
46

THE PATON WELDING JOURNAL, ISSUE 11, November 2023	 ISSN 0957-798X

                                                                                                                                                                                

                                                                                                                                                                                                    

Copyright © The Author(s)

DOI: https://doi.org/10.37434/tpwj2023.11.06

Additive manufacturing of structural elements 
on a thin-walled base: 
Challenges and difficulties (Review)
M.V. Sokolovskyi1, A.V. Bernatskyi1, N.O. Shamsutdinova1, Yu.V. Yurchenko1, O.O. Danyleiko1,2

1E.O. Paton Electric Welding Institute of the NASU 
11 Kazymyr Malevych Str., 03150, Kyiv, Ukraine 
2E.O. Paton Education&Research Institute of Materials Science and Welding 
of the National Technical University of Ukraine “Igor Sikorsky Kyiv Polytechnic Institute” 
37 Prospect Beresteiskyi (former Peremohy), 03056, Kyiv, Ukraine

ABSTRACT
In the work a literature review of materials was conducted, devoted to different areas of studying selective laser melting 
(SLM) and selective laser sintering (SLS) technologies in order to analyze the processes associated with selective laser depo-
sition occurring during SLM and SLS, as well as the impact of technological measures on the final structure, mechanical and 
service characteristics of a manufactured part in the additive manufacturing of structural elements on a thin-walled base. The 
main tasks of research works analyzed in the review were studies focused on the features of structural element formation on a 
thin-walled base by means of SLM and SLS technologies: modeling of additive manufacturing processes; aspects of planning 
experiments and manufacturing processes; studying the course of SLM and SLS processes in the given conditions; need in pre- 
or post-treatment of material; as well as analysis of the final microstructure and characteristics of samples manufactured using 
these technologies. Based on the results of literature review, problems were identified and the prospects of using SLM and SLS 
processes were considered during formation of structural elements on a thin-walled base. A number of aspects were defined, to 
which it is necessary to pay attention during these studies of SLM and SLS processes when working with a thin-walled base.
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INTRODUCTION
Thin-walled parts are a category of parts, where thick-
ness is much smaller than their dimensions (and does 
not exceed 3–5 mm). Thin-walled parts can include 
different types of products, the main characteristic of 

which is absence of rigidity and high final thinness 
factor, which is determined as their height, divided 
by their thickness. As regards the product varieties by 
their characteristics, these parts can be classified into 
two groups: monolithic blocks and skin panels. Such 
parts are widely applied in aviation industry (Figure 1), 
engine building, as well as in other industries [1, 2].

These and other parts often require fabrication of 
structural elements, which can be manufactured using 
many technologies, including laser cladding [1, 3].

Laser cladding is a procedure for manufacture of 
structural elements by creating material layers on the 
product surface as a result of melting of this material 
powder by the laser beam [4, 5]. This process allows 
deposition of layers of up to 100–500 μm thickness, 
using 2–4 mm laser beam (of up to 5 kW power) [6, 7] 
and feeding metal powder or wire by different meth-
ods (Figure 2) [5].

Over the last decades, however, such additive man-
ufacturing technologies as selective laser sintering 
and selective laser melting have been more and more 
often used for manufacturing structural elements on 
thin-walled parts for reasons, related to the character-
istics of materials produced by these methods [8‒10].

Selective laser sintering (SLS) is an additive manu-
facturing technology, which is used for making products 
of a complex shape and structure from powder materials 
and optional polymer additives (Figure 3). This process 
consists in a sequential layer-by-layer sintering (or par-

Figure 1. Examples of thin-walled parts in aviation industry: a — 
frame; b — stiffener ; c, d — components of jet engine turbines; 
e — ribs; f — partitions; g — fuselage skin components [1]
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tial melting) of material in a pre-laid powder material, 
using laser radiation or the electron beam [11]. This tech-
nology allows deposition of layers of metallic, plastic or 
ceramic material 20–150 μm thick by a laser or electron 
beam of up to 300 μm diameter [12, 13].

Advantages of SLS technology application are as 
follows:

● wide range of possible materials;
● sufficient accuracy of the finished part;
● possibility of making parts of a more complex 

geometry.
The disadvantages of SLS technology are high po-

rosity of the manufactured part surfaces and nonuniform 
value of internal density of the part material [5, 11, 13].

Selective Laser Melting (SLM) is one of the mod-
ern additive manufacturing technologies, which is 
used for making products of a complex shape and 
structure from powder materials. This process con-
sists in a sequential layer-by-layer melting of pre-laid 
powder material in a special protective chamber using 
powerful laser radiation (Figure 4) [13, 14]. This tech-
nology allows deposition of up to 20–200 μm layers 
by a laser beam of 100 W to 2–3 kW.

The advantages of SLM technology application 
are the basis for serious prospects — increase of pro-
duction efficiency in many industries, as:

● the process ensures high accuracy (up to 0.4 mm) 
and repeatability;

Figure 2. Schemes of material feed for laser deposition: a — lateral; b — coaxial with feeding from two angles; c — axial, with laser 
beams coming from the sides; d — axial with circular laser beam [5]

Figure 3. Schematic of the unit for SLS process [12]
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● mechanical characteristics of products print-
ed in this type of 3D-printer are comparable with 
castings [15];

● it solves complex technological tasks, associated 
with manufacturing products of a complex geometry;

● it allows reducing the weight due to construction 
of objects with inner cavities; and

● it allows material saving in production.
Despite the numerous advantages, the main dis-

advantages of SLM process, compared to depo-
sition-based methods of part manufacturing, is a 
comparatively low productivity and impossibility to 
produce large-sized parts [5, 13, 14].

The main difference between the SLS and SLM 
processes consists in that SLS sinters the powder ma-
terial at a temperature equal to approximately 85 % of 
deposited material Tm, while SLM joins the powder 
material by classical laser melting.

When working with thin-walled products, the prob-
lem arose of deposition of structural components on a 
thin-walled blank. Under these conditions laser cladding 
application involves a very high risk of deformations 
and blank melting-through [4, 7]. Manufacturing of thin-
walled elements, as well as elements on a thin-walled 
base, remains to be one of the rapidly advancing direc-
tions of development of additive manufacturing tech-
nologies. Here, application of additive manufacturing 
technologies opens up new possibilities for deposition 
process control [9, 11, 14], as well as achieving better 
properties of the deposited material [14, 15].

For this reason, it was determined to be necessary 
to conduct analysis of the works devoted to studying 
the technologies of laser additive manufacturing, in 
order to take into account the experience of process 
improvement, which is used during fulfillment of this 
task. Special attention is given to analysis of the stud-
ies, related to products on thin-walled base, as parts 
of such a configuration are some of the most com-
plex items for application of additive manufacturing 

processes. In view of this issue, as well as other fea-
tures inherent to SLM and SLS processes [16‒18], the 
problem arises of studying the components of these 
processes. For this purpose, a number of studies were 
reviewed in this paper, which are devoted to SLM and 
SLS manufacturing of parts on a thin-walled base. 
The objective of this work is establishing the relevant 
directions of studying different scientific components 
of SLM and SLS process, as well as analysis of the 
influence of technological measures on the final struc-
ture of the finished part, and its mechanical and ser-
vice characteristics, in order to determine important 
aspects of SLM and SLS processes in manufacture of 
parts with a thin-walled base.

ANALYSIS OF THE INFLUENCE 
OF EXPERIMENT PLANNING 
ON ADDITIVE TECHNOLOGY PROCESSES
When studying the additive manufacturing process-
es sufficient attention is given to the components of 
experiment planning and preliminary mathematical 
preparation: studying the additive manufacturing pro-
cesses in the mathematical dimension, as well as pre-
liminary modeling of the process.

Mathematical modeling is an integral part of the 
experiment, as it allows quickly establishing the most 
promising variants of processing modes, and other 
factors, which markedly enhances the process pro-
ductivity. There exist several variants of mathematical 
modeling; the most widely used is the finite element 
method. In practical studies of the finite element meth-
od two approaches are distinguished: a procedure fo-
cused on studying the influence of a separate quantity 
on the process, and is aimed at obtaining an optimal 
result for an individual task, which was described in 
works [19, 20]; as well as a procedure based on ap-
plication of rows of planeless numbers, which was 
described in the work by Mukherjee, et al. [21]. This 
procedure is based on Marangoni, Peclet and Fourier 
numbers and values of planeless energy input, and it 
assumes that use of groups of values simplifies the 

Figure 4. Schematic of the unit used for SLM [5]
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general process of modeling the complex processes of 
additive manufacturing, may lead to a more profound 
analysis of the dynamics of behaviour of such pro-
cesses, and it also allows establishing more profound 
principles of interdependence between the values of 
variables in these processes [21].

The next relevant problem of studying the process-
es of additive manufacturing on a thin-walled base is 
modeling the stresses generated when working with 
thin-walled elements. The process of thin-walled el-
ement manufacturing using SLM is considered in the 
paper by Yang et al. [22]. The results of this work 
point to considerable internal stresses, arising in the 
first deposited layers of powder material, the magni-
tude of which is believed to be sufficient for deforma-
tion of this surface during operation (Figure 5).

It should be noted that there is such a risk also for 
the pre-specified existing thin-walled part, onto which 
a layer will be deposited during selective laser depo-
sition. Reduction of internal stresses can be achieved 
by many methods: from controlling the laser radiation 
energy characteristics, reported in the works by Li et 
al. [23] and Abele et al. [24], controlling the powder 
feed rate (paper by Liu et al. [25]), up to subsequent 
complex heat treatment of the part, which was de-
scribed in the paper by Niu et al. [26].

Here, however, we should not forget about the dis-
crepancies between the mathematical model values and 
the actual experimental data. Complex manifestations 
of the discrepancies between the results of modeling the 
additive manufacturing processes and the experimental 
results are given a lot of attention in works [19‒21]. 
This discrepancy often is dynamic. Figure 6 gives an 
example in which it was reported [21] that even at con-
firmation of the majority of mathematical calculations 
by experimental data, there exist problems of accurate 
calculation of the melt zone during computation of the 
first deposited layers of the powder material.

The next important element of experiment planning 
is selection of the scan pattern, as it was determined 
that this component has a strong influence on additive 
manufacturing processes [5, 13]. So, in the work by 
AlMangour et al. [27] analysis of a number of patterns 
was performed, which gives argumentation as to the 
advantages of scan patterns where each layer differs 
from the previous one. In this study [27], as well as 
in the works by Zhao et al. [28] and Bambach et al. 
[29] the scanning strategy was found to influence the 
continuity of grain growth through the adjacent layers 
and grain growing inside the melt path. As a result, 
several schemes were considered (Figure 7):

● linear, where the process of material deposition 
is conducted by identical monotonic movements;

● parallel, where the deposited material paths run 
parallel to each other as to orientation, but not the 
deposition direction (see Figure 7, a);

● radial where material is deposited from the cen-
ter to the edges or vice versa (see Figure 7, c);

● mixed, which combines several schemes simul-
taneously (see Figure 7, b).

The mechanism of interaction of the deposited ma-
terial layers is worth mentioning separately. In works 
[28, 29] it was proved that the change of the angle of 
powder material deposition path between the layers 
has a positive influence on the material mechanical 
properties. However, in the paper by AlMangour et 
al. [27] it was found that the change of the angle of 
the path (“path rotation”) of powder material deposi-

Figure 5. Abstract scheme of loads inducing deformations in 
additive manufacturing of thin-walled parts or elements on their 
surface [22]

Figure 6. Comparison of calculated and experimentally measured 
width of the melt zone for 7 deposited layers of powder material [21]

Figure 7. Scan patterns considered in the work by Bambach et al. 
[29]: a — parallel scheme; b — mixed scheme; c — radial scheme
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tion may lead to changes of various parameters of the 
deposited material. Therefore, the change of the path 
angle during transition to a new layer of the material 
is not a universally positive principle 27, 29].

ANALYSIS OF THE COURSE OF ADDITIVE 
MANUFACTURING PROCESSES WHEN 
WORKING WITH THIN-WALLED BASES
When deepening the knowledge of additive manufactur-
ing processes while working on a thin-walled base, a lot 
of attention is given to studying the influence of vari-
ables on progress of SLM and SLS processes, as well 
as deeper understanding of the course of these processes 
proper under the specified conditions. The paper by Ahu-
ja et al. [30] describes powder material deposition on a 
thin-walled base in the form of a stamped part 1.5 mm 
thick. A structural assembly from Ti‒6Al‒4V alloy in 
the form of 10×5 mm cylinder was manufactured using 
SLM-280HL printer with laser radiation power of 400, 
700 and 1000 W and up to 10 m/s scanning speed. In pa-
per [30] special attention is also paid to size (25–45 μm 
particle size), and phase composition of powder material 
and its compatibility with thin-walled base material. The 
need for correct fastening and cooling of the part is also 
described here, as in the presence of air behind the thin-
walled base it undergoes deformations under the impact 
of laser radiation. The magnitude of possible deforma-
tions detected in paper [30], was visualized (Figure 8).

The need for cooling the thin-walled part during 
processing is also mentioned in the paper by Heile-

mann et al. [31]. To avoid deformation, the authors 
used a 4 mm copper substrate. Also emphasized is the 
need to control the energy component with separa-
tion of the processes of deposition of the first layers 
of powder material and next layers, highlighting the 
great difference between the nature of different stages 
of this process [32‒34].

ANALYSIS OF THE PROPERTIES OF PARTS 
WITH MATERIALS DEPOSITED 
ON THEM BY SLM OR SLS PROCESSES
It is important to pay attention to the transition zone, 
as well as mechanical properties of the assemblies 
produced by additive manufacturing on a thin-walled 
base. In earlier mentioned works [18, 29–31], this 
question was seen from different angles, as the me-
chanical properties of the parts can be influenced by 
many components of additive manufacturing process: 
both energy and thermophysical ones. The micro-
structure of this zone of such elements should be con-
sidered separately, as the transition zone between the 
base and the deposited powder material is one of the 
critical areas. So, for instance, in the work by Ahuja 
et al. [30] formation of microcracks in the transition 
zone was studied. To prevent their formation, it was 
proposed to perform deposition with a fillet radius of 
0.5 mm (Figure 9).

It should be noted, however, that correct fastening 
of the part affects not only the base, but also the depos-
ited materials. So, in works [30, 35] it was noted that 
the evenness of material distribution directly influences 
the deposited material dilution and the microstructure, 
forming weakened zones. In the paper by Schaub et al. 
[55] it was determined that the strength of the bond be-
tween the sheet metal and the deposited element can 
be improved, preventing oxidation and reducing the 
temperature gradient between the upper surface of the 
sheet metal and the first layers of the portion molten 
by the laser beam. Also mentioned here was pre- and 
postheat treatment, which agrees with the experiments 
conducted by Niu et al. [26]. In this study [26], as well 
as in the works by Lesyk et al. [9, 36] the presence of 
partially melted metal powder on the side surfaces of 
the deposited material layers was reported. Minimizing 

Figure 8. 3D scheme of thin-walled base deformation after se-
lective laser melting of an element. Accuracy of ±0.15 mm [30]

Figure 9. Transition zone structure [30]: a — without a fillet radius one can see cracking on the transition zone edges; b — with a fillet 
radius of 1.0 mm in the first layers of deposited material cracking is absent
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of the amount of such formations is another reason for 
conducting the heat treatment.

ANALYSIS OF THE RESULTS OF THE 
CONSIDERED STUDIES. SPECIFICS 
OF APPLICATION OF ADDITIVE 
TECHNOLOGIES AT DEPOSITION 
OF ELEMENTS ON A THIN-WALLED BASE
Based on the results of the conducted analysis, we can note 
that the considered studies use a more comprehensive view 
of additive manufacturing processes, associated with ele-
ment deposition on a thin-walled base. A difference in the 
approaches to modeling and consideration of the technolo-
gies is noticeable. For instance, most of the works, consid-
ering the questions of modeling of additive manufacturing 
processes use the finite element method, but the difference 
in the approaches to the variables slowly changes towards 
complex consideration of rows of parameters [5, 20, 21]. 
One can also see an additional focus on differentiation of 
the process of deposition of the first layers of powder ma-
terial on the thin-walled base and deposition of additional 
layers, because of the importance of the influence of laser 
radiation on the thin-walled base and the transition layers. 
In this respect, the importance of correct fastening and 
cooling of the part should be noted, as there is a general 
understanding that this is important not only for a uniform 
formation of the deposited material [18, 29, 30], but also 
for prevention of thermal deformations of the thin-walled 
base [30]. There is, however, a reverse side: reduction of 
temperature gradient due to postheat treatment of the thin-
walled base provides an increase of the strength of “base‒
deposited element” transition zone [35]. It is also import-
ant to single out the problem of deformations, which may 
develop through internal stresses, generated in the molten 
powder material [18], and which require additional heat 
treatment of the parts. It should be further noted that the 
“base‒deposited element” transition should proceed with 
minimal temperature gradient — it minimizes the risk of 
lowering of the product strength characteristics [25, 26]. 
Together with the questions to phase composition, these 
problems add up to a complex issue of the priority of the 
characteristics, desirable for fulfillment of particular tasks.

Conclusions
Analysis of investigations of additive manufacturing of 
elements on a thin-walled base allowed establishing cer-
tain regularities, which are worth using for development 
of the process of selective laser deposition, namely:

● need for correct planning of the experiment, as well 
as the technological process, that is selection of scan pat-
tern; processing modes, as well as modeling of “thin-
walled base‒deposited material” transition zone to form 
the smoothest and strongest transition zone;

● need to control the technology during the entire 
process, ensuring even distribution of the metal pow-
der and cooling of the thin-walled base;

● need to ensure cooling of the thin-walled base to 
prevent thermal deformations, as well as use of heat 
treatment for leveling the internal stresses, developing 
in the upper layers of the molten material.
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