Quarterly Scientific Journal of Technical and Vocational University

Spring 2022, Vol. 19, No. 1, p. 183-203
Journal homepage: https://karafan.tvu.ac.ir/?lang=en TVU

d. 1:10.48301/KSSA.2022.314530.1873

E-ISSN: 2538-4430

22 Original Research ISSN: 2382-9796

Effect of Process Parameters of Laser Welding on Tensile
Strength of PP/EPDM/Clay Nanocomposite Welds Using
Response Surface Methodology

Mohammad Reza Nakhaei Amrudit*”, Ali Ahmadi2‘’, Nasrallah Bani Mostafa
Arabs3

1Assistant Professor, Faculty of Mechanics and Energy, Shahid Beheshti University, Tehran, Iran.
¢MSc Student, Faculty of Mechanical Engineering, Shahid Rajaee Teacher Training University,
Tehran, Iran.

3Associate Professor, Faculty of Mechanical Engineering, Shahid Rajaee Teacher Training University,
Tehran, Iran.

ARTICLE INFO ABSTRACT

Received: 01.10.2022 Polypropylene/ ethylene-propylene-diene monomer/ Nanoclay
Revised: 04.08.2022 (PP/EPDM/ Nanoclay) nanocomposite with different loadings of clay
Accepted: 04.16.2022 content is used in many industries because of balance on the tensile

and impact strengths. Laser welding, as a fabrication method, is
Keyword: applied to the butt-welding of these nanocomposites. The input
PP /EPDM'/ Clay parameters (clay content, laser power, scan velocity, and stand-off-
distance) were varied to achieve the best responses (tensile strength
Weld strength of welds). Response surface methodology (RSM) was utilized to
Responce surface methodology relate the input parameters and the response. The effects of all input
(RSM) parameters on the responses were investigated. Results
demonstrated that increasing the clay content from 0 to 6 wt% and

Laser welding

Nanocomposite increasing stand-off-distance from 5 to 8 mm decreased the tensile

strength from 9.6 MPa to 6.1 MPa and 9.19 MPa to 836 MPa,
*Corresponding Author: respectively. The models showed that laser power of 100 W, traverse
Mohammad Reza Nakhaei speed of 400-750 mm min21, and stand-off-distance of 5 - 6.5 mm,
Amrudi led to weld strength from 8 to 9.9 MPa.

Email: m_nakhaei@sbu.ac.ir

&) ©2022 Technical and Vocational University, Tehran, Iran. This article is an open-access article
rra distributed under the terms and conditions of the Creative Commons Attribution-Noncommercial 4.0
International (CC BY-NC 4.0 license) (https://creativecommons.org/licenses/by-nc/4.0/).



https://creativecommons.org/licenses/by-nc/4.0/
https://karafan.tvu.ac.ir/?lang=en
https://karafan.tvu.ac.ir/article_148348.html?lang=en
https://orcid.org/0000-0001-6043-4458
https://orcid.org/0000-0003-2483-3130
https://orcid.org/0000-0001-5445-3126
https://portal.issn.org/resource/ISSN/2538-4430
https://portal.issn.org/resource/ISSN/2382-9796
https://portal.issn.org/resource/ISSN/2538-4430
https://portal.issn.org/resource/ISSN/2382-9796

Mohammad Reza Nakhaei Amrudi and et al. Effect of Process Parameters of Laser...

EXTENDED ABSTRACT

Introduction

Polypropylene/ethylene - propylene — diene monomer/nanoclay (PP/EPDM/nanoclay)
nanocomposites with different loadings of clay content are used in many industries
because of balancing on the tensile and impact strengths. Morphology, physical,
mechanical, and other properties of these nanocomposites have been investigated in
several studies. The widespread application of these nanocomposites shows that the
investigation of their welding is important and necessary. On the other hand, there are
various methods for welding composite or nanocomposites-based polymers. The novel
method of vibration welding is used to welding of nylon polymers. Friction stir welding is
applied to the welding of polyamide 6 polymers (PA6). The hot plate welding method is
another novel way that can be utilized for welding polymer-based composites. Recently,
laser welding has been considered an attractive method for welding different materials
including thermoplastics and metals. Laser welding because of its outstanding advantages
such as high quality, non-contact, high speed, and flexibility can be selected for welding
nanocomposites among various novel methods. The key parameters of laser welding (i.e.;
laser power, speed, and focal distance) in mechanical properties of laser welding of
PP/clay nanocomposite have been investigated by various researchers. Based on the above
discussion, the aim of this study was to investigate the effect of clay content and key laser
welding parameters on the tensile strength of PP/EPDM/clay nanocomposites.

Methodology

Response surface methodology (RSM), a well-known method, was utilized in the
present research. It is a collection of mathematical and statistical techniques that relates
the input parameters to the output responses. RSM develops an appropriate mathematical
model with the nearest fit to response that causes the prediction of the best input
parameters in which the optimal response is achieved. The experiments were designed
based on four factors at three levels. The nanocomposites were prepared in an internal
mixer. The amount of PP/EPDM was fixed at 80/20 (wt/wt). The input parameters and
their levels are shown in Table1.

Table 1. Input parameters and their levels

Input parameters Units Notations Levels
Clay wt% C 0 3 6
power Watt P 80 100 120
Welding speed mm/min \' 400 750 1100
Stand-off distance mm S 5 6.5 8

Tensile strength of the welded samples was carried out at a cross head speed of
1mm/min according to ASTM D638. Scan electron microscopy (SEM) and transmission
electron microscopy (TEM) were utilized to evaluate the dispersion of nanoclay in the
fracture surface of PP/EPDM welded samples.
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Results and discussion

The design-Expert software suggests a quadratic model that has the best fit with
responses. The F-test, lack-of-fit test, and analysis-of-variance (ANOVA) technique were
utilized for the adequacy of the model. Validation of the developed model was evaluated
with three confirmation experiments under new conditions of process parameters. The
response of these new experiments was in good agreement with the predicted responses
of the mathematical model. The results showed all of the input parameters to be effective
in the tensile responses as shown in Figure 1.
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Figure 1. Effect of input parameters on response

Increasing clay content and stand-off distance led to a decrease in tensile strength. In
addition, the effect of clay content on decreasing the responses was greater than the stand-
off distance. TEM micrograph of fracture samples showed the dispersion of the clay
content at higher loading of clay was weak. 1wt% of the clay caused good dispersion of the
nanoparticles in PP/EPDM matrix. In the case of the stand-off distance, increasing this
factor from 5 to 8 mm led to increasing of the beam diameter on the welding surface from
0.9 to 1.2 mm. Therefore, the power density at high levels of stand-off distance decreased
resulting in low heat input, poor penetration, and weak tensile strengths. Regarding the
laser power, an optimum laser power of 105 W led to the maximum tensile strength of the
welds. The increase in laser welding had a negative effect on the tensile strength of the
welds. This behavior was related to line energy (the ratio of laser power per welding
speed). The best tensile welds were obtained when the line energy was at its optimum.
Increasing laser power led to increasing line energy which caused better responses.
Furthermore, increasing the line energy caused partial decomposition of the welds, as SEM
of the surface of welds emphasized these phenomena. Increasing the welding speed
decreased the line energy, thus the heat input to the base material and volume of melt
decreased. Consequently, it led to a decrease in tensile strength at a high level of welding
speed. The combination of laser power of 105W and the speed welding of 700 mm/min
and the stand-off distance of 6.5mm is recommended to achieve a higher level of tensile
strength.

185



Mohammad Reza Nakhaei Amrudi and et al. Effect of Process Parameters of Laser...

Conclusion

In the present research, the effect of key process parameters of the laser welding and
clay content on PP/EPDM nanocomposites were investigated and the following
conclusions drawn:

All input parameters had a major impact on the tensile strength of welds. The
impact of stand-off distance was less than the other parameters.

The mathematical model achieved from RSM methods could predict response at a
higher 90% confidence level in comparison to the experimental test.

Strength of laser welding of TPO, TPO3, and TPO6 nanocomposites was
approximately 90%, 55%, and 35% of the tensile strength of the base
nanocomposites, respectively.

Increasing the clay content from 0 to 6 wt% and the stand-off distance from 5 to
8mm caused a decrease in tensile strength of welds by approximately 36% and
9%, respectively.

The interaction of PxV, PxS and VxS, the combination of laser power of 100W,
welding speed of 400-750 mm/min, and stand-off distance of 5mm were the
optimal process parameters leading to the tensile strength of the weld joint of
10 MPa.
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