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Abstract: An evaluation was conducted on the fabrication of an axial flow impeller by a hybrid
system of wire arc additive manufacturing and machining. First, a four-bladed stainless steel axial
flow impeller was fabricated to measure the number of chips and fabrication time. Next, axial flow
impellers with different numbers of blades were designed and compared with those fabricated only
by machining from a round bar. In both cases, the number of chips was reduced by approximately
80% by using this system. On the other hand, the increase in the number of blades reduced the
difference in fabrication time, which was almost the same with six blades. In conclusion, the use of
this system is an option from the viewpoint of reducing environmental impact; however, it is not

necessarily advantageous in terms of fabrication time.
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1. Introduction

The life cycle energy costs of energy systems can be broadly divided into initial, op-
erational, maintenance, and disposal. Therefore, to realize an eco-friendly energy system
for the purpose of a sustainable society, it is necessary to consider not only the energy
balance during operation, but also the energy costs, such as during the manufacturing of
the components of the system [1]. One of these components is turbomachinery, which is
used in thermal and nuclear power generation [2]. These turbomachines are often large
machines with special specifications, and if modified into eco-friendly manufacturing
processes, the benefits would be significant and of industrial value. Therefore, studies
have been conducted on the fabrication of impellers as key components in turbomachin-
ery [3,4]. In addition, the performance of turbomachinery is affected by complex grooves,
such as casing processing [5]; thus, improving the use of fabrication technology leads
to improved performance. In recent years, studies have been conducted using additive
manufacturing (AM) in various industrial applications. Studies have also been con-
ducted on the application of AM from an eco-friendly perspective [6]. Various research
and development efforts have been focused on wire arc additive manufacturing (WAAM)
because of its compatibility with large and complex-shaped parts [7-9]. Although re-
search results using real industrial parts as test pieces are limited [10-13]. These studies
have shown that it is possible to fabricate parts using a fabrication process including
WAAM. However, there has been insufficient discussion on the parts for which WAAM
should be applied.

The objective of this study was to clarify the value of a fabrication process that
includes WAAM as a replacement for the traditional fabrication process. This study was
conducted on axial flow impellers used in industrial turbomachinery. In this study, the
focus was on the number of blades because impellers can be of various shapes depending
on the design specifications [14-16]. First, the axial flow impeller of an industrial pump
was fabricated using a hybrid system of WAAM and machining to verify the feasibility
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of manufacturing using AM technology. Several axial flow impellers were then designed
based on the fabricated axial flow impeller and on the information obtained during the
fabrication process using the hybrid system; then, a comparison was made with the
application of the traditional fabrication process to clarify the advantages of using the
hybrid system.

2. Methods

The test model is an axial flow impeller called a fan type inducer, which is used in
industrial centrifugal pumps. The impeller outline is shown in Figure 1, and the primary
dimensions are listed in Table 1. Fabrication was conducted using a hybrid system of
WAAM and machining [12]. A round bar is used as the base material, laminating the
near-net shape blades using WAAM. After being laminated by WAAM, the impeller was
machined to the designed shape. The base metal and welding wire were general-purpose
stainless steel. The measurements were conducted with respect to the number of chips
and fabrication time to analyze the fabrication process. The weight of each was measured
on a round bar before WAAM, after the completion of the near net shape using WAAM,
and after machining. From this difference, the number of chips removed using machining
was calculated. The time required for each of the WAAM and fabrication processes is
also recorded.

Figure 1. Outline of axial flow impeller.

Table 1. Axial flow impeller specifications.

Number of blades 4

Tip diameter [mm] 125.3

Hub diameter [mm] 51

Hub length [mm] 40
3. Results

Figure 2 shows the fabrication results of the hybrid system of WAAM and machining.
Dimensions were measured by 3D scanning, thereby confirming that the product could be
fabricated with a machining accuracy of approximately 0.1 mm. Chip removal volume and
fabrication time data were obtained during the fabrication process. The next section in this
paper uses these data for discussion.
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(b)

Figure 2. Fabrication of the axial flow impeller: (a) near net shape blades prepared using WAAM;
(b) finished axial flow impeller.

4. Discussion

Several axial flow impellers were designed based on the fabrication impeller. In this
study, we focus on the number of blades. The designed impellers are shown in Figure 3.
The shape of the impeller was the same as that of the fabricated impeller, except for the
number of blades.

(a) (b) (c)

Figure 3. Redesigned axial flow impellers: (a) three blades; (b) five blades; and (c) six blades.

Chip volume from the WAAM and machining process obtained during the fabrication
of the impeller in Section 3 will be analyzed as one. Here, it is assumed that the parts are
fabricated in extremely small quantities. The object of comparison is assumed to be 130 mm
in diameter and 70 mm in length (workpiece 40 mm, gripping allowance 30 mm is the
same as WAAM and machining process), fabricated only using machining from a round
bar. The comparison results are shown in Figure 4. As the number of blades increased,
the volume of chips produced using WAAM and machining tended to increase, while the
volume of chips by machining only tended to decrease. However, regardless of the number
of impeller blades, the chip volume was clearly lower with the WAAM and machining
process than with machining only. This indicates that fabrication using the WAAM and
machining process is an eco-friendly option.

For additional analysis, compare the machining times for the same fabrication process.
As in the chip volume comparison, the analysis was based on data obtained during the
fabrication of the impeller in Section 3. Here, the lamination time per blade using WAAM
is treated as one. Figure 5 shows the results of comparing the fabrication time for each
number of blades. It can be confirmed that the fabrication process using the WAAM and
machining process takes less time for up to five blades; however, it can also be confirmed
that the fabrication process for six blades takes about the same amount of time as when it is
fabricated using machining only. To clarify the cause of this behavior, a breakdown of each
fabrication process time was analyzed. Figure 6 shows the breakdown of the fabrication
time using WAAM and machining, while Figure 7 shows the breakdown of the fabrication
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time using machining only. The fabrication time using WAAM increases as the number of
blades increases, whereas the roughing time for fabrication using machining only tends to
decrease as the number of blades increases. Most of the fabrication process in each case is
due to finishing machining. Therefore, even if the number of blades was further increased,
no significant difference in the fabrication time was observed between the two methods.
Hence, if the number of blades is reduced, it is possible to reduce the fabrication time
by utilizing WAAM; however, if the number of blades increases, it is more advantageous
to fabricate it using machining only. Nevertheless, the roughing time in this study was
relatively short because a general-purpose stainless steel was used. If difficult-to-machine
materials were used, the roughing time would be significantly longer than in this case. This
topic is a subject for future work in this area of study.
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Figure 4. Chip removal volume of axial flow impellers with different numbers of blades.
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Figure 5. Fabrication time of axial flow impellers with different numbers of blades.
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Figure 6. Fabrication time at the WAAM and machining processes of axial flow impellers with
different numbers of blades.
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Figure 7. Fabrication time in the machining-only process from the round bar of axial flow impellers
with different numbers of blades.

5. Conclusions

In this study, to clarify the value of the fabrication process that includes WAAM
in replacing the traditional fabrication process, an evaluation of the fabrication process
was conducted using a hybrid system with WAAM and machining. The results of these
measurements were compared with those obtained using the traditional fabrication process,
in which impellers are fabricated from a round bar by machining only, to clarify the
advantages of this proposed hybrid system.

It can be expected that the use of WAAM for parts of fabrication will reduce the chip
volume to a greater extent than if the parts were fabricated using machining only. In the case
of the 3-6-bladed axial flow impeller used in this study, the volume of chips can be reduced
from 82% to 86% from the machining-only process. On the other hand, the fabrication
process using WAAM does not necessarily require shorter fabrication times than traditional
machining-only processes. In the axial flow impeller in this study, the use of WAAM is
advantageous when the number of blades is small; however, the machining times of the
WAAM and machining fabrication process and the machining-only fabrication process are
almost the same when the number of blades is six. According to the two evaluation indices
of chip volume reduction and machining time reduction, the three-bladed impeller with
the lowest number of blades was the most suitable for the fabrication process using this
hybrid system among the impellers used in this study.

It was concluded that this hybrid system is an eco-friendly fabrication process because
it can significantly reduce chip emissions. The fabrication time is similar to or slightly
shorter than the traditional machining-only process, which is not a significant disadvantage,
making the WA AM-based fabrication process an option for developing a society with low
environmental impact.

Funding: This research received no external funding.
Institutional Review Board Statement: Not applicable.
Informed Consent Statement: Not applicable.

Data Availability Statement: Data are contained within the article.

Conflicts of Interest: This research was conducted with a research fund from Nikkiso Co., Ltd., which
the author belongs to.

1. Chu, S;; Majumdar, A. Opportunities and challenges for a sustainable energy future. Nature 2012, 488, 294-303. [CrossRef]

[PubMed]

2. Klocke, F,; Klink, A.; Veselovac, D.; Aspinwall, D.K.; Soo, S.L.; Schmidt, M.; Schilp, J.; Levy, G.; Kruth, ].P. Turbomachinery
component manufacture by application of electrochemical, electro-physical and photonic processes. CIRP Ann. 2014, 63, 703-726.

[CrossRef]


https://doi.org/10.1038/nature11475
https://www.ncbi.nlm.nih.gov/pubmed/22895334
https://doi.org/10.1016/j.cirp.2014.05.004

Eng. Proc. 2024, 67, 61 60f6

10.

11.

12.

13.

14.
15.

16.

Zirak, N.; Shirinbayan, M.; Deligant, M.; Tcharkhtchi, A. Toward Polymeric and Polymer Composites Impeller Fabrication.
Polymers 2022, 14, 97. [CrossRef] [PubMed]

Stratogiannis, FI; Galanis, N.I; Karkalos, N.E.; Markopoulos, A.P. Optimization of the Manufacturing Strategy, Machining
Conditions, and Finishing of a Radial Impeller. Machines 2020, 8, 1. [CrossRef]

Ahmad, N.; Zheng, Q.; Fawzy, H,; Jiang, B.; Ahmed, S.A. Performance improvement of axial compressor by introduction of
circumferential grooves. Energy Sources Part A Recovery Util. Environ. Eff. 2020, 1-21. [CrossRef]

Gao, C.; Sarah, W.; Shiren, W. Eco-friendly additive manufacturing of metals: Energy efficiency and life cycle analysis. J. Manuf.
Syst. 2021, 60, 459-472. [CrossRef]

Williams, S.W.; Martina, F; Addison, A.C.; Ding, J.; Pardal, G.; Colegrove, P. Wire+ arc additive manufacturing. Mater. Sci. Technol.
2016, 32, 641-647. [CrossRef]

Chen, X.; Kong, F,; Fu, Y,; Zhao, X,; Li, R.; Wang, G.; Zhang, H. A review on wire-arc additive manufacturing: Typical defects,
detection approaches, and multisensor data fusion-based model. Int. . Adv. Manuf. Technol. 2021, 117, 707-727. [CrossRef]
Chaturvedi, M.; Scutelnicu, E.; Rusu, C.C.; Mistodie, L.R.; Mihailescu, D.; Subbiah, A.V. Wire Arc Additive Manufacturing:
Review on Recent Findings and Challenges in Industrial Applications and Materials Characterization. Metals 2021, 11, 939.
[CrossRef]

Cunningham, C.R.; Wikshdland, S.; Xu, F,; Kemakolam, N.; Shokrani, A.; Dhokia, V.; Newman, S.T. Cost Modelling and Sensitivity
Analysis of Wire and Arc Additive Manufacturing. Procedia Manuf. 2017, 11, 650-657. [CrossRef]

Kulikov, A.A,; Sidorova, A.V.; Balanovskiy, A.E. Process Design for the Wire Arc Additive Manufacturing of a Compressor
Impeller. IOP Conf. Ser. Mater. Sci. Eng. 2020, 969, 012098. [CrossRef]

Ejiri, S. Fan Type Inducer for a Centrifugal Pump by Wire Arc Additive Manufacturing and Machining. Int. ]. Fluid Mach. Syst.
2023, 16, 184-191. [CrossRef]

Ejiri, S. Study on Multi-Material Axial-Flow Impeller Manufacturing by Nickel Based Alloy and Stainless Steel using Wire Arc
Additive Manufacturing. Turbomachinery 2024, 52, 367-373. (In Japanese)

Felli, M.; Guj, G.; Camussi, R. Effect of the number of blades on propeller wake evolution. Exp. Fluids 2008, 44, 409-418. [CrossRef]
Rajabi, N.; Rafee, R.; Farzam-Alipour, S. Effect of blade design parameters on air flow through an axial fan. Int. J. Eng. 2017, 30,
1583-1591. [CrossRef]

Al-Obaidi, A.R. Investigation of the influence of various numbers of impeller blades on internal flow field analysis and the
pressure pulsation of an axial pump based on transient flow behavior. Heat Transf. 2020, 49, 2000-2024. [CrossRef]

Disclaimer/Publisher’s Note: The statements, opinions and data contained in all publications are solely those of the individual
author(s) and contributor(s) and not of MDPI and/or the editor(s). MDPI and/or the editor(s) disclaim responsibility for any injury to
people or property resulting from any ideas, methods, instructions or products referred to in the content.


https://doi.org/10.3390/polym14010097
https://www.ncbi.nlm.nih.gov/pubmed/35012120
https://doi.org/10.3390/machines8010001
https://doi.org/10.1080/15567036.2020.1756540
https://doi.org/10.1016/j.jmsy.2021.06.011
https://doi.org/10.1179/1743284715Y.0000000073
https://doi.org/10.1007/s00170-021-07807-8
https://doi.org/10.3390/met11060939
https://doi.org/10.1016/j.promfg.2017.07.163
https://doi.org/10.1088/1757-899X/969/1/012098
https://doi.org/10.5293/IJFMS.2023.16.2.184
https://doi.org/10.1007/s00348-007-0385-0
https://doi.org/10.5829/ije.2017.30.10a.20
https://doi.org/10.1002/htj.21704

	Introduction 
	Methods 
	Results 
	Discussion 
	Conclusions 
	References

