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ABSTRACT 

Fuse Deposition Modeling (FDM) 3D printing is one of additive manufacturing technology which 

physical 3D model is build up layer by layer. The support structure is almost involved on the process 

if overhang shape is met on the 3D model. It has main function to prevent the 3D printed model from 

collapsing. Commonly, the single material source of FDM 3D printer machine is to supply building 

two structure, structure of main 3D object and support structure. Hence, our goal optimizes the using 

of support material for reducing the main material usage. Furthermore, the sixteen of variation overhang 

angle is set to the 3D model. All models are printed into two kind of 3D printed model, printed model 

with support structure addition and without support addition. The weight of each 3D printed model is 

measured by weight scale with accuracy of tool is 10-4 g. Then the quality and the weight of 3D printed 

model are compared and analyzed. The result shows that the average overweight of 3D printed model 

with support structure addition is 40.41% than without support structure addition. Furthermore, there 

are several the 3D printed models without support structure that fail printed on variety model with 0° 

until 11° of overhang angle. The conclusion of this study is that the support structure can prevent the 

3D printed model from collapsing but it does not need be built up if the overhang angle more than 11°. 
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I. Introduction 

The manufacture process is commonly involving several tools to produce a part. 

Additive manufacturing (AM) is a technology that can be used to improve quality of 

manufacturing process. The AM is also known as 3D printing technology which can be 

utilized to build a physical 3D model by depositing material layer by layer. The main 

application of 3D printing technology is for imitating a 3D model. Using imitation 

model, a user can evaluate and optimize the 3D model for developing a desire physical 

3D model, especially for mass production. Several 3D printer machines has launched in 

the market such as Selective Laser Sintering (SLS), Direct Metal Laser Sintering 

(DMLS), Fused Deposition Modeling (FDM), and Stereolithography (SLA) [1]. All of 

it is differenced by type of material used for construct 3D printed model. Currently, 

FDM 3D printing disposes to be used because it has relative small machine and cheap 

of material price. The 3D printing technology has applied in several fields such training 

and education [2], pre-operative planning bone surgery [3], automotive [4], and 
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industrial application [5]. Hence, a user should optimize the material used for reducing 

cost production [6]. 

One method to reduce the cost production is optimizing support structure material 

usage. The support structure is built for prevent the main object from collapsing. It is 

generated when the overhang shape is met. Commonly, the 3D printer machine, 

especially FDM 3D printer uses single source of material for printing the main 3D model 

and support structure. Hence, the support structure should be optimized for reducing the 

material usage. Furthermore, several researchers have suggested that the minimum self-

supporting angle for DMLS printed model is 45 degrees through experimental testing 

[7]. Other researcher also conducts the overhang shape for developing the model of 

support structure [8]. In this study, the overhang angle is investigated to find out the 

optimize support structure and get the best 3D printed model setting. 

 

II. Methods 

The support structure is an important shape to be built up when the overhang shape 

is met. The main task of support structure is to prevent the main 3D object deposit layer 

from collapsing or falling. In this study, the 3D model is drawn into CAD software with 

sixteen of varied overhang angle (𝜃) is varied 0o up to 15o as depict on the Figure 1. 

Furthermore, the 3D model is exported into “.stl” extension file before imported into 3D 

printer software. In the 3D printer software, the stereolithography (STL) file of 3D 

model is sliced for simulating the path of deposited material sequence. Then the path 

information of deposit material can be exported into “.gcode” extension file and it is 

used by 3D printer machine as reference path to deposit the melting material. 

 

 

Fig 1. Experimental model 

 

The FDM 3D printer is utilized for manufacturing the 3D model. Furthermore, Poly-

Lactic Acid (PLA) is prepared as main source of material to build up the 3D printed 

model and support structure. It has 1.75 mm of original diameter, whereas the diameter 

deposit material is set 0.4 mm through to the nozzle. All variation of 3D model is printed 

into two kind 3D models setting, with support structure addition and without support 

structure addition. The general setting of 3D printer software for all 3D models follows 

Table 1. 

 

 

𝜃 

3 

15 

Unit: mm 

5 
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Table 1. General 3D model setting in the 3D printer software 

Setting Value 

Layer Height 0.15 mm 

Wall thickness 1 mm 

Infill density 10 % 

Infill pattern Zig-zag 

Printing temperature 200 oC 

Build plate temperature 60 oC 

Printing speed 60 mm/s 

 

In the next process, the weight of all 3D printed models is measured using analytic 

weight scale which has accuracy 10-4 g. The weight and surface quality both of 3D 

printed models are compared and analyzed. 

III. Result and Discussions 

The surface quality of 3D printed model is main parameter that should be 

considered, especially on overhang surface. Not only the surface quality of 3D printed 

model, but also the weight of material usage is considered to find out the support 

structure addition effect. Furthermore, the material usage, overhang angle effect and 

surface quality of 3D printed model are main focus discussion on this study. 

A. The Supports Structure Addition Effect to Weight of 3D Printed Model 

The support structure has main function to prevent the main object structure from 

collapsing. Actually, the support usage is depended to orientation of 3D model. The 

different support orientations will also influence to the final printed mechanical 

properties [9]. By choosing the optimal part orientation, Paul and Anand [10] had 

analyzed the manufacturing of precision parts while additive manufacturing processes 

with a minimal number of support structures. Then Das et al. [11] identified a better 

build direction which can reduce the support material used for a direct metal laser 

sintering based process. In the general application, the support structure is built from 

base to the overhang shape (Fig. 2a). The 3D printer machine has a single source of 

material, so that the support structure material is also taken from it. The characteristic of 

support structure is easy to remove from main 3D printed model. In this study, sixteen 

of 3D printed models with support structure addition success to be printed for example 

on the 3D printed model with 0o of overhang angle (Fig. 2b). The falling deposit layer 

does not visible on the overhang shape after removing the support material (Fig. 2b). 
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(a) 

 
(b) 

Fig 2. Experimental printed models a) with support structure b) removing support structure 

 

 

Fig 3. Weight of 3D printed material to build the both type 3D model 

 

The support material usage can increase consume material as shows in the Fig. 3. 

The average weight of one 3D printed model with support structure addition is 0.5508 

g, otherwise the 3D printed model without support structure addition is 0.3282 g. By 

using equation (1), where 𝑊𝑃𝑀̅̅ ̅̅ ̅̅
�̅�𝑢𝑝𝑝𝑜𝑟𝑡 is average weight of printed model with support 

structure addition, whereas 𝑊𝑃𝑀̅̅ ̅̅ ̅̅ ̅
𝑛𝑜𝑛 𝑠𝑢𝑝𝑝𝑜𝑟𝑡 is average weight of printed model without 

support structure addition, the 3D printed model with support structure addition has 

average overweight around 40.41% than without support structure addition. It indicates 

that the material usage is a lot and leans to waste the material. The support material 

should be optimized so as to minimize material usage [12]. However, as a manufacturing 

process, the producing and removing support material show the significant potential 

increases in material consumption, energy usage and the several of manual post-
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processing required to produces the final part [12]. As well as, this situation indicates 

that there is an increase in production costs. 

 

𝑂𝑣𝑒𝑟𝑤𝑒𝑖𝑔ℎ𝑡 (%) =
𝑊𝑃𝑀̅̅ ̅̅ ̅̅ ̅

𝑠𝑢𝑝𝑝𝑜𝑟𝑡 −  𝑊𝑃𝑀̅̅ ̅̅ ̅̅ ̅
𝑛𝑜𝑛 𝑠𝑢𝑝𝑝𝑜𝑟𝑡

𝑊𝑃𝑀̅̅ ̅̅ ̅̅ ̅
𝑠𝑢𝑝𝑝𝑜𝑟𝑡

𝑥 100                                         (1) 

  

B. The Overhang Angle Effect of 3D Model to Surface Quality of 3D Printed Model 

The support structure usage has optimized at 45o, 60o and 90o of overhang angle 3D 

model [13]. In this study, the sixteen kind of overhang angle is set up in this experiment 

object to find out the minimum angle in term for support structure needed. All 3D printed 

models with support structure addition were successfully manufactured but it shows 

different result on 3D printed models without support structure addition. The falling 

deposit layer depicts on the 3D printed model (Fig. 4), especially on 0o until 11o of 

overhang angle. This phenomenon is caused by there is no support material which 

prevent the deposit layer. Whereas the printed model is successfully to be printed on 

remain variation model. It can occur when the early deposit structure capable to prevent 

the next deposit layer.  
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Fig 4. 3D printed model without support structure 

 

The quality of printed model is also good enough, that meaning without any defect 

on the surface of overhang area. Its overhang surface quality is better than 3D printed 

model with support structure addition (Fig. 5) because the remaining of support material 

sometimes makes the overhang surface rough. 
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(a) 

 
(b) 

Fig 5. Quality surface of overhang area a) 3D printed with support structure and b) 3D printed 

without support structure 

IV. Conclusion 

The 3D printing technology is one technology to product the physical 3D model 

layer by layer. The support structure is commonly included on the process for prevent 

the printed model from collapsing, especially for overhang shape. On this study, the 

support structure addition can be successfully printed for all 3D models but the material 

usage is 40.41% overweight than 3D printed model without support structure addition. 

Furthermore, the support structure can be built up but it does not need to generate if the 

overhang angle more than 11o. 
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