
Australian Journal of Basic and Applied Sciences, 9(9) Special 2015, Pages: 105-108 

 

 

ISSN:1991-8178 

 

Australian Journal of Basic and Applied Sciences 
  

 

 

Journal home page: www.ajbasweb.com 

 

   

Corresponding Author: Maidin S., Universiti Teknikal Malaysia Melaka ,Center of Graduate Studies ,Hang Tuah Jaya 

           76100 Durian Tunggal Melaka. Malaysia 

Ultrasonic Assisted Fuse Deposition Modeling to Improve Parts Surface Finish  
 
1Maidin S. and 2Muhamad M.K. 
 

1Universiti Teknikal Malaysia Melaka ,Center of Graduate Studies ,Hang Tuah Jaya 76100 Durian Tunggal Melaka. Malaysia 
2Universiti Teknikal Malaysia Melaka, Center of Graduate Studies, Hang Tuah Jaya 76100 Durian Tunggal Melaka. Malaysia  

 
A R T I C L E  I N F O   A B S T R A C T  

Article history:  
Received 28 January 2015 

Accepted 25 February 2015  

Available online 6 March 2015 
 

 

Keywords: 
Additive Manufacturing, Fuse 

Deposition Modeling, Ultrasonic 

Frequency, Surface Finish 

 

 Background: The paper presents an adaptive approach to improve surface finish of 
Fused Deposition Modeling (FDM) sample by applying ultrasonic vibration. 

Objectives - In this study, ultrasonic technology will be attached onto a desktop FDM 

system. Ultrasound has been applied in various conventional machining process and 
shows good machined surface finish. However, there is no research on the application 

of ultrasound to Additive Manufacturing (AM) specifically to FDM such in this 

research has been carried out so far. Frequency that was used in the experiment is 11, 
16 and 21 kHz respectively. Results - The aim of this paper is to discuss result of the 

surface finish on the model printed by using ultrasound devices that was attached to a 

desktop FDM system and to study its feasibility to improve the surface finish of parts 
produced. Optical microscope with the aid of pro VIS software version 2.90 was used 

to measure the surface roughness of the four models printed with a vibration in the 

above specified frequency. Conclusion - The frequency shows that 21 kHz of 
frequency produced the best surface finish. 
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INTRODUCTION 

 

 AM has seen rapid uptake over the last decade in 

the industry. As it becomes more widely available, 

FDM systems that use a wide range of materials in a 

filament form has shown to be increasingly popular 

due to its availability and cost effectiveness 

(Galantucci et al.,2010). 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 (Panda et al., 2009). 

Various applications can be produced through the use 

of FDM such as design verification, functional 

testing, and design studies (Sood et al., 2012)  

 Despite its ability to build functional parts with 

complex geometrical shapes, the final result of FDM 

parts usually requires some form of post-processing 

such as hand finishing. Whereas traditional 

machining processes have trouble forming internal 

voids or other geometry beyond the physical reach of 

the standard tools, AM processes can access all areas 

of the part due to the layer-based build method. AM 

processes do not differentiate between internal and 

external geometry 

 The purpose of this research is to investigate the 

novel use of an ultrasonic-assisted technique to 

improve the surface quality of parts built by FDM. 

According to Yang et al. (2013), ultrasound is a 

proven technology that has been extensively used for 

machining and it has been claimed to improve 

surface quality of work pieces. The ultrasonic 

vibration with piezoelectric components that vibrate 

in a vertical direction have been used to assist laser 

machining and it has produced results with a better 

surface finish (Kim et al., 2011). A piezoelectric 

transducer will be integrated into the prototype  to 

aid this investigation. 

 

Literature Review: 

Additive Manufacturing: 

 AM also referred to as 3D printing, is a method 

of making 3D objects directly get from original CAD 

data by using layer by layer process which each layer 

on part derived is a thin of cross-section and have a 

finite thickness. The output can be the original by 

means each layer must be thinner due to thickness 

layer affects the accuracy of the models. AM is also 

known as other term such as rapid prototyping, direct 

digital manufacturing and solid freeform fabrication 

(Bourell et al, 2009). 

 

Fused Deposition Modeling: 
 FDM is an AM process which produces parts 

from thermoplastic filaments. The build and support 
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materials are a continuous filament held on a spool 

that is fed through heated extrusion nozzles. The 

material is heated to a semi-liquid state and extruded 

via a heated nozzle by form each layer to generated 

sections of parts, which is controlled by an xy motion 

control (Jain et al., 2013). The nozzle extrudes 

material as it follows the contours in the x-y plane 

based on the program generated by the CAD model. 

Once a layer is complete the build table moves in the 

z direction one layer thickness for the next layer to 

begin. This process is repeated for each layer until 

the final build height is reached. 

 The main disadvantage of the FDM process (Fig. 

1) is that seam lines appear between layers and 

excess material may sometimes be produced as a 

residue, leading to surface roughness and poor finish 

(Galantucci et al., 2009). Researchers have proposed 

that better surface finish for AM parts could be 

achieved by having an (i) optimal build orientation 

(ii) slicing strategy (iii) optimising the built 

parameters, and (iv) post-processing. More 

specifically for the FDM process, good surface can 

be obtained by considering the required layer 

thickness, the cross-sectional shape and the built 

surface angle required (Ahn et al, 2009). The use of 

chemical treatment for FDM parts has shown 

potential but at the expense of a negligible change in 

the volume and may also affect the structural 

integrity of the prototype (Galantucci et al., 2009). In 

addition, this technique requires time, set up and 

costly. 

 
 

Fig. 1: example of poor finish product. 

 

Ultrasonic Tranducer: 

 Ultrasonic assisted machining process is non-

thermal, non-chemical and does not require the work 

piece to be electrically conducted. As a result, there 

are no adverse integrity effects; yet producing 

compressive residual stresses on the work piece that 

consequentially promotes increased fatigue strength. 

Taking a step further, this research proposes the use 

of ultrasound by converting low frequency electrical 

energy (60 Hz) to a high-frequency electrical signal 

(approximately 20 kHz) that is fed to a transducer. 

 M. Nad (2010) found that, 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. 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 

(Wang et al., 2013). This process does not cause a 

chemical reaction and is therefore regarded to be safe 

and does not chemically corrode the work piece. 

 

Methodology: 

 Fig. 2 shows the FDM UP Plus 2 3D printer 

which has build size of 140mm X 140mm X 135mm 

and a 0.4mm nozzle diameter was used due to its 

ability to achieve fine build parameter through its 

thin layer thickness and frequency, as well as being 

compatible with the ultrasonic-assisted system. The 

printer was chosen due to its popularity among users, 

as well as it availability. The material that was used 

in this research is ABS plastic which is the most 

common material for FDM systems. To aid the 

investigation, a standard piezoelectric ultrasonic 

transducer operating in a horizontal vibration mode 

will be designed, fabricated and securely mounted 

onto the platform of FDM machine by using 

plasticine. The piezoelectric was affixed to the whole 

surface in order the vibration can be transmitted 

thoroughly.  

 

 
 

Fig. 2: UP Plus 2 3D printer.         

 

 
 

Fig. 3: Piezoelectric attached to platform. 

 

 A function generator with a maximum power of 

20V having an adjustable frequency will be used to 

power the device. In the experiment, the frequency 

was set at 11, 16 and 21 kHz. There were 4 models 

printed using the FDM IP Plus 2 3D printer including 

the model printed without ultrasonic vibration, 

following which the generated oscillation by the 

transducer is then transferred, focused to the platform 

of the FDM as shown in Fig. 3. The natural 

frequency of the actuator will be measured using a 

simple experiment setup as shown in Fig. 4. 
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Fig. 4: Schematic diagram of ultrasonic transducer. 

 

 After the models (square shape in size of 2 x 2 

cm) were created with CAD software, it was printed 

using the FDM UP Plus 2 3D printer with a 

piezoelectric mounted onto the built platform with 

using plasticine. Optical microscope with aid of pro 

VIS software version 2.90 was used to measure the 

surface roughness of the four models printed with the 

vibration in the specified frequency (Fig. 5). 

 
 

Fig. 5: Optical microscope used to measure the 

         surface roughness. 

 

Result: 

 Table 1 shows the frequency applied and the 

description for the result of the surface roughness of 

each model.  

 

 

Table 1: Result of surface roughness of each model.  
Frequency Description 

0 kHz 

(without vibration) 

The surface roughness of the model without vibration was poor. The result shows the maximum defect thickness is 0.25mm. The layer is 

imperfect and discontinuous. This shows a rough surface formed on the model. 

11 kHz 
When 11kHz frequency was applied the result shows the layer of surface is better than the normal print as above. Range of the layer thickness was 

between 0.07mm to 0.09mm. 

16 kHz 
When 16kHz frequency was applied the result found that the defect on surface is less compared to 11kHz model. The thickness between the layers 

is consistent (ranges from 0.08mm to 0.09mm). 

21 kHz 
When 21kHz frequency was applied the result is similar with 16 kHz, however there is less defect found. The thickness between the layers results 

in 0.07mm and 0.08mm thickness which is more fine layers produced.  The defect layer thickness was reduced to 0.16mm. 

 

Conclusion: 

 This research aims to present a novel approach 

of ultrasonic-assisted FDM process to improve 

surface finish of FDM parts. A comparative study 

was made and the analysis is summarised in Table 1. 

The research proved that the ultrasonic vibration was 

able to make an improvement on the surface finish of 

the sample produced with the appropriate ultrasonic 

vibration frequency. The result shows that 21 kHz 

frequency applied to the FDM platform while 

building the sample produced the best surface finish. 

The layer thickness was reduced from 0.09mm to 

0.07mm. This shows that compression had occurred 

on the model surface while the vibration was 

transmitted.  The defect thickness was reduced from 

0.25mm to 0.16mm when frequency of 11 kHz to 21 

kHz was applied. 
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