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Highlight

 Investigation of plastic friction welding nozzles used in production
« Identifying the problem occurring in plastic parts after rotary friction welding
Making data entries for analysis in the current semi-melted state ABAQUS program
Analysis and simulations in the current semi-melted state ABAQUS to obtain data

Semi-melt agglomeration confinement of the developed structure by making Abaqus analysis and
simulations.
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Graphical Abstract

Rotating friction welding is used in the assembly of inline filters. After this welding, semi-melted agglomerations
occur on the inner and outer parts. In order to prevent these accumulations, analyzes have been made in the
ABAQUS program and the current situation has been obtained. Later, the weld nozzle design was changed and
analyzes were made and semi-melt agglomeration was confined.

Current structure of (
semi-melted material

Semi-melted agglomeration
obtained with CEL analvsis

Figure. Confinement of semi-melt build-up after rotary friction welding

PP Body

Aim
Development of the weld nozzle profile that will contain the semi-melt agglomeration that will occur in the interior
after rotary friction welding of plastic parts.

Design & Methodology

Welding nozzle design is made in modules in ABAQUS program. The design was developed by the parameters
entered and the interpretation of the analysis results made in the ABAQUS program.

Originality

The source mouth obtained as a result of the ABAQUS program reveals the originality of this study. In addition,
with the rotary friction welding simulation, graphs such as temperature, stress and displacement occurred during
welding were created.

Findings

With this study, a structure that will contain the semi-melt agglomeration has been obtained as a result of rotary

friction welding. During welding, for a piece max. 166,2 °C, 1,9 mm displacement and max. the stress was found
to be 4,9253MPa.

Conclusion

As a result of 3 different welding nozzle designs and analysis made to include semi-melt agglomeration, it was
observed that the design number 3 imprisoned the melt agglomeration.
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bir izin gerektirmedigini beyan ederler. / The author(s) of this article declare that the materials and methods used
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ABSTRACT

Various welding methods are used to produce non-detachable joints of plastic parts. These are friction welding (FW), friction-stir
welding (FSW), ultrasonic welding, chemical bonding, and hot plate welding. Rotary friction welding (RFW) method, which is
one of the FW methods, is generally used in joining the filter parts of water treatment devices. After RFW processes, semi-melted
plastic accumulations tend to occur on the interior surfaces of the filter parts. In some cases, particles broken off from these
accumulations can often clog sensitive filters. In this study, it is aimed to develop a welding joint profile design that can be used
to confine the semi-melted agglomeration formed in the interior surfaces of the filter parts. For this purpose, the semi-melted
agglomeration in the filter parts is analyzed/simulated utilizing the ABAQUS program by using Lagrangian and CEL (Coupled
Eulerian-Lagrangian) methods, and their thermal analysis, stress, and energy data are evaluated. The analysis is repeated until the
optimal welding structure design to confine the semi-melted agglomeration is developed. As a result of the analyses, it was
determined that the maximum temperature reached is 166.2 °C, there was a 1.98 mm shortening in the length of the product after
welding, and the temperature of 150 °C was reached in 13.1 milliseconds. From the several joint profile designs proposed, it was
determined that the N3 joint profile design accommodates the semi-melt raw material better than the others.

Keywords: Rotating friction welding, ABAQUS, CEL analysis, semi-melted agglomeration analysis, joint profile design.

Déner Siirtiinmeli Kaynak Isleminde Polipropilen
Parcalarin Birlesim Analizi ve Birlestirme Profilinin
Gelistirilmesi

oz

Plastik pargalarin sokiilemeyen birlestirmelerinde siirtinme kaynak, siirtiinme-karistirma kaynak, ultrasonik kaynak, kimyasal
birlestirme, sicak plaka kaynak gibi yontemler kullanilmaktadir. Su aritma cihazlarinin filtre pargalarin birlestirilmesinde
cogunlukla siirtiinme kaynak yontemlerinden doner siirtinme kaynagi kullanilmaktadir. Filtre parcalarinin doner siirtiinme kaynak
sonrast i¢ kisimlarda yari ergimis yigilmalar olusmaktadir. Bazi hassas filtrelerde i¢ kisimda olusan yar1 ergimis yigilmalarda
kopmalar sonucunda filtrelerin tikanmasina sebep olmaktadir. Bu calismada filtre pargalarmin i¢ kisimda olusan yar1 ergimis
yigilmay1 hapsetmek i¢in kaynak agiz tasarimiin gelistirilmesi amaglanmaktadir. Bu amagla mevcut filtre parcalarinin yar1 ergimis
yi1gilma durumu ABAQUS programinda (Lagrangian ve CEL (Coupled Eulerian Labrangian) yontem) analiz/simiilasyonlar
yaparak yari ergimis yigilma durumu, termal analiz, stress, enerji verileri degerlendirilmistir. Yar1 ergimis yigilma hapsedecek
kaynak yapi tasarimu gelistirilerek, analizler tekrarlanmustir. Elde edilen analizlerde; maksimum sicakligin 166,2 °C, kaynak sonrasi
iiriin boyunda 1,98 mm kisalma oldugu ve 150 °C sicakliga 13,1 salisede ulastig1 bulunmustur. Onerilen farkli kaynak agizlari
caligmalarindan, N3 kaynak agizinin yart ergiyik durumdaki hammaddeyi hapsetmesini daha iyi basarim sergiledigi tespit
edilmistir.

Anahtar kelime: Déner siirtiinmeli kaynak, ABAQUS, CEL analiz, yar1 ergimis yigilma analizi, kaynak agiz profil tasarim

1. INTRODUCTION their axes. According to this definition, both pressures are

FW is a class of solid-state welding processes. FW occurs ~ @Pplied and heat is created during a FW [1-4]. In the
by converting mechanical energy into heat energy by ~RFW method, usually one of the parts is rotating while
friction between the joining surfaces of the parts to be ~ the other is stationary. The welding method is shown

welded and by applying pressure to these parts along ~ Schematically in figure 1. When the rotation speed
reaches a certain level, the two parts are brought into
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contact with each other. This is called front contact. After
the front contact, axial pressure is applied to heat the
parts. In this stage, the material comes out of the heated
area in a semi-melted form. In RFW, generally, the first
movement is the rotational movement and the second
movement is the axial movement [5].

P\b

/‘ (0]
G
Figure 1. Rotational friction welding [6]

The FSW (Friction Stir Welding) method is a joining
technique that is developed for easy and problem-free
joining of aluminum alloys and its applications in the
industry have become widespread. Yan et al. [8]
successfully combined AA6061-T6 aluminum plate and
GFR (Glass Fiber Reinforced) nylon filler material using
FSW technology to combine aluminum alloy and GFR
nylon sheets. They studied the effects of rotational speed,
immersion depth, and weld speed on joint morphology,
mechanical properties, and part geometry in detail.

Xu et al. [9] successfully joined 1045 carbon steel and
30CrMnSiNi2A high strength low alloy (HSLA) steel by
using RFW. The effects of rotation speed on the
microstructure and mechanical properties of the weld
zone are also analyzed. With increasing rotation speed,
tensile strength first increased and then decreased. They
found that the highest tensile strength (713 MPa), the
greatest elongation (15.3%), and the highest impact
toughness (28.8 J/cm2) are achieved at a rotation speed
of 2200 rpm.

Kumar et al. [10] examined the application of the FSW
method in combining similar or different polymer
materials and examined the mechanical, technical, and
chemical properties of the materials. Using the Taguchi
Experimental Design Method, they analyzed the effects
of important processes and tool parameters on FSW of
high-density polyethylene (HDPE) plate’s weld strength
[11].

Hamade et al. [12] conducted a feasibility and energy
study showing the differences between the traditional
Fusion Butt Welding (FBW) method and RFW method
to join HDPE pipes, and conducted a cost analysis for
both methods used in the study. In this cost analysis, it is
shown that the energy consumption in RFW is one-tenth
of the FBW. Kasman et al. [13] joined AA7075-T651
aluminum alloy sheets by friction stir welding method at
two different rotation speeds using tools with 3 different
pin geometries. Afterward, they compared the
mechanical properties and microstructures of the welded
areas.

If welded joints are to be tight and strong, some attention
must be paid to the joint profiles. The strength of the weld
should be at least as great as that of its two components,
so that the area of the weld face must be about 2-2.5 times

the cross-section of the wall. V-profiles, used for many
years now, has proved far the best; figure 2 shows two
typical examples [14].

NN t

Figure 2. V profile joint profile [14]

D’Alvise et al. [15] produced a similar 2D coupled
thermomechanical FE (Finite Element) model. The
noticeable aspect of this model was that it underestimated
the welding time and upset, but showed a good
correlation with thermocouple data for the first 4 seconds
of the welding process. Bennett et al. [16] produced a
model using the commercial code Deform 2D attempting
to fully simulate IFW (Inertia Friction Welding) by
initially training the heating model using data from
previously performed welds. This model considers the
rotational motion by using a 2.5- dimensional element to
model plane strain. Results of the upset prediction were
only shown for the training phase of the model with an
error of about 10%. Thermal profiles at 1 mm away from
the final welding line were within 10% of the actual
values, however further away from the weld line the
difference increased.

Cevik et al. [17] investigated the weldability of high-
density polyethylene materials by friction stir spot
welding method. In their study, they observed that the pin
length of the mixer set directly affects the welding
quality.

In the literature reviews, it is observed that there are many
studies on joining metal parts by RFW method, but there
are very few studies on the use of this welding type on
plastics. In this study, it is aimed to investigate the use of
friction welding on polymer materials. RFW is used in
joining of body and cover parts of many water
purification filters. In this welding method, semi-melt
agglomeration occurs in the inner and outer parts of the
welding area. These accumulations can often cause
clogging problems in the interiors of some sensitive
filters. It is aimed to obtain a shape similar to the semi-
melt agglomeration formed in the inner and outer parts of
the filters with the ABAQUS program by Lagrangian and
CEL (Coupled Eulerian-Lagrangian) methods. Several
different joint profile designs that can confine the internal
accumulation and prevent filters from clogging will be
developed. It is aimed to find a more successful joint
profile form by applying the analysis of these developed
designs.
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2. MELT AGGLOMERATION PROBLEM

Due to health reasons, many people use water
purification devices in their houses and offices. These
devices generally clean the water by passing it through
separate filters. Filters of water purification devices
consist of a body and a cover part made of polypropylene
(PP) material. These parts are joined at their welding joint
profile by RFW. Figure 3 shows this body and cover part.
The welding joint profile design in this part is modeled
according to the profile in figure 2.

Cover

Welding joint
profile area

Figure 3. Body and cover part

After the rotary friction welding process, semi-melted
agglomerations are formed on the inner areas of the body
and cover parts. Figure 4 shows the welding joint profile
design and semi-melted agglomeration after the body and

Cover 4 ¥

Welding
Joint
Profile

‘ Parts likely to break
under pressure

welding structures of these four filters and their semi-
melted agglomerates

The proposed welding joint profile designs are shown in
figure 5. Semi-melted agglomerations are observed on
both inside and outside surfaces after the assemblies of
these filters. The interior agglomeration growth is clearly
visible in the figures. The accumulations formed on the
outer surface of the filters (1), (2), and (3) can be cleaned
using a lathe machine, however, post-weld cleaning in
design number 4 is not necessary, due to the outer part
geometry. It is seen that the welding joint profile
structure of part (4) is similar to the proposed (figure 4)
design. However, slight differences in terms of the part
sizes can be mentioned resulting in varied agglomeration
structures in the weld zone.

3. ANALYSIS OF FILTER WELDING JOINT
PROFILE DESIGN

A FW machine starts the rotation process at the starting

point, after reaching the desired rotation speed, it moves

towards the body (with air pressure) and performs the

friction welding process. While the cover part rotates and

Water inlet
channels of a
membrane filter

Accumulation
zone of semi-
melted materials

Figure 4. Inline filter welding structure, accumulations in the inner and outer parts.

the cover piece are joined. Although the agglomeration is
not important on the outer side, agglomerations in the
inner side are important as ruptures may occur on these
accumulations during the passage of pressurized water.
Broken parts may cause clogging at water inlet channels
of sensitive filters such as membrane filters.

moves downwards, the body part remains fixed to the
base. Figure 6 shows the welding process of the filter in
the FW machine used. After the welding machine
completes the process, it stays for a while in the position
where the process is finished and then returns to its
starting position.

Figure 5. Welded parts of inline water filters

Filters of four different water purification systems
available on the market are cut and examined in order to
observe their post-weld structure. Figure 5 shows the
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Pressure Pressiire

Rotation )
Rotation

Placement
location for
cover

Fixing location
for body part

Fixing location Z
for body part
a) b)

Figure 6. Friction welding machine starting position a) Friction
welding machine welding process b)

The rotation speed entered into the machine before the
welding process, the force applied during welding, the
welding time, and the waiting time after welding
throughout the experiment are shown in Table 1. The
rotation process in the friction welding machine is
provided by a servo motor. The process of making
pressure on the part is done by an air pressure unit.

Table 1. Parameters entered in the friction welding machine

Input
Input Parameter Name Parameter

Value
Rotation speed (rev / sec) 415
Friction welding pressure (bar) 6
Friction welding time (sec) 2
Friction waiting time after welding (sec) 3,5

The dimensions of the body and the cover are shown in
figure 7 Actual parts are measured and the measurement
values are used as input for ABAQUS software thus
simulation variables are held as realistic as possible. In
order to obtain realistic analysis results from an
analyzing software, the operation sequence and data in
the FW machine must be entered properly.

3,20 by

R32.5

Body Cover
a)

Force in the -Y axis
direction (6 bar)

Polypropylene
(PP) Cover

AN

Y axis rotation

. Polypropylene
(2500 rpm)
L

(PP) Body

b)
Figure 7. Dimensions of the part to be analyzed a) Part design
modeled in ABAQUS b)

Polypropylene’s basic material data which is required for
the analysis of the body and cover parts in the ABAQUS
program is shown in Table 2.

Table 2. Technical data of polypropylene [18]

Test
Method Value

(1sO)
Specific Weight (gr/cm?) 1183 0,92
Tensile Strength (MPa) 51,68 300
Elastic Modulus (MPa) 527 1250
Elongation at Break (%) 527 >50
Max. Continuous Working (°C) - 100
Min. Continuous Working (°C) - 5
Thermal Expansion Coefficient 11359 1,6x10™
(°CcH

In ABAQUS, fixing was made at the base of the body.
The force was applied to the cover in the -y direction and
rotational speed was given on the y-axis. For the friction
welding solution of PP plastic material, firstly the
transition part from solid to liquid state was analyzed
with the Lagrangian method and then its behavior in the
liquid state was analyzed with CEL (Coupled Eulerian-
Lagrangian) element method. With the Lagrangian
method, the analysis of the values under dynamic loads
such as temperature, displacement, and stress over time
was performed. In the analysis made by the Lagrangian
method, the data of the body and cover parts from solid-
state to liquid state were obtained. Figure 8 shows the
analysis made with the Lagrangian method.

Force

>Rotation

Friction surface

Shear force distribution

Figure 8. Analysis using the Langrangian method

When figure 8 is examined it is seen that, due to the
design of the part, less rotation occurs towards the inner
part when force is applied. Due to this rotation, more
contact takes place in the inner region. This is the reason
why the temperature inside is higher.

The data obtained from Langrangian analysis (such as
centrifugal force, pressing force, reaction force formed
inside the part) were applied on the part. These data were
used as input data in the CEL method. The purpose of the
CEL method is to obtain data such as temperature, force
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distribution, state transitions in the melting state of the
material. In order to observe the behavior of semi-melted
material that has turned into a liquid from solid-state, an
Eulerian part was designed in the weld area with the CEL
method. Figure 9 shows the part and Eulerian designs

After entering the data into the program and making
necessary adjustments, the analysis phase was started. In
the CEL analysis, adjustments were made without
graphic options such as temperature, stress, energy, and
displacement. By making adjustments in this way, the

made by the CEL method.

Weld Zone

Eulerian Structure

Partin the
inside

PP Body

Figure 9. Design and part made in CEL method

solution time of the analysis was reduced. In this way, it
took about 6-8 hours to solve each analysis. If the graphs
of stress, energy, and displacement were added, the
analysis would take up to 5 days to resolve.

4. PHYSICAL-MECHANICAL ANALYSIS AND

WELDING JOINT PROFILEDESIGN
Approximately 200 CEL analyzes were conducted on the
program. Comparisons between semi-melted structures
obtained from the results of this analysis and semi-melted
agglomeration in figure 4 are made. The entered
parameters changed and analyze repeated until the
generated semi-melted agglomeration state resembles in
figure 4. Some of these analyzes and their comments are
given in Table 3

Table 3. Semi-melted state and comments after CEL analysis

b Q0B fukin Lol Abagn/Explt SOEIPEATENCE R01SE B M 0 1< 03 32 o0 00.20

While resolving this analysis, the program failed when the
completion rate reached 87%. As seen in the analysis, the flow on
the right is like water, and at the same time, an inward flow is
observed on the left side. It is decided to make changes to the
dynamic viscosity and radial force values.

OO hakan_ 6.0 Absau/ErGlcit JOEXPERIENCE RA0I%E  Wos W 30 11:33:48 GHT+03.00 2020

In this analysis, it is seen that the flow is less on the right side, but the
dynamic viscosity value is high and the radial force is low. It is considered
to decrease the dynamic viscosity value and increase the EOS (Equation
of State) value.

In this analysis, the high flow on the right indicates that the
dynamic viscosity value is low. The radial force is close to the
desired. Increasing the dynamic viscosity value is needed.

!
oy
‘GOB: hatan 18.0db  Absaun/Exsiict SOCGERITICE R20191  Tus Mar 31 15:44:33 GHT+03:00 2020

In this analysis, flow occurs on the right side, but it is evaluated that the
dynamic viscosity and radial force values are close to the desired value.
However, semi-melted agglomeration did not occur in the desired
structure. An amendment in the Eulerian form is needed.

v

00 Nakae_T9.02  Abequs/EVPIKI JOEXPERIENCE R201SK _on Apr 05 23:16:13 GNT403(00 2030

In this analysis, the high flow on the right side suggests that the
dynamic viscosity value should be increased, and the gap on the
left side suggests that the radial force should be increased. The
semi-melted agglomeration is not in the desired structure as well.

The high flow on the right in this analysis suggests that the dynamic
viscosity value should be increased. The radial force is close to the desired
but the semi-melted agglomeration is not in the desired form. It is decided
to amend the Eulerian form.
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Table 3. (Continue) Semi-melted state and comments after CEL analysis

This analysis suggests that the dynamic viscosity value should
be increased due to the high flow on the right side. The radial
force is close to desired however the semi-melted
agglomeration is not at the desired structure. A slight reduction
of the EOS value is needed.

In this analysis, the flow on the right is at the desired level,
so the desired dynamic viscosity value is reached. The radial
force is also close to the desired value. The semi-melted
agglomeration has the desired structure as well. It is decided
to proceed to the next stages with the values used in this
analysis.

The data entered into the software were changed to obtain
semi-melted agglomeration close to the current model. It
was determined that when the dynamic viscosity value is
increased, the flow of semi-melted material slows down,
and when it is lowered, the flow accelerates. It is seen
that, in the semi-melted structure, when the radial force
is increased, the inner semi-melted material flows more
towards the outside, and when it is lowered, the material
flows more towards the center. When the EOS value is
entered too much, the material changes shape without
compression, and when it is entered low, the material
changes shape after a certain compression force is
affected.

In figure 10, the semi-melted structure obtained in the
CEL analysis is compared with the semi-melted
agglomeration of the existing weld zone. It is seen that
the structure obtained in the analysis is close to the
existing structure.

Current structure of
semi-melted material

Semi-melted agglomeration
obtained with CEL analvsis

Figure 10. Comparison of the structure obtained from CEL
analysis and the existing structure

4.1. Physical (Temperature) Analysis

According to the parameters that enable us to obtain the
desired semi-melted structure, the temperature data of the
part in the specified periods are defined. In order to obtain
long-term analysis solutions, graphs were produced with
a high capacity computer. Based on the analysis,
temperature distribution, and structure of the part at a
certain period of time can be seen in figure 11.

Figure 11. Temperature and semi-melted structure visuals
according to time

After the contact begins between the parts, the pressure
from the cover affects the interior. When looking at the
8th split second (figure 1l1a), it is seen that the
temperature increases due to the greater friction pressure
and surface contact in the interior of the piece. At the 15th
split second (figure 11b), friction increases on all
surfaces on the welding area. Consequently, the plastic in
the welding joint profile began to melt. In the 30th split
second (figure 11c), the plastic on all surfaces has
become semi-melted and started to flow towards the
inner and outer parts. While the flow of semi-melted
material increased towards the inner side of the part in
the 1st second (figure 11d), it is observed that there is not
much flow to the outer part. Due to the outer protrusion
and the narrow flow path, the flow of the semi-melted
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material is slowed down and it is observed that it creates
pressure towards the inner part. Therefore, it is
determined that the semi-melted material flows more
towards the inner part.

In the examination of the filter parts taken from the
market, it was observed that the half-melted
agglomeration occurred at equal densities in the inner and
outer parts, due to the difference in the welding joint
profile structures of the parts (1), (2), and (3) and because
there were no walls on the outer parts to stop the flow.
Half-melted agglomerates started to condense in the
inner part between 1.5 seconds (figure 11e) and 2 seconds
(figure 11f) and the plastic inside melts and flow over the
previously solidified areas. For this reason, it was
observed that the semi-melted material accumulation in
the inner part increased and densified.

During welding, the temperature was measured with a
Fluke remote temperature meter. During the
measurement, the temperature on the part was observed
to be 160.4 °C. The screenshot of the measurement is
shown in figure 12.

Figure 12. Temperature measurement during welding

After the welding process, the assembled part cools down
by waiting 3.5 seconds on the machine. Figure 13 shows
the heat distribution in the piece at the end of this waiting
time. It is predicted that the maximum temperature of the
part will be 98.4 ° C when the part leaves the welding
machine.

¥

©ODB: Job-10.08b  Abaqus/

Step: St 3
Z - X incren Step
e

Figure 13. Heat distribution in the weld zone after 3.5 seconds

4.2. Mechanical (stress) Analysis

In figure 14, the stress on the part depending on the
temperature is measured as 4.9253 MPa. It is observed
that the stress value decreases as the material temperature
increases. At the same time, part displacement is

determined depending on the temperature. When the
analysis is completed, there is a 1.98 mm decrease in the
-y direction in the length of the piece.
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Figure 14. Displacement and stress chart

Figure 15 shows the graph of yield stress, Poisson’s ratio,
and modulus of elasticity depending on the temperature
of the PP material. It is seen that the yield stress of the
part increases when the plastic strain increases. While the
yield stress is high at ambient temperature, the yield
stress decreases as the temperature increases. Although
the elasticity module decreases as the temperature
increases, the Poisson’s rate remains constant.
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Figure 15. Temperature-dependent plastic strain, yield stress,
Poisson’s ratio, and elastic modulus graph

Figure 16 shows the graph of the temperature of the weld
zone over time. In the analysis made, it is seen that the
temperature in the weld zone reaches a maximum of
166.2 ° C and the material in the welding area reaches a
temperature of 150 ° C in 13.1 split seconds. Due to the
high speed and the pressure force, the welding area gets
heated in a very short time.
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Figure 16. Change of temperature according to time.

Figure 17 shows the Reaction Force Distribution in the y
and x directions of the weld area of the cover piece. It is
seen that the reaction force in the -y direction affecting
the cover piece increases with time and the force
decreases towards the end of the welding. The reaction
force in the -X direction increases in a fluctuating fashion
according to the flow of the semi-melted material in the
weld slot and decreases towards the end of the weld.
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Figure 17. Reaction force graph on the cover part in x and y
directions.

Figure 18 shows the reaction moment distribution
affecting the weld area of the PP cover piece in the x and
y direction relative to time. It is seen that the reaction
moment force acting on the cover in the x direction
increases with time. The reaction moment force in the Y
direction increases in a fluctuating manner at the
beginning and decreases afterward.
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Figure 18. Reaction moment graph in x and y direction on the
cover piece.

Figure 19 shows the time-dependent kinetic and internal
energy graph in the welding area. At first, the kinetic
energy appears to have a peak when the cover piece
contacts the body. Then, the kinetic energy fluctuates
relative to the time. While the amount of internal energy
is small at first, its amount increases as the temperature
increases, and the cover piece move in the -y direction.
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Figure 19. Kinetic and internal energy in the part
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The graph of the temperature-dependent friction
coefficient of the PP material in the analyzes performed
is shown in figure 20. As the temperature increases, the
friction coefficient increases, and the temperature
decreases when the melting point is reached.
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Figure 20. PP friction coefficient chart

4.3. Welding Joint Profile Design

After obtaining the existing semi-melted structure in the
ABAQUS analysis program, the design of a weld joint
profile preventing agglomeration in the interior surfaces
is initiated according to the simulation output. Schmicker
et al. [19] simulated RFW of metal parts in their own
software program and in this simulation, they developed
a weld joint profile design that traps semi-molten
material inside during welding. In figure 21 below, the
weld joint profile structure they developed and its post-
welding state can be seen.

t=54s t=8284 |

Figure 21. The agglomeration is trapped in the slot during the
welding of metals [19]

Inspired by the design made by Schmicker et al., three
different welding joint profile designs that can trap semi-
molten agglomeration are developed. Figure 22 shows
these developed welding joint profile designs.

PP Cover

PP Body ° |

Figure 22. Welding joint profile structure designs

CEL analyzes for semi-melted agglomeration are
performed for each of the newly developed weld joint
profiles (namely N1, N2, and N3) using the data obtained

from the previous analyzes. The results of the analysis
are shown in figure 23.

PP Body

I

Figure 23. Results of CEL analysis of the weld component
joints (N1), (N2), and (N3)

When the analysis of the design (N1) is examined, it is
seen that the slot made for the confinement of the semi-
melted agglomeration was insufficient. Semi-melted
material filled the slot and overflowed.

Next, when the analysis made on the design numbered
(N2) is examined, it is seen that the slot made to contain
the semi-melted agglomeration is again insufficient. In
this design, the semi-melted material filled the space and
overflowed from the corner on the left side due to the
increased pressure in the interior.

Finally, when the design numbered (N3) is analyzed, it is
seen that the slot made to contain the semi-melted
agglomeration is sufficient. The values in the analysis are
stable in all conditions. However, since the values of a
welding machine cannot be always stable, the depth and
width measures in the design should be further optimized
at the engineering stage.

5. RESULTS and DISCUSSIONS

Although many studies, simulations, and analyzes are
done on joining metals by RFW method, there is not any
remarkable study conducted on joining plastic materials.
Kumar et al. [4] studied the mechanical and physical
aspects of joining plastic parts by FW. Singh et al. [20]
applied the Taguchi method to the input parameters of
plastic parts that they reinforced with aluminum and iron
powder. As a result of this study, they found that 775
rpm, 0.045 revs/mm, and 6 seconds welding time are the
best parameter combination for aluminum powder
reinforced plastics, and 1200 rpm, 0.045 revs/mm, and 8
seconds welding time are the best parameters
combination for metal powder reinforced plastics.

Bindal et al. [21] joined the two PP materials by RFW
and they analyzed the effects of welding pressure and
rotational speed on this joint. The minimum distance
value required to join the parts was measured as 64.1 kPa
and 14.2 mm at 1100 rpm. Sahu et al. [22] performed
experimental studies using the FSW method on 6 mm
thick PP sheets. In these studies, it was observed that the
conical pin could not join the thermoplastic materials.
The square pin, on the other hand, successfully welded
PP sheets, and they achieved a maximum welding
strength efficiency of 59.82% in these welds. They
observed that the feed and rotation speed of the tool is
effective in obtaining high strength welds.
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When the researches made on the joining of plastics are
examined, no rotary friction welding simulations and
analyzes are encountered. In this study, the analysis and
simulations on RFW of plastic parts are made with the
ABAQUS software.

The form of the semi-melted agglomeration in the body
and cover parts of the water purification filters after RFW
is simulated by the FEM (ABAQUS) program. Figure 24
shows the forms of agglomeration after rotary friction
welding and the improved version of the weld joint
profile design.

Literature Review

thermal profiles, stress distribution, and
consumption graphs are pointed out as follows.

e It is observed from FEM analysis that the
maximum temperature reaches 166.2 °C in the
semi-melted material. Fluke device measure the
maximum temperature as 160.4 ° C during the
welding. As a result it seems that the FEM
analysis and results of Fluke device
measurements are similar to each other.

e According to the thermal analysis, a temperature

energy

Developed Designs

Figure 24. Semi-melted agglomeration after rotary friction welding

Part designs are carried out by utilizing ABAQUS
software, and the parameters such as rotational speed and
pressure in the FW machine are used as input data. The
semi-melted agglomeration forms obtained as a result of
the analyses are compared with the existing form and the
most similar agglomeration form is determined. After
obtaining the most suitable form, the graphs for thermal,
stress, and energy are demonstrated.

Hamade et al. [23] combined high-density polyethylene
materials with RFW at 1224 rpm rotation speed, 40 mm
/ min feed rate, 1085 N maximum thrust, and 13.5 sec
welding time. They determined the maximum
temperature as 250°C which is above the melting
temperature of the material. In our study, the maximum
temperature of the PP material is determined as 166.2 °C,
which is also above the melting temperature of the
material, at 2500 rpm, 6 bar pushing pressure, and 2
seconds welding time.

In the literature, various designs were proposed
considering these kinds of undesired accumulations.
Schmicker et al. [19] made a housing design to prevent
accumulation on the inner surfaces of relevant metal
assemblies during RFW. Inspired by this design, 3
different welding joint profile designs are proposed in
this study. Semi-melted agglomeration distributions are
obtained by applying CEL analysis to these designs.
According to the results obtained, only design N3 traps
semi-melted agglomeration as required.

6. CONCLUSION

In this study, the FEM (ABAQUS) program is utilized to
obtain the desired semi-melted agglomeration form on a
rotary-friction welded polypropylene filter. The resulting
values obtained from this software considering the

of 150 ° C is reached in 13.1 split-seconds in the
welding zone.

o  After welding, there is a 1.98 mm shortening in
the length of the part.

e  The maximum stress value on the part is measured
as 4.9253 MPa.

e The maximum temperature value of the final
assembly removed from the welding machine is
expected to be approximately 98.4 ° C.

e N3 numbered design is the most appropriate
design with the best capability of semi-melted
agglomeration confinement when compared with
the other proposed designs in this study.
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