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Abstract: Product designers and engineers can benefit from the rapid production of prototypes with 
characteristics that closely resemble those of finished products. In the case of plastic objects which in-
clude rubber-like surfaces, existing manufacturing options are either expensive or are impractical, limit-
ing their use of rapid prototypes. This paper presents a method of fabricating rapid prototypes by com-
bining rigid and soft materials through an overmolding process, thus providing a fast and cheap way to 
obtain feedback regarding form-and-feel characteristics during the design process. Functional objects 
can be also produced using the proposed method, enhancing part design freedom. Elastomers are inject-
ed or cast into molds attached to 3D-printed rigid parts in order to form functional soft surfaces. Several 
solutions of binding elastomer to parts fabricated using Fused Filament Deposition (FDM) are present-
ed, including multiple ways to produce the bonding of materials. Chemical bonding and mechanical 
bonding using specifically designed geometries or exploiting the interior structure of 3D-printed parts 
are proposed. Objects made from rigid plastics overmolded with elastomers are produced for exemplifi-
cation. A time and cost analysis is also included as reference and for comparison with other manufactur-
ing methods.  
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1. INTRODUCTION 1 
 

One of the advantages of Additive Manufacturing 
(AM) technology is that it allows the validation of design 
concepts by making the physical prototypes of products 
available early in the design process [1]. However, quite 
often these prototypes are limited to one material even if, 
for a correct design evaluation, there is a need to have a 
multi-material model which can exactly mimic the real 
product. In this context, developing methods to manufac-
ture inexpensive objects with complex geometries, com-
bining soft and rigid materials represents a valuable sup-
port for product designers. Thus, not only the product 
form and dimensions can be validated, but also other 
characteristics such as the product feel when held or dur-
ing use. Moreover, producing such multi-material objects 
can sustain design freedom by providing additional func-
tionalities to different components [2]. Robotic joints 
made of heterogeneous material [3], compliant mecha-
nisms [4], or multi-material prosthetics [5] are examples 
of functional objects that can benefit of the multi-
material soft-rigid approach.  
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According to the International Union of Pure and Ap-
plied Chemistry (IUPAC), an elastomer is a "polymer 
that displays rubber-like elasticity" [6]. These polymers 
exhibit molecule chains which are held together by rela-
tively weak intermolecular bonds which allow the mate-
rials to stretch under macroscopic stresses. In industry, 
elastomers are commonly used in the production of han-
dles and gripping surfaces for tools and household items 
[7], vibration dampeners [8], or insulation for electrical 
and electronic components [9]. The key process used to 
fuse the elastomer to a rigid part is called overmolding 
and the material the elastomer is being molded onto is 
called a substrate.   

In AM, two or more materials can be mixed and then 
used as feedstock, or added one next to another in a dis-
crete manner [2]. Currently, prototypes which combine 
rigid plastics with rubber-like materials can be made 
through PolyJet technology, a process which uses UV-
curable thermoset resins [10]. While the process can pro-
duce multi-material parts, the mechanical properties of 
these parts are inferior and manufacturing cost is high 
[11].  

Another AM process, Fusion Deposition Modeling 
(FDM), also has the capability of using multi-material 
additive fabrication to create parts made of rigid plastic 
combined with thermoplastic elastomers, with the use of 
machines with multiple extruders. Such a 3D printer can 
alternate between active extruders in order to build the 
multi-material part by depositing one material at a time. 
However, this fabrication process presents difficulties 
because of material properties. Typical FDM printers use 
raw material  in the form o f  standardized  round  section 
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Fig. 1. Manufacturing method schematics. 

filament. The low Young modulus of the thermoplastic 
elastomers suitable for use in additive manufacturing 
makes them difficult to use in the typical extrusion sys-
tems of FDM printers. 

This paper looks into new solutions of creating rapid 
prototypes using elastomers and 3D-printed parts fabri-
cated through an FDM process. These are based on a new 
manufacturing method (Fig. 1) that can be applied to 
different types of objects and in different fields. Several 
case studies consisting of prototypes made with FDM-
fabricated substrates from common rigid materials such 
as PLA (Polylactic Acid) and ABS (Acrylonitrile Butadi-
ene Styrene), and overmolded with various elastomers 
are presented. 

 
2. METHODS OF BONDING ELASTOMERS TO 

RIGID FDM 3D PRINTED PARTS 
 

In order to create multi-material parts, a method 
which bonds these materials together is needed. There 
are two distinct possibilities: chemical bonding, when the 
materials adhere chemically to one-another, and mechan-
ical bonding, where geometry of the substrate is used for 
locking the elastomer in place. In overmolding applica-
tions, one of these methods, or a combination of both, is 
used.  

Chemical bonding is feasible when the chosen elas-
tomer can chemically react with the type of plastic the 
substrate body is made of, or if an adhesive can be ap-
plied on the surface of the rigid material before the part is 
overmolded. In this case, if the mold (or mask) is made 
of the same material as the part, a release agent needs to 
be used for the 3D-printed mold. This drives up produc-
tion costs and labor needs and is one additional source of 
errors. The advantage of chemical bonding is that the 
elastomer can be bonded directly to the 3D-printed part 
without any special geometry added to the model [12]. 
Figure 2,e shows a 3D-printed prototype of a pair of ski 
goggles which includes a rigid frame with an overmolded 
soft and flexible padding suitable for skin contact. The 
substrate consists in the frame of the ski goggles and was 
manufactured out of PLA (Fig. 2,a). A half mold has 
been designed and 3D-printed using the same material 
(Fig. 2,b). Designing the half mold for overmolding was 
done starting from the digital 3D model of the rigid 
frame. A layer of mold release agent (Polydimethylsilox-

ane 350 cSt) was applied to the mold piece before fixing 
it to the rigid frame (Fig. 2,c). Adhesive was applied to 
the rigid surface and an RTV (Room Temperature Vul-
canizing), condensation-cured silicone rubber was inject-
ed into the mold. After curing, the mold was removed, 
leaving a 5 mm thick band of soft material bonded to the 
frame (Fig. 2,d). 

 

 
 

Fig. 2. Ski goggles prototype: a – 3D printed goggles frame;  
b – 3D printed half mold; c – half mold mounted on the frame; 

d – silicone band after demolding;  
e – ski goggles prototype. 

 
 
 
 

 
Fig. 3. Joint types for mechanical bonding. 
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Mechanical bonding is used when the chemical bond-
ing is insufficiently strong or when the bond would dete-
riorate in time under operating conditions and mechani-
cal stress. Figure 3 shows several types of geometries 
used for mechanical bonding which can be integrated 
into the design of the prototype. Overmolded elastomer 
can protrude through the substrate and fix itself on the 
other side of the substrate, a method which can be ap-
plied when the back surface does not have a functional 
role which can be impaired (Fig. 3,a). For parts with 
thicker substrates, the mechanical joint can be embedded 
within the substrate (Fig. 3,b). For thin parts, the over-
molded material can be fixed to the substrate using dove-
tail joints (Fig. 3,c). 

 
3. DESIGN OF MECHANICAL BONDING JOINTS 

FOR OVERMOLDING OF FDM 3D - PRINTED 
PARTS 

 

FDM has the advantage over other manufacturing 
techniques of being able to fabricate overhanging surfac-
es, thus allowing the creation of internal voids in the fin-
ished part. For form-and-feel prototypes, before the stag-
es of design for manufacturing, various geometries can 
be embedded in a substrate material to create mechanical 
joints for elastomer. 

Figure 4,d shows a 3D-printed prototype of a handle 
for a ratchet screwdriver. A rigid core contains embedded 
channels which form the mechanical joints for elastomer 
overmolding (Fig. 4,a). The dimensions of these chan-
nels should be sufficiently large to allow the elastomer to 
flow inside under pressure and to fill them. In the case of 
the screwdriver handle, 3 mm diameter channels provide 
sufficient bonding. The core was 3D-printed from 
PLA/PHA (Polyhydroxyalkanoates) (Colorfabb). The 
two-piece mold was fabricated using the same process 
and material (Fig. 4,b). After printing, the core was in-
serted in the two mold halves which were aligned and 
fixed together using screws. Thermoset silicone rubber 
was then injected into the mold. No mold release applica-
tion was necessary, as no chemical bonding occurs be-
tween the silicone and PLA. After curing, the part was 
demolded (Fig. 4,c). 

Figure 5,c shows the prototype of a tape measure 
with a rubber outside shell. A two-piece mold (Fig. 5,b) 
was used to inject silicone rubber around the substrate 
(Fig. 5,a). The substrate and the mold were 3D-printed 
from PLA (Filamentum) material. No mold release was 
used as there is no chemical bonding occurring between 
the silicone and the substrate. No specific geometrical 
features have been designed in order to create mechanical 
bonding joints. After demolding, the two materials are 
held together by the tension created by the elastomer, 
whose volume reduces after curing [13], [14]. For this 
prototype, the section of the elastomer wrap can be as 
thin as 1 mm. 

Figure 6,c shows a 3D-printed prototype of a swivel 
caster wheel used in office furniture. The rim and the 
body of the caster were 3D-printed from PLA material. A 
soft RTV silicone rubber was overmolded onto the rigid 
rim to form a soft surface that does not damage the floor. 
Overmolding was done through material injection in a 
3D-printed two-piece mold made from PLA (Fig. 6,a).  

After curing and demolding, no chemical bonding oc-
curs with the two materials being joined together through 
two mechanical means. The first means is through a se-
ries of dovetail holes embedded in the rigid rim model. 
The second means is  through the elastic  tension created 

 

 

Fig. 4. Screwdriver handle prototype a – handle geometry; b – 
3D-printed mold; c – part after curing; d – handle prototype. 

 

 

Fig. 5. Tape measure prototype: a – tape measure body; b – 3D-
printed mold, 1 of 2; c – finished tape measure prototype.  

 

 

Fig. 6. Caster wheel prototype: a – mold and wheel rim; b – 
wheel with rubber tire; c – finished caster wheel prototype. 
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Fig. 7. PC Mouse: a ‒ cellular structure of 3D printed body;  
b ‒ drilled surfaces for mechanical bonding; c ‒ substrate with 
attached half mold for palm grip injection; d ‒ part with soft 

palm grip material after demolding;  
e ‒ finished mouse prototype.  

by the tire when the silicone rubber shrinks as a result of 
curing. Together, these two methods ensure the rubber 
tire stays firmly around the rim (Fig. 6,b). 

The process of overmolding can also be accom-
plished using multiple elastomer materials and molds for 
the same rigid substrate. Figure 7,e shows a prototype of 
a PC Mouse fabricated with two different overmolded 
materials. RTV silicone rubber was used for creating a 
soft surface which functions as a palm grip. For a surface 
which functions as a soft thumb grip, condensation-cured 
silicone rubber was used. The mouse body and two half 
molds were fabricated with a 0.25 mm layer height from 
PLA material.  

In this case a different approach was used to bond the 
different materials together and no geometric features 
have been designed in the part to function as mechanical 
bonding. Instead, the property of FDM processes to build 
parts which have partial infill has been leveraged after 
the part has been printed. The partial infill structure used 
to build the part forms a cellular structure (Fig. 7,a). By  
drilling the outer surface of the part (Fig. 7,b) several 
cells are connected to the outside volume and allow the 
injection of elastomer, forming mechanical joints for 
material bonding. Silicone rubber was injected into these 
open cells, then a snap-fit half mold was attached (Fig. 
7,c) and more elastomer was injected. The FDM fabrica-
tion process precision of 0.1 mm can create slight misa-
lignments between the part and the mold. This will result 
in the presence of burrs after curing and demolding (Fig. 
7,d). The burrs are significantly thinner than the thick-
ness of functional surfaces and can be easily trimmed off. 

Figure 8 shows a prototype of a toothbrush with a rig-
id handle made out of ABS and three separate overmold-
ed surfaces which are made with different elastomers. 
The molds were fabricated from the same material as the 

rigid substrate. Surface quality was increased by slicing 
the part into very thin, 80 µm layers. The quality of elas-
tomer surfaces can be improved by post-processing the 
3D-printed molds. While part exterior surfaces can be 
sanded to remove layer lines and to obtain good surface 
finish, mold surfaces are complex and difficult to grind 
down. An alternative is to use a chemical vapor bath to 
partially melt and smoothen the mold surface. 

Figure 9,e shows the prototype of a tool casing for a 
corded drill with an overmolded soft surface which 
serves as padding on the handle. The drill casing was 
printed in an inclined position (Fig. 9,a) in order to re-
duce the amount of required support material. Similar to 
the previously shown mouse and toothbrush models, no 
geometry was generated prior to 3D-printing to serve as 
mechanical bonding joints with overmolded elastomer. 
The 2.4 mm thickness of the part in the handle region 
was sufficient to drill holes for accessing the internal 
cellular geometry created by part infill (Fig. 9,b). For 
increased surface quality, the rigid part has been sanded 
and primed. A one-piece mold was designed and fabri-
cated using the same process and material. The mold was 
attached to the drill case prototype using screws through 
mounting holes designed to match the functional screw 
holes on the casing (Fig. 9,c). After curing and demold-
ing, any resulted burrs (Fig. 9,d) can be removed using a 
sharp tool.  

Overmolding of elastomers on 3D-printed models is 
not limited to producing prototypes, but may be feasible 
for the production of functional parts as well. A potential 
application of thermoplastic material 3D-printing in the 
medical field is the production of braces for restricting 
the movement of injured joints. Various techniques have 
been approached by researchers, including digital optical 
scanning of patients in order to create 3D models which 
would subsequently be 3D-printed [7], or generating 3D-
printable models for braces from a set of measurements 
taken from the patient [8]. 

Overmolding elastomer material on such a brace 
would provide a soft surface that comes in contact with 
skin and result in lower risk for developing pressure 
sores. Figure 10,d shows a functional arm brace 3D-
printed from  PLA  material  with an overmolded silicone 

 
 
 
 

 
Fig. 8. Toothbrush prototype: a – Mold for toothbrush proto-

type; b – finished toothbrush prototype. 
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Fig. 9. Prototype of drill case: a ‒ 3D-printed drill case; b ‒ 

holes for mechanical bonding; c ‒ drill case with attached mold; 
d ‒ drill case with soft grip handle after demolding; e ‒ finished 

drill case prototype. 
 
surface. A 3D-printed mold was produced in order to 
form the silicone surface onto the inner side of the arm 
brace (Fig. 10,b). The elastomer was mechanically fixed 
to the substrate through a series of channels embedded 
into the brace. The FDM process can use an extrusion 
nozzle with a large diameter of 0.80 mm and a layer 
height of 0.50 mm to produce the plastic parts for the arm 
brace in less than 1 hour, with a similar fabrication time 
needed for the mold. After printing, silicone was injected 
into the channels and into the 3D-printed mold, the two 
parts were clamped together and the elastomer was al-
lowed to cure. Following curing and demolding from the 
mask (Fig. 10,c), the brace was thermoformed to gain its 
functional shape. 

Table 1 shows the time needed to fabricate the proto-
types presented in this paper, as well as an estimated 
production cost  for these prototypes.  The time needed to 

 

fabricate the components and the molds are for parts fab-
ricated with a 0.20 mm layer height, 2 outer perimeters, 
30% infill and a maximum printing speed of 45 mm/s. 
Part orientation was optimized for shorter fabrication 
time. Support structures were used where necessary and 
the production time includes the time needed to remove 
them, as well as the time needed to cure and demold the 
elastomer. The estimate for the time required for produc-
tion considers all parts are made on the same printer.  

These values can be further reduced if the workload 
is split over multiple printers. Four hours are required for 
elastomer curing, with the exception of fast-curing elas-
tomers.  

All the parts and molds have been fabricated on con-
sumer-grade FDM machines with a market value ranging 
from USD 400 to USD 2,000. The cost per hour of print-
ing includes thermoplastic material costs, energy and 
machine costs and has been set at $1.5 per hour. The 
costs of the elastomers used range from USD 12 per 
1000 cm3 to USD 70 per 1000 cm3. 

 
 
 
 
 
 
 

 
Fig. 10. 3D-printed, overmolded arm brace: a ‒ arm brace sub-

strate; b ‒ half mold; c ‒ de-molded arm brace;  
d ‒ thermoformed arm brace. 

 

 

Table 1 
Prototype production–time and cost analysis 

 

Prototype 
Component fabri-
cation time [hours] 

Mold fabrication 
time [hours] 

Elastomer Vol. 
[cm3] 

Est. prod. time* 
[hours] 

Est. cost ** 
[USD] 

PolyJet 
Quote 

[USD][17] 
Ski goggles 13.5 5.5 100 23.5 30.5 250.2 
Tape measure 2 3.7 40 10.2 9 63.9 
Caster wheel 20 8 80 34 43 448.2 
Drill case (half) 16.2 3.6 40 24.4 31.1 213.5 
Toothbrush 2.5 4 120 12 11.2 52 
PC Mouse 8.5 7 80 20 24.9 217.6 
Screwdriver handle 3.2 3.1 60 10.8 11.25 135 
Arm Brace 0.9 1.1 40 1.5- 2 5.8 - 

*Production time estimate does not include any additional finishing such as sanding, priming, painting, etc. 
**Cost estimate does not include cost of labor. 

a b 

c d 

e 

a 
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4. CONCLUSIONS 
 

This paper presents a method of fabricating rapid pro-
totypes of multi-material parts which combine rigid 
thermoplastics with flexible elastomers. Such parts can 
be used during a design process to provide accurate feed-
back regarding product fit, form and feel.  

Various solutions of bonding the materials together 
have been presented. These include chemical bonding, 
mechanical bonding through the use of purposefully de-
signed geometries, or mechanical bonding through ex-
ploiting the interior structure of 3D-printed parts. Several 
case studies have been presented displaying the wide 
range of potential use for this manufacturing method. 

Parts resulting from FDM printing have a lower sur-
face quality and are less detailed than parts fabricated 
using other AM techniques, such as PolyJet. However, 
their surface finish can be improved using post-
processing operations such as sanding, priming and 
painting or through chemical baths (acetone vapor bath in 
the case of ABS). An advantage of FDM compared to 
resin-based processes is the use of thermoplastic poly-
mers, giving designers the possibility to approach multi-
material functional prototyping. 

A time and cost analysis has been made. Time and 
cost for parts made using this method are relatively pro-
portional to their total volume. For the prototypes con-
sidered for case studies, a cost comparison has been 
made against quotes received from 3DHubs manufactur-
ing services provider for PolyJet printing showing the 
investigated method is considerably more affordable. 
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