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Abstract. FDM technology (Fused Deposition Modeling) is a popular
form of additive manufacturing of elements. The development of this
technology is related to the need of achieving high accuracy of products
and shortening the time of manufacturing. Despite the through of
advantages, FDM technology involves several technological problems.
One of them is the phenomenon of detaching created element from the bed
of the device as a result of processing shrinkage. One of the methods of
increasing the adhesion of elements to the bed is the use of glued
intermediate materials. Among the available options, there are tapes
dedicated to FDM technology, such as adhesive pads. In addition, they are
used Kapton and cheaper, cellulose tapes. The article presents the method
of testing the adhesion force between element and bed of the device
producing in FDM technology and obtained values for the use of various
types of intermediary materials. The specimens were made of one of the
most commonly used material - PLA. A glass bed was used for the test.
The results were compared with values of adhesion force for elements
produced on a smooth, uncoated bed. The method and research results
allow to compare and select the appropriate method based on empirically
determined values.

1 Introduction
Fused Deposition Modeling technology is a popular method of incremental manufacturing
components. This technology consists in applying layer-by-layer of previously plasticized
material. The polymeric material introduced into the head, in the form of a filament, is
heated to the melting point. The material is extruded through the nozzle onto the bed of the
device, after which it congeals in a shape consistent with the digital spatial model [1-3].
Due to its versatility, simplicity of operation and low cost of operation, devices
manufacturing in FDM technology have found application in various fields of science and
technology [4,5]. Details are often elements of visualization or verification of projects.
They are also used to create tooling patterns and molds [6]. The wide possibilities of
building prototypes and target devices affect the continuous development of this method
*
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[7,8]. Progress in the area of rapid prototyping is associated with the desire to obtain high
accuracy of products and shortening their production time. Despite the above-mentioned
advantages, FDM technology is also associated with several technological problems.
1.1 Technological problem
The necessary condition for the correct shape of the product is its permanent sticking to the
bed during the manufacturing and its easy peeling off after the process. Fulfilling this
condition is one of the main technological problems [9].
The element produced on the bed is held on its surface by adhesion force (rys.1a). The
strength of adhesion is usually smaller than the internal cohesion forces of the material of
the elements and the bed. As a result of the processing shrinkage, the edge of the produced
element breaks off (rys.1b).

a)

b)
Fig. 1. Diagram illustrating: a) the place of adhesion between the element and the bed of the device,
b) peeling off the edges of the element as a result of shrinkage and insufficient adhesion force, where
T is a bed temperature

The appropriate adhesion force between the element and the bed of the 3D printer
prevents them from moving each other [10]. The result of too low adhesion force is the
deformation of the manufactured element or its complete separation from the bed of the
device.
1.2 Methods for increasing adhesion force
In order to increase the adhesion forces between the produced element and the bed 3D
printer, various methods are used [9,10-14]. The methods are classified and shown in figure 2.
For the materials used in FDM technology, there are optimal bed temperatures for the
3D printer. For some polymer, the lack of a heated bed completely prevents production. It
is also essential to choose the material from which the 3D printer bed is made and its
structure. Floor panels made of glass, copper, aluminum and perforated platforms are
commonly used. Before manufacturing, it is recommended to degrease the bed surface with
solvent every time. A thin layer of glue or mixture of plastic with a solvent is also available
and easy to apply on a 3D printer bed. Various types of tape are also glued on the surfaces
of the bed of the device. Companies offering products and articles applied on the bed of the
device. In addition, the Raft, Brim or Skirt methods are used to increase the contact surface
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area of the manufactured part and to extend the manufacturing time (especially of small
parts). These methods involve creating additional layers near the element.

Fig. 2. Classification of methods that increase the adhesion force between the element and the bed of
the 3D printer

1.3 Types and method of sticking tapes
Applying tapes on a bed of the rapid prototyping device is one of the methods of increasing
the adhesion force between the element and the bed of a 3D printer. The commonly used
tapes used by 3D printers include: a blue tape (paper tape), a yellow tape (paper tape), a
kapton tape (polyamide tape).
Depending on the width of the tape, they are glued on the whole surface of the bed or
partly - in the area of the element's production.
1.4 Destruction of the connection
The use of tapes to increase the adhesion force generates additional, possible ways of
detaching the produced element from the bed of the rapid prototyping device (fig.3). The
introduction of an intermediate layer at the retail-table border affects the possibility of
damaging the connection between the tape and the element or tape and the table. The
method of destruction depends on the value of the adhesion force between the sample and
the tape, the force of the tape and the adhesion and adhesion forces of the adhesive in
combination: tape - bed.

2 Method
The influence of using different types of tapes to increase the adhesion force between the
produced element and the bed of a 3D printer was compared experimentally. The force at
which the sample was axially torn off the surface of the tape was measured.

Fig. 3. Places of destruction of the connection
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2.1 Materials
The testing was carried out for Polylactide (PLA), which is one of the most commonly used
materials in FDM technology. Mechanical properties of polymer are summarized in table 1.
Table 1. Mechanical properties of test material [15,16]
Material
Tensile strength Rm (MPa)
Young’s modulus E (MPa)
Processing temperature (°C)
Melting temperature (°C)
Glass transition temperature (°C)
Thermal expansion (µm/m-°C)

PLA
49
3310
200-235
210±10
80
74

The designed sample was written in a standardized command language: G-code, in
which specific production parameters were defined. The parameters are shown in Table 2.
Table 2. Manufacturing parameters
Material
Extruder temperature (°C)
Extruder nozzle diameter (mm)
Filament diameter (mm)
Layer height (mm)
Quantity top fill pattern solid layers
Quantity bottom fill pattern solid layers
Type of filling
Fill density (%)

PLA
220
0.5
1.75
0.3
2
5
Honey comb
30

A glass having a smooth surface was used as a bed of 3D printer.
5 types of tapes were used for the tests. A description of the types of tapes is
summarized in table 3.
2.2 Test method
The comparison of values of adhesion forces between the manufactured element and the
bed of the 3D printer was carried out on the tedt stand shown in figure 4. The test was
carried out using the DIM200 device producing in FDM technology - and a special testing
machine built for this purpose.
Table 3. Types of tape
Tape

Material

Glue

Kapton

Polyamide

Silicone

Blue

Paper

Acrylic

Yellow

Paper

Synthetic
rubber

Other properties
Temperature resistance to 230°C
Resistance to chemicals
Extensibility: 60%
Temperature resistance to 60°C
Temperature resistance to 60°C
Extensibility: 10%
Temperature resistance to 60°C
Extensibility: 11%

Acrylic

Water resistant

Acrylic

Water resistant

PVC
Kinesiology

Polyvinyl
chloride
Cotton
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Fig. 4. Test stand for testing adhesion forces between the element and the 3D printer bed

Each time, before the manufacturing process, the table surface was cleaned with a
solvent, then a 50x50 mm tape was glued (figure 5a). Specimens with a circular crosssection of Ø12 mm were accepted for the tests (figure 5b). Two samples were generated at
one time. After finishing the manufacturing process, specimens was left on the bed of 3D
printer. The temperature of the bed did not change, it remained equal to the temperature
during manufacture. Then, the testing machine was placed directly on the bed of the 3D
printer so that the specimen was aligned axially with respect to the axis of the measuring
device. After attaching the specimen to the testin machine holder, the test was started. The
time and force measured in a given unit of time were recorded in which a specimen or tape
was detached from the 3D printer bed. Measurements were made using five types of tapes
that adhere to a bed at 70 ° C and an ambient temperature of 20 ° C.

a)

b)

Fig. 5. Scheme: a) placement of tapes and specimens on the bed of a 3D printer, b) of the specimen
used for the tests
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3 Results
On the basis of the obtained values, it was possible to determine the impact of the use of
different types of tapes on the adhesion of elements manufactured from PLA. The result of
the test is a graph (figure 6) with averaged values of forces for particular types of tapes and
two bed temperatures of a 3D printer. The results are also presented in the form of a table 4.
The results of force measurements were averaged and the standard deviation calculated.
The results were compared with values of adhesion forces obtained using a glass bed
with a smooth surface. Eight samples were tested for each case.

Fig. 6. Results of test on the impact of the use of different types of tapes on the surface of the 3D
printer table on the value of the adhesion force of the manufactured elements

Figure 7 shows three different types of joint damage due to axial detachment of
specimens. Differences are shown on the basis of the tape: yellow - detachment of the
specimen from the tape, kinesiology – tearing the tape off from the 3D printer bed, PVC –
in the first stage the tearing off the tape, then detaching the specimen (fig.8).
Table 4. Measurement data
Peel force F, N

70°C
Ambient
temperature

Glass (bed)

Kapton tape

Blue tape

Yellow tape

PVC tape

40.63

39.24

13.18

12.87

6.46

Kinesiology
tape
5.54

0.00

7.85

9.08

12.96

8.94

11.10

Standard deviation, N
70°C
Ambient
temperature

6.34

7.06

1.49

0.92

0.49

0.34

0.00

6.58

1.46

1.43

1.08

0.25
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Fig. 7. The connection destruction proces as a
result of axial removal of specimen for a bed
temperature of 20⁰C

Fig. 8. Methods of detaching specimens
using: a) kinesiology tape, b) yellow tape,
c) PVC

Methods of detaching specimens depending on the tape used are compared in table 5.
Table 5. Methods of detaching the specimen using different types of tapes

Bed temperature
Temperatura
stołu

Type
of taśmy
tape
Rodzaj

Kapton tape

Blue tape

Yellow
tape

PVC tape

Kinesiology
tape

70 °C
Ambient temperature
tape from bed,

specimen from tape,

first tape from bed and then specimen

In figure 9 is the comparison of the bottom surfaces of the specimens using different
types of tapes and fabrication directly on the glass.

Fig. 9. The surface of the specimen manufactured on: a) glass bed, b) kapton tape, c) blue tape, d)
yellow tape, e) PVC tape, f) kinesiology tape

The surfaces of the manufactured elements are the mapping of the glass surface and the
tapes used. Specimens made on a glass substrate and kapton tape are characterized by a
smooth surface and gloss. The surfaces of the elements made on the blue and yellow tape
are similar to each other. They are characterized by low roughness and are devoid of gloss.
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The use of PVC tape has caused a significant increase in roughness. The tape surface has
visible, equally spaced recesses that visibly reproduce the bottom surface of the specimen.
Kinesiology tape made of cotton reproduces on the specimen an uneven, rough texture with
leaving individual, fine threads of material.

4 Conclusions
On the basis of experimentally obtained values of adhesion forces, it is possible to compare
the effectiveness of using different types of tapes. The use of all types of test tapes enables
production with PLA without heating the table. This cannot be achieved when making only
on a glass bed. The elements have been torn off the bed at the ambient temperature already
in the manufacturing. Heated bed affects the adhesion force between the tape and the
specimen as well as the bed and the tape. In the case of kapton and blue tape, the adhesion
force is greater for a bed at 70 °C. Not heating the bed for a kapton tape significantly
reduced the adhesion force of the element. In two cases the specimen has already been torn
off during production. Adhesion force at an equal level for both temperatures was obtained
for the yellow tape. In the case of PVC and kinesiology tape, greater forces were obtained
for the bed at ambient temperature. In both cases, the connection was broken at the border:
tape - bed.
For PLA, the highest adhesion force was obtained for prints produced using a heated
bed. In the case of manufacturing on an unheated bed, the highest adhesion force values
were obtained for the yellow tape and then kinesiology. Lower values of peel forces were
obtained successively to the tape: blue tape, PVC, kapton. The yellow tape is therefore the
best and at the same time the cheapest solution increasing the adhesion force between the
printed element and the unheated bed.
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