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ABSTRACT: AM which embrace as a new range technology of creating 
and producing end user parts in term of adding material layer by layer to 
create solid objects from 3D CAD data. AM, in particular Fused Deposition 
Modeling (FDM) used (ABS) thermoplastic, have shown the most popular 
among the industry as its technology can print complex geometrical part 
without human intervention and tools. However, FDM fierce enemy, 
whereas the common problem of stair-stepping, which means that seam lines 
appear between layers and excess material if often left as a residue, cause to 
lead rough surface and poor quality finish. It is often desirable for an AM 
printed parts to have aesthetic and functional characteristic. Hence, reducing 
layer thickness will generally improve surface roughness, but will add to the 
build time for the model. As an interest to investigate the use of ultrasonic for 
FDM, this experiment will focus on the effect of applying multiple 
piezoelectric transducer on a FDM printer. This paper aims to explore the 
effect of using multiple piezoelectric with different frequency applied (27, 40, 
50 kHz) to study the improvement made on the surface of the printed part. 
An ultrasonic transducer firmly attached onto the printer platform. Optical 
microscope with the aid of pro VIS software version 2.90 was used to 
measure the quality of surface roughness of samples printed with vibration 
in the above stated frequency. It was found that 1 piezo with 50 kHz 
frequency achieved an improved surface finish due to less layer thickness 
defect and finer layer thickness produce. 
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1.0  INTR ODU CTION  

In an age where better, faster, and cheaper is the mantra for product 
development, additive Manufacturing technologies has come through 
an evolution of Rapid Prototyping (RP) technologies over the last 
decade in the industry. AM which embrace as a new range technology 
of creating and producing end-user parts accurately in term of adding 
or building up material layer by layer to create an object from 3D 
CAD data without human intervention [1-2]. The basic principle of 
this technology is that the drawing initially produced using three 
dimensional Computer Aided Design (3D CAD) system and 
fabricated directly from CAD data without process planning [3]. 
Nowadays, AM technologies allow us to fabricate product that in high 
added value and this process called as “clean processes as this process 
only apply the precise amount of stuff. In summation, the energy 
consumption also less and limited compared with the machining 
procedure. In fact, AM is process which can instantly obtain 
functional part from CAD model with only one manufacturing step. 
Meanwhile, the machining process needs to consider few step of 
manufacturing process to complete the fabrication of a product [4]. 
 
As it becomes more widely available, AM in particular Fused 
Deposition Modeling (FDM) system that use Acrylonitrile Butadiene 
Styrene (ABS)thermoplastic have shown to be the most known and 
popular among the industry as the technology can print complex 
geometrical part without using tools and human intervention [5]. In 
FDM process, build material in the form of low viscosity and flexible 
filament is partially melted and extruded throughout from a 
robotically controlled hot end deposition nozzle onto a table which 
called hot bed in a temperature controlled environment for printed 
the 3D part layer by layer. The 3D part takes the form of laminate 
composite with vertically stacked layers consisting of contiguous 
material fibre (raster) with interstitial voids (air gap). The bonding 
between neighbouring fibres takes place via thermally driven 
diffusion welding [6]. Nevertheless, despite its capability to build 
functional part with complex geometrical shapes, most molten layered 
thermoplastic surface often uneven which lead towards rough and 
poor surface. 
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Conversely, ultrasound is a sound that frequencies greater than 
20kHz (ANSI). Ultrasound is a proven technology that has been 
extensively used for machining and it has been claimed to improve 
surface quality for work piece [7]. The use of ultrasonic vibration in 
different manufacturing processes  well documented for more than 50 
years [8]. The purpose of this research is to investigate and study the 
novel use of the ultrasonic assisted approach to enhance the surface 
quality. Literature review has found that there is a gap in knowledge 
where ultrasound only applied in subtractive machining and little 
work has been done to study the application of ultrasound for AM. 
Based on the previous paper, it is found that by adapting pieozelectric 
will improve surface roughness. However, using multiple 
piezoelectric transducer never been done before. As an interest to 
study and investigate the use of ultrasonic on a FDM, this study will 
focus on the effect of applying multiple piezoelectric transducer for 
FDM printer. This paper aims to explore the use of multiple 
piezoelectric to improve surface finish quality of the printed part. 
 
1.1  Fused Deposition Modeling 

FDM is a technology called Fused Deposition Modeling that in the 
group of extrusion based process in AM system which is develop by 
Steven Scott Crump in the late year of 1980s, until then it been 
commercialized by Stratsys in the year 1990s [9]. In the production of 
3D solid complex model from the CAD data without the aid of tools 
and human intervention, FDM is a good choice of AM technology to 
be used [5]. FDM machine is an additive process which uses 
thermoplastic filaments to print polymer parts from 3DCAD data that 
is sliced into layers and converted to STL file type. Thus, the file will 
be transferred into the FDM machine for tool path generation and 
support structure calculation. The support and build materials are a 
continuous filament held on a spool that fed through heated hot end 
nozzle. The material, particularly heated to a semi-liquid state, which 
reduce the viscosity, then will be extruded using robotic nozzle which 
is controlled by x, y, and z axis movement to form of layer by layer 
printing process. The thermal fusion generally will allow the molten 
polymer layered in between to bond with one another and solidify [1], 
[9-13]. For each layer the process is repeated until a finished product 
is printed. Throughout the implementation of FDM, various 
applications can be produced such as functional testing, design 
verification and last but not least design study[14]. Moreover, FDM 
enables the swift development process, outstandingly handling 
multiplex geometries quickly and rapidly unlike other manufacturing 
[11]. FDM methods offer tremendous benefits that meet an ideal 
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prototype machine such as lesser build time, cost effective, and 
elimination of expensive flexibility and tooling, caused it involve in 
most of the industrial field. Furthermore, FDM will have advantages 
in time consuming and cost investment which more economically 
compares to conventional manufacturing [10].  
 
However, FDM fierce enemy, whereas the common problem of stair-
stepping  which means that seam lines appear between layers and 
excess material if often left as a residue, cause to lead rough surface 
and poor quality finish. It is often desirable for an AM model to have 
aesthetic or functional importance. Hence, reducing layer thickness 
will generally improve surface roughness but will add to the build 
time for the model [15-16]. To eliminate and improve this, numerous 
researchers have suggest to achieve better surface finish by (i) post 
processing, using chemical treatment (90% dimethyketone and 10% 
water) as a post processing process to FDM parts tremendously 
shown prospective potential, but at the expenses of a negligible  
change in the prototype [17] (ii) slicing strategy, a new approach to 
enhanced surface roughness by using a theoretical model to represent 
surface roughness circulation based on different surface angle and as 
a main factor that significantly affect surface roughness [18] (iii) 
optimal build orientation, most quality possible surface finish on FDM 
can be archive by selecting the optimal FDM process parameters such 
build orientation and interaction of these parameter and considering 
thickness of layers [19] (iv) fabrication parameter optimization, such 
as the principle error of RP process, the inherent characteristic of FDM 
and some micro-scratches on the surface of the extruded material [20]. 
 
The most quality possible surface finish on FDM can be achieved by 
selecting the optimal FDM process parameters such build orientation 
and interaction of these parameter and considering thickness of layers 
[19]. Similarly,  an experimental study was done to examine surface 
roughness value as a function of build orientation, road width, layer 
thickness and raster angle for FDM printed part [21]. Last but not 
least, the expressed of the opinion that using chemical treatment to 
FDM parts tremendously shown prospective potential, but at the 
expenses of a negligible  change in the prototype [22]. Despite this, 
most of these techniques are ineffective due to the requirements of 
further processes to improve FDM printed parts surface quality which 
in demand of time and cost consuming. 
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1.2  Ultrasonic 

A comprehensive review of ultrasonic-assisted machining was 
conducted[23]. The paper showed that ultrasonic machining has been 
principally practiced on brittle materials, and although removal rates 
are not high, ultrasonic technology applicable very well this type of 
material. Ultrasonic assisted machining has been proven to be an 
efficient technique for improving the machine ability of several 
aeronautic materials such as aluminium [24] or Inconel 718 [25]. The 
process parameters studied assisted with vibration application in 
conventional machine cutting processes are such as chips breaking, 
burr generation, work piece roughness, tool life or torque and cutting 
forces are some [26]. The ultrasonic assisted machining process is non-
thermal, non-chemical and does not require the work piece to be 
electrically conducted.  
 
Due to that, there are no adverse integrity effects; thus, generating 
compressive residual stresses on the work piece that consequentially 
promotes improved fatigue strength.Ultrasound is a technology that 
is proven to be used thoroughly for machining and also been claimed 
to enhance surface quality of the workpiece [27]. The piezoelectric 
components create ultrasonic vibration which vibrates in vertical 
direction happen to be used for assisting laser machining and the 
outcome of the process produced a superior quality of surface finish 
[28]. The process of ultrasonic assisted machining doesn't require the 
work piece become electrically conducted because it is non-thermal 
and non-chemical process. As an outcome, there are no negative side 
effects and yet it increased fatigue strength.  
 
In addition, this research suggests the utilization of ultrasound by 
transforming low frequency electrical signal (60 Hz) to a high-
frequency electrical signal (approximately 20 kHz) which is supplied 
to a transducer. The use of ultrasound was identified, is increasingly 
applied in various industrial applications, which the technology is 
proven to be able to improve the quality of machined surface finish 
[29]. The tool vibrates at a high regularity frequently higher than 20 
kHz, and abrasive slurry is pumped between the work piece as well 
as the tool in ultrasonic machining [30]. The process which involved 
usage of ultrasonic is considered safe because it does not create a 
chemical reaction and does not chemically corrode the work piece. 
Ultrasonic vibration is a practical method to unleash the local energy 
concentration because a high frequency repetitive motion has an effect 
normalizing the spatially concentrated energy uniformly.  
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In current decades, a number of researchers have investigated the 
impact of ultrasonic vibration in machining with the aim to enhance 
the quality of machined surfaces. The majority of the ultrasonic 
research was conducted in the discipline of subtractive manufacturing 
and the information of its application in AM especially FDM very 
limited. An experimental investigation was performed on the impact 
of ultrasonic vibration in nanosecond laser machining on the 
workpiece surface finish [24]. The ultrasonic assisted machining is an 
advanced processing technology has a potential to enhance the 
machining procedure, especially for stiff material [31]. The ultrasonic 
additive manufacturing in a hybrid production process was 
researched and discovered the processes of adding ultrasonic are 
matched to high tech metal matrix composites with high temperatures 
and pressure [32]. The effect of ultrasonic on grinding of Ti6A14v 
alloy was studied by using ultrasonic frequency range of 20 kHz that 
applied on the work piece and discovered a decrease of grinding 
forces and positive enhancement on surface roughness [33]. An 
experimental investigation as performed by using piezoelectric 
transducer with 23.56 kHz frequency to obtain an improve surface 
fabrication in order to overcome the micro sized holes on the surface 
of the workpiece that lack of high aspect ratio or a good surface finish 
[28]. The ultrasonic assisted micro-milling frequency summarized is 
not based on high numerical value will give better results because in 
high frequency, the vibration will impact the cutter teeth tool life [34].  
 
Thus, it can be concluded that the quality of the processed will be 
based on ultrasonic frequency. To the best of our knowledge, many 
research works and published insight related on the improvement of 
AM part’s surface finish  only centred towards post processing 
activities which are parts build orientation, slicing strategy, chemical 
treatment, and process parameter optimization. Nonetheless, no data 
have been published on the ultrasonic assisted FDM to produce a 
better surface finish. For that reason, a research on the ultrasonic 
assisted FDM including the comprehensive process parameter that 
related to the experiment is crucial to ensure there is improvement on 
productivity and surface quality of FDM parts. 
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2.0  METHODOLOGY 

2.1  Experimental Setup 

Figure 1 shows the UP Plus 2 FDM 3D printer which it’s printed 
envelope of 140mm x 140mm x 135mm with a 0.04mm nozzle 
diameter used to print sample due to its capability to print 
outstanding build parameters through its thin layer thickness and 
road width, as well as being reconcilable with ultrasonic-assisted 
structure. Hence, the 3D printer was chosen by virtue of its acceptance 
among users, in conjunction with its availability. The material that 
was proposed and used in this research is Acrylonitrile Butadiene 
Styrene (ABS) thermoplastic which is widely used and familiar 
material for FDM machine. In order to assist the experiment, a 
common piezoelectric transducer performing in a horizontal wave or 
vibration mode was fixed and securely attached in contact with the 
hotbed of FDM machine. To guarantee the vibration will disseminate 
thoroughly, the piezoelectric transducer was attached to the whole 
surface. Most of the major challenge was the positioning of the 
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piezoelectric transducer. This experiment conducted with frequency 
set at 27kHz, which is an optimize frequency after performing Design 
of Experiment, while 40kHz, and 50kHz appropriately was chosen 
randomly to study the effect of high frequency piezoelectric appliance 
on the sample with regards to the surface roughness quality. For each 
number of piezoelectric transducer used, one sample printed using 
the FDM UP Plus 2 3D printer. Figure 3 shows a printed sample with 
square shape size of 2 x 2 x 2 cm. 
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2.2  Evaluation Parameter 

Table 1 provides the FDM deposition parameters. For this experiment, 
the layer thickness, frequency and fill of surface were selected as 
influence factor that would affect the surface finish quality. The layer 
thickness and fill of surface parameters was set up base on the UP 
Plus 2 3D printer software and the frequency value set by the function 
generator. Layer thickness can be set from 0.2 mm per layer to 0.4mm 
per layer. The finer layer thickness produced better quality, stronger 
the printed part and longer it takes to print. There are four types of 
honeycomb fill that could be selected from the 3D printer setting. 
However, only one type was choosing namely semi-solid honeycomb 
(level 1) due to time consideration, quality and better surface of model 
produced. In this research, the ultrasonic actuator will be vibrated by 
ultrasonic power supply, with 27kHz, 40kHz and 50 kHz and 
amplitude of 10μm which is the standard frequency 
 

Table 1: Printing parameters 
Parameter Value 

Layer thickness, t 
Frequency, F 
Fill of surface 
Amplitude, A 

0.2mm 
27kHz, 40kHz,50kHz 

Level 1 
10µm 

 
The sample was drawn with a CAD software. It was printed using the 
UP Plus 2 3D printer with a piezoelectric transducer assisted by 
attaching onto the built hotbed platform. With an aid of optical 
microscope with pro VIS software was used to capture image and 
evaluate the quality of surface roughness of the models printed with 
the vibration specified frequency is visible in Figure 4. 
 

 
Figure 4 : Optical microscope to evaluate the surface quality 
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3.0  RESULT AND DISCUSSION 
 

The experiment only focused on one critical surface whereby each 
model has 4 surfaces. Figure 5 shows the critical surface selected 
encompasses the high defect and rough surface that viewed through 
optical microscope. The consequence of frequency applied and the 
characterization of the surface roughness of each model as exhibits in 
Figure 5. Surface roughness has been analyzing with the Portable 
Surface Roughness Tester Mitutoyo SJ-301. The method of data 
construct is Ra, which is the arithmetic mean of the departures of the 
roughness profile from the mean line within the evaluation length. 
The data consist of 15 reading for every surface point. 
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Figure 5: Surface roughness point (a) 1 piezoelectric; (b) 2 piezoelectrics; 

(c) 3 piezoelectrics and (d) 4 piezoelectrics 
 
 
The discussion of the results begins with analyzing the graph of 
surface roughness against number of piezo mounted on UP Plus 2 3D 
FDM printer. What is interesting in this data shown in Figure 6, is that 
the FDM process which assisted by using 1 piezo with various 
frequency indicates that by applying 50kHz of ultrasonic frequency, 
the surface roughness is smoother compared to 40 and 27kHz of 
frequency which generates reading of 13.66, 13.70 and 14.03. 
Conversely, the data obtain when assisting with multiple number of 
piezo is slightly different. By using 4 piezo and a constant amount of 
frequency supplied, the result shows increasing value of quality 
surface roughness with value of 13.82, 13.88, and 13.97 for each 
frequency. However, from this data we can see that with 2 and 3 
piezo, the result shows high value of surface roughness compared 
with 1 and 4 number of piezo. 
 

 
Figure 6: Graph surface roughness versus number of Piezo 
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4.0  CONCL U S ION  

The present study was designed to determine the effect of using 
multiple piezoelectric transducer on FDM machine to enhance surface 
quality by considering the process parameter of layer thickness, 
frequency and fill of surface. Based on the previous research by the 
author it proved that the ultrasonic vibration can reduce the stair-case 
effect during the printing process [26]. Thus, ultrasonic was able to 
make an improvement on the quality of the surface finish of the 
sample printed with the appropriate frequency applied. 
 
However, it depends on the number and position of piezoelectric 
mounted on the 3D printer. The result shows that, 1 piezo with 50 
kHz applied to the FDM hotbed platform printed the outstanding 
surface finish. The finding is consistent with findings of past studies 
by the author, which with assisting piezoelectric vibration, the road 
width and layer thickness successfully was reduced from 0.09mm to 
0.05mm due to compression occurred on the printed sample while 
vibration start to transmit and make contact with it. In addition, it 
showed that piezoelectric transducer could also minimize the defected 
layer thickness [26]. 
 
This research and the data obtain from the experiment have 
possibilities to be applied in several other AM systems such as SLA, 
SLS, and Electron Beam Modeling technology. Thus, results will likely 
beneficial in future for the purpose of product design and 
development, and reducing of manual process of hazardous and 
expensive post processing process which is time consuming. 
Furthermore, the findings of this experiment could likely potential to 
be applied in industries such as automotive, consumer product, 
medical, sports, etc in creating prototypes or custom-made actual 
product or part. Further research, it is recommended to study its 
consistency of surface finish produced by printing a complex part 
using geometries that have curved surface and with a different degree 
of angles. On top of that, it is suggested that the investigation of the 
use of other material such as polyactic acid (PLA) or composite 
material should be conduct and the sample should be printed more 
than 1 sample for each frequency. 
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