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Abstract: This contribution deals with the study of cut surface after the abrasive water jet application on the material Maraging Steel MS-1, 

prepared in the form of 3D printing method Direct Metal Laser Sintering. The aim of the study is to point out the morphology of the cut 

plane under the use of various technological parameters, like feed rate of machining and abrasive mass flow at the constant cut pressure. 

For the track morphology monitoring after the abrasive water jet application, scanning electron microscope SEM MIRA 3, f. Tescan, was 

used. For the identification of observed particles stabbed in the cut track, chemical composition EDX analysis was used. 
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1. Introduction 

Powder sintering technologies, like Selective Laser Sintering 

(SLS) or Direct Metal Laser Sintering (DMLS), are special 

technologies, which use input material in a powder form. During 

last years, these technologies develop intensively. A quality of final 

parts increases and a technology advances. Nowadays, a technology 

is considered as the most perspective for metal powder parts 

manufacturing and more often is used commercially, not only for 

prototypes production.  A principle of technology starts with the 3D 

model design in CAD system. 3D model is divided to individual 

layers, using the slicer software. Few negative properties of 

technology result by this 3D model to individual layers’ division. 

Subsequently, data are sent to the 3D printer. Next, a final part is 

created by sintering of metal powder layer-by-layer, using the high 

power laser. A DMLS principle is depicted in Fig. 1 [2- 6], [ 9-15] 

 

Fig. 1 Working principle of DMLS technology [1],   

 

Required amount of metal powder, in quantity and height equal 

to one layer, is applied on metal building platform, using the 

recoated arm. A programming software controls laser beam motion 

in a certainly set tracks through the component´s contour. A metal 

powder is melted in this place and metal particles are connected 

under the heat influence. This metal powder recoating and sintering 

process is repeated until the whole final model is made. [2- 6], [ 9-

15] 

2. Materials for experiments 

A material chosen for samples production was powder material 

by EOS company, labeled as EOS Maraging Steel MS1. EOS 

Maraging Steel is martensitic steel. A chemical composition of a 

material refers to the American standard 18% Ni Maraging 300, 

European standard 1.2709 and German standard X3NiCoMoTi 18-

9-5. Parts are highly strength in combination with high toughness, 

according to the manufacturer. Manufactured components can be 

additionally hardened and machined easily. Material composition: 

Ni (17-19%), Co (8,5-9,5%), Mo (4,5-5,2%), Ti (0,6-0,8%), Al 

(0,05-0,15%), Cr Cu (0,5%), C (0,03%), Mn Si (0,1%), P S 

(0,01%), Fe (rest). [7,8] 

Printing itself, run on the EOSINT M280 printer. EOS EOSINT 

M280 is industrial 3D printer by German manufacturer EOS. EOS 

EOSINT M280 is based on DMLS (Direct Metal Laser Sintering) 

3D printing technology, developed by EOS company. Such a 3D 

printing technique uses fiber laser for fine metal powder melting. 

Industrial EOSINT 3D printer series is compatible with metal 

powder selection, like aluminum, high-strength steel, stainless steel, 

titanium, nickel, cobalt and chromium alloys.  [7,8] 

 

Fig. 2 Sample of the material during printing process 

 

 Printed samples´ dimensions were 10x10x50mm.  

Printed material was age hardened, according to 

manufacturer´s recommendation. Heat treatment run as follows: 

heating on age hardening temperature (490 °C) during 1 hour. Heat 

treatment at 490 °C run for 6 hours. Cooling down run at approx. 20 

°C for roughly 15 hours. A comparison of properties of printed and 

heat treated material are in a Table 1.  

Table 1: Properties of the printed and hardened materials (EOS) [7,8] 

Parameter Printed  
Printed and age 

hardened 

Tensile 

Strength [MPa] 

XY: 1100 ± 100; Z: 1100 

± 100  

Min. 1930 ; typ:2050 ± 

100  

Yield Strength 
[MPa] 

XY: 1050 ± 100; Z: 1000 
± 100  

Min. 1862; typ: 1990 ± 
100  

Elongation at 
break [%] 

XY: (10 ± 4 ); Z: (10 ± 4 )  Min. 2; typ: (4 ± 2)  

Modulus of 

elasticity [GPa] 

XY: 160 ± 25; Z: 150 ± 

20  
Typ. 180 ± 20  

Hardness 33 - 37 HRC Typ. 50 - 56 HRC 

Ductility [J] 45 ± 10  Typ. 11 ± 4  

 

Microstructure comparison of heat treated material is plotted on 

Fig. 3. Dark places arise after the etching process. Samples after 

heat treatment reacted after a few seconds. Microstructural 

observation run on the optical microscope type Nikon MA100 at 

100x magnification.    
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Fig. 3 Material surfaces after grinding and etching, observed using the 
optical microscope at 100x magnification 

  

Characteristic DMLS technology signs are observed on material 

microstructures at individual planes (x-y, z-y), where laser layering 

direction and sintering (0,1 μm), can be seen. Microstructure, which 

was heat treated is composed by fine martensitic needles, what is 

typical for heat treatment and is the proof of measured higher 

hardness as the consequence of heat treatment. A heat treatment 

process caused material properties´ variation, like hardness for 

example, which should change from 30 HRC to 55 HRC, according 

to the manufacturer data.  [7,8] 

3. Experimental process  

Samples of printed and subsequently age hardened material 

were cut using the abrasive water jet technology, available on 

TUKE FVT Prešov. Operational pressure was on 413 MPa and as 

the abrasive, Australian garnet with MESH 80 was used. A length 

of focusing tube was 76,2 mm and a diameter of focusing tube was 

1,02 mm. Samples of heat treated EOS MS1 (S1, S2) material were 

cut at Q4 quality (fine quality), which refers to the cut process 

parameters in Table 2. 

Table 2 Cutting process parameters 

Q4 

(quality) 

Traverse 

speed 
[mm/min] 

Abrasive 

mass flow 
[g/min.] 

Operating 

pressure 
[MPa] 

Stand off 

distance 
[mm] 

Sample 
S1 

98,5 200 413 4 

Sample 

S2 
115,5 300 413 4 

 

S1, S2 samples surfaces of heat treated material after AWJ 

application: 

 

Fig. 4 Sample of heat treated MS1 material (S1) after AWJ application, 25x 

magnification 

 

Fig. 5 Sample of heat treated MS1 material (S2) after AWJ application, 25x 

magnification 

 

In a marked area A, surfaces of cut material S1, S2, were 

observed using the electron microscope SEM MIRA 3, f. Tescan, 

with magnification 500x and 3500x.  

 

Fig. 6 Surface morphology sample: S1, magnification 500x  
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Fig. 7 Surface morphology sample: S1, magnification 3500x 

 

 
Fig. 8 Surface morphology sample: S2, magnification 500x  

 

 

Fig. 9 Surface morphology sample: S2, magnification 3500x  

 

Both samples of material were cut at the same Q4 (fine quality) 

quality and follow-up process parameters based on default AWJ 

machine settings. Measured roughness in the A area was for sample 

S1: Ra=6,56 μm, and S2: Ra=5,92 μm. Roughness in defined values 

corresponds to the Q4 (fine quality) cut quality Q4: Ra=6,3 μm. 

Different process parameters influence surface fragmentation and a 

significant water jet delay in the case of S1 sample surface. In both 

cases, facet splitting caused by process parameters and mainly by 

used abrasive particles influence, is observed.    

Material sample S3 was also manufactured by DMLS 

technology and subsequently heat treated in the same way as S1 and 

S2 samples. Material samples has a specific shape with cavitation 

places in the sample. A cut place was intentionally chosen, in order 

to pass through this cavity. Material sample S3 was cut at Q4 

quality, corresponding to the cut process parameters used for S1 

sample.  

 

Fig. 10 Cavity place detail of material sample with 20x (left) and 48x (right) 

magnification  

 

In this place, a water jet influence in this interspace, can 

be seen. In these cavity places, water jet direction variation and its 

weakening also caused by material thickness, can be seen. Material 

particles shatter in this place. This place was subjected to EDX 

analysis.   

 

Fig. 11 EDX analysis sample S3 

EDX analysis of this place, confirmed solidly fixed abrasive 

particles in the material.   

5. Conclusion 

Evaluated EOS MS1 material, which is material made by 

DMLS technology, changed its properties under the influence of 

heat treatment process. In the case of cutting process of material 

samples S1 and S2, using the AWJ technology at the same Q4 

quality, however at different process parameters (S1: traverse 

speed: 98,5mm/min, abrasive flow: 200g/min), (S2: traverse speed: 

115,5mm/min, abrasive flow: 300g/min), only small changes are 

observed in the surface morphology. In the case of cutting of S3 

sample at process parameters equal to the S1 (S1: traverse speed: 

98,5mm/min, abrasive flow: 200g/min), water jet direction variation 

and its weakening during its pass through the cavity places can be 

seen. Also, abrasive particles stab to the material, which is 

confirmed by EDX analysis. 
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