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Abstract - Reinforced composites having a huge impact on industrial application. With time revolution smart material and
smart technologies come in front of the world and being important assets. The dual extruder FDM process is one of the
revolutions in the field of additive manufacturing. Present dual extrusion process vastly used techniques for medical sector
education. Printing of multi fiber-reinforced structural composite with different working process parameters defect-free is the
most challenging sight. In this article with varying two reinforced composites and their structural composites specimens are
being printed, tested, and evaluating analysis of it. To come up with behavioral measures of how dual extrusion is being stood
with which are discussed here.
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1. INTRODUCTION

Additive Manufacturing Technology has many applications for production of structures from computer aided models to
high performance parts. Additive Manufacturing also referred as 3D printing, rapid prototyping(RP), or solid
freeform(SFF), is a ‘process of joining materials to make objects from 3D model data, usually layer by layer’ [1], which was
first described in 1986 by Charles Hull [2]. It differs from conventional manufacturing techniques such as machining and
casting for its capability, to produce composite shapes with excellent design flexibility without any waste generation. It
improves the time required to develop the product, thereby facilitating mass production[3]. Nowadays the usage of three
dimensional printer has been raised with average cost ranging on market. For commercial usage three dimension printers
have been increased in every sector on market, for example, aerospace, spare parts manufacturing, automobile, etc. In fact
it is required skilled and expertise person to do both software and final printing work. In production industries three-
dimension printers are most emerging product on market[4].
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Recent advances in the field of Additive Manufacturing (AM) have generated an increased interest in the context of Fiber
Reinforced Polymers (FRP) part production [6]. The inclusion of reinforced fibers in printed parts has shown promising
solutions to manufacture stronger FDM parts [7]. Different fibers have been used to improve mechanical properties of
FDM parts [8,9]. Fiber reinforcement can significantly enhance the properties of resins/polymeric matrix materials.
Although continuous fiber composites offer high mechanical performance, their processing is not commonplace. More
commonly used for traditional low-cost composite part fabrication are the short fiber-reinforced polymers(SFRPs) with
moderately improved mechanical properties[20]. This is largely owing to the possibility of AM to directly produce
geometrically complex and functional parts with low lead times. Current applications combining AM with FRP include
layup tooling [10] and structural lightweight AM elements with added functionalities. Lightweight, low price, and
acceptable thermo mechanical properties make fiber reinforced 3D printed polymer composites great candidates to
replace metals for a wide range of applications[11,12]. Nano materials, micro-particles, short and long fibers have been
added to polymers to improve mechanical properties [10,13]. In the last few years, studying printing conditions and final
properties of FDM parts reinforced by continuous fibers is under extensive investigation [14,15]. However, most of these
investigations focus on experimental data analysis, there is no thorough study on the micro structural analysis of these
components. Investigating the microstructure of these components is important to understand the failing mechanisms.
This can serve as an insight to improve the design of parts for preventing failure and increasing performance[16].

From the development of 3D printing, we have come a long way with numerous development regarding printing speeds,
accuracies, surface finish, costs, etc. in various 3D printing technologies. But for a long time now, in FDM printing only
single material or a single color printing was an option. Recent developments have open doors for more research and
development regarding the use of multiple material in a single print.[18].
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Fig -2: Dual Extruder FDM 3D Printer set up

Moreover, the bead width, air gap, build temperature, color [27], raster width and layer thickness should
be considered when executing a build via FDM[25].The raster orientation defines the tool path in the plane of deposited
layers. The manufacturing parameters were limited to build direction and raster orientation and specimens were loaded
quasi statically to failure. The report emphasizes a systematic naming convention for build directions ,and utilizes a
scheme borrowed from traditional fiber-reinforced composites to discuss the raster orientations [26]. In order to print an
object using the FDM technology there is a need to define a certain number of printing parameters. Since the quality of the
final product is influenced by the majority of these parameters it is of relevance to know which, among them, are the most
influential Mariya Fatima [20]. Zhang et al. [21] investigated the tensile and bending strength of fiber reinforced
composites. The tensile properties of nylon and Kevlar reinforcement have been evaluated by Melenka et al.,, [23] by using
a Marked forged Mark one printer. The properties of fiber reinforced 3D materials has enhanced properties on post
treatment compare to raw material [22].Tensile test measures the strength and modulus parts under tension. Melenka et
al. evaluated the tensile properties of continuous 3D printed parts and showed that an increase in fiber volumetric fraction
increase the elastic modulus [21]. Dickson et al. studied tensile and flexural strength of 3D printed nylon matrix reinforced
with CF, FG, and Kevlar [16,19]. The results showed an increase of tensile and flexural strength up to 6.3 and 5 times,
respectively. Tekinalp et al. studied tensile properties and microstructure of CF reinforced ABS and compared the results
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with traditional molded composites. Their result showed that the tensile strength and modulus of 3D printed samples
increased 115% and 700% respectively. Also 3D printed parts exhibited comparable tensile strength and modulus
compared with compared with traditionally manufactured composites [20].
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In this article authors first focus on to be printed Carbon fiber reinforced ABS and Glass fiber reinforced ABS with single
extrusion and dual extrusion tensile specimens as per the standard of ASTM D638 Type-1[24]. Tensile test were conduct
on UTM according to ASTM standards to obtain mechanical properties. Behavior of single and multi material printed
specimens were observed after testing. After successfully completion of such investigation will provide brief knowledge
regarding the results.

2. Material Selection and Methodology
2.1 Materials Section

Acrylonitrile Butadiene Styrene(ABS) as base polymer matrix and Carbon Fiber and Glass Fiber(10% content) as reinforcing
filaments which were readily available and supplied by 3DXTech material filament manufacturing company USA. Both CF
reinforced ABS and GF reinforced ABS filament had a 1.75mm diameter and printing with 0.40mm hardened steel nozzles.
Simplify 3D software was used for slicing, print setting, for adjusting different process parameters, different wizard
variation, putting necessary support, size settings, material optimization, fiber orientation, numbers of layers. The effect of
these printing parameters was investigated on tensile strength, fatigue behavior and micro structural properties of
fabricated parts[16]. Pratham 3.0 FDM 3D printer was used for printing of specimens. The printer has two extruder, it
provides facility to print single as well as multi material printing layer by layer. Fig. 2 shows schematic representation of
dual extrusion FDM printing process set up. The temperature for CF and GF reinforced composites for both extruder was set
between 210°C - 240°C respectively. Printing speed was set at 55 mm/sec through out printing it can be vary as per
required governing conditions. All specimens were printed following with below variation of parameters.
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Table -1: Printing Parameters

Infill Percentage 100%

Infill Pattern Rectilinear, Full Honeycomb

Layer Height 0.10mm, 0.20mm, 0.24mm, 0.30mm
Raster Angle 90°, 0° - 90°, 45° - 45°

Fig -4: Dual Extrusion 1st Layer Printing Fig -5: Dual Extrusion 2nd Layer Printing

Fig -6: 3D Design of Tensile Specimen Fig -7: Fabricated Single and Dual Extrusion Specimen
2.2 MEASUREMENT PROCEDURES

ASTM D638 standard [24] were followed for tensile test. All CFR, GFR and multi reinforced composite specimens of each
sample were prepared by FDM for testing. Type-1 specimen dimensions in ASTM D638-10 standard were used for tensile
testing of FDM fabricated parts. Fig. 5 shows experimental set up for tensile test. UTM specimen with H50KL capacity and
with load cell availability of 0.1N- 5kN. Tensile Test employed two grips one fixed and another one is movable to hold the
specimens. The relationships between force(N) and displacements(mm) were collected by computer with the help of a data
acquisition software(Tinius Olsen Horization). From this fiber reinforced and multi fiber reinforced composites mechanical
properties were obtained and analyzed further recommendation.
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3. RESULTS AND DISCUSSION
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Fig -6: Set up for Tensile Test

Table -2: Testing Parameters

Testing Speed

5 mm/min

Sampling frequency

20 Hz

The different effect of infill pattern and layer height on mechanical properties was studied here. Also the study focus on
variable material composition also point of concentration. The infill pattern orientation of fiber reinforced and multi fiber
reinforced was grouped into two: Rectilinear and Honeycomb. In Rectilinear pattern, lines are added along the specimen
perimeter. In Honeycomb pattern, fibers were laid in form of honeycomb. In both of case one individual angle and in other
case angle can be changed for each layer.

With 3 different raster angle of 90°, 45°- 45° and 0°- 90° from that 90° tensile specimens with 4 different layer heights
showed within in the range of 15-35 Mpa tensile strength with order of GF-ABS>Dual>CF-ABS. We can able to say that dual
extrusion technique still in development phase their result may rectified with many more iterations. Same way for variable
layer heights and composites at comparison results table for tensile test at 45°- 45° as shown in Table 3.

Table -3: Testing Parameters

Fiber Infill Raster Angle Layer Height(mm) Tensile Strength(Mpa)
CF-ABS Rectilinear 45°- 45° 0.24 28.4

GF-ABS Rectilinear 45°- 45° 0.24 38.2

Dual Rectilinear 45°- 45° 0.10 30

CF-ABS Honeycomb 45°- 45° 0.20 28.2

GF-ABS Honeycomb 45°- 45° 0.10 27.8

Dual Honeycomb 45°- 45° 0.20 25.9
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From above observation rectilinear infill pattern showed us better results compared to honeycomb pattern at 45- 45 of
raster angle. Here below Table 4 illustrated tensile testing results at 0°-90° raster angle in similar pattern of three different
raster angle and material composition.

Table -4: Experimental Tensile Testing Comparison

Fiber Infill Raster Angle Layer Height(mm) Tensile Strength(Mpa)
CF-ABS Rectilinear 0°-90° 0.24 28.4

GF-ABS Rectilinear 0°-90° 0.24 40.7

Dual Rectilinear 0°-90° 0.10 36.5

Discussion

Normal trend behavior of the material in the range of CF-ABS < Dual < GF-ABS. So can come up with the point of discussion
is that dual extrusion or say multi-fiber reinforcement helped in the enhancement of additively manufactured specimens.
Now at the end, the last comparison table proved to us that 0-90 raster angle at rectilinear infill pattern showed us better
results compared to other sets of parameters.

Another set of point of discussion is that at present dual extrusion FDM process is in the early stages of development. But
noticeable criteria is lying between two actual individual composites. So by searching for its solutions and advancement
we can able to achieve high strength results from dual or say multi-fiber reinforcement.

4. CONCLUSIONS

The research evaluates failure behavior by making the chain with a mechanical test as a bench point of mark. Therefore,
mechanical tests are complementary in studying Single extrusion and multi extrusion parts results.

In this study, mechanical properties testing was upheld. Here in this study of the effect of different material composition
and parameter variation mechanical properties investigation is complementary. The results give a promising sight of the
design and application of multi-fiber-reinforced components in the industry. Our experimental data show that fiber added
composites specifically GF reinforced ABS show that with different layer height and raster angle at rectilinear infill pattern
exhibits superior mechanical properties compared to other parameters and composition.
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