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RESUMEN 

 

Las tecnologías AM tienen un gran atractivo para la industria que se enfoca en la producción de bajo volumen para 

aplicaciones específicas, como dispositivos médicos, piezas aeronáuticas e incluso componentes de la industria del 

moldeo. Las propiedades mecánicas bajo carga estática de los componentes de AM son comparables a las piezas 

fabricadas convencionalmente. Sin embargo, bajo carga cíclica, es decir, la resistencia a la fatiga es principalmente un 

fenómeno local impulsado por las impurezas y la microestructura de los materiales AM, que requieren un trabajo de 

investigación importante. El trabajo actual presenta los resultados de la propagación de grietas por fatiga obtenidas 

utilizando probetas compactas (CT) estándar de 6 mm de espesor sinterizadas y probadas a R = 0. Los principales 

parámetros estudiados fueron el efecto del tratamiento térmico posterior a la fabricación y el comportamiento en 

régimen estable y transitorio después de sobrecargas repetidas. El tratamiento térmico realizado provoca importantes 

alteraciones microestructurales y en el camino de la fisura y promueve el aumento de la resistencia a la propagación de 

grietas de fatiga. 

 

PALABRAS CLAVE: Fabricación aditiva, Fatiga, Sobrecargas, Acero. 

 

 

ABSTRACT 

 

AM technologies have high appeal to industry targeting low volume production for specific applications, like medical 

devices, aeronautical parts and even moulding industry components. Mechanical properties under static loading of AM 

components are comparable to those of conventionally fabricated parts. However, under cyclic loading, i.e., the fatigue 

strength is mostly a local phenomenon driven by the impurities and microstructure of the AM materials, needing 

significant research work. Current paper presents results of fatigue crack propagation obtained using standard 6 mm 

thick compact specimens (CT) laser sintered and tested at R=0. The main parameter studied was the effect of post-

manufacturing heat treatment on the stable crack propagation and the transient behaviour after repeated overloads. The 

thermal treatment causes important microstructural changes and on crack path and promotes the increase of the fatigue 

crack propagation resistance. 

 

KEYWORDS: Fracture, Fatigue, Micro-tests, Notches Additive manufacturing, Fatigue, Overloads, Maraging steel. 

 

 

 

 1. INTRODUCTION 

 

Extensively research work has been recently developed 

about additive manufacturing (AM) process that allows 

producing complex geometry parts, building layer-by-

layer by depositing a thin layer of metallic powder on a 

substrate and then moving a focused laser. AM 

technologies have high appeal to industry targeting low 

volume production for specific applications, like 

medical devices, aeronautical parts and even moulding 

industry components [1]. However, the use of AM parts 

in structural applications remains limited and subject to 

constraints by the uncertainty in their mechanical 

properties, as consequence of the formation of 

porosities, defects and microstructural heterogeneities 

during fabrication [2].  

 

The main parameters involving the process and design 

of AM parts are: laser power, scan speed, porosities and 

part building orientation. The building orientation of the 

Anales de Mecánica de la Fractura 35, 2018

340



 

 

components during AM leads to anisotropic mechanical 

properties [2]. Abundant work is reported in literature 

about the mechanical behavior of titanium and stainless 

steel parts produced by AM process. One of them is the 

17-4 PH stainless steel, for which the microstructural 

and mechanical properties are reported and discussed in 

the literature [3 - 6].  

 

Murr et al. [3] studied the effect of raw powders, 

concluding that powder preparation and fabrication 

atmosphere can affect microstructure, precipitates, 

phase volume fractions and hardness of the 

manufactured alloy. Rafi et al. [4] investigated the effect 

of post-fabrication heat treatments on the mechanical 

properties of AM 17-4 PH SS. Research work about the 

fatigue response of AM 17-4 PH SS is quite limited. 

Anyway recently, Stoffregen et al. [6] studied the effect 

of the surface condition on high cycle fatigue behavior 

and Mower and Long [7] and Aref Yadollahi [8] 

investigated the effect of building orientation on fatigue 

behavior. 

 

The mechanical properties of AM TiAl6V4 alloy under 

static loading were recently investigated and tensile 

properties have been well characterized for different 

heat treatments and surface conditions [9,10]. 

Significant work has been also reported on literature 

about the fatigue performance for AM TiAl6V4 alloy 

and the influence of surface roughness [11-13]. In 

general, fatigue results show high scatter resulting from 

surface roughness and process porosity. However, the 

fatigue performance can be improved by reducing 

porosity by means of optimizing process parameters or 

hot isostatic pressing (HIP) [10]. 

 

Contrary to the case of titanium alloys, scarce studies 

has been performed about mechanical properties of AM 

parts in maraging steels, currently used in mold industry 

and other applications. Particularly, its fatigue behavior, 

since this is the most common means for mechanical 

failure in many engineering components and structures, 

needs more accuracy research for safe design.  

 

Recent work of the authors [14,15] studied the effect of 

laser speed melting, and porosity on the fatigue strength 

of sintered laser melting (SLM) steel components and 

implants. In addition to porosity, residual stresses play 

an important role on the fatigue behavior of the sintered 

materials. The main objective of this work was to 

evaluate the effect of post-manufacturing heat treatment 

on the stable crack propagation and the transient 

behavior after repeated overloads. 

 

 

2. MATERIALS AND TESTING  

 

Experimental tests were performed using compact 

specimens (CT), synthesized by Lasercusing®, with 

layers growing towards the direction of loading 

application. The equipment for sintering is of the mark 

"Concept Laser" and model "M3 Linear". This 

apparatus comprises a laser type Nd: YAG with a 

maximum power of 100 W in continuous wave mode 

and a wavelength of 1064 nm. Powder particles to 

produce sintering laser parts were of the maraging steel 

AISI 18Ni300 with chemical composition indicated in 

Table 1. The samples were manufactured using the 

sintering scan speed of 200 mm/s. The geometry and 

dimensions of the specimens is shown in Fig. 1. 

 

Table 1. Chemical composition of the powder 18Ni300 

steel  

 
C Ni Co Mo Ti Al Cr Si Mn Fe 

0.01 18.2 9.0 5.0 0.6 0.05 0.3 0.1 0.04 Balance 

 

 

Figure 1. Specimen geometry and dimensions. 

 

Two different batches of tests were performed: sintered 

and surface machined samples and another with 

specimens subjected to post-manufacturing heat 

treatment. The purpose of the treatment was to increase 

the hardness and reduce the residual stresses and 

consisted of slow and controlled heating for 2 hours up 

to 635 °C, followed by maintenance at 635 °C for 6 

hours. Then, a controlled cooling in the oven occurs for 

3 hours up to 360 °C. The final cooling to room 

temperature was carried out in the air.    

 

Long sectioning of the samples, were observed in 

microscope in order to identify the microstructure and 

morphology of sintered grains. The samples were 

prepared according to the standard metallographic 

practice ASTM E407-99; a chemical attack Picral 

(picric acid solution 4% in ethyl alcohol) was performed 

for two minutes. After preparation, the samples were 

observed using a Leica DM4000 M LED optical 

microscope.  

 

Figs. 2a) and b) show the metallography in longitudinal 

sections of a single sintered and surface machined 
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sample and a post-manufacturing heat treatment 

specimen, respectively. The observation of this figure 

shows that the presence of porosities is negligible and 

that the heat treatment promotes important 

microstructural changes homogenizing the structure and 

the transitions between layers. For the as built 

specimens it is noticed the formation of longed grains 

with average length 100 µm and average thickness 

about 40 µm. 

 

 

Figure 2. Microstructures (a) sintered and surface 

machined sample; (b) heat treatment specimen. 

 

Vickers hardness was measured according to ASTM 

E384-11e1 using a Struers Duramin 1 microhardness 

tester with a 0.5 kg load and 0.5 mm between 

indentations. The measurements were randomly done at 

the surface of the specimens. The values of average and 

standard deviations are: HV1=354±5 for single sintered 

specimens and HV1=495±10 for heat treated samples. 

Post-manufacturing heat treatment promotes an 

important increasing in hardness, in more than 25%.  

 

Fatigue tests were carried out, in agreement with ASTM 

E647 [16] standard, using 6 mm thick compact 

specimens (CT). The tests were performed at room 

temperature using a 10 kN capacity Instron EletroPuls 

E10000 machine (Fig. 3), at constant amplitude load 

with a frequency within the range 10 Hz and stress 

ratios of R = 0.05. All tests were performed under load 

control. 

 

The crack length was measured using a travelling 

microscope (45x) with an accuracy of 10 µm, as shown 

in Fig. 3. Crack growth rates under constant amplitude 

loading were determined by the incremental polynomial 

method using five consecutive points [16]. 

 

 
 

Figure 3. View of the fatigue testing apparatus. 

 

The influence of post-manufacturing heat treatment was 

analyzed in terms of the comparison of the da/dN-∆K 

curves in the Paris regime at R = 0.05 and in transient 

regime after single and multiple tensile overloads. 

Transient regime tests were performed also under load 

control, at a ∆K baseline level of 12 and 18 MPa √m., 

and overload ratio of 2. The overload ratio, OLR is 

defined as: 

 

��� = ∆���
∆�	�

                  (1) 

 

where, ∆KOL and ∆KBL are the peak overload stress 

intensity factor and the baseline intensity factor before 

the overload application, respectively. 

 

 

3. RESULTS AND DISCUSSION  
 

Fig. 4 summarizes the constant amplitude tests, 

comparing da/dN-∆K curves in the Paris regime and 

also in regime I, for the sintered and surface machined 

samples and the heat-treated specimens. The results 

presented in the figure show that the post-manufacturing 

heat treatment has a significant influence on the fatigue 

crack propagation rate, resulting into a reduction, not 

only in regime II but also near the threshold. The main 

 

 b) 

a) 
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justifications for this event are the microstructure 

changes and the hardness increasing, as stated before.  

In consequence, the crack path and failure mechanisms 

will be different for the two types of samples.  

 

Then, the surface roughness and the crack profiles were 

investigated. A detailed analysis of the surface 

roughness was performed, according to DIN EN ISO 

4288 standard using the rugosimeter Surftest SJ-500 

Mitutoyo. This study was done in addition to 

microstructure profiles and paths.  

 

The roughness profiles were normalized against the 

thickness of the deposition layer, quantified by the 

average value measured by the metallographic analysis 

and almost closed with the average diameter of the 

metal powder, 40 µm. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 4. Comparison of da/dN-∆K curves for as built 

material and heat treated specimens.  

 

Fig. 5a) shows one exemplary roughness profile as built 

material. This profile shows that fatigue crack 

propagation occurs along straight lines indicating 

transgranular failure, but often occur plane changes 

approximately corresponding to the height of one or two 

grains, which indicates fractures at the grain boundaries.  

 

This conclusion was confirmed by microscopy view 

(Figs 5b), which show microscopy profile fatigue crack 

path, for as built material. Contrary, the fatigue crack 

path for heat treated specimens (shown in Fig. 5c) is 

nearly a straight lines indicating that the crack passes 

through successive grains in a transgranular failure 

mode. 

 

Figures 6a) and 6b) show the transient regime on da/dN-

∆K curves, after the applications of singular and bloc 

overloads, with overload ratio 2 for baseline ∆K of 12 

and 18 MPa √m. Figures 6a) shows the effect of the heat 

treatment at the transient regime after the application of 

a single overload. It is noticed an important reduction of 

the retardation effect, caused by the lower plastic 

deformation as consequence of the harness increasing 

after heat treatment.   

 

Anyway, if instead of applying only an isolated 

overload, a block of 100 cycles with the same intensity 

of the overload is applied, the effect of delay on the 

crack propagation rate intensifies substantially, even in 

the thermally treated material, as shown in Fig. 6b). 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 5. Failure profile: (a) roughness profile; (b) 

microscopy view of the path for as built material; (c) 

microscopy view of the path for heat-treated specimens.   

 

The application of one overload promotes, not only the 

increasing in local plasticity, but also can change the 

crack path and failure mode. Fig. 7 is a micrograph of a 

heat-treated sample, whose focus is the propagation 

mode after the application of an overload with OLR = 2. 

The main note to be retained is that after the application 

of the overload the crack propagation transiently suffers 

a bifurcation and contour the grain deposited by laser. 

 

a) 
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Figure 6. Effect of overloads on da/dN-∆K curves: (a) 

After one overload; (b) Heat treated specimens.  

 

 

 
 

Figure 7. Crack bifurcation after overload.   

 

 

 

4. CONCLUSIONS  

 

Fatigue crack propagation on as-built and post-

manufacturing heat treated laser sintering AISI 18Ni300 

maraging steel was studied using standard 6 mm thick 

CT specimens under constant amplitude loading and 

after tensile overloads, and the following conclusions 

can be drawn: 

- Heat treatment promotes important microstructural 

changes homogenizing the structure and the transitions 

between layers.  

- Heat treatment increases the hardness in about 25% 

and reduces the crack propagation rate, not only near the 

threshold, but also in the regime II.  

- Crack propagating in heat-treated specimens occurs in 

transgranular mode in contrast with the predominant 

intergranular mode observed for as built specimens. 

- Heat treatment reduces also the transient crack 

propagation retardation in transient regime after 

overloads, particularly for single overloads. 
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