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Zusammenfassung In diesem Artikel werden die vorläufigen Ergebnisse einer 

interdisziplinären Untersuchung an dem hochlegierten austenitischen Stahl mit mittlerem 

Mangangehalt X2CrMnNi16-7-4,5 vorgestellt. Die Proben wurden mit dem pulverbasierten 

Elektronenstrahlschmelzverfahren (PBF-EB/M) hergestellt. Das Stahlpulver für das PBF-EB/M-

Verfahren wurde mit einer Vakuum-Induktionsschmelz-Gaszerstäubungsanlage (VIGA-1B) 

gaszerstäubt. Um die Oberflächenintegrität der hergestellten Proben zu verbessern, wurden diese 

Plasma elektrolytisch poliert (PeP) in Kombination mit Partikelstrahlen, einem vorgelagerten 

Verfahren. Es wurden für die Endbearbeitung die Verfahren Bad-PeP und Schwall-PeP 

realisiert.Die Prozessparameter PBF-EB/M wurden ebenfalls optimiert, um die Tiefe der 

Oberflächenkerben der Proben im eingebauten Zustand zu reduzieren und um Fertigungsfehler, 

wie z.B. fehlendes Aufschmelzen, zu minimieren.Erste Ergebnisse zeigen, dass das PBF-EB/M-

Verfahren für die Bearbeitung von X2CrMnNi16-7-4,5 Stahl gut geeignet ist. Die resultierende 

Oberflächenqualität erfordert jedoch erhebliche Nachbehandlungsmaßnahmen zur Verbesserung 

der Oberflächenintegrität. Die Effizienz der angewandten Oberflächenverbesserungstechniken 

wird anhand der Dicke des abgetragenen Materials, δ, und der Materialabtragsrate MRR sowie 

durch eine qualitative Bewertung des resultierenden Oberflächenzustands bewertet. Es wird 

gezeigt, dass das Schwall-PeP die effektivste Oberflächenbehandlung für PBF-EB/M-Bauteile ist. 

Die optimierten Parameter für den Herstellungs- und Nachbehandlungsprozess werden auf die 

Herstellung eines Tretlagers für ein Lastenfahrrad angewendet, dessen Topologie für eine 

verlängerte Ermüdungslebensdauer optimiert ist. 

https://doi.org/10.58134/fh-aachen-rte_2024_005
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Abstract In this article preliminary results of an interdisciplinary study on high-alloy austenitic 

steel with medium manganese content X2CrMnNi16-7-4.5 are presented. The specimens were 

manufactured using the powder-based electron beam melting technology (PBF-EB/M). The steel 

powder for the PBF-EB/M process was gas-atomised using a vacuum induction-melting gas 

atomisation (VIGA-1B) unit. For improving the surface integrity of the manufactured specimens, 

they were plasma electrolytic polished (PEP) in a combination with particle blasting. The bath-

PEP and standing-wave-PEP processes were realised. The PBF-EB/M process parameters were 

also optimised in order to reduce the depth of surface notches of the specimens in as-built 

conditions as well as minimise the building defects, e.g. lack of fusion. The initial results show 

that while PBF-EB/M process is well suited for processing X2CrMnNi16-7-4.5 steel. The resulting 

surface quality requires significant post-treatment efforts for improving its integrity. The 

efficiency of the used surface enhancement techniques is evaluated in terms of the thickness of 

the removed material, δ, as well as the material removal rate MRR and by qualitatively evaluating 

the resulting surface condition. It is demonstrated that standing-wave-PEP holds the promise for 

being the most effective surface treatment for PBF-EB/M parts. The optimised parameters for 

manufacturing and post-treatment processes will be applied for fabricating a bottom bracket of 

a cargo bike that is topology optimised for prolonged fatigue life. 
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Introduction 

For many decades the research has been focusing on developing material and energy 

efficient manufacturing processes of goods as well as materials themselves. Thus, additive 

manufacturing (AM) also known as 3D-printing has evolved and evoked significant interest 

from academia and industries like medical engineering and energy engineering [1–7]. 

Various metallic materials have been processed using a vast variety of AM techniques 

ranging from selective laser melting (PBF-L/M (laser powder bed fusion)), electron beam 

powder bed fusion (PBF-EB/M), direct energy deposition (DED) [8–11] just to name a few. 

The most investigated materials are biocompatible titanium alloys [1,12], aluminium alloys 

[9,13] and few types of stainless steels [14]. More exotic types of materials processed 

using the AM techniques include bulk metallic glasses, like Vitreloy alloy family and AMZ4 

[15,16]. 

Regarding the development of metallic materials, a major focus is paid to the development 

of more ductile behaviour and at the same time demonstrating a high yield and tensile 

strength, less expensive and widely used types of metals, like stainless steel [17,18]. An 

austenitic high-alloy X2CrMnNi16-7-4.5 steel, reported in [19–24], was proved to meet 

the requirements above. This high-alloy austenitic steel demonstrates an excellent 

deformability thanks to transformation induced plasticity and twinning induced plasticity 

(TRIP/TWIP) [18,19,21,25]. The high formability potential was already demonstrated, that 

is due to the TRIP/TWIP effect, and cold forming of this materials is more energy efficient 

[19]. 

Furthermore, the applicability of high-alloy X2CrMnNi16-7-4.5 steel for PBF-EB/M process 

was also investigated in [20]. The study concluded, that this alloy system is well suited for 

layer-based AM processes regardless of the manganese susceptibility to evaporation, which 

would lead to undesirable instabilities of the phase transformation kinetics [20]. Such 

instabilities, naturally, could affect mechanical material properties of the final parts. 

Another study reported that additively manufactured steel showing TWIP even in as-built 

condition demonstrates high strength and good ductility [26]. Nevertheless, it is well 

known that the surface quality, i.e. surface roughness, has a high impact on crack 

formation and propagation and thus, on the duration of the service life of parts [27–29]. 

This emphasizes the need of an adequate surface treatment of the parts to meet the 

specific requirements of different applications. 

While there is a large number of various surface treatment methods, not all of them are 

suitable for additively manufactured parts. Among those methods that could be applied on 

geometrically complex AM parts are particle blasting (PB), electrochemical polishing (ECP) 

and plasma electrolytic polishing (PEP). Both ECP and PEP processes bear some similarities, 

nevertheless their differences are decisive. An extensive comparison of both processes is 

provided in [30,31], thus it will be omitted in this article. Nevertheless, it is worth to briefly 

mention the main difference between them, which is the used electrolyte. The ECP process 

is known to use highly concentrated hazardous acids, while PEP uses weakly concentrated 

water-based salt solutions, like ammonium sulphate or sodium bicarbonate as electrolytes. 

It must be noted that the electrolyte used in the PEP process is material specific, i.e. the 

composition of it is determined by the chemical composition of the material. In this way, a 

selective material removal could be prevented. 

The efficiency of PEP has been already demonstrated on a vast number of different 

materials ranging from various steels to copper alloys [32–36]. 

This article reports preliminary results on PBF-EB/M process for manufacturing specimens 

out of high-alloy austenitic X2CrMnNi16-7-4.5 steel powder produced by the vacuum 

induction-melting gas atomisation (VIGA-1B) process. The efforts to improve the surface 
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quality of as-built parts by means of PB and different modes of PEP are discussed as well. 

The optimal part manufacturing and post treatment parameters will be used in future for 

producing a bottom bracket of a cargo bike that is topology optimised for a prolonged 

fatigue life. The currently used method for fatigue optimisation is presented here as well. 

Materials and methods 

High-alloy austenitic X2CrMnNi16-7-4.5 steel 
The austenitic X2CrMnNi16-7-4.5 steel powder for PBF-EB/M process was produced using 

the VIGA-1B process by atomising powder with various Ni content at TLS Bitterfeld, 

Germany. Namely 3 wt.%, 6 wt.% and 9 wt.%. These powders were analysed for chemical 

composition after being re-melted, particle size distribution (PSD), shape, morphology, 

structure and sphericity. The re-melting was carried out with a middle frequency induction 

heating furnace MFG 40 (Linn High Therm GmbH, Germany), the PSD was analysed using 

a laser diffractometer LA-960 (Horiba, Japan) the morphology and the structure were 

analysed using an incident light microscope Axio Scope.A1 (Zeiss, Germany). The chemical 

composition of the powder was analysed by means of spark emission spectrometer Foundry 

Master UV (Oxford Instruments). Using G4 Icarus and G8 Galileo (Bruker AXS GmbH, 

Germany) combustion analysers the C / S and the N content of the steels were determined, 

respectively. 

For obtaining the powder for PBF-EB/M with the desired chemical composition and 

structural as well as mechanical properties, initially atomised powder with Ni content of 

3 wt. 9 wt. % were mixed with the ratio 4:1. Out of this powder mix the test specimens 

for analysing the material properties were produced using the Arcam A2X (Arcam EBM, 

Sweden) PBF-EB/M machine. The scanning electron microscopy (SEM) was used to 

evaluate the powder morphology and surface quality of the as-built specimens. The 

electron backscatter diffraction method (EBSD) was used to analyse the resulting structure 

of the as-built PBF-EB/M specimens. 

Surface treatment 

The initial surface roughness, characteristic dimensions and mass of all specimens were 

measured before and after the surface treatment. For these measurements a confocal 

microscope MarSurf CM Explorer, a digital micrometer BGS technic 8427 (resolution 0.001 

mm), a digital electronic calliper (resolution 0.01mm) and a scale KERN 572 were used. 

The efficiency of the surface treatment was evaluated by the means of the mass removal 

rate, MRR, which is calculated as given in Eq. (1) 

 

 
𝑀𝑅𝑅 =

∆𝑚

𝜏
 (1) 

where Δm is the mass difference before and after polishing in (mg), τ is the process 

duration in (s). 

The specimens were polished using PEP with applied direct voltage U at 300 V and / or 

330 V. The electrolyte, which was water-based 0.3 M (NH4)2SO4 solution, temperature was 

ca. tel = 75 °C. The electrolyte temperature was selected based on the previous experience 

on PEP treating stainless steel parts. 

Specimen 1 was polished in two-step bath-PEP process, i.e. it was immersed into the 

electrolyte bath, starting at U = 330 V. In the second step, it was polished using the same 

PEP mode at U = 300 V. All other specimens were polished at U = 300 V regardless of the 

PEP mode. 
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The goal of the surface treatment of the analyzed specimens was to achieve a smooth final 

surface with high mechanical integrity. Provided that the surface of as-built specimens has 

extremely poor quality, it was anticipated that the duration of PEP alone would be too time-

intensive. Therefore, a step of particle blasting was introduced before PEP, so that the 

initial surface roughness of the as-built specimens would be somewhat reduced. The media 

for the PB process was irregularly shaped stainless-steel particles. 

Specimen 2 and Specimen 3 were particle blasted before bath-PEP for τ = 300 s at each 

of the following machine settings in this order 9000 RPM, 7000 RPM and 4000 RPM. The 

remaining specimens were particle blasted at 9000 RPM for total time of τ = 2400 s. The 

process was divided in four stages of 600 s. After each stage, specimens were inspected 

under a microscope evaluating the surface evolution. The PB treatment was stopped after 

no changes were detected between two consecutive micrographs. These specimens were 

polished employing a standing-wave-PEP approach, where a specimen is suspended in air 

by a holder and an electrolyte jet is applied onto the surface from below. 

The conditions of each surface treatment for each specimen are given in Table 1: . Note 

that in case of the bath-PEP approach, the process had to be continuously interrupted for 

cooling down the electrolyte to maintain the process efficiency, while the standing-wave-

PEP process was carried out without interruption since the electrolyte temperature did not 

rise significantly. However, specimens 7, 8 and 9 were treated in multiple stages in order 

to post-process the whole circumference of their middle section. To achieve that, specimen 

7 was rotated by 120° after each 600 s of standing-wave-PEP, while specimens 8 and 9 

were rotated by 180° after half of the process time.
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Table 1: Applied surface treatment parameters. 

Specimen 

No. 

Particle blasting Plasma electrolytic polishing 

RPM 
Time, τPB, 

min 

Total time, 

τPEP, min 

Voltage, 

U, V 

Average 

current, 

I, A 

Average 

temperature, 

tel, °C 
pH value 

Electric 

conductivity, 

κ, mS/cm 

Number 

of steps 

Start End 

1 
- - 30 330-340 6 75.0 81.3 2.2 140 @ 75 °C 30 

- - 30 300 5 75.2 77.4 2.2 118 @ 77 °C 30 

2 

9000; 

7000; 

4000 

5 each RPM 30 300 5 75.4 77.9 2.2 – 2.5 118 @ 77 °C 30 

3 

9000; 

7000; 

4000 

5 each RPM 30 300 3 74.9 80.0 2.2 – 2.5 139 @ 75 °C 15 

4 9000 40 15 300 0.7 75.0 76.0   1 

5 9000 40 10 300 0.9 74.8 75.8  111 @ 75 °C 1 

6 9000 40 30 300 0.9 75.8    1 

7 9000 40 30 300 1.3 74.9 75.2  104 @ 75 °C 3 

8 9000 40 30 300 1.8 75.0 75.0 2.2 105 @ 75 °C 2 

9 9000 40 60 300 1.2 74.8 75.4   2 
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Topology optimisation 
The gained insights on the material properties of high-alloy X2CrMnNi16-7-4.5 steel and 

achievable surface quality of a bottom bracket of a cargo bike manufactured using the PBF-

EB/M technology were applied in topology optimization, which was carried out using the 

commercially available software Altair® with the solver OptiStruct® 2021.2 and a DUAL2 

optimization algorithm. Fatigue life constraints were implemented in the optimization, as 

it is not possible to use them as an objective function directly [37,38]. As it was discussed 

above, surface quality plays an important role when it comes to the mechanical integrity 

of a part. Research efforts were made to include the surface roughness parameters in 

fatigue analysis models [39]. Thus, in this study, methods for adding the surface roughness 

parameters as described in [39] into the topology optimization model were explored. In 

this work, a minimal weight objective function was paired with a strain-based fatigue 

constraint. The material data of PBF-EB/M specimens in as-built condition that were 

manufactured out of the austenitic high-alloy X2CrMnNi16-7-4.5 powder and reported in 

[18] were used for the topology optimization problem. The assumption that surface and 

bulk material is homogeneous and isotropic was made to simplify the model. 

Results and discussion 

High-alloy austenitic X2CrMnNi16-7-4.5 steel 

The chemical composition of the atomized and blend powder is provided in Table 2. 

According to the data obtained using the optical microscopy, the microstructure of powder 

with 3 wt.% Ni consists of austenite, martensite and ferrite, for the powder with 6 wt.% 

Ni – of martensite and austenite and for the powder with 9 wt.% Ni – of austenite only. 

From Figure 1 one can see that the particle size distribution of the atomised powder is 

rather homogenous and normally distributed. 

 
Figure 1: Particle size distribution of the atomised steel. 

From Figure 2 it is clear, that powder particles are fairly spherical. However, particles of 

the powder with higher amount of nickel are more irregular in shape, although with less 

gas voids. 
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(a) (b) (c) 

Figure 2: Micrographs of the atomised (a) 16-7-3, (b) 16-7-6 and (c) 16-7-9 steel powder after 

polishing. 

Figure 3 shows that the particles in the obtained powder mix for PBF-EB/M process are 

mainly spherical with few so-called satellite particles attached to their surfaces. 

Nevertheless, these satellite particles did not negatively affect the powder flowability or 

otherwise impaired the building process. 

 

Figure 3: The morphology of the obtained powder mix X2CrMnNi16-7-4.5 obtained by SEM. 

The PBF-EB/M F process parameters for manufacturing the investigated specimens are 

given in Table 3. The energy density applied on the specimen during the building process 

can be calculated as given in Eq. (2): 

 
𝐸𝑣𝑜𝑙 =

𝑃

𝑣 ℎ 𝑙
 (2) 

where, Evol is volumetric energy density in (J mm-3), P electron beam power in (W), v is 

scanning speed in (mm s-1), h is hatch distance (mm), here h = 0.075 mm and l is the 

layer thickness in (mm), here l = 0.05 mm. The build temperature was kept constant at 

900 °C. For hatching, a raster scan strategy with a 90° rotation in beam scan direction for 

each layer was used. 
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Table 2: Chemical composition of the produced powder. 

X2CrMnNi 

16-7-4.5 

C, % N, % Si, % Mn, 

% 

Cr, % Ni, % Al, % Nb, 

% 

Ti, % S, % Mo, % 

16-7-3 0.022 0.065 0.29 7.04 17.10 3.23 0.010 <0.01 <0.010 0.003 <0.01 

16-7-6 0.021 0.079 0.11 6.87 16.20 6.22 0.007 <0.00

1 

<0.001 0.003 0.003 

16-7-9 0.020 0.073 1.04 6.99 15.70 9.78 0.030 0.020 <0.010 0.007 0.020 

16-7-4.5 0.020 0.066 0.44 7.03 16.82 4.54 0.014 0.012 0.01 0.0038 0.012 
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Table 3: PBF-EB/M process parameters. 

Specimen No. Beam power, P, (W) Scan speed, v, (mm s-1) 

1 and 2 450 5000 

3 und 4 450 2000 

5 450 1500 

6 450 1500 

7, 8 and 9 450 2000 

 

As shown in Figure 4 (a), the metallographic analysis of the as-built specimens reveals the 

defects like gas pores and surface notches that are ca. 600 µm deep. From the results of 

the crystallographic analysis, given in Figure 4 (b), one can see that the specimen 

demonstrates mainly face centred cubic (fcc) and body centred cubic (bcc) structure. 

Nevertheless, a high percentage of the bcc structure is attributed to specimen preparation 

induced martensitic transformation of metastable austenite. Finally, as it is seen Figure 4 

(c) the specimen has a fine-grained structure, which shows a strong <101> texture in 

build direction. 

 

(a) (b) (c) 

Figure 4: Cross-section of a specimen in as-built conditions manufactured with the same PBF-

EB/M parameters as Specimen 1 (a), phase map of the as built specimen, where face centred 

cubic structure is shown in red and body centred cubic is shown in blue, and (c) orientation 

distribution of the specimen in the built direction. 

In order to reduce the building defects, the optimisation of the PBF-EB/M process 

parameters took place by varying the parameter sets for the contouring step. For this 

purpose, changes were made to the focus offset, the scanning speed and the beam current. 

As one can see by comparing the cross-section of the specimens shown in Figure 4 (a) and 

Figure 5, the increase of the energy density on the specimen edges during the building 

process has a great positive impact on the resulting surface quality with the deepest 

surface notches being reduced from ca. 600 µm to ca. 250  µm. Unfortunately, gas pores 

inside the specimen were not avoided. These are a result of gas pores of the atomized 

powder which are not degassed during the building process. 
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Figure 5: The cross-section of a specimen in as-built condition built using the same PBF-EB/M 

parameters as Specimen 3. 

Surface treatment 
In total 9 specimens were treated using a combination of a particle blasting, bath-PEP and 

standing-wave-PEP treatments. Figure 6 shows the representative specimens from each 

PBF-EB/M parameter group in as-built and after PEP conditions. Note that specimens from 

each group differ in shape and size. This is because the series of these specimens were 

designed for being used for different measurements and experiments that are not 

discussed in this article. It must be emphasised, though, that the shape and the size of a 

specimen, i.e. its total effective surface area has an impact only on the process current, I, 

and the rise in electrolyte temperature, t, during the process. Otherwise, the polishing 

results are not affected. Furthermore, variation in specimen geometry allows to gain 

insights on how they should be positioned during the process in order to achieve polishing 

objectives. The gained knowledge will be beneficial for polishing the bottom bracket of a 

cargo bike, described in section 0. In addition, a study on efficiency and impacts on the 

optical appearance of specimens after applying different modes of PEP is currently on going 

where specimens have been manufactured in a single build-job using the optimised PBF-

EB/M parameters and are of the same shape. 

By comparing photographs of the specimens in as-built conditions and after the surface 

treatment, it becomes obvious that the surface quality of the specimens is significantly 

improved in terms of gloss and surface roughness after the final PEP step. It also becomes 

apparent that a standing-wave-PEP provides comparable or even better polishing results 

in a shorter time. 

By analysing the material removal rate, MRR, given in Figure 7, it is seen that bath-PEP, 

especially at U = 300 V, is more efficient as the MRR values are more than three times 

higher than those for the standing-wave-PEP. However, it is noticeable that specimens are 

fully, i.e. whole surface area, immersed into the electrolyte. Thus, the material is ablated 

all over the specimen. During the standing-wave-PEP processes, on the other hand, only a 

selected specimen area is exposed to the process, thus the material is removed only from 

a specific location on a specimen. It is also interesting to note that with increasing PEP 

time, MRR is not increasing accordingly, as it might be expected. On the contrary, with 

increasing τPEP MRR is getting lower. This is because PEP is self-focusing on the highest 

surface peaks, which are then ablated. With increasing τPEP, surface gets smoother, thus 

less surface peaks are to be removed, i.e., less material is ablated in the same time. 

Furthermore, by comparing the thickness, σ, of the ablated material layer for each 

specimen, given in Figure 8, one can see that the standing-wave-PEP is able to ablate 
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almost twice the thickness in the same exposure time as bath-PEP. Once again, in the 

bath-PEP this layer is ablated from all sides of a specimen, while in standing-wave-PEP 

from only selected area. PB, on the other hand, even after τ = 2400 s of the process 

duration, could remove only δ = 0.12 mm of surface roughness. However, considering the 

depth of the surface notches of the as-built specimens discussed in paragraph 0, PB is of 

high importance as it can reduce the required PEP time significantly, especially when the 

bath-PEP approach is used. 

      

(a) (b) (c) (d) (e) (f) 

  

(g) (h) 

Figure 6: (a) Specimen 1 in as-built condition, (b) Specimen 1 after first stage of bath-PEP, (c) 

Specimen 3 in as-built condition (d) Specimen 3 after bath-PEP, (e) Specimen 4 in as-built 

condition, (f) Specimen 4 after standing-wave-PEP, (g) Specimen 7 in as-built condition and (h) 

Specimen 7 after standing-wave-PEP. 

 

Figure 7: Material removal rate as a function of the PEP mode. 
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Figure 8: Thickness of the ablated material as a function of the surface treatment type. 

Finally, a brief selection of the achieved surface smoothening is provided in Figure 9. It can 

be seen that the optimization of the PBF-EB/M process parameters leads to reduction of 

the depth and size of surface notches as well as their amount on the surface already in as-

built condition. Furthermore, extreme peaks also could not be detected on the specimen 

built with optimized PBF-EB/M process parameters. The overall topology of the surface 

appears to be smoother and have less partly molten particles. 

It can be seen that the surface quality after the respective surface treatment is significantly 

improved. Nevertheless, some defects still can be seen. Although, significantly less defects 

can be seen on the surface of a specimen with optimized PBF-EB/M process parameters. 

Provided that the depth of the surface notches of specimens built with not optimized PBF-

EB/M parameters could be ca. 600 μm, and the total thickness of ablated material layer is 

ca. 190 μm, like for Specimen 2, it could be concluded that the apparent defects is the 

remaining surface roughness after the built process. The defects seen on Specimen 6 in 

Figure 9(d), provided the deepest surface notches being ca. 250 μm and the total thickness 

of the removed material ca. 478 μm, on the other hand, can be attributed to PBF-EB/M 

process defects, like gas pores. 
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(a) (b) 

  

(c) (d) 

Figure 9: Surface topography of the selected specimens. (a) Specimen 2 in as-built condition, 

(b) Specimen 6 in as-built condition, (c) Specimen 2 after final bath-PEP step and (d) Specimen 

6 after standing-wave-PEP. 

Topology optimisation 

As a case study, a bottom bracket of a cargo bike is topology optimized on the basis of the 

standard load cases for frames in DIN79010 [40]. The boundary conditions of the topology 

optimization model are given in Table 4. Additionally, minimum member size of 5 mm and 

a discreteness parameter are applied to improve the resulting design for additive 

manufacturing. 

As this article only briefly presents the attempts to carry out the topology optimization of 

the part shown in Figure 10, the exact mathematical formulation of the topology 

optimization problem is omitted here and will be given in future articles related to the 

ongoing research. 

Table 4: Boundary conditions of the topology optimisation model with the minimum weight 

objective function. 

Volume fraction, χ, % Life cycles, N, - Displacement, Δl, (mm) 

Pedal Saddle Front wheel 

< 0.1 > 100,000 < 10.0 < 7.5 < 2.5 
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The results of a minimum weight objective function in Figure 10 show that the final 

structure is mainly governed by the displacement constraints. The influence of the limited 

lifetime constraint is only occurring in the thin rear-pointing structures. Consequently, the 

roughness-dependent modified material data do not influence the topology optimization 

result significantly. However, the subsequent fatigue analysis demonstrates that local 

surface quality improvements at critical part areas, i.e., stress concentration sites, have a 

substantial influence in the duration of the parts life, while the rest if the surface is of lower 

importance. 

 

 

(a) (b) 

Figure 10: Preliminary results of (a) the topology optimized geometry with life in cycles under 

pedalling and (b) the rendered view of the optimised structure. 

Conclusion and outlook 
In this study, preliminary results on processing a newly developed predominantly austenitic 

high-alloy X2CrMnNi16-7-4.5 steel using AM and PEP technologies are presented. The 

material was successfully manufactured using a layer based PBF-EB/M technology. 

Mechanical mixing of the powders led to an even distribution of the powder particles, which 

can be confirmed by the homogenous Ni content in the specimens. Furthermore, the alloy 

shows a fine-grained microstructure, which is important for developing parts with isotropic 

physical and mechanical properties. 

The advanced surface treatment technologies like powder blasting and plasma electrolytic 

polishing also proved to be effective for refining the surface of additively manufactured 

austenitic high-alloy X2CrMnNi16-7-4.5 steel specimens. No selective material removal 

caused by a mismatch between the material chemical composition and the used electrolyte 

or material phase, i.e. martensite, austenite, ferrite, was observed. However, attempts to 

minimise the surface defects during the PBF-EB/M process should be made, since the 

duration of the post-processing processes for improving the surface integrity could increase 

to a matter of several hours. This would diminish the advantage of a rapid prototyping that 

AM technologies can offer. From all the tested surface refinement techniques, a 

combination of particle blasting with constant parameters and standing-wave-PEP proved 

to have the greatest efficiency. The later combination removed 60 % thicker material layer 

compared to the combination of variable PB and the bath-PEP. Finally, the standing-wave-

PEP alone is able to remove more than twice as thick material layer as the bath-PEP in the 

same time. 
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Topology optimisation results of a bottom bracket of a cargo bike show that while surface 

quality of a part as a whole does not influence the duration of the such parts, surface 

quality on load concentration areas must be improved. For this purpose, a standing-wave-

PEP is the most suitable technique, analysed in this article. 
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