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Abstract

The Tensile Test Method on PLA material for product
printing using a 3D printer will recommend the dove tail
design as an interlocking part. The result of the design of the
dove tail type as an interlocking join part is tested for the
most optimal tensile strength. In this paper, consideration for
the dove tail design used in material testing and will be
printed using a 3D printer is in terms of technical ease of
printing and technical testing of its physical form so that it
can be gripped using a tensile test tool such as the Universal
Tensile Machine (UTM). The dove tail design is designed
with a scale representative size that meets the requirements
of the standard clamp size of the test tool. Tensile force
testing simulation using SolidWorks software will be used as
a pre-tensile test analysis before being implemented by
UTM. The results obtained are the deformation that is
occurring, such as the PLA material having a higher
deflection of 7,567 mm and the ABS material having a
deflection of 1,897 mm. The strain on interlocking is 0.1081
for ABS material and 0.3988 for PLA material.
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1  Introduction

With 3D printing technology, the freedom of design is limitless.
Additive Manufacturing allows the use of completely new designs,
such as interlocking tools or parts. With 3D printing using PLA
(Polylactide Acid) and ABS (Acrylonitrile Butadiene Styrene)
materials, they still have the flexibility of shape, especially for
product prototype designs.

As a fast prototyping, 3D printers have drawbacks in terms of
the maximum size that can be printed. Therefore a large product,
exceeding the maximum size of beds 3D printers, is made by
dividing the object into several parts that are assembled or
assembled. These parts of the object certainly require thought and
design of the hook, lock for the connection of product parts.

The ability of 3D printing is to be able to easily design
interlocking parts this because of the high accuracy of 3D printing.
As a result of the mold to be assembled, the design must also have
a size tolerance, and because there are aspects of material shrinkage,
this tolerance value must be considered carefully. Consideration of
size tolerances must be used, then the interlocking and jointing are
snug and matched. Therefore, a good design is needed to ensure
which is the interlocking parts are installed securely and snugly. In

addition, there are several interlocking joint parts that have a
specific design due to their functional demands.

This research aims to find the determining parameters in
simulation experiments using SolidWorks software that are closest
to the results of tensile testing that will be carried out in reality. By
finding the most influential parameters using this simulation, it will
optimize the determination and application of parameters to the
original physical specimen.

The problem in this case is to determine the maximum tensile
force that a dovetail-shaped interlocking joint can withstand. What
are the parameters that will affect the tensile strength of the joint?
The interlocking joints need to be tested for tensile strength up to
the maximum size so that dovetail applications can be properly
applied to designs that exceed the size of the 3D printer's print bed.
The type of interlocking that the tensile test will simulate is the
Dovetail interlocking. A dovetail interlocking is a type of
interlocking joint that is very stable but easy to remove. Dovetail
named by the shape of the connector, it is best used on flat and thin
objects.

Dovetail joints provide a lot of contact between the two parts
being joined. The resulting increase in friction makes dovetail joints
so difficult to break that dovetail joints are almost impossible to
separate by tension forces. The increased contact area is also great
for applying adhesives [1].

In this test the interlocking joint part design uses PLA and ABS
plastic materials. This interlocking join part is used for casing
design, or product enclosures made of plastic. The design of the
interlocking join part has a locking system that is custom-made to
the locking needs. Laily Noor Ikhsanto tested the strength and
flexibility of PLA material compared to ABS [2]. ABS filament is
stronger than PLA filament, but PLA filament is more flexible than
ABS filament. ABS is stronger than PLA because from the bending
test results to achieve a displacement of 3 mm, ABS filament is able
to withstand heavier loads than PLA filament. PLA is more pliable
than ABS in bending tests. Therefore, this interlocking part test will
compare the PLA material with ABS as the material for
interlocking.

In a study did by Vasile Ermolai et al, that the bonding of the
layers determines the surface contact at the interlacing [3]. A
comparison of PLA with ABS conducted by Koray found that the
best mechanical properties were of the specimens made of PLA
material [4]. ABS material has the highest strain, and the analysis
results show that it is the lowest strength compared to PLA material.
However, its properties depend on the reinforcing agent added to
the binder.

Previous research on tensile strength testing has been carried out
by Pratama on products with ASTM standard forms [5]. Shrinkage
testing and tensile testing were conducted to determine the material
properties. The study concluded that the optimization of 3d printing
process parameters on the tensile strength of PLA + filament
material using the taguchi method; for example the most influential
factors on Esun PLA + filament are nozzle temperature, layer
thickness, printing speed, orientation and cooling speed.

The orientation position of the printed object will affect product
quality and different times. Sutanto and Lubis conducted research
to determine the process time and surface conditions of products
printed using 3D printing [6].

In the research by Sobron Lubis studied the effect of
determining the position of the printing orientation of products
printed in vertical and horizontal positions. Test objects with the
form of ASTM D638 Tensile test objects are tested for the tensile
strength of PLA and ABS materials [7].

In addition to the orientation position of the printing process,
research conducted by Gita concluded that the strength value of the
specimen using 3D printing technology requires optimal parameter
settings on the 3D printer [8]. Testing was carried out by testing
PLA material specimens measured by the value of tensile strength
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of the resulting product. The test is done by measuring the amount
of voltage that occurs during the tensile test [9].

Finali's research examines the tensile test of different 3D printed
specimen pattern variations [10]. The test results showed that the
products resulting from the three-dimensional printing process
carried out on the rectilinear, triangular, honeycomb pattern
variations, the highest tensile strength was owned by specimens
with a triangular pattern, with an average value of tensile strength
of 29.01 N/mm2, with the standard D638 tensile test specimen.

Zamheri applies printed products in the form of teeth that are
analyzed for material shrinkage after printing. Zambheri's research
aims to determine the shrinkage of filament material of human
denture products using different parameters.

Panjaitan conducted research on the effect of speed, temperature
and infill on the quality and roughness of 3D printing prints. From
his research, it was concluded that all printing products have rough
surface properties. From the influence of printing speed and nozzle
temperature, the higher and lower percentage of infill produces
better product quality and lower / smoother roughness [12].

From the above studies, no one has discussed how interlocking
joint parts with various types are tested for tensile strength. So this
research is important because size limitations in the 3D printing
process reduce the flexibility of design and size freedom, which
certainly requires interlocking joint parts to make a product that is
intact, strong and can be used as a large product casing design
solution.

A product that is fragmented into several parts requires
interlocking join parts to build a complete product. The breakdown
of the part is referred to as a module that has a certain type, size and
shape.

Suci Sukmawati states as the forming of a product which has a
module (modular) needs to recognize the components of the
module[13]. A module consists of several basic parts of its
formation, such as: a. The base of the outer module b. The inside c.
Connectors or holes for interlocking with other modules d. Tab or
the edge of the module.

For the joint molding process, Zapciu concluded from his
research that the special orientation of the joint axis has advantages
and disadvantages, the optimal solution being the consideration
between joint strength and precision[14]. In revolute joints, surface
quality is important and there should be no defects caused by
functional extruder transitions.

2 Methodology

To determine the joint strength of the interlocking is to test using
a tensile test [15].Stress is the force per unit area on the material as
a reaction to the material exposed to the action load. Where this
stress is used by the object to keep this object in its original shape.
Strain is a change in the shape of a material when it is exposed to a
load. These changes can be in the form of changes in length,
shortening, shrinking and so on. Displacement or displacement is
the change of material from the starting point to the end point after
being exposed to a load[16]

Tensile testing is a test of the mechanical properties of materials
such as tensile strength, yield strength and ductility. The
mechanical properties of a material in the tensile test are obtained
from the stress and strain curves of the tensile test results[17] [18].
The graphs and specimen dimensions show the approximate values
for tensile strength, yield strength, Young's modulus, elongation,
area reduction, ductility modulus, strength constant (K), and
exponential strain (n).The principle of tensile testing is a tensile test
of a test object by applying a uniaxial force (one axis) in such a way
that the test object or material is deformed or elongated until the test
object will fail. The increase in force and increase in strain is the
initial data output from the tensile test. The graph shows the results
of the force data plot and the increase in sample length until the
sample is broken[19] .

In materials science and engineering, the von Mises yield
criterion can also be formulated in terms of von Mises stress or
equivalent tensile stress, v, the scalar stress value can be calculated
from the stress tensor. In this case, the material is said to start
yielding when the von Mises stress reaches a critical value known
as yield strength. Von Mises stress is used to predict the yield level
of the material under loading conditions from the results of simple
uniaxial tensile tests.[20]

For specimen testing, the specimen design uses a dovetail
interlocking design. This test does not use ASTM standards because
the type of material to be applied is already known and is a test of
interlocking so it uses an interlocking design. Specimen thickness
refers to Specimen geometry used for tensile tests (ISO 527 -type
1A) which is 5 mm of the thickness.

The design begins with drawing interlocking objects and
determining ABS and PLA materials using SolidWorks software.
Width, length, and thickness were tried with several combinations.
Determination of size based on the provisions for ease of gripping
when tested for tensile forces with UTM. In stress analysis using
drawing software there are several things that need to be considered
in modeling, determining styles and constraints[21]

Determination of the shape and type of interlocking based on
several considerations. In this test, the design chosen was dove tail
with consideration of the ease of printing using a 3D printer and
technical gripping on the UTM test equipment, which affected the
design to the alignment of the direction of the force.

The ease of printing on the dove tail design because this
interlocking design does not require deep holes which will be
difficult to clean because printing using a 3D printer requires
support.

Testing using simulation in addition to determining the direction
of the force, it is also necessary to make adjustments to the actual
material. In the material library system in the software, PLA and
ABS materials have the material properties listed in table 1.

Tabel 1. Properties of material PLA dan ABS

Property PLA value ABS value unit
Elastic Modulus 480000000 2000000000  N/m?
Poisson's Ratio 0.35 0.394 N/A
Shear Modulus 318900000 318900000 N/m?
Mass Density 1400 1020 kg/m?®
Tensile Strength 30000000 30000000 N/m?
Compressive Strength N/m?
Yield Strength 6000000 351633 N/m?
Thermal Expansion

Coefficient /K
Thermal Conductivity  0.2256 0.2256 W/m.K
Specific Heat 1386 1386 J/kg.K

The analysis simulation in this software uses the static
simulation feature. This software simulation emphasizes methods
that reduce costs and apply software reliability, especially in control
applications. Thus software failure can eliminate the possibility of
injuring people or damaging equipment [22].

This simulation illustrates whether objects with selected
dimensions, shapes and materials are able to accept a predetermined
load or force. Determination of stress analysis when using a tensile
test condition approach is actually material, constraints, load,
contacts, and mesh.[23]. However, by using SolidWorks
simulation, the selection of material types is used so that the
simulated samples have the same physical and mechanical
properties as PLA and ABS filament materials. In this study using
a static simulation so that the results of this simulation in the form
of data stress, strain, displacement.

2.1  Simulation settings

Stress Analysis simulation is carried out to obtain the results of
static loading in the form of o (stress) and SF (Safety Factor) and &
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(deflection), this is done to determine the success of the design that
has been made.[18] Deflection or deflection is the deformation of
the shaft in the y direction due to the normal load on the shaft or
beam. Shaft deformation is described by the deflection of the shaft
from the position before loading. Based on the principle of
superposition force, not only simple or complex forces, all loads
can be decomposed into several simple loads under conditions of
small deformation [24]. In this simulation process, several stages
are carried out, the simulation steps after making the design and
determining the used material

2.1.1  Defining material in SolidWorks software

The material applied is ABS and PLA with a predetermined design.
The dimensions and shape of the interlocking can be seen in Fig. 1
and Fig. 2.

Mg
v é}z;\

A

Fig. 2. Dimension of dove tail male

Fig. 3 and fig. 4 are the specifications for the PLA and ABS
materials in the SolidWorks software.

Properties  Tables & Curves Appearance CrossHatch Custom Application Data |4 | *

Material properties
Materials in the default library can not be edited. You must first copy the material to
a custom library to edi it.

Model Type: Linear Elastic Isotropic b
Units: Sl - N/m~2 (Pa) L
Category: | Plastic |
MName: | pla |
Default failure | mMax von Mises Stress ~
criterion:
Description: | - |
Source: ‘ ‘
Sustainability: | Undefined Select...
Property Value Units ~
Elastic Modulus 430000000 MN/m~2
Poisson's Ratio 0.35 MN/A
Shear Modulus 318900000 MN/m~2
Mass Density 1400 kg/m*3
Tensile Strength 30000000 MN/m~2
Compressive Strength N/m~2
Yield Strength 6000000 MN/m~2
Thermal Expansion Coefficient JK
Thermal Conductivity 0.2256 W/ImK)
v

Fig. 3. PLA material material specifications

Properties Tables & Curves Appearance CrossHatch Custom Application Data |4 | %

Material properties
Materials in the default library can not be edited. You must first copy the material to
a custom library to edit it.

Maodel Type: Linear Elastic Isotropic b
Units: Sl - N/m*~2 (Pa) L
Category: | Plastic |
Name: | S |
Default failure | Unknown w
criterion:
Description: | |
Source: ‘ ‘
Sustainability: ‘ ABS in SOLIDWORKS Materials @ Plastic Select..
Property Value Units ~
Elastic Modulus 2000000000 N/m#~2
Poisson's Ratio 0.394 N/A
Shear Modulus 318900000 MN/m~2
Mass Density 1020 kg/m*3
Tensile Strength 30000000 N/m#2
Compressive Strength N/m#~2
Yield Strength 351833 M/m*~2
Thermal Expansion Coefficient JK
Thermal Conductivity 0.2256 W m-K)
v

Fig. 4. PLA material material specifications

2.1.2  Define fixtures

The second marks the pedestal on the dove tail interlocking. The
support of the part that does not move in translation and rotation in
the direction of the X, y, and z axes is given a fixed geometry fisture.
In fixed geometry, it can be seen in Fig. 5.
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2.1.3 3. External Load

The load is given to the external load fixture. External load is
given at 5000N in the direction away from the assembly plane of 2
interlocking dove tail parts.

We assume the direction away from the assembly plane meeting
as the load or tensile force exerted on the object being tested. The
parts tested and the direction of the tensile loading (external load)
are shown in Fig. 6.

Position
geometry in simulation

Fig. 5. of fixed Fig. 6. The external load
position and the direction of the

working external load

2.14 Mesh

Meshing is the division of one or more parts into elements and
nodes that are used in mathematical analysis. The principle of FEM
is to divide the object model into many small cells of simple shapes,
which are used to model the object's geometry as accurately as
possible. These tiny cells are called Finite Elements (FE) or simple
elements. These cells are connected to each other at points called
nodes. The process of transforming an object model into an FE
model is called meshing, and it is an important step in the FE
workflow. SolidWorks software is able to formulate a number of
algebraic equations by themselves, uniting them in one matrix
equation through the relationship between elements, material
properties of objects, restraints and loads. The solution of the
resulting matrix equation governs the behavior of each FE and
consequently relates to the whole body. The final result provides
different data for stress, displacement, strain, temperature, velocity,
acceleration, etc. for each FE. Therefore, the accuracy of the mesh
greatly affects the accuracy of the final solution [25].By using the
SolidWorks software the meshing process can be done
automatically or by using the largest and smallest element sizes as
specified (Analysis of Machine Elements Using SolidWorks
Simulation 2017). The accuracy of numerical calculations is highly
dependent on density and quality
the resulting "finite element™ mesh. So accuracy is needed in the
manufacture of mesh and for evaluating its quality. [26].In the
process of this research meshing using Curvature based mesh as
shown in the picture. Curvature based mesh divides the parts into
triangular parts by analyzing the assembled parts according to the
shape of the complex parts. The division of the meshing size is
carried out as shown in Fig. 7.

In this simulation, the meshing in SolidWorks software uses h-
adaptive and p-adaptive meshing. The use of adptive meshing aims

to refine meshing and improve simulation results. The h-adaptive
setting aims to automatically refine the mesh size on parts with a
certain area, while the p-adaptive automatically adjusts the order of
the polynominal mesh to increase the accuracy of the mesh. The h-
adaptive and p-adaptive settings are shown in Figs. 7a and 7b.

Static

Options | Adaptive | Flow,Thermal Effects | Notification | Remark|

Adaptive method

O none
(@) h-adaptive
(O p-adaptive
~h-Adaptive options
Low High
Target accuracy: Uttt .': 98 %
Local (Faster) Global (Slower}
Vo
Accuracy bias: . .
Maximum no. of loops E

[IMesh coarsening

r p-Adaptive options

Stop when [RMS von Mises Stress

“'] change is I:I % or less
% Or more

Update elements with relative Strain Energy error of

Bl
o=
B

@

Starting p-order

Maximum p-order

Maxirmum no, of loops

Static

Options | Adaptive | Flow/Thermal Effects| Not[ﬁcation| Remark|

 Adaptive method

O MNone
() h-adaptive
(@) p-adaptive
~h-Adaptive options
Loy High
Target accuracy: 0: ag o

Local (Faster) Global (Slower)

Accuracy bias: II A -
|

B =

Maximum no. of loops

[ Mesh coarsening

 p-Adaptive options

Stop when |RMS von Mises Stress

"| change is I:I % ar less
% or more

Update elements with relative Strain Energy error of

&

Starting p-order

Maximum p-order E
Maximum no. of loops III El
(b)

Fig. 7 Mesh parameter. (a) h-adaptive, and (b) p-adaptive

The mesh element is in the form of an isosceles triangle with the
largest side dimensions being 6.81670214 mm and the smallest
triangular side dimensions being 1.36334043 mm. from the results
of meshing based on curvature-based meshing obtained 5294
elements and 9104 nodes. Figure 8 shows the meshing generated by
the SolidWorks.
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Mesh Parameters
() standard mesh
(@ Curvature-based mesh
(D Blended curvature-based mesh

B mm e
A | 6.81670214mm v
I TR SN NNNNNNNEECTTTT 7]
+% | 1.36334043mm v ie
I TR SN NNNNNNNEECTTTT 7]
@ |s vE
I TR SN NNNNNNNEECTTTT 7]
AN v iz
I TR SN NNNNNNNEECTTTT 7]

Fig. Meshing (a). Mesh parameters, and
(b) Meshing on the specimen

From the stress simulation results, each load is safe with a loading
of 5000 N, with the maximum stress that occurs.

2.2.2  PLA material simulation test

lame Type Min Max

tress1 VON: von Mises Stress 1.163e+05 N/m"2 1.589e+08 N/m"2
Node: 319 Node: 9935

A

OLIDWORKS Educational Product. For Instructional Use Only

Part1 PLA-Static 1-Stress-Stress1

2.2  The Material Simulation test

2.2.1  ABS material simulation test

ame Type Min Max

rresst VON: von Mises Stress 1.371e+05 N/m"2 1.665e+08 N/m"2
Node: 319 Node: 9935

A

Part1 ABS-Static 1-Stress-Stress1

ame Type Min Max
isplacement1 URES: Resultant Displacement 0.000e+00 mm 1.420e+00 mm
Node: 1 Node: 278
Fig. 9. Maximum stress on dove tail male
ame Type Min Max
ress1 VON: von Mises Stress 1.409e+06 N/m"2 5.556e+08 N/m"2
Node: 436 Node: 9346
o wies U
22000
i wroen

A

part 1a-Static 1-Stress-Stress1

BEY

1561600

1399000

ame Type Min Max
splacement1 URES: Resultant Displacement 0.000e+00 mm 6.346e+00 mm
Node: 21 Node: 285

Fig. 10. Maximum stress on dove tail female

lame Type Min Max
isplacement1 URES: Resultant Displacement 0.000e+00 mm 5.968e+00 mm
: 1 Node: 1 | Node: 10015
Fig. 11. Maximum stress on dove tail male
ame Type Min Max
ress1 VON: von Mises Stress 1.042e+06 N/m"2 3.236e+08 N/m"2
Node: 1 Node: 9970

b 8

part 1a-Static 1-Stress-Stress1

ame Type Min Max
splacement1 URES: Resultant Displacement 0.000e+00 mm 1.296e+01 mm
Node: 21 Node: 285]

Fig. 12. Maximum stress on dove tail female

URES (mm)

1.419e+00

1.301e+00

_ 1.183e+00

- 1.065e+00

- 9463e-01

8.280e-01

7.097e-01

5.915e-01

L 4.732e-01

. 3.549e-01

2.366e-01

1.183e-01

1.000e-30

Figure 13. deflection of the dove tail male
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URES (mm)

6.346e+00

l 5.817e+00

_ 5.288e+00

- 4.759e+00

_ 4.230e+00

_ 3.702e+00

. 3.173e+00

. 2.644e+00

. 2.115e+00

_ 1.586e+00

1.058e+00

5.288e-01

1.000e-30

Figure 14. deflection of the dove tail female

The stress analysis simulation process with static loading aims
to determine the resistance of the interlocking design that has been
made to the load. After doing 2D and 3D modeling using
SolidWorks software, proceed with the simulation process using
ABS and PLA materials. So that the results are obtained in the form
of maximum stress that occurs in an area with a small area at the
loading points, the connection section, it can be seen from the
simulation results that there is a color change from dark blue to
green to yellow which indicates a maximum stress concentration in
the interlocking contact area can be seen. in Fig. 11 and Fig. 12.
Then the results of the deflection that occur in the interlocking dove
tail are also shown by changes in shape that occur in the form of
deflection in the opposite direction on the positive axis can be seen
in Fig. 13 and Fig. 14. The results of the stress analysis simulation
with static loading the last is the value of the safety factor in the
interlocking design by looking at the minimum value obtained can
be seen in Figs. 15 and 16.

FOS

3.604e+02

3.304e+02

3.003e+02
. 2.703e+02
_ 2.403e+02
| 2102e+02
. 1.802e+02
_ 1.502e+02
_ 1.207e+02
_ 9.01e+M

_ 6.008e+01
l 3.005e+01
2.365e-02

Fig. 15. Safety factor dove tail material PLA

FOS

1424e+01

1.306e+01

1.187e+01

_ 1.068e+01
L 9497e+00
_ 8310e+00
L 7.123e+00
_ 5.936e+00
_ 4.749e+00
_ 3.562e+00

L 2.375e+00
l 1.188e+00
1.20%e-02

Fig. 16. Safety factor dove tail material ABS

3. Result and Discussion

The static simulation process shows the resistance of the design
made with the given load on the design. Figs. 13 and 14 show the
stress concentration that occurs in the design, the change in the
amount of concentration that occurs in the design is shown in blue
which indicates the minimum stress concentration changes to red.
which is the maximum stress. From the diagram shown in Figure
19, the maximum stress that occurs in the simulation is 2,909e+08
N/m2 for ABS, while the PLA material is 2,537e+08 N/m2 which
occurs in the fillet surface area of the dove tail profile.

Mokl namesimuda stal

A

Fig. 17. Maximum stress on dove tail material PLA

Fig. 18. Maximum stress on dove tail material ABS
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URES {mm)

1897e+00

1.738e+00

L 1580e+00

- 1422e+00

- 1264400

L 1106400

A

ESTRN
1.081e-01
l 9.9136-02
L 9012e-02
- 8111e-02
. 7210e-02
. 6309e-02
| 5.408e-02
L 4507e-02
. 3.606e-02
L 2.705e-02
1.804e-02
9.0356-03

2.538e-05

Fig. 21. Strain in ABS . dove tail material

ESTRN
3.588e-01
l 3.655e-01
L 3.323¢-01
2.9591e-01
2.659e-01
. 2.326e-01

L 1.994e-01

1.662¢-01

Fig. 22. Strain in PLA dove tail material

The deflection that occurs in the design occurs in
accordance with the Y axis or in the direction of the given
load. In the picture below is a deflection of the simulation
that occurs. The graph in the figure shows the minimum
deflection in blue and the maximum deflection occurs in red.
Strain is the result of the ratio of the change in length to the
initial length of an object under stress. Strain simulation
results. From the figure, it can be seen that the simulated ABS and
PLA materials are as shown in Table 2:

Table 2. of Stress Force Data
Materials and ABS PLA

results Minimum  Maximum Minimum Maximum

Stress (von 2.469e+04 2.909e+08 1.665e+04 2.537e+08

Mises Stress) ~ N/m? N/m? N/m? N/m?

Deflection 0.000e+00 mm 1.897e+00 0.000e+00 7.567e+00 mm
mm mm

Strain 2.538e-05 1.081e-01 7.472e-05  3.988e-01

In the interlocking tensile test simulation of ABS material with
a tensile load of 5000N, the maximum stress that occurs is
2,909e+08 N/m2, while the Yeild strength of ABS material is
351633N/m2. In the interlocking dove tail of PLA material, the
maximum stress that occurs is 2.537e+08 N/m2 with a yield
strength of 6000000 N/m2. Von Mises stress shows the yield
strength of a material. With the stress that occurs in each material
is greater than the yield strength, the material undergoes plastic
deformation. The deformation that occurs can be seen from the table
that the PLA material experienced a higher deflection of 7,567 mm
and the ABS material experienced a deflection of 1,897 mm. The
strain that occurs in the interlocking dove tail for ABS material is
0.1081 and for PLA material is 0.3988. This shows that the increase
in length from the PLA material design is greater than the ABS
material. Simulation results that have been carried out on each
result, the interlocking with ABS and PLA materials is not strong
or unsafe.

3 Conclusion

Based on the simulation of the interlocking dove tail design with
ABS and PLA materials, it can be concluded:
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. Simulation results with von Mises Stress analysis show that the

maximum stress for ABS material is 2,909e+08 N/m2, for PLA
material it is 2,537e+08 N/m2

. Simulation results with deflection obtained for ABS material of

1,897 mm, for PLA material of 7,567 mm

3. Simulation results with strain obtained for ABS material of
0.1081, for PLA material of 0.3988

From the simulation results the safety factor for ABS material
is 0.0012 while PLA material is 0.024, thus the interlocking
design with ABS and PLA materials is not strong enough to be
exposed to a load of 5000N.

The safety factor for abs is 0.0012, and pla is 0.024. with the 3D

printing process parameters used in the shape and dimensions of the
interlocking dove tail with PLA material is stronger, even with the
load given. This simulation relates to the maximum capacity of the
tensile testing machine to be used. Machine used Zwick/Roell Z020
universal testing machine of 20kN maximum load cell capacity.

After the simulation, it will be more valid if the material is made

and a tensile test is carried out. The design dimensions can be
changed to a larger dimension value, and using a stronger material.
For plastic materials, it is better to use non-linear simulations, so
that it is obtained how long the ABS and PLA materials hold against
the given load.
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