 83-23671

Gruppe 1
Materizl-Code
Standardtest JHDT IS0 75-2
Standardtestmathode & (1.8 MPa - 120 °C/h)
Heizrate 120 °C/h
Biegespannung 1,800 [MPa]
Stiltzweite 4,00 [mm]
Lings 20,00 [mamn
Braite 10,00 [man
Stirke 4,00 [mm]
Testende Durchbiegung 10,34 [mm]
0,35 1
/
] T
= 032 —
E c |
E 025
E" 02
D015
k=
E 01
005
a
T
a0 40 50 ) T
Temperatur [*C]
Endzustand Endgiltige Endtempsratur
Verschiebung [=C]
[mm]
1 (Getestet 0,340 56,3
2 (Getestet 0,340 70,3
3 (Getestet 0,340 58,3
Mitzahwert 0,340 58,6
Sed dev 0,00 1,85
Bereich 0,000 3.7

E7



Appendix

Test-Erdduterung

Probe-Mamen: 25119825 Ch NILS PL 89-29672

Gruppe 1
Materizl-Code
Standardtest JHDT IS0 75-2
Standardtestmathode & (1.8 MPa - 120 °C/'h)
Heizrate 120 °C/h
Biegespannung 1,800 [MPza]
Stiitzweite 4,00 [mm]
Lings 20,00 [mamn
Braite 10,00 [mamn
Stirke 4,00 [rmm]
Testende Durchbiegung 10,34 [mm]
035 1
03 LA —_—
'/ 2
E 025
E
E" 0z
g 0as
k=
701
-
005
a
258 a0 35 40 45 50 55
Temperatur [*C]
Endzustand Endugiiltige Endremperatur
Verschiebung [=C]
[mm]
1 (Getestet 0,330 B
2 (Getestet 0,330 32,3
3 (Getestet 0,330 534
Mitzahwert 0,330 534
Sed dev 0,00 1,15
Bereich 0,000 2.3

E8



Appendix

Test-Edduterung

Probe-Mamen: 25119825 Ch Nils PL 89-2965%

Gruppe 1
Materizl-Code
Standardtest |HODT IS0 75-2
Standardtestmathods & (1.8 MP= - 120 °C/h)
Heizrate 120 *Ch
Biegespannung 1,300 [MPa]
Stiitzweite 64,00 [rmum]
Lings 20,00 [mm
Braite 10,00 [mm
Starke 4,00 [mm]
Testende Durchbiegung |0.34 [mm]
0,35 1
3
03 S
E c,
E 025
E" 0z
@ 015
k=
£ 01
g ooz
0 ——ﬁ:ﬁf_
T T T
258 30 35 40 45 50 55 G G5 To
Temperatur [*C]
Endzustand Endagiltige Endtemperatur
Verschiebung [=C]
[mm]
1 (Getestet 0,340 67,6
2 (Getestet 0,340 65,7
3 Getestet 0,340 67,8
Mitzehwert 0,340 67,0
Sed dev 0,00 1,16
Bereich 0,000 21

E9



Appendix

Test-Erdduterung

Probe-Mamen: 25119823 Ch NILS PL 89-23700

Gruppe 1
Materizl-Code
Standardtest |HDT IS0 75-2
Standardrestmethods & (1.8 MP= - 120 °C/h)
Heizrats 120 °C/h
Biegespannung 1,800 [MPza]
Stiftzweite 4,00 [mem]
Lings 120,00 [rmamn
Braite 10,00 [man
Stirke 4,00 [mm)]
Testende Durchbiegung 1034 [mm]
. |
7 i z
E 025
E /’;/'
=2 A
: el
FIRAL Z
=
# 01 =
g 003
0 -—-—-——ﬁ—-————'
T
258 an 35 40 45 50 55 G G5
Temperatr [*C]
Endzustand Endugiltige Endtemperatur
Verschiebung [=C]
[mm]
1 (Getestet 0,330 51,4
2 Getestet 0,330 &1.4
3 (Getestet 0,330 9.4
Mitzehwert 0,330 &0,7
Sed dev 0,00 1,15
Bereich 0,000 2.0
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Appendix

Test-Erdduterung

Probe-Mamen: 25119825 Ch NILS PL 89-25701

Gruppe 1
Materizl-Code

Standardtest JHDT IS0 75-2
Standardtestmathode & (1.8 MPa - 120 °C/'h)
Heizrate 120 °C/h
Biegespannung 1,800 [MPza]
Stiitzweite 4,00 [mm]
Lings 20,00 [mamn
Braite 10,00 [mamn
Stirke 4,00 [rmm]
Testende Durchbiegung 10,34 [mm]

0,35 1
{ff —=
0.3 —_—
E ooz
E 025
/il
D015
= /:/
E 01
£ LA
005 _ﬁ
i}
|
256 33 40 45 30 56 G0 TO
Temperatur [*C]
Endzustand Endugiiltige Endremperatur
Verschiebung [=C]
[mm]
1 (Getestet 0,340 58,2
2 (Getestet 0,340 59,1
3 (Getestet 0,340 &7.4
Mitzahwert 0,340 58,2
Sed dev 0,00 0,85
Bereich 0,000 1.7
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Appendix

Test-Edduterung

Probe-Mamen: 25119823 Ch NILS PL 89-25702

Gruppe 1
Materizl-Code

Standardtest |HDT IS0 73-2
Standardtestmethods & (1.8 MP= - 120 °C/h)
Heizrate 120 °C/h
Biegespannung 1,800 [MP=z]
Stiltzweite 4,00 [mm]
Lings 20,00 [mm
Braite 10,00 [mm
Stirke 4,00 [rmm]
Testende Durchbiegung 10,34 [mm]

0,35

Verschiebung [mm]
=) ] =
- L] ha
[&)] (53]

P

01 f_’
005 ____‘__’}”__‘_,.f"
0 =
256 a0 358 40 45 50 55
Temperatur [*C]

Endzustand Endgiltige Endtemperatur

Verschiebung [=C]
[mm]

1 Getestet 0,340 354
2 Getestet 0,340 4.9
3 Getestet 0,340 4T
Mitzehwert 0,340 55,0
Sed dev 0,00 0,36
Bereich 0,000 0.7

2

—

E12



Appendix

DSC According to DIN EN ISO 11357-1
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