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Abstract. In today's digital era of rapid development of science and technology, 

3d printing technology is undoubtedly the best for its superior production effi-

ciency compared with those traditional manufacturing methods such as lathing, 

planning, milling, grinding, which has been widely used across various indus-

tries, capable of processing many complex parts. However, with the rapid devel-

opment of this technology, it is inevitable to encounter some bottlenecks. The 

difficulty in removing the support structure is one of them. This paper mainly 

reviews the existing research in the past five years from three dimensions: im-

proving the surface quality of 3D models, enhancing the performance of printed 

parts and reducing the support volume. These methods include optimized seg-

mentation, flexible changes to the printing direction, development of new algo-

rithms, and reasonable selection of printing materials.   
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1 Introduction 

3D printing, also called Additive Manufacturing (AM), is the technique of producing 

multilayered or complicated geometric products by means of an adhesive material, for 

example, a powder or plastic. With the development of the times and the continuous 

maturity of technology, a variety of 3D printing processing methods have also been 

born. Nowadays, it is possible to utilize an amazing mixture of polymers, ceramics, 

metals, composite materials, and biological materials to produce the additive, including 

in cluster laser polymerization, laser melting or sintering, digital optical treatment, fu-

sion deposition modeling, EBM fusion, and electrospinning. In the past two decades, 

people have also conducted a lot of interesting research on additive manufacturing. If 

the plane's normal vector is towards the negative, or if the plane is larger than the nor-

mal distance from the printer, the surface will be protruding, and the support structure 

needs to be added at this time [1]. The bearing construction is, however, a mechanical 

element which is manufactured as an integral part of the construction of the article in 

order to guarantee its structural integrity in the course of manual manufacture and is 

not designed for use as an article. The end product has to be discarded, often by hand. 

However, inexperienced users inevitably face technical difficulties. One significant  
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challenge is the automatic generation and optimization of support structures. Therefore, 
the development of a systematic method for mechanically optimizing the support struc-
ture for additive manufacturing processes is a related issue, which will greatly affect 
the quality and production efficiency of the final parts.  

The 3D printed model parts can be directly applied to actual production or physical 
assembly. Therefore, the surface quality of 3D printed parts determines its surface ef-
fect and overall quality, which is an important parameter for the quality evaluation of 
3D handicrafts and must be paid attention to. For the majority of business 3-D printers, 
however, a uniform filling configuration is often employed to save building time and 
materials. In certain circumstances, however, those objectives cannot be met, for ex-
ample, for a particular load. A solution needs to be found for specific application situ-
ations that will contribute to the improvement of 3-D printing properties in different 
ways, for example by increasing the structure strength and ensuring the image quality 
of the print [2]. Therefore, this paper must try to ensure that the quality and strength of 
the printed parts meet the requirements. In addition, when printing large volumes of 
solid objects or overhanging objects in the existing additive manufacturing technology, 
there is still a problem of waste of redundant supporting materials. Support materials 
may also be an important reason for the long production time and high energy con-
sumption in the manufacturing process [3]. Therefore, it is also necessary to reduce the 
volume of supporting materials. In short, it is very important to optimize the support 
structure of the 3D model, which can ensure the stability and accuracy of the model in 
the printing process. 

2 Literature Review 

In order to improve the surface quality of 3D model: Li Rui, Peng Qingjin in 2021 
proposed a subgraph data structure to pre-segment the three-dimensional model to build 
an application set, then, this paper apply the training of the deep learning system to 
extract the hidden features. Together with the Affinity Propagation Clustering Ap-
proach, a product model is split into multiple components [4]. he found that the spacing 
of the two bands was decreased from 2 to 0.2 mm for the segmentation model, but 
different 3d printers and materials can be further tried in the future. In order to over-
come the influence of traditional printing process on the surface finish of the model 
structure, Pengfei Tang et al. first analyzed the problems of the existing unsupported 
printing methods, such as the inability to accurately locate the concave surface of the 
structure and the uneven thickness of the layer, and then proposed a five-axis unsup-
ported printing method based on point cloud data set [5]. The multi-branch and over-
hang parts of the model are segmented or divided by adjacent voxels and skeletons 
respectively, and then the appropriate angle slice is sought based on the segmentation 
plane. This method can be used for unsupported printing of complex multi-branch 
structures and has been tested on a five-axis printer to prove the reduction of printing 
time and material consumption. More importantly, it also reduces the surface roughness 
of the structure.  
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W.M.Wang et al. in 2016, in order to reduce the demand for support structures in 3D 
printing and improve surface quality, the input model is decomposed into a set of parts, 
so that each individual component can be oriented in a way that reduces the surface 
normal-s deviation from the horizontal direction ( assuming that the printing direction 
is vertical ) [6]. For easy assembling, the sequence and orientation of mounting are also 
computed. The practical and robust performance of this approach is demonstrated by a 
lot of experiments. It is shown that this approach can greatly decrease printing mistakes 
or print time. In the future, however, further research on the relation of the quantity of 
components, the quality of the printing and the vision of the seam, so as to seek a bal-
anced solution. In 2021, Rui Lee and his colleagues put forward a new approach to 
segment the triangle on 3D grid as nodes and consider the distance from the centre of 
mass of neighboring triangles to be the edges [7]. Based on the properties and charac-
teristics of the three triangles, the similarity matrix is obtained, and the Laplace matrix 
is built. Then, the 3D grid is grouped into a number of groups, and the optimization 
results are obtained. It is found that the cutting process can greatly increase the surface 
quality and decrease the quantity of bearing material. In the future, the relationship 
between the number of parts, area, surface quality and support structure can be consid-
ered in detail, and different printers and materials can be tried to form a better solution.  

In 2023, Wang Liru et al. first analyzed and compared the existing research methods 
from the two main aspects of changing layer thickness and model direction forming and 
some other secondary aspects and found that most of them require special equipment 
and post-processing [8]. High cost and harsh environmental requirements cannot meet 
the needs of the UV-curable ink printing method they have studied. Therefore, the au-
thor explored the feasibility of printing multiple topographic map 3D models by chang-
ing the printing order of different layers by using the fluidity of UV ink before curing. 
The surface quality of the model was analyzed by means of the surface profile and slope 
of the model. The results show that the reverse printing can slow down the staircase 
effect and effectively improve the surface quality of the UV curing ink 3D printing 
model. In 2018, Han Xingguo et al. proposed a fused deposition 3D printing path opti-
mization algorithm [9]. By selecting the angle, the filling area is merged to plan the 
filling path reasonably. In addition, this paper presents an algorithm of contour path 
planning based on ant colony algorithm. The probability formula of ants transferring 
from the starting point of one closed ring to the starting point of another closed ring 
according to the pheromone concentration is calculated and derived. The flow chart is 
drawn to determine the optimal solution of the printing order of the closed ring, and the 
printing order of each contour is reasonably planned. Experiments show that the imple-
mentation of this method can improve the dimensional accuracy and surface quality of 
printed parts.  

For the above six articles, researchers have successfully improved the surface quality 
of 3D models by optimizing segmentation methods, developing new algorithms, chang-
ing the printing order, and employing machine learning analysis. These advancements 
have made 3D products more aesthetically pleasing and have pushed 3D printing tech-
nology forward. 

In order to improve the performance of the printed parts :In 2023, Yi Liu and Peng 
Zhang et al. proposed a three-dimensional printing filling structure design method 
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based on parametric polyhedron units, which improved printing quality and mechanical 
properties by optimizing the wall thickness of the polyhedron the gap between the cen-
ter of mass and the surface, as well as the filling structure [10].The method has been 
evaluated and compared on many 3D entities and various tests have proved the effec-
tiveness of the method. However, the disadvantage is that the additional slice pro-
cessing time and the discontinuity of the printing path bring a certain degree of limita-
tion to the method.  

Ning Lv, Yun Xulee and Yujing Qiao put forward that the first laying stage is the 
key point for obtaining good printing results and analyses the comparison between them 
and their respective strengths and weaknesses as well as their applicable ranges of Skirt, 
Raft and Brim [11]. This paper presents a new method to generate a new kind of plat-
form attaching support, which not only decreases the influence of Brim's construction 
on the model's printing quality, but also decreases the amount of distortion. Finally, the 
experiment proves the effectiveness of the method. In 2023, Wang Jiang designed a 
more optimized laser 3d printing system [12]. The overall framework of the system is 
divided into three layers: upper, middle and lower computer layers. The model is rea-
sonably selected according to the working performance and characteristics of different 
key hardware, and then controlled by computer. Finally, the control accuracy of the 
system is obtained by printing simple cuboids and cylinders. After testing, the control 
accuracy of the system can reach 99 %, and the printing error rate is low, which is 1 %. 
However, because the selected printing model is too simple, the printing accuracy and 
time obtained are not convincing enough, so more complex parts need to be simulated 
in the future. In 2017, Dong et al. carried out LS-SVM modeling based on statistical 
theory and introduced genetic algorithm for process parameter data and size error of 
SLA 3D printing model [13]. This method can predict the size error of the model under 
any process parameters, which provides a reference for printing users and can reduce 
the probability of printing failure. The model with the highest prediction accuracy of 
92.6471 % is obtained by using HyperWorks finite element software to analyze the 
statics of the mechanism. It has guiding significance for the quality prediction of com-
plex printing models, but it has limitations for some models with simple structure, in-
complete parameters or narrow range. In 2019, Mao Yuxin et al.proposed a new design 
method of hybrid inner support structure [14]. Firstly, the diameter function (SDF) of 
each point on the surface of the model is calculated. According to the value of SDF, it 
is divided into cylindrical components (Vol) and non-columnar components (NCol ). 
According to its mechanical properties, different internal support structures are gener-
ated for two different components: a columnar component support structure design 
based on skeletal muscle structure (MFS) and a NCol component support structure de-
sign based on tetrahedral crystal structure (TCS). For VCol component, MFS structure 
is adopted, while for N component, TCS structure is adopted. Col component adopts 
TCS structure. Finally, through the actual object printing test, it is proved that this hy-
brid support structure method is easy to achieve the optimization of the comprehensive 
index of material and strength. 

With the goal of reducing the support volume: 
Jiang Xiaotong et al. analyzed that the existing literature did not theoretically explain 

the calculation of the printing direction corresponding to the minimum support volume 
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required for 3d printing, so it filled this gap [15, 16]. They use the ray tracing algorithm 
to process the concave model. Aiming at the non-differentiability of the theoretical sup-
port volume function, a calculation method for the optimal direction based on spherical 
coordinate sampling and derivative-free optimization algorithm is proposed. Finally, 
according to the results of the algorithm in this paper, the feasibility of the algorithm is 
confirmed from the aspects of calculation accuracy, time and step size.  

Shen Zhenhong, Dai Ning, and others have presented an algorithm to generate tree-
support structure using critical slope restriction to solve the problem of big size and 
long printing time. It is proved by experiments that this approach is effective in de-
creasing the size of the carrier and cutting down the printing time in order to guarantee 
the stable printing. However, this study still cannot achieve support minimization for 
areas where support needs to be added, so local optimization is the key to future work.  

Ruiliang Feng1, Xianda Li et al. in order to reduce the support volume and reduce 
the cost, firstly, the literature on the optimization of the support structure with fixed 
construction direction, such as the honeycomb structure and the tree structure men-
tioned in it, is mainly reviewed [17]. Then, an improved algorithm is proposed for the 
two-level support structure (Figure 1) generation strategy proposed by Jiang et al., con-
sidering the influence of the printing path, and a set of tree structures with good topol-
ogy is obtained, which reduces the volume of the support structure. By comparing the 
printing results of models U, O, A, T with the latest research of jiang, it can be con-
cluded that this method achieves a larger volume reduction of about 17 % -31 %. How-
ever, the limitation is that the support generation requires a long simulation time, and 
the blade combination method is random in the process of tree support generation. 
Therefore, in the future, the combination of blades in a more intelligent way may further 
reduce the support volume. 

 
Fig. 1. An Improved Two-Level Support Structure for Extrusion-Based Additive Manufactur-

ing [17] 

In 2023, in view of the shortcomings of traditional 3D printing technology, inspired 
by the current five-axis 3D printing algorithm, a five axes 3-D printing algorithm is 
presented in this paper [18]. The model can be decomposed by a simple model data 
format (such as STL), so that the required support structure can be reduced to reduce 
material and time consumption. Through the establishment of the mathematical expres-
sion of the model, the model decomposition and collision analysis are carried out, and 
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the model printing of the auxiliary support reduction is realized, which reduces the 
printing volume.  

In 2019, Sun Huichao et al. designed a 3D printer with a reversible working platform 
to solve the problems that it is difficult to ensure the surface finish of the specimen, the 
free-form surface is difficult to process, and the hollow structure strength is low [19]. 
They hope to reduce or even remove the support through the reversal of the working 
platform, save time and reduce the consumption of printing consumables. The experi-
mental results indicate that this system can turn the 3-D printer's worktable and the 
connecting link of the jet machine to realize the turning of the 3-D printer so as to 
decrease the load of the carrier or even eliminate the carrier and increase the efficiency 
of printing. In 2016, Wei et al. proposed a tree-shaped sparse support structure with 
fuse as the support unit, aiming at the defects of existing support structure generation 
algorithms, such as unstable structure or many consumables [20]. The characteristics 
of scanning fuse structure in fuse deposition manufacturing were fully analyzed, and 
the support areas were classified. According to the characteristics of each type of sup-
port, the corresponding support structure forming algorithm was designed, and the op-
timal calculation model was established to calculate the minimum support structure that 
met various constraints. The printing quality was ensured, and the printing consumables 
were saved. In summary, reducing the support volume of printed parts is of great sig-
nificance for reducing printing time, reducing material waste, and improving produc-
tion efficiency. It is also the most direct and fundamental embodiment of optimizing 
the support structure. The existing literature has more research on mainstream 3d print-
ing methods such as FDM and light curing printing methods, but rarely involves pow-
der spraying and powder laying. Therefore, the future research direction and focus can 
consider some 3d printing methods with less application. 

3 Conclusion 

Above all, there are so many kinds of trials and possibilities in improving the 3d-print-
ing support structure. In the future, the work of 3D printing to support needs to consider 
a variety of complex factors such as printing materials, gravity influence, printing plat-
form, printing parameters, print head interference and so on. Although there are many 
teams or individuals in the world have made innovative breakthroughs in the optimiza-
tion of supporting structure for a specific printing method, there are still many limita-
tions. In the past five years, the literature on 3d printing has been collected and in-
creased year by year, indicating that researchers are paying attention to this field. If the 
future can truly realize 3d printing without support, it will realize the manufacturing 
industry real zero loss, for enterprises to save huge energy, material and time cost. 

References 

1. Gardan, N., Schneider, A.: Topological optimization of internal patterns and support in ad-
ditive manufacturing. Manuf Syst 37, 417–425 (2015). 

Research Status of 3D Printing Support Structure Optimization             173



2. Wang, W., van Keulen, F., Wu, J.: Fabrication sequence optimization for minimizing dis-
tortion in multi-axis additive manufacturing. Comput Methods Appl Mech Engrg 406, 
115899 (2023). 

3. Jiang, J., Xu, X., Stringer, J.: Optimization of process planning for reducing material waste 
in extrusion based additive manufacturing. Robot Comput Integr Manuf 59, 317–325 (2019). 

4. Li, R., Peng, Q.: Deep learning-based optimal segmentation of 3D printed product for sur-
face quality improvement and support structure reduction. Journal of Manufacturing Sys-
tems 60, 252–264 (2021). 

5. Tang, P., Zhao, X., Shi, H.: A non-supporting printing algorithm for fused filament fabrica-
tion of multi-branch structure. Int J Adv Manuf Technol 126, 2959–2974 (2023). 

6. Wang, W.M., Zanni, C., Kobbelt, L.: Improved surface quality in 3D printing by optimizing 
the printing direction. Comput Graph Forum 35(2), 59–70 (2016). 

7. Li, R., Peng, Q.: Deep learning-based optimal segmentation of 3D printed product for sur-
face quality improvement and support structure reduction. Journal of Manufacturing Sys-
tems 60, 252–264 (2021). 

8. Wang, L., Yuan, J., Yao, D., et al.: Research on surface quality improvement method and 
effect of UV curing ink 3D printing model. Printing and Digital Media Technology Research 
2023(3), 92–102, 133 (2023). 

9. Han, X., Song, X., Yin, M., Chen, H., Yin, G.: Path Optimization Algorithm of 3D Printing 
Based on Fused Deposition Modeling. Transactions of the Chinese Society for Agricultural 
Machinery 49, 393–401, 410 (2018). 

10. Liu, Y., Zhang, P., Zhang, H.-C., Wang, W., Song, T., Yan, X., Zeng, W., Yang, Y.-J.: Self-
supporting parametric polyhedral structure for 3D printing. Advances in Engineering Soft-
ware 186, 103529 (2023). 

11. Lv, N., Li, Y., Qiao, Y.: Generation Algorithm of a Novel Platform Attached Support Struc-
ture for FDM-Fused Deposition Modeling. Advances in Materials Science and Engineering 
2022, 1–11 (2022). 

12. Wang, J.: Design of laser 3D printing system considering product quality control. Journal of 
Laser 44(11), 177–182 (2023). 

13. Dong, X., Jiang, P., Chen, X., et al.: Application of improved support vector machine in 
dimension error prediction of SLA 3D printing model. Combined Machine Tool and Auto-
matic Machining Technology 2017(09), 35–39 (2017). 

14. Mao, Y., Mao, Z., Wang, S., Wang, X.: Modeling and design of hybrid support structure for 
3D printing. The 20th Annual Academic Conference on System Simulation Technology and 
Its Applications in China, 2019, 7 (2019). 

15. Jiang, X., Guo, B., Peng, Q., et al.: Analysis of printing direction of model 3D printing based 
on minimum theoretical support volume. China Mechanical Engineering 30(07), 864–871 
(2019). 

16. Shen, Z., Dai, N., Li, D., et al.: A tree-shaped support structure generation algorithm based 
on critical inclination constraint. China Mechanical Engineering 27(08), 1107–1112 (2016). 

17. Feng, R., Li, X., Zhu, L., Thakur, A., Wei, X.: An Improved Two-Level Support Structure 
for Extrusion-Based Additive Manufacturing. Robotics and Computer-Integrated Manufac-
turing 67, 101972 (2021). 

18. Wang, Z., Zhao, D.: Research on support reduction algorithm of FDM five-axis 3D printing. 
Mechanical Science and Technology 42(10), 1673–1677 (2023). 

19. Sun, H., Wang, X., Qu, X., et al.: Experimental analysis of 3D printer with reversible work-
ing platform. Laboratory Research and Exploration 38(08), 76–79 (2019). 

20. Wei, X., Geng, G., Zhang, Y.: Generation of stable and low-consumption support structures 
in fused deposition manufacturing. Acta Automation Sinica 42(01), 98–106 (2016). 

174             C. Yuan



Open Access This chapter is licensed under the terms of the Creative Commons Attribution-
NonCommercial 4.0 International License (http://creativecommons.org/licenses/by-nc/4.0/),
which permits any noncommercial use, sharing, adaptation, distribution and reproduction in any
medium or format, as long as you give appropriate credit to the original author(s) and the
source, provide a link to the Creative Commons license and indicate if changes were made.
        The images or other third party material in this chapter are included in the chapter's
Creative Commons license, unless indicated otherwise in a credit line to the material. If material
is not included in the chapter's Creative Commons license and your intended use is not
permitted by statutory regulation or exceeds the permitted use, you will need to obtain
permission directly from the copyright holder.
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