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Abstract: This paper presents the application of composite materials, based on wood and plastics, in 3D printing, 
which imitate the natural structure of wood enhanced with plastic properties. Two examples provided hereinafter 
present all procedures and operations included in the process of product creation, using Rapid prototyping technique, 
accompanied with the concluding remarks and effectivenss of using this type of materials. The process of making 
composite materials, specific equipment used and caracteristics of the applied Laywood-D3 material are elaborated 
hereinafter. This paper specifically focuses on using only readily available free software, proposing to the users 
employed in wood industry one of promptly applicable combinations in the product creation chain, using 3D printing. 
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1. INTRODUCTION 

 
Technology of developing thermoplastic polymer-natural 
wood composite materials -filaments has been improved 
during the last decade through new treatment processes, 
adequate machines and developed specific admixtures 
(fillers, softeners, pigments). These materials, aiming to 
combine the best properties of these natural and synthetic 
materials in a product, are applicable in various industries, 
which primarily or mainly rely on the application of 
plastics and wood (interior, automotive industry, public 
facilities…). 
The current trend in the field of 3D printing technologies, 
which enable producing complex physical objects using 
3D geometric model as an input, shows the application of 
composite materials (filaments), whereby plastics (PLA, 
ABS) is combined with certain percentage of natural 
materials (copper, bronze, stone, wood…). One of the 
most recently developed filaments FDM (fused deposition 
modeling) represents wood-plastic polymer composite 
(combining pulverized sawdust and plastic polymer 
(PLA)), having such characteristics that it enables the 
produced model to have the majority of the wood 
properties, enriched with some useful plastic properties.  
There are 5 major steps in the production chain of objects 
using 3D printing: 1) 3D modeling, 2) data conversion 
and transfer, 3) review and preparation, 4) realization and 
5) post-processing [2]. Having in mind the fact that many 
users in wood industry have no experience in applying 
these technologies, this paper is used to present two 
practical examples of using wood composite in FDM 
process, as well as theoretical grounds relevant for the 
applied hardware and software solutions. The advantages 
of the process described step-by-step within this paper, 
are primarily reflected in the fact that all software used is 
free and available to anyone.  

This means that if individuals and small companies have a 
good idea, and they use the aforementioned software, they 
will not need to make any additional investments, apart 
for 3D printer and materials in order to design, make and 
test prototypes and objects using wood composites. 

 
2. FEATURES OF 3D MODELS AND 

MODELING 
 

Modern CAD/CAM software, used to design geometric 
models of the future prototypes, contains specialized 
modules, enabling the voltage analysis, FEM analysis, 
production planning, including NC programing, etc.[1]. 
Due to the existence of different systems and machines 
used to make a prototype, the selection of the optimum 
CAD tools is of crucial importance for the successful 
outcome of the Rapid Prototyping process. 
Tridimensional, digital, geometric model, created by 
modeling in some of the CAD software, must be 
presented with solid surfaces providing the volume to the 
object. Horizontal cross-sections of these enclosed, 
tridimensional, geometric models are all solid surfaces, 
which is of crucial importance for the integrity of the RP 
process [2]. Professional software solutions require 
expensive user’s licenses, since, apart from the basic 
modeling tools, they provide complex modules enabling 
advanced solutions for prototype management throughout 
its life cycle. However, more often now than before, free 
software can be found for these purposes, which, due to 
their open code and upgrade options, can meet the 
requirements. Software package Google SketchUp, which 
was used in this case, is the software of this type. 
 

2.1. Examples of holders for shelf segments and 
jointer's tools 

 

The problem of making a prototype of a universal holder 

which can enable joining wooden shelf segments was the 

first task considered in this paper. Finding a solution for 
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quick assembly and dismantling of various wooden shelf 

segments, of the standard thickness, 16mm, was the 

primary aim. Based on the idea and a rough sketch, we 

concluded that inner opening of the 16mm holder should 

be of T-shape, having certain elasticity in order to provide 

firmer contact between the segments (Figure 1.). 

 

 
 

Fig. 1. Drawing of the holderfor shelf segments 

 

Slottedholesare left on a part of the holder in order to 

achieve the required elasticity, and ribs are added laterally 

to provide some reinforcement. The method foreseen for 

making this prototype holder is the method of melted 

material extrusion (FDM), whereby the wood composite 

was used. 

 

 
 

Fig. 2. Drawing of the joiner’s tool 

 

The other problem refers to designing the prototype tool –

joiner’s tool (Figure 2.), which enables creating firmer 

bond between wooden furniture segments, using screws. 

This tool practically provides an opening for screwing a 

drywall screw, when joining wooden segments, driven 

under the 15-degree angle to the plank surface, enabling 

the screw to come into the perfect position. Apart from 

achieving the correct angle, the screw needs to enter the 

planks at the exact place. Therefore, it needs to be of 

adequate length and structure. The tool created hereby, is 

intended for joining the planks, thickness 18 mm. The 

calculations relevant for other plank thicknesses might be 

done based on the tool structure [4]. Material used for this 

model might have been classic ABS or PLA. However, 

the very structure of the model was used to inspect the 

state of the layers and identify any potential deformations 

of the model, obtained in a wood composite printing. 

 

2.2. Software package GoogleSketchUp 
 

The basic version of the software package Google 

SketchUp is free software, upgraded by advanced tools 

written in RUBY programming language in a form of 

scripts. The number of possible opportunities for the 

application of this software in product prototype modeling 

is significantly increased. It is intended for design 

activities in the field of architecture, civil engineering, 

mechanical engineering, but it is also used in film 

making, video games, etc. This program is designed as a 

user-friendly tool which primarily enables uploading 3D 

models to the Internet, within the Google Earth 

application. Ruby is an interpreted scripting language 

intended for easy and quick object-oriented programming. 

Google SketchUp Ruby API represents a manner in which 

a Ruby programmer can widen the scope of SketchUp 

abilities, in order to obtain advanced modeling options. 

Created scripts are copied into SketchUpfolder Plugins, 

after which new tools become available within the user 

interface. 
 

2.3. Modeling outcomes 
 

Finished models of prototypes, saved in .skp format are 

obtained after the completion of modeling in software 

package Google SketchUp. Since the model structures 

were not very demanding and that special structural 

analysis was not required, their modeling in this program 

was smooth and fast. Prototype model of the holders for 

shelf segmentsis presented on the Figure 3 (a) while the 

prototype model of the joiner’s tool is given of the Figure 

3 (b), both after the successful completion of the 

modeling process.  
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a) 

 

 
b) 

 

Fig.3. Models of holders for shelf segments (а) and 
joiner’s tool (b) made using the GoogleSketchUp 

program 
 

3. DATA CONVERSION AND TRANSFER 
 

The step that follows the completion of modeling process 
in the Rapid Prototyping chain is the conversion and then 
the transfer of the model in the format recognizable by the 
device which produces the physical prototype. The most 
common format for uploading solid models into the 
software of the machine is .stl format (Stereolitography), 
which determines the surface of the model by dividing it 
into a large number of triangles. Saved and appropriately 
converted files should be transferred from the computer 
used for modeling to the RP system computers, connected 
with the machines. Data conversion and transfer represent 
a standard procedure irrespective of the type of material 
(in this case wood composite) which shall be used. STL 
format is most commonly used standard for describing 
geometric model prototypes which enables a digital 
volumetric model, created in certain CAD system, to be 
described by various polygons and the surface to be 
determined in the tessellation process, all for the purpose 
of transferring the model to the device producting the 
prototype (Figure 4.). 

 
a) 

 

 
b) 

 

Fig.4. Models after performing tessellation, loaded in .stl 
format 

 

3.1. Transfering model data 
 

All more significant CAD/CAM software packages 
include CAD-STL interface which enables the conversion 
of the model from its original format into .stl format. 
After this conversion, the file is transferred from the 
workstation, which is usually located in the design 
department, to the computer within the Rapid Prototyping 
system, located in the workshop or laboratory. Data 
transfer is performed using mobile memory storage 
devices (flesh memories, CD), computer network (LAN) 
or using certain Internet service if the computers are 
located on a greater distance [6]. This procedure is the 
simplest and shortest procedure within RP chain, during 
which the file soundness shall not be verified. In this case, 
transfer of models in .stl format (Figure 4.) which was 
created by the method of melted material extrusion, to the 
production machine (RapMan printer), was performed by 
SD memory card. 

 
4. REVIEW AND PREPARATION 

 
Performance and quality of the modeling process and 
model realization depend the adequate selection of CAD 
system within which the modeling shall be performed, 
quality of CAD-STL interface performing conversion, 
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adequate specification of parameters of tool behavior 
during CNC processing, operator’s qualifications and 
training and quality of the post-processing. Errors 
occurring in the production process based on .stl 
presentation very often arise from ill-specified parameters 
of cutting algorithms, which causes the holes, gaps and 
fissures to appear on the model. The process of reviewing 
and preparing digital models is the same in most cases, 
irrespective of the foreseen type of material which shall 
be used in the production process. Using wood composite 
in this particular case did not require any alterations, 
compared to the standard realization settings when using 
PLA or ABS material. 

 

4.1. Planning the realization process using 3D 
printer RapMan 

 

When preparing the realization of the model of the 
holders for shelf segmentsand the model of joiner’s tool, 
specific characteristics of the method of melted material 
extrusion were taken into consideration since the 
operation of the RapMan printer is based on this principle. 
RapMan printer [2] requires certain level of preparing the 
process using CAM program. CAM program then 
analyzes 3D object and sets the commands for RapMan 
printer.  

 

 
 

 
 

Fig.5. Models in.stl format, uploaded into the software 
Netfabb Studiobasic 

 

Standard programming language for CNC machines (G-
code) is used in this case. Two basic CAM packages are 

available for use with RapMan. The first one is 
Skeinforge, which is an “open source” option and it is 
applicable on almost all available operating systems. This 
software offers vast variety of options for the optimization 
of printing process, but it is fairly difficult to use since it 
does not have any user interface. The other CAM package 
is AXON, free software provided by the company Bits 
From Bytes. It is based on Skeinforge package, but it has 
its own graphical user interface. AXON is applicable only 
in Microsoft Windows operating system. 
Certain problems might occur when importing .stl format. 
These problems appear due to certain errors in the process 
of modeling the object. Errors within .stl file may be 
corrected within the Netfabb Studio application (“basic” 
version is available with no additional charges, while 
“professional” version requires paying fees). Operating 
environment within Netfabb Studio Basic application is 
given on the Figure 5. After remedying any potetnial 
defects of .stl file, it is uploaded again by the AXON 
software. Interface of the AXON softwareoperating 
environmentwith uploaded parameters is presented on the 
Figure 6. The most important parameters in the process, 
set using this software are the following: Layer 
Thickness, Temperature, Support option. After setting the 
above mentioned parameters, each individual file shall be 
converted into a G-code. Files obtained in such a manner 
are transferred to the SD memory card, whose contents is 
uploaded onto RapMan printer and the process of making 
a prototype is finally launched. 
 

 
 

 
 

Fig.6. Models in .stl format, preparation in AXON 
software 
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5. REALIZATION OF 3D MODEL 
 
First produced wood-polymer composite, applicable in 
the process of 3D printing was called Laywoo-D3 and it 
was designed by a German engineer, Kai Parthy. He 
experimented by combining plastic polymers with various 
minerals, pulverized wood sawdust, even with coal. When 
determining the contents of the optimum mixture it is 
essential to achieve a material ratio which provides the 
required viscosity at certain extruder temperature, and to 
form the layers accurately and properly. 
When setting the parameters for the realization of 
previously prepared parts, the following aspects are taken 
into consideration: limitations of the operating volume of 
the machine, specific characteristics of the wood 
composite which is used in the process and ergonomic 
features of the prototypes. Similar to all other RP systems,  
after planning and preparation, the process of realization 
is completely automatic. It may last for several hours, 
depending on the size and number of parts which are 
being made. When these two parts, made of wood 
composite material, are concerned, the time required for 
their realization was the same as for the objects made of 
PLA materials, i.e. acc. 4 hours 
 

5.1. The process of composite manufacturing 
 

The process of manufacturing wood-polymer composite 
(filament) is presented on the figure given undernearth: 

 

 
 

Fig. 7. Graphic presentation of the process of 
manufacturing wood-polymer composite, and the finished 

filament 
 

The preparation of wood waste includes pulverization, 
sieving and drying, all in order to obtain the material 
suitable for mixing with polymer melt. Most commonly 
used material, provided by furniture industry, sawmill 

plants etc., is sawdust pulverized by hammer mills. 
Depending on the technological procedure applied for 
mixing materials, drying is sometimes performed before 
pulverizing. Pulverized wood material is then dried again 
until the water contents reaches the value which falls 
within the range 0.5-8%, since the water content is crucial 
for the quality. 
Due to numerous advantages products made of composite 
materials, have in comparison with the products made of 
wood, as well as to the products made of filled and 
unfilled polymers (mineral fillers and glass fibers), they 
are now applicable in a growing number of industries.  
The procedure followed in the process of manufacturing 
materials used for 3D printing, has been known and 
applied for years. Main advantages of using wood-based 
polymers over natural wood are given hereinafter: 
 

 No protection against moisture, microorganisms and 
insects is required, 

 Excellent durability and stability under the influence 
of atmospheric conditions, 

 Ecological suitability of products for various reasons 
(no coatings based on organic solvents are used, 100% 
recycled, saving wood as a resource), 

 No tearing at the right angle to the fiber direction, 
 Resistance to flame-spread (the possibility of adding 

flame retardants). 
 

5.2. Characteristics of Laywoo-D3 wood composite 
 

According to manufacturer’s references, whose accuracy 
is almost absolutely verified after testing performed for 
the purpose of this paper, main features identified in the 
application of Laywoo-D3, wood composite material, are 
the following: 
 

 deformations of the model layers after extrusion 
approximate zero, 

 smooth or rough surface of an object can be achieved 
by setting the storage temperature and filament 
diameter, 

 printed models have the appearance of natural wood, 
with tree rings, 

 printing temperatures vary in the range 185 to 230 
degreesCelsius, which causes the tones of brown 
colour of wood to be lighter or darker,  

 composite material has fibrous structure and it 
contains 40 percent of recycled wood. 
 

Vicat softening temperature instrument (Figure 8) is used 
when setting the parameters for obtaining the mixture for 
this material. This instrument is used for testing the 
softening points for composed materials without specific 
melting threshold. This measurement is obtained by 
plunging a flat-top metal needle, of circular or square 
cross-section (1mm), into material heated up to specific 
temperature, up to the depth of 1mm, whereby the 
specific force is applied (10 or 50N). Standard 
instruments for testing tensile strength are used to set the 
mechanical properties of this material. Standard 
equipment and moulds are used both for the manufacture 
of composite material in the form of filaments ready for 
use on 3D printers applying the FDM principle and the 
manufacture of plastic wires intended for various 
purposes. 
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Fig.8. Instrument Vicat softening temperature 
 

5.3. Model realization using 3D printer RapMan 
 
The technology used by RapMan printer is a process 
which employs the principle of applying molten material 
(FDM) and its stacking in layers, all in order to form the 
desired object. The most commonly used materials in 
printing are ABS and PLA, whereas ABS material is 
derived from oil (as well as most plastic polymers), while 
PLA is made of starch and it is biodegradable in slightly 
acidic compost, at the temperature of 60 degrees Celsius. 
Standard wood composite, provided in the form of 
filament roll, diameter 1.75 mm, applicable to majority of 
3D printers, was used for printing the objects mentioned 
in this paper. Besides the previously mentioned filament 
diameter, the filaments are also manufactured in 
diameters ranging from 0.4 to 3mm.  
After successful modeling using GoogleSketchUp 
software, conversion into .stl format and preparation 
using CAM software AXON, models of prototypes of 
holders for shelf segments and joiner’s tool are uploaded 
from the SD card and printed (Figure 9.).  
Placement of the wood composite filament onto the 
extruder is performed in the same manner as for any other 
material, in all according to the instructions provided in 
the printer manual. Printing temperature setting is 
approximately the same as when using PLA, i.e. acc. 190 
degrees Celsius 
No problems regarding the removal of the initial lower 
model layers were identified in the process of printing, 
which is very common when ABS or PLA materials are 
used. This problem occurs due to rapid cooling of 
extruded material layers. It is surprising that almost no 
model deformations or fissures between the layers were 
detected during the printing process. Wood composite 
proved to be far more stable printing material.  
The printed models are intended for direct testing and 
determining ergonomic characteristics, functionality, 
design and accuracy of dimensions in the series of 
products. Unlike professional 3D printers, which are 
expensive by all parameters, starting from the materials 

they use to the maintenance, using 3D printer RapMan 
represents a good starting point for the education 
processes, as confirmed by testing wood composite. By 
using this printer, each user has an opportunity to become 
familiar with the basic technique of making prototypes 
using FDM method, all in a short period of time. 

 

 
a) 

 

 
b) 

 

 
c) 

 

Fig. 9. Structure of layer (a) and (b) and model during 
realization using 3D printer RapMan (c) 

 
6. POST-PROCESSING AND TESTING 
 
The final step in RP process chain is post-processing and 
testing, which mainly includes manual operations such as: 
cleaning, hardening, finishing operations, etc. The 
operator bears the greatest responsibility for the 
successfulness of these processes. Depending on the 
technologyapplied in model realization, finishing 
treatment may include various post-processing operations. 
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a) 

 

 
b) 

 

 
c) 

 

 
d) 

 

Fig.10. Testing holders for shelf segments (a) and (b)  
and testing joiner’s tool (c) and (d) 

As specified during the realization process, during the 
post-processing activities it was concluded that the 
models were extremely pleasant both visually and to 
touch. Laymen could easily mistake that object for one 
made of natural wood. The smell also reminds of natural 
wood. Minimal drilling, which was not required since the 
model was precisely printed without any deformations 
and fissures, waseasily performed using sandpaper which 
removed sawdust in the same manner as for the natural 
wood. 
Testing of printed parts using wood composite met the 
expectations. Testing also led to the conclusion that this 
was an exceptionally favourable combination of natural 
wood and synthetic plastics, having in mind the strength, 
elasticity and resistance, as well as its workability 
(cutting, drilling holes, engraving). When its visual 
appearance and the touch of natural wood are concerned, 
it is obvious that this material has unlimited application, 
what needs to be recognized primarily by users working 
in wood industry. 

 
7. CONCLUSION  

 
After obtaining positive initial results, achieved by using 
wood composite materials, research trends are now 
directed more towards finding alternative materials which 
may replace the natural ones achieving better results, and 
the most significant breakthroughs have been recorded in 
the field of flexible materials, electric current conductors 
and soluble materials. 
Using wood composite materials indicates higher 
usability, since researches conducted in this area almost 
on a daily basis confirm the usability of this material. The 
most recent examples of the application of the 
aforementioned materials refer to making detailed replicas 
of ancient statues or in shipbuilding, since they are 
characterized by low water absorption and high resistance 
to salt water. The prices of such composites, which can 
already be ordered from some eastern countries, are not 
higher than the prices of well-known materials used in 3D 
printing. 
The benefits of the process, described in this paper, are 
reflected, primarily, by the fact that the software used is 
free, and therefore, readily available to everyone. The 
application of these 3D printing techniques results in high 
confidence in terms of meeting the requirements of a 
design engineer, since they enable remodeling and 
recreating the prototype version several times during a 
short time interval.  
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