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Abstract 
This study characterises the process-property relationship of Wire Arc Addi-
tive Manufacturing (WAAM) assisted by post-deposition Friction Stir Weld-
ing (FSW) for Aluminium Alloy 4043 (AA4043) deposited on an AA6061-T6 
substrate. WAAM samples were fabricated using a robotic Gas Metal Arc 
Welding (GMAW) system, with deposition parameters (arc current, arc volt-
age, travel speed) optimised via a Taguchi L9 design of experiments, evaluat-
ing bead height and bead width as dual responses. The optimised WAAM pa-
rameter set (140 A, 20 V, 400 mm/min) was subsequently treated with post-
deposition FSW (900 RPM, 30 mm/min) using a custom-fabricated jig. Mi-
crostructural evolution was evaluated using FE-SEM and EDX, while mechan-
ical performance was assessed through Vickers microhardness testing. As-de-
posited WAAM samples exhibited coarse columnar α-Al dendrites, Mg2Si-
rich eutectic segregation, and interlayer porosity, yielding a mean hardness of 
66.3 HV. Post-deposition FSW induced dynamic recrystallisation, refining the 
microstructure into fine equiaxed grains, homogenising the Mg2Si-rich phase, 
and eliminating visible porosity, raising the mean hardness to 95.3 HV (an 
increase of approximately 44%). These findings indicate that post-deposition 
FSW is an effective post-processing strategy for mitigating the inherent defects 
of WAAM-fabricated AA4043 components, offering a viable pathway toward 
producing aluminium parts with superior structural integrity for aerospace, 
automotive, and marine applications. 
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1. Introduction 

Wire Arc Additive Manufacturing (WAAM) is a Directed Energy Deposition 
(DED) technique that uses an electric arc to melt and deposit metal wire feedstock 
layer by layer, offering high deposition rates and cost-effectiveness for fabricating 
large-scale metallic components [1] [2]. However, WAAM-fabricated parts com-
monly exhibit porosity, coarse columnar grains, and anisotropic mechanical prop-
erties that compromise structural integrity [2]. Aluminium Alloy 4043 (AA4043), 
an Al-Si-based filler material valued for its weldability and corrosion resistance, is 
frequently used in WAAM [3]-[6]; yet components built from AA4043 can still 
suffer from weak interlayer bonding and microstructural inhomogeneity [7] 
[8]. 

To mitigate these limitations, Friction Stir Welding (FSW) has been proposed 
as a solid-state post-processing technique applied to WAAM-fabricated compo-
nents, either between successive deposited layers or as a single pass following com-
plete deposition [9] [10]. The stirring action of a rotating tool induces severe plastic 
deformation and dynamic recrystallisation, refining the coarse columnar grains into 
finer, more homogeneous structures while closing porosity and improving inter-
layer bonding [11]-[14]. Prior studies have reported that interlayer friction stir pro-
cessing effectively eliminates porosity and refines microstructure in WAAM-fabri-
cated aluminium alloys [11] [12] [15]-[17]. Despite these promising results, com-
prehensive process-property characterisation of the WAAM + post-deposition 
FSW hybrid route specifically for AA4043 remains limited. 

The combined effects of WAAM deposition parameters and post-deposition 
FSW treatment on the grain structure, phase distribution, and hardness of AA4043 
are not yet well understood, which constrains optimisation of this hybrid process 
for reliable, high-performance applications in the aerospace, automotive, and ma-
rine sectors [18]-[21]. 

This study therefore aims to: (1) investigate the effect of WAAM and post-dep-
osition FSW parameters on the microhardness of AA4043 deposits; (2) analyse 
the microstructural evolution of AA4043 before and after post-deposition FSW; 
and (3) propose optimised process parameters for the WAAM + post-deposition 
FSW route for AA4043. 

2. Materials and Methods 
2.1. Materials and Sample Preparation 

AA4043 aluminium wire (1.2 mm diameter) was used as the feedstock material 
[3] [5] [22], deposited onto a T-shaped AA6061-T6 substrate (10 mm × 25 mm × 
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150 mm). Prior to deposition, the substrate surface was cleaned with alkaline wa-
ter, air-dried, and mechanically abraded to remove oxide layers and ensure ade-
quate bonding of the initial WAAM layer. 

2.2. WAAM Fabrication and Process Parameter Optimisation 

The WAAM deposition was conducted using a Gas Metal Arc Welding (GMAW) 
system with a KUKA robot model KR 4C and EWM 352 Alpha Q welding as heat 
source, under an argon shielding gas flow (≥98% purity, 20 L/min) (Figure 1). 

 

 
Figure 1. KUKA robot model KR 4C. 

 
Three process parameters—arc current (80 - 140 A), arc voltage (17 - 20 V), 

and travel speed (300 - 500 mm/min)—were varied according to a Taguchi L9 
orthogonal array generated in Minitab, producing nine parameter combinations 
(Table 1). Bead height (BH) and bead width (BW) were measured for each sample 
and jointly optimised using the mean-of-means approach to identify the combi-
nation yielding the most consistent and dimensionally favourable bead geometry. 

2.3. Post-Deposition Friction Stir Welding Process 

Upon completion of WAAM deposition, a single post-deposition FSW pass was 
applied across the top surface of the fully-built wall using a Jinfeng Welding and 
Cutting FSW machine [9]; FSW was not applied between individual deposited 
layers in this study. A custom aluminium jig (155 mm × 82 mm × 20 mm, secured 
with four M6 screws) was fabricated via CNC machining to hold the small WAAM 
samples securely during processing. Two parameter sets—900 RPM/30 mm/min 
and 1100 RPM/90 mm/min—were trialled; 900 RPM with 30 mm/min travel 
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speed was selected for further characterisation, as higher rotational and travel 
speeds produced overheating and inconsistent weld quality under the available 
equipment and operating expertise. Detailed FSW (Figure 2) tool specifications 
(tool material, shoulder and pin geometry, tilt angle, plunge depth, dwell time, 
and axial force) and additional WAAM parameters (wire-feed speed, contact-tip-
to-work distance, torch angle, deposition path, interpass temperature, and inter-
layer cooling time) were not systematically logged during this exploratory study; 
this is acknowledged as a limitation for full reproducibility and is addressed under 
Future Work. 

 

 
Figure 2. Jinfeng welding and cutting (FSW). 

2.4. Microstructural and Mechanical Characterisation 

Samples were sectioned, mechanically ground (240 - 800 grit), polished with dia-
mond lubricant, and etched using Keller’s reagent for microstructural revelation. 
Field Emission Scanning Electron Microscopy (FE-SEM) was used to examine 
grain morphology, and Energy Dispersive X-ray Spectroscopy (EDX) was used to 
map elemental distribution (Al, Si) before and after post-deposition FSW. Vickers 
microhardness was measured using a 0.1 HV load with a 10 s dwell time at five 
locations per sample, for both as-deposited WAAM and WAAM + post-deposi-
tion FSW conditions. 

It should be noted that the five reported hardness values for each condition 
were obtained from five locations on a single fabricated specimen rather than 
from independently fabricated replicate specimens; consequently, the reported 
standard deviation reflects within-specimen spatial variation rather than between-
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specimen reproducibility, and no formal statistical hypothesis test was performed 
to compare the two conditions. 

3. Results and Discussion 
3.1. Optimised WAAM and Post-Deposition FSW Parameters 

The Taguchi L9 results (Table 1) show that bead height and bead width varied 
non-linearly with arc current, voltage, and travel speed, reflecting the coupled in-
fluence of heat input and deposition rate on melt pool behaviour [7] [23]. Apply-
ing the mean-of-means approach to the dual bead height/width response identi-
fied 140 A, 20 V, and 400 mm/min as the optimum WAAM parameter set, corre-
sponding to Sample 9, which produced the most dimensionally consistent bead 
geometry among the nine trials. For post-deposition FSW, 900 RPM and 30 
mm/min travel speed were adopted as the working parameters (Table 2), as this 
combination provided adequate plastic deformation and heat generation for grain 
refinement while avoiding overheating and excessive tool wear observed at higher 
RPM/travel-speed settings [9] [24]. 

 
Table 1. Taguchi L9 orthogonal array for WAAM parameters and resulting bead geometry. 

No. Current (A) Voltage (V) 
Travel Speed 

(mm/min) 
BH (mm) BW (mm) 

1 80 17 300 14.04 4.15 

2 80 18.5 400 14.00 7.50 

3 80 20 500 14.10 6.05 

4 110 17 400 14.35 8.02 

5 110 18.5 500 13.70 8.75 

6 110 20 300 14.70 6.85 

7 140 17 500 14.20 8.35 

8 140 18.5 300 13.68 6.54 

9 140 20 400 13.34 17.20 

 
Table 2. Optimised WAAM and post-deposition FSW process parameters. 

Parameter Optimised Value 

Arc current (WAAM) 140 A 

Arc voltage (WAAM) 20 V 

Travel speed (WAAM) 400 mm/min 

Tool rotational speed (FSW) 900 RPM 

Travel speed (FSW) 30 mm/min 

3.2. Microstructural Evolution 

FE-SEM examination of the as-deposited WAAM samples revealed coarse colum-
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nar α-Al dendrites aligned along the build direction, consistent with the direc-
tional solidification and thermal gradients inherent to WAAM’s rapid melting-
cooling cycles [2] [6]. A Mg2Si-rich eutectic phase was observed segregated along 
dendrite boundaries, together with isolated microporosity [15] [25]—features ex-
pected to reduce ductility and produce anisotropic, spatially inconsistent mechan-
ical properties (Figure 3). 

 

 
Figure 3. FE-SEM micrograph of the as-deposited WAAM AA4043 sample, showing coarse 
columnar α-Al dendrites, Mg2Si-rich eutectic segregation, and isolated microporosity. 

 
Following post-deposition FSW, the microstructure transformed into fine, 

equiaxed grains, indicating that the severe plastic deformation and localised fric-
tional heating from the rotating tool promoted dynamic recrystallisation [11]-[13] 
[26]-[28]. The Mg2Si-rich phase was more evenly dispersed after FSW, and no 
porosity was visually apparent in the stirred zone, consistent with closure of gas 
pockets and improved interlayer bonding [11] [25] [29] [30] (Figure 4). 

EDX mapping (Figure 5 and Figure 6) corroborated these observations: alu-
minium and silicon distributions were markedly more homogeneous after post-
deposition FSW than in the as-deposited condition, supporting the interpretation 
that the stirring action redistributes alloying elements more uniformly across the 
matrix [12]. 

3.3. Microhardness Evaluation 

Vickers microhardness measurements (Figure 7, Figure 8 and Table 3) showed a 
mean hardness of 66.3 HV (range 61.8 - 74.5 HV) for the as-deposited WAAM 
condition, consistent with the coarse-grained, porosity-containing microstruc-
ture. After post-deposition FSW, mean hardness increased to 95.3 HV (range 81.7 
- 116.3 HV), an improvement of approximately 44%. This increase is attributed 
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to grain refinement—via the Hall-Petch relationship, finer grains provide greater 
resistance to dislocation motion—together with reduced porosity and improved 
interlayer bonding [10] [11] [13] [29] [31]. 

 

 
Figure 4. FE-SEM micrograph of the WAAM + post-deposition FSW AA4043 sample, 
showing fine, equiaxed grains and homogenised Mg2Si-rich phase distribution. 

 

 

Figure 5. EDX elemental maps (Al, Si) of the as-deposited WAAM AA4043 sample. 
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Figure 6. EDX elemental maps (Al, Si) of the WAAM + post-deposition FSW AA4043 
sample, showing more homogeneous elemental distribution. 

 

 
Figure 7. Vickers microhardness profile of the as-deposited WAAM AA4043 sample across 
five measurement points. 

 

 

Figure 8. Vickers microhardness profile of the WAAM + post-deposition FSW AA4043 
sample across five measurement points. 
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Table 3. Statistical summary of Vickers microhardness before and after post-deposition 
FSW. 

Condition Mean (HV) Std. Dev. (HV) Range (HV) 

As-deposited WAAM 66.3 4.8 61.8 - 74.5 

WAAM + Post-Deposition FSW 95.3 13.4 81.7 - 116.3 

 
The larger standard deviation observed after FSW (13.4 HV, versus 4.8 HV for 

as-deposited WAAM) reflects localised variation associated with non-uniform 
precipitate/phase redistribution during stirring [12] [17], suggesting that further 
refinement of FSW parameters (e.g., tool geometry, plunge depth) could improve 
hardness uniformity. 

4. Conclusion 

This study characterised the process-property relationship of WAAM-fabricated 
AA4043 assisted by post-deposition FSW. Taguchi L9 optimisation identified 140 
A, 20 V, and 400 mm/min as the optimum WAAM parameter set based on bead 
geometry, while 900 RPM and 30 mm/min travel speed were established as workable 
post-deposition FSW parameters. Post-deposition FSW transformed the coarse co-
lumnar, porosity-containing WAAM microstructure into a fine, equiaxed, more ho-
mogeneous structure, raising mean Vickers microhardness from 66.3 HV to 95.3 
HV (~44% increase) [10] [11] [13]. These findings indicate that post-deposition 
FSW is an effective post-processing strategy for mitigating the inherent defects of 
WAAM-fabricated AA4043, supporting its potential for producing aluminium 
components with improved structural integrity for aerospace, automotive, and ma-
rine applications [19] [21]. Future work should incorporate complete documenta-
tion of WAAM and FSW process parameters (including wire-feed speed, torch ge-
ometry, interpass conditions, and FSW tool specifications), testing of independently 
fabricated replicate specimens with formal statistical analysis, quantitative image-
based measurement of grain size and porosity, real-time thermal and residual stress 
monitoring, systematic evaluation of FSW tool geometry, and expanded mechanical 
testing (tensile, impact, fatigue) to further validate the hybrid process. 

Acknowledgements 

The authors would like to express their sincere gratitude to Fakulti Teknologi dan 
Kejuruteraan Industri dan Pembuatan (FTKIP), Universiti Teknikal Malaysia 
Melaka, for providing the necessary facilities and technical support throughout 
this research. This work was funded by the research grant FRGS/1/2025/TK10/ 
UTEM/02/3, and the authors deeply appreciate this financial assistance, which 
made the study possible. 

Conflicts of Interest 

The authors declare no conflicts of interest regarding the publication of this paper. 

https://doi.org/10.4236/jpee.2026.1410001


N. I. S. Hussein et al. 
 

 

DOI: 10.4236/jpee.2026.1410001 10 Journal of Power and Energy Engineering 
 

References 
[1] Williams, S.W., Martina, F., Addison, A.C., Ding, J., Pardal, G. and Colegrove, P. 

(2016) Wire + Arc Additive Manufacturing. Materials Science and Technology, 32, 
641-647. https://doi.org/10.1179/1743284715y.0000000073 

[2] Wu, B., Pan, Z., Ding, D., Cuiuri, D., Li, H., Xu, J., et al. (2018) A Review of the Wire 
Arc Additive Manufacturing of Metals: Properties, Defects and Quality Improve-
ment. Journal of Manufacturing Processes, 35, 127-139.  
https://doi.org/10.1016/j.jmapro.2018.08.001 

[3] Hussein, N.I.S., Chin Ket, G., Abdul Rahim, T., Ayof, M.N. and Zainal Abidin, M.Z. 
(2023) Process and Heat Resources for Wire Arc Additive Manufacturing of Alumin-
ium Alloy ER4043: A Review. Journal of Mechanical Engineering, 20, 21-41.  
https://doi.org/10.24191/jmeche.v20i1.21077 

[4] Sastry, G.R.K., Venkateswarlu, K. and Kumar, C.R.V. (2025) Interface Metallurgical 
Characteristics and Mechanical Properties of ER4043 Aluminum Alloys in Wire Arc 
Additive Manufacturing Process. Journal of Materials Engineering and Performance, 
34, 26164-26180. https://doi.org/10.1007/s11665-025-11763-9 

[5] Kumaran, A.M., Jeyakumar, S., Kennedy, S.M. and Nithyanandhan, T. (2026) Com-
parative Evaluation of Microstructural, Mechanical and Tribology Properties of 
ER4043 and ER4047 Aluminum Alloys Fabricated by TIG-Based Wire Arc Additive 
Manufacturing. Journal of Materials Engineering and Performance, 35, 25548-25567.  
https://doi.org/10.1007/s11665-026-13501-1 

[6] Shi, J., Brandt, M., Molotnikov, A. and Easton, M. (2025) Effect of Bending Angle on 
Defect Formation in ER4043 Aluminum Alloy in Wire Arc Additive Manufacturing. 
JOM, 77, 7264-7273. https://doi.org/10.1007/s11837-025-07565-y 

[7] Liu, S., Sun, Y., Yuan, X., Lv, H., Wang, R., Jin, G., et al. (2026) Optimizing Robot 
Weaving Width Improves the Microstructure and Mechanical Performance of 4043 
Aluminum Alloy in CMT-WAAM. Scientific Reports, 16, Article No. 14005.  
https://doi.org/10.1038/s41598-026-43670-x 

[8] Velayutham, R., Behera, S., Sridharan, S. and Murugesan, J. (2026) High Temperature 
Fretting Wear Behavior of CMT-Based Wire Arc Additive Manufactured AA4043 
Alloy. Next Materials, 13, Article ID: 102981.  
https://doi.org/10.1016/j.nxmate.2026.102981 

[9] Mohd Kassim, M.K.A., Sued, M.K., Hussein, N.I.S. and Aoh, J.N. (2022) Process Sig-
nal Response of Joining Thin Material AA1100 Using Bobbin Friction Stir Welding 
Technique. Journal of Advanced Manufacturing Technology, 16, 33-45. 

[10] Singh, M., Gain, S., Singh, P.K., Singh, S. and Baitha, R. (2026) Friction Stir Pro-
cessing of Wire Arc Additively Manufactured SS316L: Microstructural and Mechan-
ical Property Enhancement. Journal of Materials Engineering and Performance, 35, 
9360-9375. https://doi.org/10.1007/s11665-025-12344-6 

[11] He, C., Wei, J., Li, Y., Zhang, Z., Tian, N., Qin, G., et al. (2023) Improvement of Mi-
crostructure and Fatigue Performance of Wire-Arc Additive Manufactured 4043 Alu-
minum Alloy Assisted by Interlayer Friction Stir Processing. Journal of Materials Sci-
ence & Technology, 133, 183-194. https://doi.org/10.1016/j.jmst.2022.07.001 

[12] Qie, M., Wei, J. and He, C. (2023) Microstructure Evolution and Mechanical Proper-
ties of Wire-Arc Additive Manufactured Al-Zn-Mg-Cu Alloy Assisted by Interlayer 
Friction Stir Processing. Journal of Materials Research and Technology, 24, 2891-
2906. https://doi.org/10.1016/j.jmrt.2023.03.205 

[13] Elalem, A.N. and Wu, X. (2026) Layer-Resolved Grain Morphology and Recrystal-

https://doi.org/10.4236/jpee.2026.1410001
https://doi.org/10.1179/1743284715y.0000000073
https://doi.org/10.1016/j.jmapro.2018.08.001
https://doi.org/10.24191/jmeche.v20i1.21077
https://doi.org/10.1007/s11665-025-11763-9
https://doi.org/10.1007/s11665-026-13501-1
https://doi.org/10.1007/s11837-025-07565-y
https://doi.org/10.1038/s41598-026-43670-x
https://doi.org/10.1016/j.nxmate.2026.102981
https://doi.org/10.1007/s11665-025-12344-6
https://doi.org/10.1016/j.jmst.2022.07.001
https://doi.org/10.1016/j.jmrt.2023.03.205


N. I. S. Hussein et al. 
 

 

DOI: 10.4236/jpee.2026.1410001 11 Journal of Power and Energy Engineering 
 

lized Crystal Evolution in FSP-Assisted Wire Arc Additive Manufacturing of Alumi-
num Alloy 4043. Metals, 16, Article No. 645. https://doi.org/10.3390/met16060645 

[14] Dai, G.-Q., Ye, W.-L., Xing, Y.-J., Yao, J., Jiang, T., Guo, Y.-H., et al. (2026) Modified 
Microstructure and Enhanced Mechanical Performance of Wire Arc Additive Man-
ufactured 2319 Aluminum Alloy via Interlayer Friction Stir Processing. Journal of 
Central South University, 33, 2423-2437. https://doi.org/10.1007/s11771-026-6311-5 

[15] Elalem, A.N., Razzaghi, M. and Wu, X. (2026) Post-Peak Cooling Rate Is Strongly 
Associated with Layer-Resolved Porosity Evolution in Hybrid WAAM-FSP Al 4043 
Multi-Layer Walls. Materials, 19, Article No. 2922.  
https://doi.org/10.3390/ma19132922 

[16] Badri, E., Shamsipur, A., Abdollahzadeh, A. and Botkan, M.H. (2026) Synergistic Im-
provement of Mechanical Performance, Wear Resistance, and Corrosion Resistance 
in Al-Mg Hybrid Composites Reinforced with Ceramic Particles via WAAM-FSP 
Processing. Journal of Materials Research and Technology, 42, 4050-4071.  
https://doi.org/10.1016/j.jmrt.2026.04.010 

[17] Sui, Y., Shen, J., Hu, S. and Hu, N. (2026) Fabrication of HEA Particle-Reinforced 
AZ91 Magnesium Matrix Composites via WAAM-FSP Hybrid Process: Microstruc-
tural Regulation and Performance Optimization. Journal of Magnesium and Alloys, 
23, Article ID: 102219. https://doi.org/10.1016/j.jma.2026.102219 

[18] Zahidin, M.R., Yusof, F., Abdul Rashid, S.H., Mansor, S., Raja, S., Jamaludin, M.F., et 
al. (2023) Research Challenges, Quality Control and Monitoring Strategy for Wire 
Arc Additive Manufacturing. Journal of Materials Research and Technology, 24, 
2769-2794. https://doi.org/10.1016/j.jmrt.2023.03.200 

[19] Omiyale, B.O., Olugbade, T.O., Abioye, T.E. and Farayibi, P.K. (2022) Wire Arc Ad-
ditive Manufacturing of Aluminium Alloys for Aerospace and Automotive Applica-
tions: A Review. Materials Science and Technology, 38, 391-408.  
https://doi.org/10.1080/02670836.2022.2045549 

[20] Wu, F., Qiao, B., Wang, X., Wu, L., Zhang, S. and Zheng, H. (2026) Recent Advances 
in CMT-Based Wire Arc Additive Manufacturing of Aluminum Alloys. Materials Re-
ports, 40, Article ID: 25030111. 

[21] Dasari, J. and Xavior, M.A. (2026) Review of Additive Manufacturing and Post Pro-
cessing Techniques for Aluminium Alloys with Focus on Microstructure Changes 
Mechanical Performance and Emerging Trends. Discover Mechanical Engineering, 
5, Article No. 48. https://doi.org/10.1007/s44245-026-00189-9 

[22] Sifa, A., Baskoro, A.S., Kiswanto, G., Supriadi, S. and Winarto, W. (2026) Preliminary 
Study of the Wire Filler Selection of Gas Metal Arc Welding-Additive Manufacturing 
(GMAW-AM) on Aluminum Alloys. Key Engineering Materials, 1058, 111-125.  
https://doi.org/10.4028/p-lccpu5 

[23] Vignesh, M., Sathishkumar, M., Saiganesh, S., Kaviya, M. and Anbuchezhiyan, G. 
(2026) Wire Arc Additive Manufacturing of ER5183 Aluminium Alloy. Scientific Re-
ports, 16, Article No. 18843. https://doi.org/10.1038/s41598-026-49203-w 

[24] Kesarwani, S., Yuvaraj, N. and Niranjan, M.S. (2026) Influence of Heat Input Varia-
tions on Tribological Performance of Bimetallic Aluminum Alloy Walls Fabricated 
via Cold Metal Transfer-Based Wire Arc Additive Manufacturing. Arabian Journal 
for Science and Engineering, 51, 2645-2660.  
https://doi.org/10.1007/s13369-025-10082-4 

[25] Gu, J., Yang, S., Gao, M., Bai, J., Zhai, Y. and Ding, J. (2020) Micropore Evolution in 
Additively Manufactured Aluminum Alloys under Heat Treatment and Inter-Layer 
Rolling. Materials & Design, 186, Article ID: 108288.  

https://doi.org/10.4236/jpee.2026.1410001
https://doi.org/10.3390/met16060645
https://doi.org/10.1007/s11771-026-6311-5
https://doi.org/10.3390/ma19132922
https://doi.org/10.1016/j.jmrt.2026.04.010
https://doi.org/10.1016/j.jma.2026.102219
https://doi.org/10.1016/j.jmrt.2023.03.200
https://doi.org/10.1080/02670836.2022.2045549
https://doi.org/10.1007/s44245-026-00189-9
https://doi.org/10.4028/p-lccpu5
https://doi.org/10.1038/s41598-026-49203-w
https://doi.org/10.1007/s13369-025-10082-4


N. I. S. Hussein et al. 
 

 

DOI: 10.4236/jpee.2026.1410001 12 Journal of Power and Energy Engineering 
 

https://doi.org/10.1016/j.matdes.2019.108288 

[26] Elalem, A.N., Alrehaili, H. and Wu, X. (2026) Effect of Active Air-Cooling Configu-
ration during Interlayer Friction Stir Processing on Grain Morphology and Within-
Wall Homogeneity in UAMFSP-Fabricated Aluminum 4043 Walls: A Single-Repli-
cate Exploratory Study. Journal of Manufacturing and Materials Processing, 10, Ar-
ticle No. 252. https://doi.org/10.3390/jmmp10070252 

[27] Li, L., Xiao, Y., Shi, L., Chen, J. and Wu, C. (2026) Numerical Simulation on Ther-
momechanical Coupling Process in Friction Stir-Assisted Wire Arc Additive Manu-
facturing. Rare Metal Materials and Engineering, 55, 1-8. 

[28] Meng, W., Jia, L., Li, T., Ma, Q., Hu, L., Xie, H., et al. (2026) Synergistic Effects of in 
Situ Micro-Rolling and Synchronous Cooling on Process Stability and Mechanical 
Performance of Twin-Wire WAAM-Fabricated Al-Cu-Mg Alloys. Journal of Manu-
facturing Processes, 174, 300-323. https://doi.org/10.1016/j.jmapro.2026.07.047 

[29] Kesarwani, S., Yuvaraj, N. and Niranjan, M.S. (2025) Wear Performance Enhancement 
of Interface Layer in Cold Metal Transfer-Based WAAM-Fabricated ER4043/ER5356 
Bimetallic Wall through Friction Stir Surface Treatment. Journal of Tribology, 147, 
Article ID: 081401. https://doi.org/10.1115/1.4067281 

[30] Sahoo, S., Daidi, S.T., Somashekara, M.A. and Rajendran, A. (2026) Effect of Friction-
Based Post-Processing on Microstructure and Mechanical Properties of 1050 Alu-
minium Components Fabricated by Wire Arc Additive Manufacturing. Journal of 
Manufacturing Processes, 174, 985-994.  
https://doi.org/10.1016/j.jmapro.2026.07.073 

[31] Hönnige, J.R., Davis, A.E., Ho, A., Kennedy, J.R., Neto, L., Prangnell, P., et al. (2020) 
The Effectiveness of Grain Refinement by Machine Hammer Peening in High Depo-
sition Rate Wire-Arc AM Ti-6Al-4V. Metallurgical and Materials Transactions A, 51, 
3692-3703. https://doi.org/10.1007/s11661-020-05781-6 

https://doi.org/10.4236/jpee.2026.1410001
https://doi.org/10.1016/j.matdes.2019.108288
https://doi.org/10.3390/jmmp10070252
https://doi.org/10.1016/j.jmapro.2026.07.047
https://doi.org/10.1115/1.4067281
https://doi.org/10.1016/j.jmapro.2026.07.073
https://doi.org/10.1007/s11661-020-05781-6

	Process-Property Characterisation of Wire Arc Additive Manufacturing Assisted by Post-Deposition Friction Stir Welding for Aluminium Alloy 4043
	Abstract
	Keywords
	1. Introduction
	2. Materials and Methods
	2.1. Materials and Sample Preparation
	2.2. WAAM Fabrication and Process Parameter Optimisation
	2.3. Post-Deposition Friction Stir Welding Process
	2.4. Microstructural and Mechanical Characterisation

	3. Results and Discussion
	3.1. Optimised WAAM and Post-Deposition FSW Parameters
	3.2. Microstructural Evolution
	3.3. Microhardness Evaluation

	4. Conclusion
	Acknowledgements
	Conflicts of Interest
	References

