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Abstract—The article deals with investigation of accuracy of 
shaped features produced by additive technology. Within the 
study, a complex component was designed so to include many 
specific geometrical features that represent the most used shaped 
units of technical parts. During presented research, deviations 
from nominal positions and deviation of profile shape were 
investigated in individual points of part. In accordance with 
prediction, the results have shown various values of deviations 
from nominal dimensions in comparison to ideal shape of part. 
The inaccuracies could be caused by the changes in temperature 
at the building of individual layers what could influence a 
deformation and stress of the part. On the other hand, the 
achieved results in this research were probably influenced also by 
orientation of the part, that was selected during production, and 
by the related position of supports which were necessary to build 
so to be designed part self-supporting.  
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I. INTRODUCTION 

DMLS is the preferred method of 3D rapid prototyping for 
complex geometries. As the additive manufacturing process is 
very complex, logically, there exist some obstacles and 
problems that prevent the formation of high quality parts. A 
thermal gradient of the material can cause an inner stress along 
with shrinkage which consequently influences precision of the 
part. The shrinkage is strongly influenced by technological 
parameters, building temperature, the temperature in the 
working chamber, a cooling rate etc. Crystalline shrinkage 
which occur during cooling, can be in different directions very 
heterogeneous, it can thus occur to a large expansion of 
shrinkage during the time course of sintering. 

During manufacturing of simple components, it is generally 
preferable and especially cheaper to use the classical 
conventional methods. The intensity of production increases 
along with the complexity of the part at the conventional 
production methods. Likewise, there are greater demands for 
production times, necessary machinery and tools, for operator 
qualification etc. In 3D printing it is vice versa, because the 
production of simple components takes the same time as the 
production of complex parts. Moreover, it is possible to 
produce the different components in a single operation at the 
same machine. The production is extended only in the case, if 
the material will be applied in thinner layers due to better 
quality of part. [1,2] 

The most restrictive parameters of 3D printing are: 
construction materials, production speed, cost, accuracy. 
During laser sintering it occurs to change in temperature and 
state of the material what often causes a deformation and stress 
of the part, which is very difficult to remove. One solution of 
this problem is to preheat and reheat the manufacturing process. 
It is not possible to remove these effects completely, but only 
to reduce them. Other limitations include the inaccuracy which 
is caused by the thickness of the built layer. [3] 

An important part of the preparatory process, which directly 
affects the productivity and quality components, is an 
orientation. On the curved and inclined surfaces often appears 
so called staircase effect, that negative effects their dimensional 
accuracy. Unfortunately, there is no way to completely 
eliminate the staircase effect. A better result can be achieved by 
reducing the thickness of the individual layers. At this stage, 
the designer has to specify how the part will be positioned 
inside the workspace. The orientation of the component has a 
great influence on its accuracy, surface quality, construction 
time, the required number of support structures and also on the 
production costs. [4,5] 

To solve this problem, a number of studies was done. For 
example, Allen and Dutta [6] have developed a method for 
automatic calculation of load-bearing structures and a decision 
method to select the most appropriate orientation. 

Masood and Rattanawong [7] developed an algorithm for 
calculating the size of volumetric error that is caused by cutting 
the CAD model. Volumetric errors are calculated for different 
orientations turning around user-specified axes. The best 
orientation is then determined as the part with a minimum 
density error.  

Frank and Fadel [8] designed an expert system, which takes 
into account various parameters that affect the production of 
components. This system works with the specified input 
parameters and created decision matrix according to which the 
system recommends the best direction and orientation of the 
building components in the workspace. 

Mr. Pham et al. [9] developed a support tool for decision 
making that helps users determine the proper orientation of the 
part. There are works with a variety of factors, such as 
construction time, production costs, the problematic features of 
the component (hole axis, critical surfaces etc.), overhanging 
ends, volume aids etc. To the individual criteria, it is intuitively 
allocated scoring that is multiplied by points assigned to each 
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version of orientation. Orientation, which gets the most scoring 
is most suitable for the orientation of the components in the 
workspace.  

Researchers Hur, Choi, Lee and Chang [10] developed an 
algorithm to calculate the stair effect. Its task was to quantify 
procedural errors by the volume of material, which has to be 
removed or added to the components. In addition, it is able to 
quantify the total assembly time and the volume of the structure.  

Usually constant thickness of the layer is kept. The 
parameters changing during production is rarely. However, 
when creating a part with a constant layer thickness leads to 
certain drawbacks. It is likely that the components will miss 
small features and details. In addition, a constant film thickness 
can in-crease assembly time, because continuous application of 
a minimum layer is required to meet the requirement for 
surface roughness. If applied in varying thickness, some of the 
problems mentioned above could be reduced. [11,12] 

II. COMPONENT DESIGN AND  METHODS OF 

INVESTIGATION 

During selective laser sintering a large amount of stress is 
accumulated in the built structures. This adverse phenomenon 
is the result of rapid heating and subsequent cooling, which is 
detrimental to mechanical properties of the components. In 
case the printed part it is not possible to cool in a controlled 
environment for the necessary period, the part has a tendency 
for a faster cooling. Rapid cooling can cause significant stress 
which can result to deformation of components. [13,14,15] 

Authors dealt with the process of shrinkage in the 
production of metal parts using additive technology. Since the 
shrinkage is needed to examine different nominal lengths, so 
even a sample should contain different lengths.  

To investigate the qualitative parameters of the part 
produced by 3D metal printing technology, the special 
component with many problematic and specific features (holes, 
ribs, tapered surfaces, grooves, shaped cuts …) was designed. 
Designed part is thin-walled cubic with sizes 70x70x70 mm 
and thickness of 2 mm. Its top shape includes two types of ribs 
(wavy and beveled) with height of 5 mm, width in range from 
0.15 to 0.8 mm and angles from 37° to 60°. Dominant feature 
of inner surface of the cube is sphere with diameter of 44 mm. 
Virtual model of the part is shown in Figure 1. [16] 

The ribs were designed due to the confirmation (or negation) 
a theory according to which it is not possible to build a wall up 
to angle 40° without supports. [17] 

 
FIGURE I. VIRTUAL MODEL OF THE PART [16]  

The designed part also includes many holes in various axis 
directions with diameters from 1 to 10 mm, conical holes and 
various types of grooves (triangle, trapezoidal and with radius). 
There are also holes with various thickness of the wall and 
acicular juts in various axis and slant. 

The part was produced from steel 1.2709, which is 
characterized by good usage at higher ambient temperatures. 
Chemical composition and mechanical properties of the steel 
are presented in Table I. [18] 

TABLE I.  CHEMICAL COMPOSITION AND MECHANICAL POPERTIES 
OF STEEL 1.2709 [18] 

 

 

Basic views on manufactured part are displayed in Figure II. 
[16]  

 
FIGURE II. PRODUCED PART WITH SUPPORTS  [16] 

The parameters that characterize precision of produced 
features were investigated direct after production and also after 
heat treatment. The measures were done by contact method at 
which measured characteristics were compared with nominal 
sizes. Measuring equipment CZ Prismo Navigator of company 
ZEISS (Figure III.) was used. It is a high-speed measuring 
machine that works with an accuracy of 0.05 mm. 

 
FIGURE III. MEASURING EQUIPMENT CZ PRISMO NAVIGATOR 
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To carry out the measures, it was necessary to create a part 
network of points at which deviations from the ideal size were 
subsequently measured. Since the part was aligned to one of 
the corners, it was possible to measure only three top surfaces 
of, because bottom surfaces of the sample were built by means 
of supports as it can be seen in Figure IV. [16] 

  
FIGURE IV. NETWORK OF POINTS [16] 

When designing the network, it had to be taken into account 
the size of the probe. Points had to be spaced at least 2 mm 
from the edge of the cube and their mutual distance had to be at 
least 5 mm. These measurements enable to monitor planarity, 
shape of various surfaces, accuracy of the angles and further 
individual grooves, accuracy of circular holes and angles in 
tapered holes.  

III. RESULTS AND DISCUSSION 

As it was said, measures were carried out on features 
positioned on three surfaces. Deviation from nominal 
dimensions and deviation of the profile shape were measured. 
All measures were done in three steps. The first step (first set of 
measures) was done after laser sintering, where the produced 
part was connected with base and supports. The second 
measure was realized after heat treatment (heating on 540 °C, 
this temperature was maintained for 6-8 hours, rates of heating 
and cooling were the same 100 °C/h). The last set of measures 
was done after supports removing. The example of achieved 
results of deviation from ideal model dimensions measured in 
designed network points is presented in Figure V. [16] Next 
measured values are listed in Tables II. – IV. [16] 

 
FIGURE V. PRESENTATION OF MEASURED DEVIATIONS FROM 

NOMINAL VALUES  

 

TABLE II.  SURFACE NO. 1  

 

TABLE III.  SURFACE NO. 2  

 

TABLE IV.  SURFACE NO. 3  

 

Based on the obtained results it is not possible exactly to 
say what type of modifications (heat treatment, removal of 
supports) had the greatest impact on the part, because values of 
different features considerably varied. Deviations from nominal 
values of some features gradually increased, at other were 
decreasing and in some cases their course was fluctuated. From 
Figure 5 it can be seen on Surface No.1 that the values of 
deviations are increasing in diagonal direction from negative 
values to positive. At detailed study of the part orientation it is 
possible to notice that time of layers building is longer in the 
corner with negative values of deviation and there is formed 
some kind of excess in this area. In despite of the fact that 
component was sufficiently supported, the supports apparently 
were not able to maintain the component perfectly, so there 
occurs to the formation of significant errors at area of this 
overhang. Significant deviations from nominal values of 
beveled ribs are caused by the existence of support structures, 
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which joined to the bottom wall of cube during sintering, what 
has affected positions of observed points. The same situation 
was at wavy ribs. Similar to the Surface No. 1, there are noted 
significant errors at Surfaces No. 2 and 3 due to the existence 
of supports, which were necessary to build at both types of ribs. 
The centers of the surfaces show negative values of deviations. 
These are probably caused by the existence of a thin ball 
feature inside the cube, and the associated insufficient support 
within the cube, thus there may be some drop in the field. This 
phenomenon could be confirmed only after cutting a more 
detailed examination of the interior components.  

IV. CONCLUSIONS 

Sintering of metal powder brings many problems which is 
necessary to identify and consequently to solve. To be 3D 
printing technology included in the industrial production of the 
real components, it is required to achieve high qualitative 
properties of produced parts. Based the facts mentioned above 
it is clear that final accuracy of a product strongly depend on 
production speed, part orientation, thickness of layer and 
necessity of support structures, slice thickness, build orientation 
and hatching pattern. [19] 

The experiments have showed deviations from nominal 
dimensions as well as the differences between measured values. 
Observations were carried out at three set of measures. 
Individual set of measures varied in conditions related to 
connection of investigated sample with supports and also 
related to heat treatment. 

It can be said that the shrinkage of the parts is very sensitive 
not only to the technological parameters (component placement, 
its orientation, print speed thickness of the layer, …), but also 
to changes in geometry (thickness of wall, type of the 
geometrical features, their shapes, etc.). Next factor that affect 
qualitative parameters is a necessity to build a component with 
support what strongly influences printing strategies. It is 
needed to include all the above factors into the process of 
component production so to be the quality and precision of 
manufactured part improved. 
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