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Abstract:3D printing is a new paradigm that has revolutionised manufacturing industry. It is a process of making a 

three dimensional solid object of virtually any shape from a digital model. A loudspeaker is one of the most 

fundamental output devices in interactive systems. 3D printing technology is now being used to produce loudspeakers 

with improved performance in comparison with traditional loudspeakers. The advantage with 3D printed loudspeaker 

is that both audible and inaudible ultrasound can be produced. The principal for the working of 3D printed 

loudspeaker is Electrostatic Sound Reproduction (ESR) system. The application of Human-Computer Interface (HCI) 

has provided a recognised importance to the 3D printed loudspeakers because of its demand and the advantages. This 

paper is dedicated to understand the principle of working and importance of the 3D printed loudspeakers. 
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Prologue:  
Manufacturing is the production of goods for use or sale using labour, tools, processing, or formulation. 3-D printing or Additive 

manufacturing is a process of making a three-dimensional object from a digital model. Unlike subtractive processes, 3-D printing 

is done through additive processes, in which, successive layers of material are laid down under computer control 

Every 3D model is prepared first using the mathematical solutions and is known as mathematical model. This mathematical model 

is further converted to digital model and then the model is printed using 3D printer. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig 1: Steps involved in 3D printing process 

 

3D Technology is used to print functional objects(from providing an enclosure for a Printed Circuit Board (PCB) to replacing any 

broken part of vehicles) [8]. There are various types of 3D printing to develop a material. It is also known as additive 

manufacturing. With the development of sophisticated multi-material 3D-printers, the printing of the passive systems may be 

developed to printing active, integrated systems [1]. The researchers strongly believe that the printing of functional electrical 

circuits and conductive electrode surfaces using 3-D printers is within reach. The free-form 3D printing technology is capable of 

producing passive as well as integrated functional objects [2]. 
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Loudspeaker is a transducer that converts an input electrical signal into an audible sound signal e.g. Electromagnetic Speakers, 

piezoelectric Speakers, 3-D printed Speakers etc. The 3D printed Loudspeakers are the loudspeakers which are prepared using 3D 

printing process by placing one layer of the material used over the other. 

 

There are many different methods of additive manufacturing. Now we will take onto the discussion of each of them: 

 

Stereolithography (SLA) : 

 

Fig. 2- Stereolithography Process. 

Courtesy:3D printing processes – Free Beginners’ Guide (3dprintingindustry) 

Stereolithography was the first 3D printing process developed. It is a process which works with the photopolymer resins which 

react with the laser and then is cured to form a solid 3D printed object in a very precise way to produce very accurate parts of any 

object. In this process, the photopolymer resin is held in a vat with a movable platform inside. A laser beam is incident across the 

surface of the resin according to the data supplied to the 3D printer through the machine (in the form of .stl file). The resin gets 

hardened precisely at the points where the laser beam hits the surface of it. Once the layer is traced out completely, the platform 

within the vat moves down and the subsequent next layer is traced out. This continues till the entire object is printed and then the 

platform can be raised out of the vat for removal. In terms of other post processing steps, cleaning and curing need to be done on 

3D printed objects using stereolithography process. For curing, the resin is subjected to highly intense beam of light in an oven-

like machine to ensure it is completely hardened.[12][13] 

Fused Deposition Modelling: 

 

Fig.3- Fused Deposition Modelling process. 

Courtesy:3D printing processes – Free Beginners’ Guide (3dprintingindustry) 
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Fused Deposition Modelling is based on the utilizing the extrusion of thermoplastic material. The FDM works by melting the 

plastic filament that is deposited using a heated extruder, layer by layer, onto a build platform according to the data that is fed to 

the printer. Each layer hardens as it is deposited and bonds to the previous layer. It also involves a software process which 

processes a STL file mathematically slicing and orienting the model for the build process. It also may generate support structures 

if needed. [9][13] 

 

 

Selective Laser Sintering: 

 

Fig.4: Selective Laser Sintering process. 

Courtesy:3D printing processes – Free Beginners’ Guide (3d printing industry) 

SLS uses Laser as a power source to sinter the powdered material by making the laser beam fall directly on the material which is 

defined by a 3D model.  The laser fuses powdered material by scanning cross-sections of the part on the surface of the powder 

bed. After each cross section is scanned, it is lowered for the scanning and the next subsequent layer. Selective Laser Sintering 

uses a diode-pumped fiberoptic laser that allows engineers to process higher melt-point alloys, as well as reactive alloys, such as 

aluminium and titanium. [10][13] 

Selective Laser Melting: 

 

Fig.5: Selective Laser Melting. 

Courtesy:Tom Craeghs (Catholic University of Leuven) 

SLM process selectively melts the thin layers of fine metal powder that is connected to a table that moves in the vertical axis. This 

takes place in a chamber of highly controlled atmosphere inert gas. The layers are fused using high intense layer beam which is 

http://www.ijrmee.org/


International Journal on Recent Technologies in Mechanical and Electrical Engineering (IJRMEE)                                  ISSN: 2349-7947 
Volume: 2 Issue: 3                                                                                                                                                                            008 – 018 

_______________________________________________________________________________________________ 

11 
IJRMEE | March 2015, Available @ http://www.ijrmee.org                                                                 

_______________________________________________________________________________________ 

directed using two high frequency scanning mirrors. The intense energy of the laser makes it possible for the full melting of the 

particles to give the solid metal. This is repeated layer by layer until the whole body is generated. [9] 

 

 

 

 

 

 

Electron Beam Additive Manufacturing or Electron Beam Freeform Fabrication: 

 

Fig. 6: Electron Beam Additive Manufacturing process. 

Courtesy:3D printing processes – Free Beginners’ Guide (3dprintingindustry) 

This process slices the CAED model into layers then uses a post-processor to write the G-code which describes the deposition 

path and the process parameters. It uses a focussed electron beam in a vacuum environment to create a metal pool on the metallic 

substrate. The metal wire is fed into the metal pool. The deposit solidifies immediately after the electron beam has passed giving 

enough structural strength to the material. The sequence is repeated layer by layer to obtain the whole part. Usually this process 

produces near-net-shaped parts. [11] 

Laminated Object Manufacturing: 

 

Fig. 7: Laminated Object Manufacturing process. 
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Courtesy:Major RP Technologies (University of Northern Iowa) 

In LOM, the different layers of paper, plastic or metal laminates are adhesive coated and glued successively and cut to the shape 

of the object by using laser cutter or simple cutters. Objects which are printed by this method may be again subjected to 

machining for additional modifications. The sheet is adhered to the substrate with a heated roller. The dimensions of the prototype 

are obtained by using the laser. Laser hatches the non-part area to facilitate the removal of waste. Platform with completed layer 

moves down and the fresh sheet is rolled into the position. This process is repeated to get a full object. [13] 

 

 

 

 

 

Digital Light Processing: 

 

Fig. 8: Digital Light Processing process. 

Courtesy:3D printing processes – Free Beginners’ Guide (3dprintingindustry) 

DLP is almost a similar process like SLA except for the light source. DLP uses an arc lamp as a light source, with a liquid crystal 

display panel or a deformable mirror device (DMD), which is applied to the entire surface  of photopolymer resin in a single pass, 

generally making it faster than SLA.[11][13] 

Ultrasonic Consolidation or Ultrasonic Additive Manufacturing: 

 

Fig. 9: Ultrasonic Additive Manufacturing process. 

Courtesy:ASTM International 
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It is an additive manufacturing technique based on the ultrasonic welding of the metal foils. High frequency ultrasonic vibrations 

are applied to metal materials held together under pressure to create the solid object. Contour Milling is then done to create the 

required shape for a given layer. The process is continued layer by layer till the complete object is obtained. [11] 

Polyjet Technology: 

 
Fig. 10: Polyjet Technology process. 

Courtesy : PolyJet Technology (Objet Pvt. Ltd.) 

This technology employs the liquid photopolymer which is subjected to UV radiations. When this liquid photopolymer is exposed 

to UV radiations, it cures and hardens to form a rubber-like solid substance of high accuracy. The Polyjet printers consist of much 

number of jetters which enables the printer to print the object having different materials of different properties. The support 

material used is a gel-like substance.  

 

Methods Advantages Disadvantages  

Stereolithography 1) Excellent surface finish 

2) Most accurate 3D printing 

process. 

1) Post-Processing Steps are 

complex. 

 2) Poor Stability of the materials 

which can easily become brittle. 
Fused Deposition Modelling 

(FDM)  

1) Accurate and Reliable. 

2) User Friendly. 

3) Cheapest amongst all the 

processes. 

1) The process can be slow for 

some part generations. 

2) Very expensive Post-Processing 

techniques. 

3) Poor Layer-to-Layer Adhesion. 
Selective Laser Sintering 

(SLS) 

1) No support structures are 

required. 

2) More complex structures can be 

easily manufactured by this 

process. 

1) Cooling time required is more as 

selective laser sintering works on 

high temperatures. 

2) The materials produced are 

highly porous. 

3) Surface Quality is a bit poor. 
Selective Laser Melting 

(SLM) 

1) Complex geometric materials 

can be manufactured. 

2) Light weight parts can be 

manufactured. 

1) Higher cost per part 

manufactured. 

Electron Beam Additive 

Manufacturing or Electron 

Beam Freeform Fabrication 

1) Requires fewer raw materials. 

2) Requires less finishing. 

 

1) The size of the object produced 

gets limited by the size of the 

vacuum chamber. 

2) Most expensive process amongst 

all the other 3D printing processes. 

 
Laminated Object 

Manufacturing  (LOM) 

1) No chemical reaction is 

necessary. 

2) Larger objects can be 

manufactured. 

1) Dimensional accuracy is less. 

 

http://www.ijrmee.org/


International Journal on Recent Technologies in Mechanical and Electrical Engineering (IJRMEE)                                  ISSN: 2349-7947 
Volume: 2 Issue: 3                                                                                                                                                                            008 – 018 

_______________________________________________________________________________________________ 

14 
IJRMEE | March 2015, Available @ http://www.ijrmee.org                                                                 

_______________________________________________________________________________________ 

Digital Light Processing 

(DLP) 

1) Produces highly accurate parts 

with excellent resolution. 

2) Less wastage and lower costs. 

1) Support structures are required. 

2) Post-Curing is required. 

Ultrasonic Consolidation or 

Ultrasonic Additive 

Manufacturing 

1) Creates deep slots, hollow 

structures. 

2) Can manufacture even internal 

structures of the object. 

1) Complex Manufacturing 

processes. 

 

Polyjet Technology 1) Print parts and assemblies made 

of multiple materials, with different 

mechanical properties, all in a 

single build. 

2) Produces ultra-fine detail usually 

only available with high-cost 

systems. 

3) Create almost any complex 

multi-material 3D shape with 

unprecedented detail, accuracy, 

speed, and ease-of-use. 

1) Exposure to ambient heat, 

humidity or sunlight can cause 

dimensional change that can affect 

tolerance. 

Table-1 Advantages and Disadvantages of different additive manufacturing methods. 

 

Main Article: 
The first 3-D printed Speaker was developed by Apoorva Kiran and Robert McCurdy both graduates of Mechanical Engineering 

along with Professor Hod Lipson, Associate Professor at Cornell University. It consisted of three components- A Plastic Housing, 

A Conductive Coil and A Magnet. The speaker was crafted using plastic for the housing, silver ink for the conductive coil and a 

viscous blend of strontium ferrite for the magnet. The speaker was printed using a Fab@Home 3D printer, built by professor Hod 

Lipson and student Evan Malone at Cornell's Creative Machine Lab [7]. 

 

 
 

Fig 11:  3D printed speaker 

Courtesy: Jason Koski/Cornell University Photography (Cornell Chronicle) 

 

 

Before any 3D printed loudspeakers are printed, they have to be digitally designed in the computer.The Digital model is made 

using CAD softwares. This digital model is then converted into STL (Standard Tessellation Language or Standard Triangulation 

Language) files. These STL files are sliced into layers which are clubbed one over the other to produce a 3D printed Loudspeaker. 

 

 

 

 

 

 

 

 

 

 

Digital Model 

using CAD 

CAD conversion 

into STL 

STL file slicing 

into layers 
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Fig. 12: The steps involved in 3D printing. 

 

Later, at Disney Research Lab, it was discovered that the production of these types of 3D printed loudspeakers is based on 

principles of electrostatic sound reproduction(ESR) which was investigated in depth during1930s[3] but was not broadly used 

except in high performance audio systems. The simplicity of ESR allows researchers to design and fabricate speakers of any 

arbitrary geometry. This was a contribution from Yoshio Ishiguro and Ivan Poupyrev. 

 

 

Electrostatic Sound Reproduction:In ESR, a thin conductive diaphragm and an electrode plate are separated by 

insulating material (consider dielectric permittivity ε). The audio signal is applied to the electrode, charging it to the ground level 

that is connected to the diaphragm. As the electrode gets charged, an electrostatic attraction force is developed between the 

electrode and diaphragm [3, 4]. This electrostatic force would deform or displace the diaphragm (say by Δx). As an alternating 

signal is applied, the displaced air would create an audible signal.  

 

 
 

Fig. 13: Electrostatic Sound Reproduction System 

a) Construction of Electrostatic Speaker 

b) Configuration of Electrostatic Speaker 

Courtesy: Yoshio Ishiguro and Ivan Poupyrev, Disney Research Pittsburgh, PA 15213 

 

 

The electrostatic force between the electrode and the diaphragm is given by Coulomb’s law: 

 

    
    

   
 = 
    

   
 

 

Where ε is permittivity, S is electrode surface size, d is distance and V is a potential difference between the electrode and the 

diaphragm [3, 4]. 

 

The ESR loudspeakers allow high quality sound reproduction thus outsourcing the traditional electromagnetic speakers [4]. 

 

Combining the 

various layers  

Post Processing 
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The ESR speaker resembles that of a capacitor and so an important property to define would be the electrical time constant τ, 

which defines the rate of the induced charge building upon the capacitor plates: 

 

τ = C. R = 
   

 
 

WhereR is the input impedance of the speaker, ε is permittivity, S is electrode surface size, and d is distance between the electrode 

and diaphragm [3, 4]. 

The sound quality of the ESR speaker depends on: 

 Larger Surface area of the electrodes: The larger the surface of the electrode, it can store more charges which 

inturn increases the electrostatic force. Since the sound is produced by the electrostatic force, the quality of the sound 

produced increases. 

 Higher Insulator Permittivity: More the permittivity of the medium more will be the electrostatic force and thus 

better sound quality. 

 Smaller distance between the electrode and the diaphragm: Smaller the distance between the electrode and the 

diaphragm, greater is the electrostatic force and thus better is the sound quality produced. 

 The thickness of the diaphragm: A thinner and a lighter diaphragm produces better speaker response because it 

provides more flexibility and easiness to move to and fro by the electrostatic force. Thus, a lighter ESR loudspeaker 

would be louder than a large ESR loudspeaker. 

In the 3D printed loudspeakers, we connect ground to diaphragm and audio signal to electrode contradictory to the early ESR 

speakers. The body of the case is first digitally developed in the computer using CAD softwares and then are printed using a 3D 

printer like Objet Eden260V 3D printer, Fab@Home 3D printer etc. A conductive layer, with nickel-based conductive spray paint, 

painted on the body of the loudspeaker acts as an inner electrode layer where the audio signals are received. The Diaphragm is 

also 3-D printed and it is coated with conductive paint and also with a silicone-based coating spray that insulates the electrode and 

the diaphragm. The Diaphragm is then inserted into the loudspeaker. Then the diaphragm and the Electrode are connected to the 

ground and a high voltage audio driver. Audio driver is a transistor amplification circuit which amplifies the input audio signal 

[5]. 

 

 
Fig 14: The audio driver circuit. 

Courtesy: Yoshio Ishiguro and Ivan Poupyrev, Disney Research Pittsburgh, PA 15213 

 

The audio drivers for 3D printed loudspeakers are used to amplify the given audio signal by using a high voltage transistor 

amplification circuit.  

High voltage converter boosts the voltage applied and is used as the source for the transistor amplifier [5]. 

3D printed speakers can take a variety of forms and shapes leading to many applications. Because of the simplicity of the 

materials used to make a 3D loudspeakers, we can give any shape to the speakers i.e. Plane, Conical, Toy shaped, Star shaped etc. 

The 3D printed speaker technology works as an alternative to the traditional techniques of integrating loudspeaker functionality 

into objects and devices. Important difference between traditional loudspeakers and 3D printed loudspeakers is that the quality of 

the sound produced by 3D printed loudspeakers is not much affected even if it is slightly touched by the human beings. However 

if the hand is itself placed over it will surely decrease the quality of the output [5]. 

 

Applications of 3D Printed Loudspeaker: 
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3D printed loudspeakers produce both audible and ultrasonic sound which can be used for character identification and distance 

object tracking. For achieving this, a compact audio driver (Small high voltage regulator with current limited output) and a 

standard microphone are used along with the 3D printed Loudspeakers.   

 Character Identification: The Ultrasound Frequency Shift Keying (FSK) modulation is used for character 

identification. The ultrasound FSK creates a unique ID for the objects to be identified. The FSK ID is actually an 8-

but ASCII code. When that object/character is brought near the microphone, it detects the modulated ultrasound 

signal. Then decodes the character ID and provides the user with the information about that object/character. It is 

necessary that the character/object must be at close distance approach (1m). 

 Distance Object Tracking: The distance of the object can be measured by using the 3D printed loudspeaker, 

microphone and Discrete Fourier Transform (DFT). The object is connected to the loudspeaker through a computer 

which outputs ultrasonic frequencies. The application software detects the signals, then measures the time difference 

between the initial and the returned signals and calculates the distance. More improved performance can be 

implemented by using Doppler Effect [6]. 

 3D printed loudspeakers will eventually replace the traditional loudspeakers in all the acoustic applications. 

 

Advantages of 3D Printed Loudspeaker: 
 It produces sound of both audible and ultrasonic frequencies. 

 It is Omni-directional. 

 Loudspeakers of almost any arbitrary shape can be constructed using additive manufacturing technique and 

Electrostatic Sound Reproduction system. 

 Since much of the additive manufacturing processes use standard materials, there will be less wastage and low 

amount of atmospheric effluents. Thus concluding that the 3D printed loudspeakers are eco-friendly. 

 The 3D printing of loudspeakers is achieved by tool-less operation which thus provides more flexibility for the 

manufacturing of the 3D printed loudspeakers. 

 It is cost effective since the process of production of different components of the speakers and then assembling them 

is avoided. 

 

Limitations of 3D Printed Loudspeaker: 
 The present 3D printed loudspeakers require a little manual assembly like coating of the surface with conductive 

spray paints etc. But scientists believe that they will overcome these limitations in near future. 

 The 3D printed loudspeakers can take any shape but scientists say that the shape of the loudspeaker which will result 

in large charge concentrations on sharp edges cannot be fabricated. Because such a circuit would cause short circuit 

between body and diaphragm and also may result in electric isolation breakdown. 

 The Omni directionality of the 3D printed loudspeakers depends mainly upon the shape of the loudspeakers. So care 

must be taken to select suitable shape of the 3D loudspeakers. 

 

 

 

Conclusion: 
 Different manufacturing techniques are efficient enough in manufacturing different materials. But amongst all, 

Stereolithography and FDM are presently more accurate and more precise processes of manufacturing using the 3D 

printing processes and they enjoy the majority of the share of the market. Although the research to well-equip the 

other processes is also rapidly growing. Especially the production using the Laser technique is gathering much 

attention of the researchers from the recent past. But atleast till the near future, Stereolithography and FDM have 

stabilized their rule. 

 The 3D printed Loudspeakers are Omni-directional and its property depends on the shape of the loudspeakers and 

the electrode. 

 Loudspeakers of any shape can be manufactured using 3D printing process. 

 Sounds of  both audible and ultrasonic frequencies can be generated by using 3D printed loudspeakers. 

 3D printed loudspeakers are used for character identification and distance object tracking. 

 The slight touches to the 3D printed loudspeakers do not affect the sound quality much. 

 It is cost effective and low powered. 

 3D printed Loudspeakers are manufactured effectively and precisely by PolyJet Technology because of the 

following reasons : 

1) This Technology prints parts and assemblies made of multiple materials, with different mechanical properties, all 

in a single build. 

2) Creates almost any complex multi-material 3D shape with unprecedented detail, accuracy, speed, and ease-of-use. 

3) The functional parts are manufactured in a single stretch to a high accuracy with a high speed and high quality. 
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