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Executive summary

During my final bachelor project (FBP) I investigated the possibility to create interactive 
meta-materials through the use of bi-stability. Meta-materials are material structures 
that get their properties from their internal structure instead of from material properties. 
This is made possible by advancements in additive manufacturing technologies 
(Zadpoor, 2016). The result of my FBP research project is a proposal, in paper form, for 
a modular system of bi-stable metamaterials that can perform continues computation 
by switching bi-stable elements between their two stable states. To demonstrate the 
continues nature of this the system, I made a 2-bit binary adder that only requires one 
input to perform a continues operation. Every time a cycle, changing the Input from 
OFF to ON and back to OFF, is completed the stored number in the bits will have gone 
up by one.

In the past semester I have gone through many iterations of the elements that form the 
basis for the system and how they should be designed in order to be able to perform 
calculations. The most important parts of this process are described in the paper that 
forms the body of this report. This should give an adequate overview of the types of 
activities that were done and how they contributed to the final result.

My FBP was done in the Adaptive Mobility squid with Lightyear as a client. Lightyear, 
who makes a commercial solar car is interested in keeping all the components in the 
vehicle as light as possible. The project I choose to work on was to apply meta-materials 
for the design of a car seat. Based on a literature review and consulting a professor 
active in the field I decided to take my FBP into the direction of creating an interactive 
programmable system out of bi-stable metamaterials that could one day be used to 
facilitate shape change is a meta-material car seat.



Prologue

When choosing projects in my studies and outside of that, I have one important 
requirement the project needs to meet, sustainability. This can be in many forms, 
creating personalized items that last longer, working with recycled material’s or finding 
alternative methods of production that are more sustainable or that create more 
sustainable products.
The Adaptive Mobility squid was my second choice for my FBP, my first choice was 
Crafting Everyday Soft Thing (CEST). I choose this order as my vision and professional 
identity more closely match the activities and goals of the CEST squad, with a focus 
on personalization, sustainability and digital craftmanship. This is the reason I 
choose the meta-materials project for Lightyear. This project closely matched my 
interests regarding sustainability and additive manufacturing. Lightyear would also be 
the kind of company I would like to work for in the future, being at the pinnacle of 
innovation and working on products never realized before in this way, the Lightyear 
One (‘Lightyear One’, n.d.). This project allowed me to apply my skills in 3d printing and 
digital manufacturing and expand my knowledge about the basics of computing.  



Introduction

Lightyear is building the car of the future, the Lightyear One, a solar powered car that 
can get most of its electricity, all in some cases, from the sun (‘Lightyear One’, n.d.). 
Lightyears mission as stated on their website is “Clean and affordable mobility for 
everyone.” (‘Clean and affordable mobility for everyone | Lightyear Mission’, n.d.). To 
achieve this all the parts that makeup the car also needs to achieve this goal. Ferrão 
and Amaral suggest to apply a design for recycling (DfD) approach in the automotive 
industry and they developed a software tool that can aid in this process (Ferrão & 
Amaral, 2006). Reducing the amount of different materials used eases the recycling 
process at the end of a vehicle’s life. Mechanical meta-materials could play a role 
in this as their properties are not reliant on material properties but an the (micro) 
structure of the material allowing them to be used to fulfil multiple functions within 
one product (Zadpoor, 2016). Amorim at al. have demonstrated the possibilities of 
creating personalized shoe soles by combining different types of mechanical meta-
materials to vary the stiffness of the sole (Amorim, Nachtigall, & Bruns, 2019). This 
showns the potential to use these types of mechanical meta-materials for the creation 
of a car seat, replacing the materials commonly found in the seat. I assume other types 
of mechanical meta-materials could be used to replace mechanism for action of the car 
seat, e.g. changing the stiffness of the seat. In this project I looked into the possibility to 
create a mechanical meta-material system that can compute programmed behaviour 
with the goal that it can one day be used in the design of a meta-material car seat. My 
research has been written up in the form of a design research paper. The paper focuses 
on the creation of a meta-material computational system as that is what the majority of 
my work has been on and that is where I believe the contribution lies. 
After finishing this project for my FBP, I will continue to work on the subject together 
with my coach, Miguel Bruns, Troy Nachtigall and Daniel Saakes to write a paper for CHI 
or a similar conference.
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ABSTRACT 
Mechanical meta-materials with programmable behavior 
achieved through bi-stability have been created for various 
use cases. All these bi-stable meta-material systems can only 
be used once and need to me manually reset after activation. 
These reactive systems do not allow for continues 
computation which would be necessary to use bi-stable 
metamaterials form computing user input into an output. I 
propose a framework for interactive bi-stable meta-materials 
that does not require a manual reset action, allowing for 
continues computation. I demonstrate the functionality of 
this system with the design of a 2-bit binary adder that only 
needs one input in order to work. With the proposed 
framework I want to allow others to use interactive meta-
materials in their design. 
Author Keywords 
Mechanical meta-material; Bi-stability; Mechanical 
computing; 
ACM Classification Keywords 
H.5.m. Information interfaces and presentation (e.g., HCI): 
Miscellaneous; See http://acm.org/about/class/1998 for the 
full list of ACM classifiers. This section is required. 
INTRODUCTION 
Bi-stable meta-materials are material structures that can be 
in one of two stable positions. These material structures are 
a specific type mechanical meta-materials (MM), i.e. 
material structures that exhibit behavior due to their structure 
instead of material properties.  MM are increasingly being 
researched for their programmable behavior [2,13]. The 
development of advanced additive manufacturing 
techniques, e.g. 3D printing with soft materials, allows for 
easier design and manufacturing of these MM [12]. When 
combining bi-stability with other MM, the resulting material  

Figure 1:2-bit binary counter made from flexible 3D 
printed plastic 

can be used to program responsive behavior into meta-
material mechanisms as shown by Ion et al. in their design of 
a digital combination lock for a meta-material door handle 
[6,7]. Their research shows MM can be used to create shape 
change within an object and that this shape change can be 
programmed. Shape changing interfaces are interactive 
computational devices that convey meaningful information 
through shape or material change, Alexander et al. [1] 
describe the grand challenges faced when designing shape 
changing interfaces, e.g. sustainability, formfactor, I/O 
modality, and the lack of relevant toolkits. Bi-stable meta-
materials could be used to compute user input into an 
actuation of the interface, eliminating the need for integrated 
electronics, simplifying the design and allowing the designer 
to purely focus on the haptic modalities of the design. In this 
paper I present an interactive bi-stable meta-material system 
that supports continuous computation though material 
deformation. The result of my iterative design process is a 
proof of concept for the creation of bi-stable meta-material 
structures that can perform a desired computation. As a 
demonstration I present a 2-bit binary adder, a detail is shown 
in figure 1, that only requires one input to perform continues 
computation. 
RELATED WORK 
The ability of mechanical meta-materials (MM) to replace 
conventional mechanical assemblies has been demonstrated 
by Ion et al. in their design of a fully compliant door handle 
and latch mechanism 3D printed out of one material [6]. The 
meta-material is built up from square grid cells that can be 
reinforced by one or two diagonals to create rigid cells. The 
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open cells, sheer cells, can sheer whereas the cells with 
diagonal reinforcements cannot. By varying the parts of the 
structure that can and cannot sheer, motion is programmed 
into the structure. Coulais et al. have demonstrated 
programable properties of a meta-material system comprised 
of 3D cells (voxels), that can be programmed by changing 
the orientation of the voxels [4]. The programmed shape is 
revealed when the system is compressed in the z-axis. The 
researchers were able to implement a key, a pattern of pins 
in the compression plate. The programmed shape would only 
be shown if the correct key was used during the compression. 

 
Figure 2: The basic bi-stable element that forms the basis 

of the computational system 
Bi-stability 
Bi-stable metamaterials have been used in soft robotics to 
provide directional momentum in an untethered soft robot by 
Chen et al. [2]. The robot uses the energy released by a bi-
stable element to propel a small floating robot towards a 
target. The bi-stable element is activated by a shape memory 
polymer muscle that is just strong enough to overcome the 
instability of the bi-stable element. The energy for activation 
is provided by the water the robot is floating in. Mechanical 
products that actuate through flexible joints are called 
compliant mechanisms [9]. Compliant mechanisms allow for 
the design of complex structures without moving parts. 
Cherry and Howell [3] show the behavior of compliant bi-
stable mechanisms and how they behave in 3D space. They 
demonstrate a possible use case for such mechanisms as 
replacements for pyro mechanics on board a spacecraft [13]. 
The bi-stable mechanism can be used as a release mechanism 
in several ways, cutting a wire or pulling/pushing a bolt. 
Expanding on their research on MM, Ion et al. added a digital 
combination lock to their MM door latch [7]. Their system is 
comprised of a basic bit cell with a bi-stable element that can 
be activated by the bit before it or by the user. Logic is 
implemented in the system via gate cells, these cells can 
block the incoming signal. The gate cell allowed the 
researchers to create a variety of logic gates and perform 
basic computations. What all the aforementioned bi-stable 
MM have in common, is that they can only be activated once. 
After activation, all the cells in Ion et al. design have to be 
individually reset. My approach does not need a reset action 
of the individual components. Calculation is performed by 
changing back and forth between the stable states of the 
mechanism. 

Mechanical computing  
Mechanical computing has been used in the past to solve 
complex problems. Charles Babbage tried to build the first 
mechanical computer, hoping to eliminate the errors he 
found in mathematical tables [10]. Alan Turing build the 
bombe machine during World War 2 to crack the enigma 
code and ultimately win the war [11]. Merkle et al. showed 
the possibility to create a mechanical computer using only 
links and rotary joints [8]. The researchers proved their 
system is Turing complete by designing a NAND gate as a 
demonstration of universal combinational logic and a shift 
register to show sequential logic. All the rotary joints could 
be replaced by flexures to create a fully compliant 
mechanism. Simulations shown this system could be more 
energy efficient than conventional electronics when 
produced on a micro scale. 

 
Figure 3: Top: Element with straight diagonal flexible 

beams. Middle: Lightly bent flexible beams. Bottom: More 
strongly bent flexible beams. 

BI-STABLE ELEMENT 
The basis of our computational system is a compliant 
element with bi-stable properties in a linear direction. The 
design of the element is derived from the cell structure 
presented by Ion et al. [6] in order to easily integrate the 
created elements into a larger system. The bi-stable element 
consists of three-square elements spaced an equal distance 
apart. The three elements are connected together by flexible 
beams as shown in figure 2. The beams are not connected 
straight between the squares, but they are slightly curved 
diagonals so that the length of the beam is slightly longer 
then the distance between the squares, this allows for 
movement of the middle square. By locking the outer squares 
in place, the middle square can be moved from its fabricated 
state to a second stable state. 



Development of the bi-stable element 
The development of the bi-stable element was done in 
several stages, ultimately resulting in the element described 
above. The first attempt to create bi-stability was done by 
creating a grid of reinforced unit cells [6] consisting of four 
rows and fourteen columns. The direction of the diagonal 
reinforcement was mirrored around the middle. Columns 
five and ten only consisted of the diagonal element of the 
cell. The short diagonal beams proved too stiff to create bi-
stability and they would immediately spring back to their 
fabricated state. Reducing the number of beams, by 
physically cutting them out, from four to two on each side 
also proved unsuccessful. 

The next attempt to create bi-stability was done by increasing 
the length of the beams from one to three cells, spacing the 
squares further apart. This resulted in a second stable state, 
although very little energy was required to change the 
element back to its fabricated state. The solution to create a 
stable element was to replace the diagonal with a spline that 
connected perpendicular to the squares and formed a sort of 
s-shape between them. I compared the diagonal beams with 
two different splines, shown in figure 3, to figure out the 
most ideal shape of the flexible beams. 

 
Figure 4: A basic element that passes the signal forward 

and to the left. 
Modular system and blocks 
The bi-stable element described above forms the basis for the 
computational system I propose. In order to go from one bi-
stable element to a larger system, multiple elements need to 
be combined in order to be able to perform calculations.  

The building blocks of this modular system consist of four 
basic elements combined in a grid structure, creating a square 
where each side is a basic element. This leaves the middle of 

the block open for the structure that gives the block its 
function. The basic block is one that passes the signal along 
in one direction or to the left or to the right, an example is 
shown in figure 4. Basic blocks can also be made to transmit 
a signal in two or three directions, effectively doubling or 
tripling the amount of signal paths. These blocks can be seen 
as the wires in a normal electric circuit. 

 
Figure 5: Basic element, that passes a signal to the left, on 

a universal base for two blocks. 

As all blocks have the same shape, they an easily be 
combined together. The four corner pieces need to be 
anchored in place in order to create bi-stability. A universal 
base was created that has pins to lock the corner pieces in 
place. The size of the bases was restrained by the 3D printer 
used to make them. I made a base for one block, two blocks, 
shown in figure 5, and a square base for four blocks. 
Different blocks can easily be linked together by small 
connectors, links, that lock any two elements together. The 
links can be used to lock multiple blocks together and to 
connect the signal paths together.  

  
Figure 6: Left: Positive evaluation block. Right: negative 

evaluation block. 
Evaluation blocks 
The second type of blocks are evaluation blocks, these blocks 
allow to create logic in the system. The structure in the center 
of the block is designed so that a second signal (the 
evaluation signal) deforms the internal structure to let the 
signal pass, an open data path, or deflect, a closed data path, 
within the block. The internal structure in these blocks 
consists of a compliant mechanism that can deform into or 
out of the required shape. The evaluation blocks are based on 
the gate cells described by Ion et al. [7].  



The evaluation blocks function very similarly to transistors 
used in conventional electronic circuits. My proposed system 
has two evaluation blocks, the positive evaluation bock and 
the negative evaluation block. The positive evaluation block 
has an open data path when it receives a positive signal on 
its evaluation input, the negative has an open data path when 
there is no evaluation input, this is shown in figure 7. 
The negative gate has the added functionality that when it 
receives a data signal when the evaluation signal is high and 
then taken to low, it will still not transmit the data signal. 
Only after the data signal is turned off again, the blocks 
internal structure deforms to open de data path. The positive 
evaluation block does not have this function.  

 
Figure 7: Evaluation blocks in their ON and OFF states. 
An open data path is indicated with green, a closed data 

path with red. 
SIGNAL PROPAGATION AND LOGIC 
In order to make a functioning computational engine from 
the different types of blocks it needs to defined what in the 
proposed system counts as ON and OFF. Looking at the 
basic bi-stable element, the fabricated state is defined as OFF 
and the second stable state as ON. In most cases this means 
an element is OFF when all the parts align and ON when they 
do not, see figure 8. A data signal that goes from OFF to ON 
and back to OFF will be regarded as a cycle. The 
implementation of cycles will allow for continues 
computation.  

I have defined two types of signals in order to make it 
possible to do computation, the data signal and the evaluation 
signal. The data signal carries the information used to 
compute with, the evaluation signal is used to interrupt the 
data signal or let it pass. This is best explained based on the 
function of an AND gate, figure 9. The AND gate consists of 
two positive evaluation blocks back to back. Only when both 

of the evaluation signals are ON, the data signal is able to 
travel through the gate. Whether a signal is a data signal or 
an evaluation signal depends on the block it interacts with. A 
data signal in one block can become an evaluation signal in 
another, this happens in the NAND and OR gates shown in 
figure 10. 

 
Figure 8: Left: Signal defined as OFF. Right: Signal 

defined as ON 
Logic gates 
The evaluation blocks allow for the creation of logic gates in 
the same way as described by Ion et al. [7] by combining 
multiple evaluation blocks and using multiple signal paths 
that come together into one output. The logic gates created 
using this method have the downside of becoming very large 
due to the number of individual blocks that need to be 
combined. Figure 10 shows that NAND and OR gates each 
take up six blocks. An XOR gate takes up nine blocks of 
space.

 
Figure 9: Top: AND gate when both evaluation inputs are 
OFF (red), data path is closed. Bottom: AND gate when 
both evaluation inputs are ON (green), data path is open. 

 
The proposed system however, allows for the creation of 
purposely designed blocks, due to the freedom to design the 
internal structure of the blocks. I demonstrate this with the 
design of a latch type logic component called the state 
switch.  



 

 
 

Figure 10: Left: OR gate made using the proposed system. Right: NAND gate made using the proposed system.  
The negative evaluation block at the end of the gate inverts the signal from the gate in front. Basic blocks are shown in grey.

Design of the state switch 
The properties I aimed for in the creation of the state switch 
are as follows: 

- The switch has two states, ON and OFF. 
- Every time the switch receives a data signal, it 

switches its state. 
- In the ON state, the state switch passes on a data 

signal to the next block. 

These functions are very similar to a D latch, being able to 
store the data that comes along in the data signal [5]. The 
difference between a D latch and the state switch is the 
amount of inputs, a D latch has two, where the state switch 
only has one. The aim was to create the state switch out of 
the smallest number of blocks possible to minimize the 
footprint in the system. 

 
Figure 11: First iteration of the state switch 

First iteration  
The first iteration, see figure 11, consisted of a total of eight 
blocks in a two by four grid. The first column of blocks was 
used to double the input signal to both rows. The middle two 
blocks on the bottom row consiste of a negative and positive 
gate with their evaluation inputs facing towards the blocks 
above. The two middle blocks in the top row record the state 

of the switch, the state block. They turn both evaluation 
blocks on and off, opening/clogging the data path. The state 
block is not connected to the blocks next to it so it can be 
pushed back and forth between its two states. 

 
Figure 12: Second version of the state block. The spring in 
the middle allows for compression from both the right and 

the left side of the block. 

When the state switch is in its off position and a signal is 
given, the state of the switch is changed, turning the 
evaluation signal from the negative block off and giving a 
data input at the same time. This is where the extra function 
of the negative evaluation block, as described above, comes 
in. When the data signal tuns off again, the switch remains in 



its on position and the negative gate block returns to a state 
where it will transmit the data signal. Turning the state switch 
off is done by the two blocks in the last column. The signal 
curves around and pushes the state block back into the off 
position.  

 
Figure 13: The second iteration of the state switch. 

The positive evaluation block in this design is redundant, as 
it does not provide any additional functionality over the 
negative gate block. This version of the state switch can also 
not be turned off again via the same input signal. The 
intended way to do this results in compression from two sides 
of the state block. 

 
Figure 14: A special version of the negative evaluation 

block. The output is connected to the evaluation element so 
that the evaluation signal is turned on when a data signal is 

transmitted. 
Second iteration  
In this version, see figure 13, of the state switch the positive 
evaluation block is removed, as it served no real purpose and 

a new state block was designed that can withstand 
compression from two sides. 

The internal structure of the new state block, figure 12, 
consists of a vertical beam whit a small spring in the middle. 
The left input is connected to the top element of the block 
and the right input is connected to the bottom element of the 
block. The spring in the middle of the beam allows both 
inputs to be active at once. When only the left input is active 
the spring is strong enough to pull the bottom element and 
the right input into their second stable state. When both 
inputs are active and released at the same time, the state 
block will go back to its off state, as this is the fabricated 
state which is preferred over the second stable state by the 
material.  

In reality, designing a spring that it has the functionality as 
described above is very difficult. A second iteration of this 
state block was made to optimize the spring, but this version 
also proved to be unreliable.  

 
Figure 15: Third iteration of the state switch 

Third iteration 
For the first iteration of the state block, another approach was 
taken in order to eliminate having compression from two 
sides in the state block. This version of the state switch is 
based on a special version of the negative evaluation block 
that turns its own evaluation signal on when it receives a data 
signal, effectively turning itself off. This is done by linking 
the output element of the block to the evaluation element as 
shown in figure 14. By using two of these negative 
evaluation blocks mirrored along the side of the evaluation 
signal the state switch is created. This is the smallest version 
of the state switch, only requiring four blocks, as shown in 
figure 15, with the first two blocks being the input. 



 
Figure 16: The four states of the 2-bit binary adder, from top left to bottom right. State 0: Both bits in OFF position. State 1: 

Only first bit in ON position. State 2: Only second bit in on position. State 3: Both bits in ON position.

This last iteration of the state switch is, however, also not 
without issues. The element that connects the output to the 
evaluation element pulls on the evaluation element at an 
angel, making for a sketchy state switch at best. This is 
slightly improved by adding a small pillar for the link to wrap 
around, directing the pulling force on the evaluation element 
to be in line with the direction of the state switch. But this 
introduces friction in the system that also makes for a 
problematic state switch. 
RESULTS 
In order to demonstrate the functionality of the system I put 
together a 2-bit binary adder by combining two of the state 
switches described above. The first bit was a second iteration 
state switch and the second bit a third iteration state switch. 
The logic in both the state switches works as intended. 
During the first cycle, the first bit will be set to an ON state. 
With the second cycle, the second bit will record an ON state 
while the first bit goes back to its OFF state. The different 
states are shown in figure 16. With this example I show that 
the system is truly interactive since it only requires one type 
of input for the system to perform continues computation. 
DISCUSSION 
The logic in the proposed system works as intended, this is 
not always the case for the fabricated components. There are 
several factors that make the actuation of the blocks 
unreliable and somewhat unpredictable. All the blocks were 
3D printed using Filaflex, a TPU 3D print filament with a 
shore A hardness of 82, the data sheet is provided in 
Appendix A, on a modified Ultimaker 2 3D printer. Even 

though the printer is optimized to print with flexible 
materials, the print results showed to be inconsistent. Models 
that were printed from the same spool of material and with 
the same settings showed very different properties, namely 
in the rigidity of the material. This makes it hard to predict 
how the blocks will behave when printed. This also means 
that the functions based on material properties and 
deformation will behave slightly different every time, like 
the spring in the second iteration state block. A more reliable 
method of production would greatly improve the reliability 
and predictability of the blocks and the system as a whole. 
This gives me faith that all the current issues can be 
overcome since they are engineering problems. 

 
Figure 17: Left: Negative evaluation block with initial 

number of flexible beams. Right: Negative evaluation block 
with reduced number of flexible beams. 

When combining larger numbers of blocks together into a 
computational system, I noticed the force required to achieve 



state change increased significantly, sometimes to a point 
where the blocks were not strong enough to pass the force 
along, buckling in undesirable directions. In the first design, 
all the blocks had four flexible beams for each of the bi-stable 
elements giving a total of up to sixteen flexible beams per 
block. After consulting an expert, I reduced the number of 
flexible beams to two per bi-stable element, if the element 
would be connected to another block in the desired system. 
Figure 17 shows a negative evaluation block before and after 
removing the redundant flexible beams. For bi-stable 
elements that would not be connected to another element I 
kept the four beams to guarantee stable bi-stability. Reducing 
the number of flexible beams greatly reduced the force 
required to achieve state change. I still imagine that high 
forces might prove a challenge in much larger systems.   
CONCLUSION 
My proposed system for interactive metamaterials shows 
that it is indeed possible to create an interactive computation 
system out of bi-stable elements. It has been demonstrated 
that logic components can be made in a similar way to prior 
research and that it is possible to create purpose build 
mechanisms with a very specific function, reducing the 
amount of space and material required. 

I showed the development of the proposed basic bi-stable 
elements and how it can be used to create larger blocks with 
logic functions, the evaluation blocks, and how these blocks 
can be combined into a modular system. The biggest 
advantage of this system is its capability for continues 
computation. There is no need to reset any of the elements in 
the system by hand, this can all be done by the system itself, 
through the implementation of cycles.  

As a next step I want to look into the possibility to create 
dedicated mechanisms for the standard logic gates to allow 
for easier system design and more complex computation. So 
far, the system has been entirely 2D and all the blocks 
function in a flat plane. Expanding the system so multiple 
blocks can be stacked on top of one another would reduce the 
footprint of the system and allow for closer integration of 
different elements.  
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Property Unit Value Test method according to
Hardness Shore A 82 DIN ISO 7619-1 (3s)
Density g/cm³ 1.12 DIN EN ISO 1183-1-A
Tensile strength MPa 45 DIN 53504-S2
Elongation at break % 600 DIN 53504-S2
Stress at 20% elongation MPa 2.5 DIN 53504-S2
Stress at 100% elongation MPa 6 DIN 53504-S2
Stress at 300% elongation MPa 10 DIN 53504-S2
Tear strength N/mm 70 DIN ISO 34-1Bb
Abrasion loss mm³ 25 DIN ISO 4649-A
Compression set 23°C / 72 hours % 25 DIN ISO 815
Compression set 70°C / 24 hours % 45 DIN ISO 815
Tensile strength after storage in water at 80°C for 42 days MPa 32 DIN 53504-S2
Tensile strength after storage in water at 80°C for 42 days MPa 32 DIN 53504-S2
Elongation at break after storage in Water at 80°C for 42 days % 600 DIN 53504-S2
Notched impact strength (Charpy) at +23°C kJ/m² kB DIN EN ISO 179-1
Notched impact strength (Charpy) at -30°C kJ/m² kB DIN EN ISO 179-1

 3D PRINTING PARAMETERS VALUE
Printing Temperatures 215-250°C

Printing Speed 20-60 mm/s

Hot-Bed temperature 0 °C

Optimal layer height 0,2mm

Minimal Nozzle diameter 0,4mm or higher recommended)

Rectraction parameters 3,5-6,5 mm (speed 20-160 mm/s)

Filaflex®Original 82A 
Filaflex is a Thermoplastic Polyether-Polyurethane elastomer with additives 
that allow high printability in FDM printers, Filaflex® has a remarkable 
hydrolysis resistance, high resistance to bacteria and low temperature 
flexibility properties in printed parts.  
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FILAFLEX ® ORIGINAL MSDS 

 

1. PRODUCT AND COMPANY IDENTIFICATION 

1.1 TRADE NAME: FilaFlex® 

1.2 COMPANY DETAILS:  

 RECREUS INDUSTRIES S.L. 

 C/EL ENVELOPE, 13-14, 

 POL. INDUS. FINCA LACY. 

  03600 ELDA, (Alicante), SPAIN 

 Tel: 0034 865 777966 info@recreus.com www.recreus.com  

 

2. HAZARDS IDENTIFICATION 
Classification of the substance or mixture 

This product is not classified as dangerous for health or the environment according to EC norm 
1272/2008/CE (CLP) . 

Label elements: 

This product does't need dangerous label according to EC norm 1272/2008/CE (CPL) 

 

 
3. COMPOSITION/INFORMATION ON INGREDIENTS 

Polymer. Thermoplastic polyurethane. Polyurethane polymer from  methylenediphenyl 
diisocyanate, glycols, polyether polyol and additives. 

 

1 
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REGULATORY COMPLIANCE INFORMATION FOR FOOD 
CONTACT APPLICATION 

1) EUROPEAN REGULATION N. 10/2011, 14 January 2011:  

The starting monomers and the additives used, are included in the Union List of 
authorized substances, as in annex 1 of regulation n. 10/2011, as updated with 
regulation 175/2015. 

 

2) FDA STATUS: 

The starting monomers and the additives used, are included in FDA CFR21. 

 

DISCLAIMER: 

Is under responsibility of the 3d printer parts manufacturer or end user the 
compliance of the plastic object, for the specific use, with the overall migration 
limit, the specific migration limit and other restrictions.  

Do not hesitate to contact our technical service for explanations, advising and for 
any other need. 

 

 

 

 

 

 

 

 

4. FIRST AIDS 
1. General instruction: Change clothes impregnated with the product. 

2. In case of inhalation: Supply fresh air. In case of disturbances, consult 
a doctor. 
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3. After inhalation of decomposition products, breathe fresh air, rest, 
seek medical help. 

4. In case of skin contact: Wash with soap and water. Visit your doctor if 
irritation continues skin. 

 

5. After contact with molten product, cool rapidly with cold water. No 
skin separating the solidified product. Call a doctor immediately. 

 

6. In case of eye contact: Rinse opened eye for several minutes under 
running water. If symptoms persist, consult a doctor. Remove contact 
lenses, if present and easy. Continue rinsing. 

 

7. If swallowed: Rinse mouth and drink plenty of water. Do not induce 
vomiting. Consult doctor in case of persistent symptoms. 

 

5. FIRE-FIGHTING MEASURES 
 

5.1  Suitable extinguishing media: Water, Foam, Dry chemical 
 

5.2 Burning releases carbon monoxide, carbon dioxide, 
oxides of nitrogen and traces of hydrogen cyanide. In 
the event of fire and/or explosion do not breathe fume. 

 
5.3 Firemen must wear self‐conta ine d  b reathing apparatus. 

 
5.4 Do not allow contaminated extinguishing water to enter the 

soil, ground‐ water or surface waters. 

 

 

6. Measures in case of accidental release 

 6.1 Personal precautions 
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▪ Protective equipment and emergency procedures 
▪ Avoid dust formation. 
▪ Do not breathe dust. 
▪ Keep away from sources of ignition. 
▪ Avoid eye contact. 
▪ Danger of slipping on spilled product or pouring. 

 

6.2 Environmental cautions: 
 Do not discharge into drains / surface water / ground water. 
 
6.3 Methods and Materials for containment and cleaning up 
 Allow to solidify, pick up mechanically. Dispose of the material collected 

according to regulations. 
 

7.HANDLING AND STORAGE  

Handling 
Adequate ventilation and if necessary, effective exhaust must be provided at the 
workplace of fused deposition modeling process. 

Provided good ventilation and/or local exhaust systems are used, the Workplace Exposure 
Limit(s) stated in Chapter 8 should not be exceeded. Dust must be removed by effective 
exhaust ventilation. 

Storage 

Keep container tightly closed and dry. Storage temperature: < 40 °C 

 

 

 

 

8.Exposure controls / personal protection 
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Ventilation: 

During fused deposition modeling operations, use with ventilation adequate to reduce 
levels of air contaminants below that which may cause personal injury or illness. Local 
exhaust ventilation that removes air contaminants from the breathing zone is prefer ed. 
General, mechanical, or dilution ventilation may be suitable. 
 
Respiratory protection: 
In case of dust formation use respiratory equipment with filter type particle filter P1 
according to EN 143. 

 
Hand protection: 
Suitable materials for safety gloves; EN 374-3: polyvinyl chloride - PVC (>= 0.5 mm) 
Contaminated and/or damaged gloves must be changed. 
 
Eye protection: 
Wear eye/face protection. 
 
Skin and body protection: 
Wear suitable protective clothing. 
 
Further protective measures: 
Do not breathe dust/vapor. Grease skin. 

 

 

 

 

 

 

 

 

9. Physical and chemical properties: 
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Appearance:    Various colors 

Odor:     Odorless 

Odour Threshold:    NA 

PH:     NA 

Boiling Point (° C):    NA 

Melting point (° C):   220-240 

Softening point (° C):    105 

Evaporation Rate:    NA 

Properties Flammable / Explosive:  NA 

Vapor pressure / vapor density:   NA 

Relative density:     1.13 

Solubility:     NA 

Octanol / water partition:   NA 

Auto-ignition temperature:   NA 

Decomposition temperature:   NA 

Viscosity:     NA 

Other properties:   NA 

 

10.Stability and reactivity 
Reactivity: Non-applicable 

Chemical stability 

Thermal decomposition / conditions to be avoided: 

• No decomposition with storage and proper handling. 
• Avoid impact, friction, heat, sparks, and electrostatic charges. 

 

  Possibility of dangerous reactions: Non-applicable. 
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Conditions to be avoided: No further relevant information. 

Incompatible materials: Strong oxidants. 

 Strong decomposition products 

 Irritant gases / vapours. 
 Toxic gases / vapours. 
 Smoke. 
 Carbon monoxide (CO) and carbon dioxide (CO₂) emissions 

 

11.TOXICOLOGICAL INFORMATION 
 

Acute toxicity LD50 oral  rat: > 5000 mg/kg 

Acute toxicity LD50 subcutaneous, rat: > 5000 mg/kg 

Primary skin irritation, rabbit: non-irritant 

Primary mucosae irritation, rabbit: non-irritant 

Skin sensitisation according to Magnusson/Kligmann (maximizing test): 
No sensitisation established on guinea-pigs 

Additional information: According to our experience and information 
the product has no harmful effects on health if properly handled. 

 

12. ECOLOGICAL INFORMATION 
Ecotoxicity 

It is not expected to be very toxic, but if ingested by birds or aquatic life, can cause  
adverse mechanical effects 

Mobility 

Bioconcentration is not expected because of the high molecular weight (MW > 1000). In 
the terrestrial environment, material is expected to remain in the soil. In the aquatic 
environment material will sink and remain in the sediment. 

 

 

Persistence and degradability 
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This solid water-insoluble polymeric are expected to be inert in the environment. Surface 
degradation is expected with exposure to sunlight. Appreciable biodegradation is not 
expected. 

Additional ecological information 

General instructions: CPA 1 (auto classification): not dangerous for water. 

 
13. DISPOSAL CONSIDERATIONS 

 
Dispose in accordance with applicable international, national and local laws, 
ordinances and statutes. For disposal within the EC, the appropriate code 
according to the European Waste Catalogue (EWC) should be used. 

 
After containers have been emptied as thoroughly as possible (e.g. by pouring, scraping or 
draining until "drip-dry"), they can be sent to an appropriate collection point set the framework of 
the existing take-back scheme of the chemical industry. Containers must be recycled in compliance 
with national legislation and environmental regulations. 

 
The product is suitable for mechanical recycling. After appropriate treatment it can 
be remelted and reprocessed into new moulded articles. Mechanical recycling is 
only possible if the material has been selectively retrieved and ca efully segregated 
according to type. 

 

14. TRANSPORT INFORMATION 
Not regulated. 

15. Regulatory information 
Not regulated. 

16. Other information 
The data is based on the current state of knowledge, but it is not a guarantee of the 
product features and it is not legally valid in a contractual relationship. 
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