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1. Introduction

Resistance Upset Butt Welding (RUBW) is a vital solid-
state process for joining steel rebars, offering high
efficiency and strong bonds. However, achieving optimal
weld quality necessitates precise control over process
parameters. This study addresses the gap in comprehensive
parameter optimization by systematically investigating the
effects of welding current, upset pressure, and rebar
diameter on mechanical properties and microstructure.
The primary objective was to determine optimal
parameters for superior weld quality using statistical
design (CCD) and advanced optimization (PSO), coupled
with microstructural analysis and computational validation
via JMatPro software.

2. Materials and Methods

Steel rebars (12mm, 14mm, and 18 mm diameters) were
cut to a length of 100 mm, and their end surfaces were
prepared using a flat sander to ensure uniform contact and
reduce contact resistance. The welding of the specimens
was performed using a TECHNO TAK BM12 resistance
upset welding machine, which allows for adjustment of the
welding current in the range of 2850 to 9000 amper. The
input voltage of the machine was kept constant at 380 V
for all experiments. The welding pressure was selected
within the range of 0.99 to 2.79 N/mm2. The main process
parameters included rebar diameter, welding current, and
applied pressure. To investigate the effects of these
parameters, a central composite design (CCD) method was
employed, resulting in 20 experimental combinations. For
tensile testing of the samples, specimens were prepared
according to ASTM E8M standard. The tensile tests were
conducted at room temperature with a crosshead speed of
2 mm/min. Figure 1 also shows images of the fracture
surfaces of the base metal and welded metal rebars after

tensile testing. After inputting the ultimate tensile strength
values of the welded specimens into the design of
experiments software, the CCD-based predicted results, as
presented in Table 3, were obtained and compared with the
experimental data. Microstructural analysis was performed
using optical microscopy to characterize the weld interface
and heat-affected zone (HAZ). JMatPro software was
employed to  predict phase transformations,
complementing experimental observations. Optimization
was driven by both CCD-derived regression models and
the Particle Swarm Optimization (PSO) algorithm, with
results compared for robustness.

3. Results and Discussion

The experimental findings demonstrated a significant
impact of welding current, upset pressure, and rebar
diameter on both UTS and elongation. ANOVA indicated
a highly accurate quadratic model for UTS prediction and
a suitable linear model for elongation. The optimization
identified ideal parameters for 18 mm rebars as 8460 A
current and 1.64 MPa pressure, yielding an impressive 628
MPa UTS and 25% elongation. The PSO algorithm
effectively validated and reinforced the optimal parameter
sets found through CCD, confirming their efficacy.
Microstructural examination revealed fine acicular ferrite
grains at the weld interface, contributing to enhanced
properties. The HAZ displayed a coarser ferrite-pearlite
structure, a typical response to the thermal cycle. JMatPro
predictions of phase compositions closely aligned with the
observed microstructures, validating the computational
approach and enhancing the understanding of
metallurgical transformations.
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welding current; (b) as a function of electrode diameter and

. . . welding pressure.
Table 1. Experimental ultimate strength and elongation

values of welded samples compared with those predicted Base metal
based on CCD method

Sampl Ultimate Ultimate  Elongation  Elongati
es strength strength  (experiment on
(experiment  (predicte al) % (predicte
al) (MPa) d) d) %
(MPa)

S1 574 573.53 20 19.91
S2 573 572.8 20 19.89
S3 572 5713.53 20 19.26
S4 574 573.38 20 19.93 Coarse grain
S5 574 574.61 20 20.48 region
S6 601 601.52 22 21.97
S7 601 600.41 22 22.54
S8 602 602.4 23 22.61
S9 600 598.87 24 22.81 Weld Interface
S10 601 601.48 22 22.24
S11 602 602.01 22 22.01
S12 603 603.8 20 21.71
S13 601 601.48 22 22.24
S14 602 601.81 22 22.24 Coarse grain
s15 601 600.79 22 2171 region
S16 619 618.48 23 23.83
S17 622 621.92 25 24.21
S18 622 622.87 24 23.31
S19 615 614.78 25 24.48
S20 620 620.53 24 24.64

Base metal
Fracture Location

Figure 3. Optical micrograph showing the variation of
W Weld line microstructure in the RUBW joint interface of steel
rebar with 12 in diameter.

4. Conclusion
This research successfully optimized Resistance Upset
Butt Welding parameters for steel rebars, significantly
improving joint mechanical properties. The integration of
CCD and PSO proved highly effective in identifying
optimal conditions, leading to maximum ultimate tensile
strength and elongation. Microstructural —analysis
) elucidated the formation of desirable phases (acicular
;§;§§§§§§'§§:,§;;;~.,g;: ferrite) at the weld interface and provided insights into
e HAZ characteristics, corroborated by JMatPro. This study
offers valuable practical guidelines for achieving high-
quality steel rebar welds, with potential for further research
into fatigue behavior and application to diverse steel
grades.

Figure 1. Fracture surfaces of the rebars: (a) in the base
metal, (b) in the weld
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Figure 2. Effect of input parameters on the final strength of
welded samples: (a) as a function of electrode diameter and
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Optimization of Resistance Upset Butt Welding Parameters of Steel Rebars: A Study on Mechanical
Properties and Microstructure

Hoda Mirseifi Hamed Ghohani Arab Mahmood Sharifitabar

Abstract This study investigates the effect of resistance upset butt welding (RUBW) process parameters on the joining
of steel bars with different diameters. The conducted evaluations included microstructure, ultimate tensile strength (UTS),
elongation, and localized hardness of the welded specimens. Parameter optimization was performed using Central
Composite Design (CCD) and Particle Swarm Optimization (PSO) algorithms. The maximum ultimate tensile strength of
628 MPa and an elongation of 25% were achieved under optimal conditions for an 18-mm-diameter rebar, a welding
current of 8460 A, and a welding pressure of 1.64 MPa. Analysis of variance showed that the quadratic model provided
accurate predictions for ultimate tensile strength, while the linear model was accurate for elongation. The PSO algorithm
was used to determine the optimal input parameters, and its results were compared with those from the CCD method.
The JMatPro software was used to analyze the phase types and compared with experimental observations. The results
showed that the joint interface contained needle-shaped ferrite grains and the heat affected zone exhibited a coarse-
grained ferrite-pearlite microstructure.

Keywords Solid-state welding, Design of experiments, Optimal Response, Hardness distribution, Variance analysis.
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