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The article deals with additive manufacturing technologies especially with ability to create reports on FDM 3D
printers. These assemblies are non-disambiguable. Therefore, it is important to choose the optimal magnitude of
the deviation between the walls so that the mechanism has the required mobility. These deviations are examined
in several materials with different rheological properties. Finally, the dependence of the magnitude of the variance
between the walls and the thickness of the layer for the given materials is shown. The result is the recommendation

of modelling and printing parameters.
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1 Introduction

This article deals with the method FDM (fusion depo-
sition model). This method is one of the most often used
type of component production esoecially for its low pur-
chase costs for the machine and the material. As semi-
finished products for melt deposition are used fibers of
polymeric material. The 3D model is produced by extru-
ding the material on the printing bed where the individual
layers of polymeric material are layered on top of one
another .

Thank to this technology it is possible to quickly for-
med physical model of the part and designing the model
is created using CAD software. 3D printing is very suita-
ble for rapid prototyping because the production of indi-
vidual samples is much less time-consuming and finan-
cially demanding then e.g. injection technology.

In the production of complex components has always
been true that more complicated mart means more expen-
sive production. For injection technology the complexity
of the component has a significant impact on mold design
that makes prototype production considerably more ex-
pensive than 3D printing. 3D printer "does not care" how
simple or complex the part is, 3D print registers only how
much material it consumes not how many details the de-
sign contains.

Nowadays, 3D printing is expanding mainly for com-
panies that desire to extend their offer, improve current
products and services, or create the new ones. New tech-
nologies influent reality especially when they are applied
in everyday life. The most widespread is 3D print in the
automotive industry where this technology dominates. [1-
4]

This technology have got a lot of technological
aspects that affect the accuracy of production. The ac-
curacy of joints is influenced by many factors. In order to
make the joint or the mechanism as accurate as possible
we have to consider several aspects. One of the most im-
portant is the correct calibration of the printing bed. Ano-
ther, very significant effect can have a material shrinkage
which influences the shape and dimensional accuracy of
the printed model.

The shrinking size may be minimized if we choose the
right machine, set well the production process and pro-
duct material. In addition to that, the printing bed should

have a constant temperature across the surface. Unfor-
tunately, the highest temperature is in the middle of the
bed. When we print closer to the edge the temperature
decreases.

The design of the printer has a strong impact on the
amount of shrinkage. Two different types of 3D printer
can be distinguished; printer with close or open
workspace.

The closed workspace printers with covers are better
maintained and prevent larger temperature fluctuations
due to the effects of the environment. The composition of
the partially crystalline thermoplastic material has higher
shrinkage values than amorphous thermoplastics.

The size of the printed object also influences the
shrinkage. A larger shrinking occurs for larger volume
models. Furthermore, when the model covers most of the
printing bed it does not have to fit perfectly on it and it
unsticks. [5-8]

2 Methods
2.1Test sample

A ball joint was selected for evaluation (Fig. 1). This
connection is non-disambiguable. Due to its design it con-
tains a wide range of angles where inaccuracies can occur.

The test sample is in the shape of cube with the edge
of 16 mm lenght and the spherical diameter of ball joint
is 10 mm.

Fig. 1 Test sample — ball joint
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The print of these joints was carried out on several
materials: Z-Ultrat, Z-HIPS and Timberfill. Material Z-
Ultrat, Z-HIPS are original materials recommended by
the producer while Timberfill material is from another
production.

Each of these materials has different physical and me-
chanical properties.

Test sample was designed in 3D software Catia V5
and the setting of printing parameters was performed in
Z-Suite software.

2.2 Materials used for 3D printing

Z-Ultrat

This is the original material recommended by the pro-
ducer. It is an acrylonitrile butadiene styrene (ABS) ma-
terial with a few percent of polycarbonate (PC). For its
high hardness, low elasticity and low deformation Z-Ul-
trat is recommended for structural parts and mechanically
stressed parts.

Tab. 1 Z-Ultrat material parameters

Material den-| Extruder tem- |Bed tempera-| Printing Fig. 2 3D printer Zortrax m200
sity perature ture speed Tab. 4 Printing parameters
1 080 kg/m* | 255-270 °C | 80-110°C | 30 mm/s Technology LPD (Layer Plastic Deposi-
tion)
Z-Hips Layer resolution 90-390 microns

High impact polystyrene (HIPS) is high-density poly-
styrene from the same producer as Z-Ultrat. This thermo-
plastic polystyrene has a rubber addition. As its name
would suggest, the material is very tough, solid and has
good temperature stability. HIPS is a good machinable
material moreover it has far less thermal shrinkage in
comparison to ABS.

Tab. 2 HIPS material parameters

Material den-|Extruder tem-|Bed tempera- | Printing
sity perature ture speed

1 040 kg/m® | 220-240 °C | 100-120 °C | 30 mm/s

Timberfill
This is the only non-original material from another
producer. It imitates wood material. The fiber is a mixture
of recycled wood with a polylactic acid based binding po-

Minimal wall thic-

400 microns
Kkness

Automatic platform points

Platform levelling height measurement

Tab 5. Temperatures of printing

Maximum printing temperature (ex- 290 °C

truder)

Build platform Heated

Maximum platform temperature 105 °C

Ambient operation temperature 20-30 °C

Storage temperature 0-35°C
Tab. 6 3D printer parameters

Build volume 200 x 200 x 180 mm

1.75 mm
0.4 mm
Mechanically removed - prin-

Material diameter
Nozzle diameter

. ’ . ted from th terial
lymer. The color of objects is dependent on the print tem- Support tﬁe rrig(rirél ¢ same material as
perature. The higher the temperature means the darker M Serics dedicated materials
shade of the material. Materials (recommended)

Tab. 3 Timberfill material parameters External materials | Applicable
Material den- |Extruder tem-| Bed tempera-| Printing 2.4 The distance between adjacent walls
sity perature ture speed o o ) o
] This distance is important in terms of printing mecha-
1280 kg/m” | 170-185°C | 40-50°C (20-30 mm/s nical components. These components independently

2.3 Production of test samples

Test samples are created on 3D printer Zortrax m200.
This 3D printer has stable and tough construction and it
is one of the most precise desktop 3D printers.

In Tab. 4 and 6 are showed parameters of 3D printing,
followed by temperature settings in Tab. 5.

move and are non-detachable after they are removed from
the workspace area of the 3D printer and after the removal
of the support material, if appropriate. In the case of the
FDM method it could happen that during the nozzle mo-
ving the fibres of the material are drawn between the in-
dividual walls. This causes that these walls are connected
together and they cannot move by independently to the
other.
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The ball joints were created with different distances
between the walls: 0.2; 0.25; 0.30; 0.35; 0.40; 0.45; 0.50;
0.55 and 0.60 mm. Each joint is printed with different
height of layer of the applied material. The heights were
0.09; 0.14; 0.19 and 0.29 mm.

For correct evaluation these samples were printed se-
veral times to make the repeatability more accurate and to
confirm the accuracy of the results. The printing of
samples in the extreme positions of the printing plate was
another verification. Inaccurate calibration of the printer
could cause the greater inaccuracies.

3 Results and discussion

From the printed samples of Z-Ultrat was found that
the possibilities of forming mechanisms or non-discon-
nectable connections are possible from the smallest
distance between the walls of 0.25 mm. Layer height of
0.09 mm is required for this deviation. The optimal devi-
ation values for this layer are 0.25; 0.30 and 0.35 mm.

The functional deviation for a layer height of 0.14 mm
starts at 0.30 mm. The recommended values for this layer
are the deviation values are in range from 0.30 to 0.40
mm. The 0.09 and 0.14 mm layers achieved the best re-
sults from the three studied materials. Modelling deviati-
ons are the smallest.

The recommended values of modelling deviations for

layer height of 0.19 mm are 0.40; 0.45; 0.50 mm. The ac-
curacy was lower for the thickest layer height of 0.29 mm.
The deviation performing the required range of mo-
vements starts from 0.55 mm.

Fig. 3 Test Sample of material Z-Ultrat

Tab. 9 Results of Z-Ultrat material; layer height and deviation is given in mm, X — limited mobility or complete connection,
OK - suitable modeling deviation, 1 - inappropriate range of moving, unwanted linear movement in all directions

Z-Ultrat

Layer height/ deviation |0.20 0.25 0.30 0.35 0.40 0.45 0.50 0.55
0.09 X OK OK OK 1 1 1 T
0.14 X X OK OK OK 1 1 1
0.19 X X X X OK OK OK )
0.29 X X X X X X X OK

Another explored material was HIPS. For this mate-
rial was found that the possibilities of forming mecha-
nisms or non-disambiguable joints are real from the
smallest distance between the walls of 0.35 mm. For this
size of deviation it is necessary to set a layer height of
0.09 and 0.14 m. The optimum deviation values for these
layers are 0.35; 0.40 and 0.45 mm.

For a layer height of 0.19 mm the functional deviation
is at the lowest value of 0.40 mm. The recommended va-
lues of deviation for this layer are in range from 0.40 to
0.50 mm.

At the biggest layer height of 0.29 mm the accuracy
was lower. The size of the deviation performing required
movement starts from 0.50 mm. Thus, a suitable setting
for a 0.29 mm layer height is the deviation of 0.50; 0.55
and 0.60 mm.

HIPS material is more suitable for larger dimensional
mechanisms. It does not shrink as much as ABS and the
others ABS-base materials.

Fig. 4 Test Sample of material Z-Hips
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Tab. 7 Results of HIPS material; layer height and deviation is given in mm; X — limited mobility or complete connection,
OK - suitable modeling deviation, 1 - inappropriate range of moving, unwanted linear movement in all directions

Z-HIPS

{ggvygﬁl;‘:ght/ 0.30 0.35 0.40 0.45 0.50 0.55 0.60 0.65
0.09 X OK OK OK ) T ; T
0.14 X OK OK OK ? 1 1 1
0.19 X X OK OK OK ) ' T
0.29 X X X X OK OK OK 1

The last studied material is Timberfill. From the prin-
ted samples it was found that the possibilities of forming
mechanisms or indivisible joints are conceivable from the
smallest distances between the walls of 0.30 mm. For this
size of distance a layer height of 0.09 mm has to be set.
For this layer the recommended values of deviation are
0.30; 0.35 and 0.40 mm. For layer height of 0.14 mm the
connection works at a size of 0.35; 0.40 and 0.45 mm.

At a layer height of 0.19 mm a minimum deviation of
0.40 mm was achieved. Recommended values for this la-
yer are in range from 0.40 to 0.50 mm.

At the thickest layer height of 0.29 mm the accuracy
was considerably lower. The size of deviation required
for movement began from 0.60 mm. Therefore, a suitable
setting for a 0.29 mm layer height is the deviation value
0.60 mm and higher.

Fig. 5 Test Sample of material Timberfill

Tab. 8 Results of Timberfill material; layer height and deviation is given in mm; X — limited mobility or complete con-
nection, OK - suitable modeling deviation, 1" - inappropriate range of moving, unwanted linear movement in all directions

Timberfill

Layer height/ deviation |0.25 0.30 0.35 0.40 0.45 0.50 0.55 0.60
0.09 X OK OK OK 1 1 1 1
0.14 X X OK OK OK 1 1 1
0.19 X X X OK OK OK 1 0
0.29 X X X X X X X OK

4 Conclusion

The test samples were designed and produced accor-
ding to the recommended process conditions specified by
the producer of the used materials. The printing ran in the
closed area of the printer with covers. The extrusion noz-
zle and the print bed have been properly cleaned. The bed
was calibrated to the plane.

For the thinnest 0.09 mm layer, Z-Ultrat has the best
results with a designed deviation of 0.25 mm. Timberfil
matched the desired range of motion with a wall distance
of 0.30 mm. Samples of HIPS material with desired pro-
perties start at 0.35 mm of layer height. This material is
suitable for use on mechanisms with larger dimensions
due to its shrinking values.

The most optimal choice of layer in the forming of
mechanisms or individual joints is a layer height of 0.09
and 0.14 mm where all materials achieve the highest pre-
cision. With a higher layer of the applied material the
joints are more prone to breakage.

Values of distances between the walls (deviations)
that are lower than the recommended deviations are in-
convenient and the full range of motion is unable. In most
cases the opposed walls will be completely joined toge-
ther.

Higher than recommended values cause inappropriate
range of motion. They cause undesirable short, linear mo-
vement in all directions.
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