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Abstract. Fused deposition modeling (FDM) is an Additive Manufacturing (AM) process that 

has an economical advantage compared to other AM processes. However, its biggest 

drawback is that it requires post processing to achieve a good surface finish. Ultrasound has 

been applied in various conventional machining processes and produce good surface finish. 

However, the application of ultrasound to AM has not been sufficiently explored. This 

research aim to investigate the application of using ultrasound technology for a desktop 

FDM system. The idea is to transmit high vibration from the ultrasonic transducer to the 

FDM system's nozzle and the objective is to examine whether the nozzle is able to withstand 

the high vibration being transmitted. A Computer-Aided Design (CAD) software used to 

develop the 3D model of the extrusion nozzle component and a Computer-Aided 

Engineering (CAE) software was used to perform static and vibration analysis. A frequency 

range of 20kHz to 30kHz and 30kHz to 40kHz was applied to the nozzle and it was found that 

the nozzle was able to withstand frequencies up to 40 kHz of vibration. In addition, the 

lowest Factor of Safety (FoS) obtained was 18.8975, concluding that the nozzle of FDM can 

withstand the high vibration transmitted from the ultrasonic transducer. 
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Introduction 

The surface finish of products is an important factor for both manufacturers and users. In a 

conventional manufacturing process the product surface finish can be improved by going 

through a sequence of finishing processes such as spray painting, sand-blasting, anodising, 

etc. [1]. The quality of the surface finish relates to aspect of appearance and its perceived 

aesthetic value. AM is a technology that allows users to build functional parts with complex 
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geometrical shapes within a reasonable build time. FDM is a subset of AM where pre-

determined layers of extruded material are deposited to create a three dimensional 

geometry. AM parts largely depend on few process parameters such as dimensional 

accuracy, surface roughness, and mechanical strength [2]. However, the FDM process often 

encounter issues of surface finish due to  seam lines that appear on the surface. One 

approach to improve the poor surface quality is to apply chemical treatment to the FDM 

part. However, this technique can be costly and also hazardous to undertake [3]. 

The use of ultrasound has become increasingly used in many industrial applications, and it is 

a proven technology being able to improve the quality of machined surface finish [4]. In 

ultrasonic machining, the tool vibrates at a high frequency usually higher than 20 kHz, and 

abrasive slurry is pumped between the work piece and the tool [5]. This process does not 

cause a chemical reaction and is therefore regarded to be safe and does not chemically 

corrode the work piece. Applying ultrasonic to FDM has not yet been explored and it has the 

potential to improve the surface finish of those parts. The nozzle is the essential component 

in the FDM system and a vibration analysis must first be carried out to ensure that the 

nozzle is able to withstand the high frequency of vibration. 

Methodology 

The dimensions of the FDM nozzle was measured and a 3D CAD model was reverse 

engineered. The Solidworks CAD software was used and Fig. 1 shows the exploded view of 

the FDM nozzle and Fiq. 2 shows the assembly view of FDM Nozzle. Table 1 shows the detail 

about each parts of the FDM Nozzle. 

 

   

 
 

 

 

ANSYS is a CAE software that was used to run the simulation and analysis. The Solidworks 

file was saved in an IGES format to allow ANSYS to read the file. Static structural analysis 

was carried out to analyze the nozzle reaction of the force that was experienced. Total 

deformation of the FDM nozzle, virtual stress tests and the Factor of Safety (FoS) were 

obtained in the analysis. 

 

Modal analysis was used analyze the reaction of the nozzle when subjected to the vibration 

from the ultrasonic transducer. The total deformation of the FDM nozzle and equivalent 

stress with frequency 20 kHz - 30 kHz and 30 kHz - 40 kHz were studied in this analysis. 
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Fig. 2: Assembly View of FDM 

Nozzle 
Fig. 1: Exploded View of FDM 

Model 



Table 1 shows the detail of each part of FDM nozzle including the parts name, the quantity, 

the volume(mm�), the type of material and its density. 

 

No Part Quantity Volume (���) Material 
Density 

(kg/��) 

1 Cap screw M3 2 120.54 Stainless 

Steel 
7750 

2 Cap screw M5 2 413.72 

3 Bushing 1 50.27 

Magnesium 

Alloy 
1800 

4 Extrusion nozzle 1 444.87 

5 Guider 1 8134.91 

6 Back clamper 1 8728.59 

7 Front clamper  1 8373.06 

 

Table 1: Parts of the FDM Nozzle 

Result and Discussion 

Fig. 3 shows the equivalent stress of FDM nozzle for frequency 20 kHz to 30 kHz. The highest 

value is 11.721 MPa and the lowest value is 21.324 MPa. The  Factor of safety (FoS) for this 

model was obtained by using this result. The calculations showed that the factor of safety of 

the model was 20.56, referring to the fact that the nozzle can withstand a frequency range 

of between 20 kHz to 30 kHz that will be transmitted from the ultrasound transducer. Even 

though the FoS is high, we observed that bending still took place on the nozzle due to the 

fact that the part has a thin thicjness profile. Our observations also showed that no loose 

screws were found on the part after being subject to vibrations. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig. 3: Equivalent stress of FDM nozzle using frequency 20 kHz to 30 kHz 

  

Fig. 4 shows the equivalent stress of FDM nozzle for frequency 30 kHz to 40 kHz. The highest 

value is 12.753 MPa and the lowest value is 6.464 MPa. The FoS for this model was found to 

be 18.8975, referring to the fact that the nozzle can withstand frequencies between 30 kHz 

to 40 kHz from the ultrasonic transducer. The FoS is higher than 20 kHz to 30 kHz because 

the ultimate tensile strength also higher. The ultimate tensile strength become higher 

because of the frequency applied is higher. The supposition is that having a higher 

frequency will result in a lower FoS for FDM nozzle. 
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Fig.4: Equivalent stress of FDM nozzle using frequency 30 kHz to 40 kHz 

Summary 

From the results of the analysis, the FDM extrusion nozzle was found that it could 

potentially withstand frequencies up to 40 kHz. The lowest FoS that was obtained was 

18.8975. The findings prove that the nozzle is structurally and mechanically strong enough 

to withstand the high frequencies transmitted from the ultrasonic system. High 

deformations occurred to the extrusion nozzle but not to the cap screws. our observations 

also found that the joints of the cap screws have remained secure throughout the process 

even  after being subjected to a frequency of 40 kHz. The limitations of this study is that it 

only covers the impact of high frequency from ultrasonic transducer to a desktop FDM 

extrusion nozzle using simulation software. Therefore, an actual real-world study must also 

be carried to validate the findings where experiment will be done in greater depth to 

ascertain conclusive findings. Process parameters such as layer thickness, build density and 

the speed of build will be varied and will be investigated, along with material removal rate, 

accuracy, and the quality of surface finish. It is expected from this study that an ultrasonic-

assisted FDM process has the potential to achieve better surface finish of parts being 

produced. 
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