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Abstract 
 
The previous studies have been explored the synthesis and preparations of 

the functionally and sensitive materials and applied for the components in the 

sensing, actuating and electronics applications. The stimuli responsive 

materials have been explored to a great extent for the preparations of the 

pressure, thermal, gas, displacement, force, speed, chemical, humidity, blood 

pressures. Also, the some of the studies have been reported for the 

preparations of the biomedical sensors and biosensors for different 

prospective. The additive manufacturing has been considered as one of the 

most advance techniques for sensor manufacturing with edge of design 

flexibilities. This study highlights the additive manufacturing of the various 

sensors and actuators in possible engineering applications. 

 

Keywords: physical sensors, 3D printing, thermal sensors, gas sensors, 

chemical sensors 

 

1 Introduction 
 

  In the last few years, the additive manufacturing (also called 3D printing) 

has been emerged as an advance manufacturing tools for preparation of the 

functional and non-functional components. The additive manufacturing has 

established the promising possibilities for manufacturing of sensor and 

sensing components [1]. With the evolution and advancement in the 3D 

printing process it is become possible to customize the sensors with great 

range of rigidity as well as flexibility [2, 3]. The sensors are broadly divided 

into six  
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basic types; thermal, radiation; mechanical, magnetic, chemical and 

biological sensors [4] (see Fig. 1). Temperature, heat, heat flow, entropy, 

heat capacity are some of the quantities which measure by the thermal based 

sensors [5]. Using the mechanical sensors, quantities such as; displacement 

force, velocity, acceleration, pressure, wavelength and amplitude can be 

measured [6,7]. The radiation based sensors can measure the X-rays, gamma-

rays, ultraviolet radiation, microwave radiations and radiowave signals [8,9]. 

The magnetic based sensors are mostly prepared with the 3D printing 

approach. The 3D printing process helps to prepare the magnetic sensors 

based on magnetic fields, magnetic flux, magnetic moment and magnetic 

permeability sensing etc [10, 11].  Under the chemical based sensors, the pH, 

Humidity, gas, pollutants, vapors and ions can be manufactured using the 3D 

printing process [12]. The manufacturing of the biological sensors are also 

reported using 3D printing process for sugar, protein, hormones and antigens 

based sensors [13, 14].The study reveals the preparations and performance 

evaluation of the 3D printed strain sensors. The proposed 3D printed sensors 

showed the capabilities for use in high temperature applications [15]. 
 

 
 

 

Figure1 Classifications of Sensors [4] 

 

2 Thermal Sensors 
 
  The previous studies have detailed the preparation, synthesis and design 

configuration of the sensors and sensor materials for sensing of thermal  
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quantities. The additive manufacturing processes have been evolved with the 

fabrication of design with metal, alloys, polymers and composites. The 3D 

printing processes have been determined as the promising technology for the 

preparation of the thermal sensors. There are numerous applications have 

been reported for the additive manufacturing of thermal based sensors. 

Someya et al. (2005) have proposed large area network of the thermal 

sensors [16]. The proposed materials can be used as the additive materials for 

manufacturing of the thermal sensors by 3D printing process. Van et al. 

(1986) have investigated  

the performance of the thermal sensors which works on the “Seebeck effect” 

principle [17]. The proposed sensors can also be manufactured using the 3D 

printing process. Some of the studies have also reported for the preparation 

of the thermal based sensors, its optimization, performance and applications 

[18-20].  

 

3 Radiation Sensors 
 
  There are several materials have been reported which can sense the 

changes in X-rays, gamma rays, microwave, radio-wave and ultra-violet rays. 

The 3D printing can be helpful for preparation of the radiation sensors and 

radiation shielding components. Rengier et al. (2010) have reviewed the 3D 

printing concept for the imaging data in medical applications [21]. Zemnick 

et al. (2007) have suggested the technique for the preparations of the 

radiation shield by the rapid prototyping process [22]. The electromagnetic 

shielding is necessary at the place where radiations are measured high. The 

polymeric based composites can be one of the shielding medium for the 

preparations of electromagnetic shielding utilities by 3D printing process. It 

has been investigated the performances and effectiveness of the 3D printed 

electromagnetic shielding made up of using polymeric composite materials 

[23]. Some studies have been suggested the applications of the 3D printing 

process, performance and effectiveness of the radiation based materials, 

shielding components and sensors [24-26].  
 

4 Mechanical Sensors 
 
  The mechanical sensors include those sensors which can measure the 

changes of quantities of velocity, pressure, force, rotational speed, 

displacement, amplitude, wavelength and acceleration etc. A numerous 

studies have been reported for the preparation of mechanical based sensors. 

Guo et al. (2017) have been reported the preparations of the multimaterial, 

multiscale, and multifunctional tactile sensors using 3D printing process. The 

proposed route for the 3D printing has been suggested with the applications 

in wearable electronics devices and bionic skin applications [27]. The 3D 

printing process  

allows for preparations of the strain sensors [28]. A number of studies have 

been reported for the preparations of pressure based sensors for different  
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applications by 3D printing process. Peng et al. (2018) have proposed the 

low cost materials and design for ultrasensitive pressure sensors [29]. Tang et 

al. (2020) have reported the manufacturing of the highly sensitive and 

flexible pressure sensor by 3D printing process with positive piezoelectric 

effect [30].  Also, It has been reported some of the studies regarding the 

preparation of the force based sensors using the polymeric composite 

materials by 3D printing process [31]. Kesner and Howe have given the 

design principle for the 3D printing of the force sensor [10]. Also some of the 

studies have been reported for the 3D printing of sensors materials in soft 

electronics, wearable electronics and mechanochromic materials [32-34].  

 

5 Magnetic Sensor 
 

  The magnetism is one of most widely reported stimuli for the shape 

memory effect in engineering materials especially in case of 

polymericcomposites. It has been considered that 3D printing of the stimuli 

responsive materials also called the 4D printing. The 4D printing of the 

magnetic stimulus responsive materials can be considered for preparations of 

sensors in for actuator and sensor applications especially in robotics fields.  

The previous studies have suggested the applications of the magnetic sensors 

in spin valves, magnetic tunnel, superconductive quantum interference 

device (SQUID), magneto transistors, automotive, compass systems and 

preparations of the small magnetic sensors for space applications [35-39]. 

The components of such system sensors can be 3D printed using different 

additive manufacturing processes. 

 

6 Chemical Sensors 
 
  The chemical based sensors are having wide applicability and 

prospective in the pharmaceutical as well biological fields. Kennedy et al. 

(2017) have reported low cost manufacturing of the vapour sensor of poly 

vinylidene fluoride (PVDF) reinforced with carbon nanotubes (CNT) by 3D 

printing process [40]. Goh et al. (2018) have been reported the fabrication of 

flexible pH sensor prepared by using the carbon nano tubes (CNT) for live 

cell applications. It has been reported the use of the aerosol jet techniques for 

the preparations of the pH sensors [41]. Such pH sensors can also be 

prepared using the additive manufacturing techniques. Also, the study has 

reported for 3D printing of sensors systems for the quality checking of water 

[42].  Along with the above mentioned application of the chemical sensors 

and manufacturing techniques of the different sensors, 3D printing process 

extended itself for numerous applications. The 3D printing process has the 

capability for fabricate flexible sensors and sensing components for ion, 

vapor, pollutants, pH and humidity sensing applications. 
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7 Biological Sensors 
 

  In the biomedical engineering and biological applications, the 

manufacturing of the biosensors have been shown the great utilities. The 

biosensors consist of the basic configuration of the transducer which can 

sense the change over the biological component such as enzymes, protein, 

vitamins and etc. In the recent past, the 3D printing processes have shown the 

great options for manufacturing of the biosensors. The study has reported for 

the preparation of 3D printed chemiluminescence biosensors. The proposed 

3D printed biosensors can helpful for detection of the lactate in oral fluid and 

sweat [43]. Distler and Boccaccini (2020) have reviewed the 3D printing of 

electrically conductive hydrogels for biosensors applications. It has been 

considered that the electrically conductive hydrogels have tendency to be 

used as the smart, biosensoric, and functional scaffolds applications [44]. 

Similarly, the 3D printed biosensors have been reported for the medical 

diagnostics applications .  This means, it has been assured by the previous 

studies that 3D printing is a novel technique for preparations of the 

biosensors in different area of applications. 

 

8 Future Scope of 3D Printing of Biosensors 
 

  The performance of the sensors of any types (e.g. mechanical, chemical, 

biosensors, thermal and magnetic sensors etc.) are largely dependent upon 

the behavior of selected materials and the design of the sensing systems. 

There are various materials have been developed in the recent past which 

shown the great  

sensing abilities to the external stimulus. For example, the materials have 

been developed which can change their shape and size when external 

stimulus (e.g. heat, electric current, humidity, pH, force, magnetic fields, 

pressure and exposure to chemicals etc.) applied. These materials in general 

have been termed as the shape memory materials or smart material. The 3D 

printing of these materials has been termed as 4D printing. The 4D printing 

of these materials can have the future scope in preparations of the flexible 

and performance based sensors in excellent applications. 

 

9 Conclusions 
 
 The additive manufacturing processes have been evolved with the 

fabrication of design with metal, alloys, polymers and composites. The 

3D printing processes have been determined as the promising technology 

for the preparation of the thermal sensors. 

 The electromagnetic shielding is necessary at the place where radiations 

are measured high. The polymeric based composites can be one of the 

shielding medium for the preparations of electromagnetic shielding 

utilities by 3D printing process. 



 

 

 
 

 

 

11522 Ranvijay Kumar 

 

 The 3D printing process has the capability for fabricate flexible sensors 

and sensing components for ion, vapor, pollutants, pH and humidity 

sensing applications. 

 The biosensors consist of the basic configuration of the transducer which 

can sense the change over the biological component such as enzymes, 

protein, vitamins and etc. 

 The 4D printing of shape memory and smart materials can have the 

future scope in preparations of the flexible and performance based 

sensors in excellent applications. 
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