
3D-printed sensors on textile surfaces 

Abstract 
In recent years, we have always used the 3D printing technology of fused deposition 
modelling (FDM) in our projects and are fascinated by the incredibly diverse possibilities of 
application as well as the enormous advancements that have been seen in this field. 
Nowadays, a seemingly infinite variety of filaments are available which exhibit very varied 
properties. 
In our project, we add to this diversity by developing sensors through the selective 
combination of materials in conjunction with structures that can only be produced by means 
of additive manufacturing. In addition, we aim to test printing of these on textile surfaces – a 
new area of application that is currently the subject of intense research. 
 
Question 
Can sensors, e.g. bending sensors, touch sensors and force sensors, be printed directly onto 
textile fabrics or knitwear using commercially available 3D printers? 
 
Objectives and results 
We succeeded in developing sensors that can be printed on textiles with a 3D printer using 
the FDM process with flexible and conductive filament.  
Sensors that can be printed directly onto textiles open up a wide range of applications – 
from straightforward user interactions in “smart clothing” to therapeutic applications in 
patient rehabilitation, e.g. using protectors with sensor technology. 
 
Here, 3D printing is not only used as a tool to produce housings or mechanical components 
but is actively incorporated in the research process. The parameters of 3D printing as well as 
the macrostructures created are used to produce sensors with differing properties and 
measuring ranges, thereby significantly expanding the potential of 3D printing: 
 
One of the sensor types we developed enables the measurement of user input via touch (1D: 
state), as well as positioning (2D: incremental inputs) for smart textiles or other innovative 
interfaces in human-machine interaction. 
Another of our sensors enables the detection of bending processes (2D) – applicable for 
example in robotic controls or bionic systems for the detection of finger positions. 
We use the structural design produced by means of 3D printing for the sensors that measure 
force (3D). Here, the measuring range can be determined via the density in the printing 
process. 
In addition, we developed a measuring field with this sensor type that enables precise 
measurement of the application of forces over surfaces – using only the self-printed sensors. 
Calibration, display, and evaluation of all sensors is carried out by means of microcontrollers 
and Python programmes on the computer. 
All sensors show a very linear response within the respective measuring ranges (R2 up to 
>0.9). 
Our development can be used in the field of smart textiles, but it also offers fascinating 
possibilities in therapeutic applications: for example, protectors with built-in sensors are 
possible – we developed a smartphone app for this purpose. 
Our development approach is also suitable for teaching applications and other research 
projects. 


