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Abstract 
 
Titanium alloys are of significant importance in several high performance applications such as aerospace components or medical im-

plants. Advances in additive technologies lead to an increase of additively built workpieces, offering new possibilities regarding func-
tional integration and lightweight structures. Several authors have shown that microstructural, mechanical and thermal material properties 
differ significantly from those of cast alloys. Although additively produced parts are near net-shape, most of them are machined after the 
building process, to achieve the requirements regarding surface finish and dimensional accuracy. Titanium is generally known as a hard-
to-cut material due to its thermo-mechanical properties. Although there is a profound knowledge about the machinability of convention-
ally cast and wrought titanium alloys, there is a lack of understanding regarding the machining of additively built titanium. In this paper, 
the machinability of an additively built Ti-5Al-5V-5Mo-3Cr alloy (Ti-5553) is analyzed regarding chip formation, cutting forces and tool 
wear. Three different generation methods, conventional wrought, selective laser melting and selective laser melting with in-process (in-
situ) heat treatment are investigated. It is shown that the machinability differs significantly compared to a conventional wrought alloy, 
which is linked to decreased contact length on the tool rake face and higher mechanical tool load (up to + 23 % force increase). Highest 
tool load is found for titanium alloy, which is built using selective laser melting and in-process heat treatment. Furthermore, the surface 
integrity after machining is analyzed regarding hardness, roughness and residual stresses. Hereby, high compressive residual stresses for 
additively built titanium with in-process heat treatment are obtained due to the higher mechanical tool load. Therefore, it could be shown 
that the generation method (e.g. selective laser melting) needs to be considered for the later process design in finish machining.  
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1. Introduction 

Titanium alloys are of significant importance for several 
high performance applications such as aerospace or medical 
engineering [1, 2]. A current development in industry is the 
increased use of additively manufactured titanium parts. Addi-
tive manufacturing (AM) offers new possibilities regarding 
internal structures in titanium parts [2, 3] and can drastically 
decrease the number of process steps within a production 
chain [3]. Regarding additive manufacturing of titanium, the 
technologies selective laser melting (SLM) and electron beam 
melting (EBM) are most widely used. Because of the process 
specific surface properties and the necessity of support struc-
tures, most of the additively built parts need to be finished 
after the building process [4]. In a majority of applications, 
machining technologies such as milling or drilling are used to 

meet the requirements regarding the surface finish and dimen-
sional accuracy [5]. Several investigations have proven that 
the resulting material properties of additively manufactured 
titanium differ significantly from those of conventional cast or 
wrought materials. Furthermore, the built materials are typi-
cally heat treated after AM, leading to further differences in 
mechanical and microstructural properties [6]. Although the 
resulting material properties in AM are widely investigated, 
there is a lack of knowledge about the machinability of those 
materials. First research results show substantial differences in 
the machinability of conventional wrought alloys and addi-
tively built material [7-11].  

Selective laser melting as well as electron beam melting are 
both layer-by-layer technologies. The SLM-processes in gen-
eral and especially for titanium are characterized by very high 
solidification rates (103-108 K/s) in the melt pool [12] com-
pared to conventional casting (up to 3 K/s) [13, 14]. In de-
pendency of the titanium alloy and the used process parame-
ters in SLM, different microstructures are obtained [15-17]. 
Regarding Ti-6Al-4V as the most widely used titanium alloy, 
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the rapid solidification leads to an a’-martensitic phase com-
position of the finished titanium part [6, 18]. It could be shown 
for near-b-titanium alloys that also a pure b-composition can 
be stabilized to room temperature applying selective laser 
melting [17]. In general, the microstructure is characterized by 
a high anisotropy and long elongated grains in building direc-
tion. Grain growth is significantly influenced by the utilized 
process parameters. The observed mechanism can be con-
trolled by changing building direction of the parts or the hatch 
style defining the scan tracks within the laser processed area 
[15]. 

To achieve the requirements of the aerospace industry re-
garding ductility and relative density most Ti-6Al-4V parts are 
heat treated or even hot isostatically pressed (HIP) after the 
AM-process [1, 6]. Vrancken et al. prove that the properties 
after the SLM-process greatly influence the obtained result 
after heat treatment and therefore need to be taken into con-
sideration regarding the aimed final material properties. The 
HIP-treatment leads to a decrease in material porosity [6], 
which can increase part fatigue strength [18]. As an alternative 
for conventional heat treatments and HIP processes, Löber 
presents a method for an in-process heat treatment in SLM-
machines [19], which was later also applied to the titanium 
alloy Ti-5553 (Ti-5Al-5Mo-5V-3Cr) [20]. It could be shown 
that the mechanical properties of titanium aluminides could be 
increased using this technology. Furthermore, crack formation 
in the building process was decreased due to reduced thermal 
stresses [19].  

The machinability of conventionally produced titanium al-
loys is widely investigated [21-25]. Machining of titanium is 
characterized by high thermomechanical loads of the tool due 
to relatively low temperature softening effect [24] and low 
thermal conductivity compared to other working materials. 
Furthermore, chip formation is dominated by segmented chips 
with short contact length on the rake face in a wide range of 
cutting speeds [21, 22, 25], leading to high alteration of me-
chanical loads. In the recent past, some authors include addi-
tively built titanium in their investigations [7-11]. Milton et al. 
analyzed the influence of finish machining on the surface in-
tegrity of Ti6-Al-4V in dependency of the building orientation. 
They could show differing work hardening behavior for SLM-
parts compared to a conventionally cast alloy. Also differing 
process force values in milling presume an influence on the 
resulting tool load. Bordin et al. and Sartori et al. analyzed the 
influence of dry and cryogenic turning on tool wear and sur-
face integrity for titanium parts generated with different AM 
technologies. Sartori et al. could show a significant increase in 
the tool crater wear for SLM manufactured titanium, which is 
related to increased hardness and decreased thermal conduc-
tivity compared to conventional material [9]. Oyelola et al. 
investigated the influence of turning on surface integrity of a 
direct metal deposited (DMD) titanium alloy [10]. Compres-
sive residual stresses are measured using the sin²j method. 
Chip formation and morphology is analyzed, but not com-
pared to conventional alloys.  

It can be summarized that there is a strong indication that 
differing material properties after SLM lead to differences in 
the machinability as well as on the resulting surface integrity. 
The available literature deals with the most widely used alloy 
Ti-6Al-4V. For high load applications, the use of near- b  
titanium alloys such as Ti-5553 is of increasing importance in 
industry [26]. The microstructure containing the b-phase as 
the matrix and the α-phase as fine precipitations causing a 
high strength and high cycle fatigue behavior. Due to these 
properties the alloy is for example used in aerospace compo-
nents such as the landing gear of the Boeing Dreamliner 787 
[26-28]. The authors have shown that it is possible to generate 
dense Ti-5553 alloy with similar mechanical properties to a 
conventional wrought alloy using SLM, although microstruc-
tural properties differ significantly [17, 19, 20]. To enable 
industrial use of Ti-5553 processed with SLM, also the influ-
ence of the generation method on the subsequent finishing 
processes are of significant importance to control part quality 
and surface integrity. To the best of our knowledge, there is no 
available research about the resulting machinability of SLM-
processed Ti-5553 and the influence of machining on surface 
integrity. Therefore, it is the aim of this paper to investigate 
the influence of additive processing of Ti-5553 on the ma-
chinability and the surface integrity. 

 
2. Experimental procedure 

Within the presented research, Ti-5553 specimens are gen-
erated using selective laser melting with different process 
strategies. In particular, the in-situ heat treatment presented in 
Refs. [19, 20] was used to reduce thermally induced stresses 
within the building process. Afterwards, milling experiments 
are conducted and evaluated regarding process forces, tool 
wear and chip formation in comparison to conventional alloy 
Ti-5553. Lastly, the influence on the achieved surface integ-
rity is analysed. 

 
2.1 Materials and SLM-process 

Within the investigations, specimens of the near- b  tita-
nium alloy Ti-5553 are produced using SLM. Starting point 
for the building process is a gas-atomized powder by applying 
the EIGA-method. The utilized particle fraction is of 25 µm to 
45 µm (spherical shape, d50 = 35.71 μm). Detailed information 
about the pre-alloy, the powder atomization and the chemical 
composition are presented in Refs. [17, 20]. All investigated 
samples are processed using a SLM Solution 250HL machine 
tool. The machine is equipped with a laser power of 
P = 400 W (theoretical power, cw mode, 1064 nm wave-
length). In the focal point, the diameter of the laser beam is 
about 80 µm. The applied SLM-process parameters are speci-
fied in Ref. [17]. To reduce thermal residual stress, the scan-
ning strategy designated as checkerboard is chosen with a 
field size of (4 x 4) mm² [29]. For each applied powder layer, 
the scanning vectors are shifted by 90°. Within the investiga-
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tions, one set of specimens was generated with and one with-
out in-situ heat treatment as shown in Refs. [19, 20]. To ac-
complish the in-situ heat treatment of the SLM-process, the 
substrate plate temperature is hold at 500 °C during the build-
ing process. This is established by an additional heating device 
designed by IFW Dresden. The substrate heating device was 
switched on in advance to ensure a constant temperature be-
fore the start of the processing. Specimens produced by this 
routine are labelled “SLM HT” as followed. The SLM-
specimens processed without the in-situ heat treatment are 
indicated as “as-SLM”. For the comparison of the additive 
condition with the conventional state, a conventional wrought 
alloy Ti-5553 is used. 

To analyze the microstructure, samples are cut out at 
specimens’ bottom, middle, and top position respective to the 
building direction. The samples are prepared by grinding and 
polishing (oxide-polishing-suspension with 10 % H2O2). Fi-
nally, a treatment with glow discharge optical emission spec-
troscopy (GD-OES) took place to obtain an appropriate con-
trast of the microstructure for a detailed investigation [30]. A 
Zeiss Gemini 1530 (varied in voltage and aperture) is used for 
detailed microstructure image investigation equipped with a 
BRUKER AXS XFlash 4010 detector for energy dispersive 
X-ray spectroscopy (Software BRUKER ESPRIT 2.1).  

 
2.2 Milling experiments 

Milling tests were conducted on a 4-axis milling machine 
tool Heller MC16 (Fig. 1). Coolant (5 % emulsion) was sup-
plied externally. Tungsten carbide solid end mills WALTER 
MC726 (Substrate WK40TF, Hardness 1810 HV1, TiAlN 
coating, Hardness 3400 HV0,05) were applied in all experi-
ments. The tool is specially developed for the machining of 
hard to cut materials such as titanium. Process forces were 
measured using KISTLER three-component dynamometer 
9257B. Tool wear was analyzed using a Keyence VHX-600 
microscope with 30x-200x magnification. For investigation of 
process forces, surface integrity and chip formation, new tools 
were applied to exclude tool wear effects on the obtained re-
sults. Process force measurements were repeated once. Maxi-
mum deviation between the two measurements was 5 % of the 
obtained force value. For the results mean values are consid-
ered. Cutting speeds of vc = 50..100 m/min were chosen to 
analyze a wide range of cutting conditions in the machining of 
titanium alloys within industrial standards. 

 
2.3 Surface integrity analysis 

To investigate the resulting surface integrity, surface rough-
ness, residual stresses, hardness and microstructure, analyzes 
are conducted. Surface roughness is measured tactile with a 
Mahr Perthometer concept according to DIN 4766 and opti-
cally with a confocal microscope NanoFocus µSurf. A tactile 
measurement length of L = 5.6 mm is used with a cutoff 
length lc = 0.8 mm. A Gaussian filter is applied to eliminate 

the waviness. Each measurement is repeated five times at one 
specimen to determine the statistic accuracy. The arithmetic 
roughness Ra and the mean roughness Rz are measured. For 
the optical measurements an area of 2 mm x 2 mm is investi-
gated and the arithmetic roughness Sa is analyzed. An X-ray 
diffractometer GE XRD 3000P with CuKa radiation is used 
to analyze the residual stresses and phase transformations with 
sin²j-method. The a-phase reflection 213 with a 2q-angle of 
139.317° is measured for titanium specimens with a and b-
phase, whereas the b-phase dominated composition titanium is 
measured at b-phase reflection 321 with 2q-angle of 126.0°. 
To investigate the effects on microstructure, the chips and 
specimens are etched, polished and analyzed with a Keyence 
microscope VHX-600 DSO with a 100x - 1000x magnifica-
tion. Vickers hardness measurements are conducted to gener-
ate hardness depth profiles using HV0.025. 

 
3. Results and discussion 

3.1 Material properties of SLM Ti-5553 

The investigated specimens with a size of (20x30x50) mm³ 
were produced by selective laser melting without (as-SLM) 
and with substrate heating (SLM + HT) and by casting for the 
reference material (conventional). The microstructure of the 
investigated specimens is presented in Figs. 2-4. The conven-
tional alloy is characterized by needle like, fine grain structure 
and globular segregation of the a-phase (Fig. 2). The as-SLM 
(Fig. 3(b)) and SLM + HT (Fig. 4) specimens are character-
ized by long-elongated grains in building direction. Addition-
ally, a cellular to cellular/dendritic solidification is distinctive 
for the as-SLM processing conditions (Fig 3(b)). The micro-
structure of the SLM + HT specimen is determined by α-phase 
precipitations homogenously distributed in the β-phase grains 
acting as matrix. The precipitations can be distinguished by 
rectangular arranged plates homogenously distributed in the 
grains of the β-phase. The length of the plates is up to 3-4 µm, 
the thickness less than 100 nm. The appearance can be affili-

 
 
Fig. 1. Experimental setup milling tests. 
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ated to the high substrate temperature and thereby occurring 
ageing processes [27].  

Fig. 5 presents the XRD pattern for differently generated 
Ti-5553 samples. The conventionally wrought alloy Ti5553 
and the heat treated alloy SLM + HT show b- and a-phase 
reflections (P63/mmc), whereas the Ti-5553 as-SLM is domi-
nated by the b-phase (Im-3m). Additionally, it exhibits weak 
reflections of the hexagonal ω-phase (P6/mmm). In the alloy 
Ti-5553, the ω-phase can arise during rapid cooling (athermal) 

or during isothermal holding (isothermal) below the α-phase 
ageing temperature in the α/β-phase region [31-33]. Neverthe-
less, an exact determination is only possible by using TEM. 

 
 
Fig. 2. Microstructure of the wrought Ti-5553 reference alloy with the 
α-phase as globular particles and platelike precipitations (scanning 
electron microscopy (SEM)). 

 

 
 
Fig. 3. Characteristic: (a) Grain morphology in false tinting; (b) cellu-
lar/cellular-dendritic solidification of the as-SLM specimen (images 
made by scanning electron microscopy (SEM, 3B) and electron back-
scatter diffraction (EBSD, 3A)). 

 

 
 
Fig. 4. Typical microstructure of the SLM + HT sample along the 
building direction at (a) 5 mm; (b) 1.5 mm; (c) 2.5 mm height from the 
building plate, showing the α-phase precipitations (white arrows) 
(SEM). 

 

 
 
Fig. 5. XRD pattern of differently generated Ti-5553 specimens (con-
ventionally wrought, as-SLM and SLM+HT). 
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The hardness of the specimens was measured as 325 HV0.025 
for as-SLM, 604 HV0.025 for SLM+HT and 441 HV0.025 for the 
conventional wrought alloy (mean value of ten measurements 
in the center of each specimen) at the specimen’s surface. 
Since the value of the hardness of the as-SLM specimen is 
close to the value of a pure β-phase microstructure fabricated 
by SLM in previous investigations (290 HV0.2), it can be 
pointed out that there is no influence of the ω-phase [20]. In 
general, Williams et al. documented that at least 25-30 Vol.-% 
of ω-phase is necessary to influence the mechanical properties 
[34]. Furthermore, for the SLM+HT specimen a hardness 
profile in building direction was measured in the center of the 
specimen. As it can be seen in Fig. 6, there is a relatively high 
variation in the hardness values between 510 and 580 HV0.025. 
However, there is no tendency for a systematic variation of the 
specimens’ hardness in building direction for example due to 
unstable temperature distribution during the generation proc-
ess. The hardness is lower compared to the surface hardness, 
which might be caused by a slower cooling rate and a result-
ing tempering process. 
  
3.2 Machinability of SLM Ti-5553 

Within the applied investigations, milling tests as depicted 
in chapter 2 were conducted with different cutting speeds. To 
analyze potential differences in chip formation due to differing 
thermomechanical properties of the specimens chips were 
collected after machining as presented in Fig. 7. It can be seen 
that the resulting chip curl radius when machining the as-SLM 
specimen is significantly higher compared to the other speci-
mens. The smallest chip curl radius with slight differences to 
wrought material is detected for machining of SLM + HT. 
Chip curl radius in machining is strongly influenced by the 
thermal properties of the workpiece material and also the fric-
tional behavior between the tool rake face and the chip [35]. A 
first indication could be a difference in thermal conductivity of 
SLM material, which was shown for Ti-6Al-4V in Refs. [8, 9] 
due to martensitic microstructures. Generally, a bigger chip 
curl radius results in an increase of the chip contact length on 
the rake face, which influences the stress distribution. There-
fore, the highest stress concentration is to be expected for 
SLM+HT due to the shortest contact length between chip and 
rake. Best machinability due to lowest mechanical stresses is 

expected for the as-SLM specimen with highest chip curl ra-
dius. 

Furthermore, chip morphology was analyzed in detail using 
SEM imagery (Fig. 8). Ti-5553 conventional and Ti-5553 
SLM+HT show serrated chip formation, whereas Ti-5553 as-
SLM exhibits almost continuous chip formation. 

Besides the analysis of the chips, process force measure-
ments were conducted in feed, feed normal and passive force 
direction for the cutting speeds vc = 50 and 100 m/min as pre-
sented in Fig. 9. Highest process forces are detected for the 
heat treated alloy with a mean increase compared to the con-
ventional alloy of 23 % for vc = 50 m/min and 16 % for 
vc = 100 m/min, respectively. The as-SLM specimen exhibits 
lower process forces compared to the conventional wrought 
alloy of -6 % in average for vc = 50 m/min and vc = 100 

 
 
Fig. 6. Hardness in building direction for SLM+HT specimen. 

 
 
Fig. 7. Chip morphology and chip curl of the investigated processing 
conditions (conventional heat treated, as-SLM and SLM + HT) 
(vc = 100 m/min). 

 

 
 
Fig. 8. Chip formation of the investigated processing conditions (con-
ventional wrought, as-SLM and SLM+HT) (vc = 100 m/min) and 
analysis of chip serration. 
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m/min. In so far, generally better machinability of the as-SLM 
condition is to be expected against the conventional wrought 
titanium because of lower resulting mechanical load and in-
creased contact length of the chip leading to decreasing stress 
load on the tool rake face. Also, chip formation is character-
ized by a more continuous chip, leading to decreased dynamic 
stress spectra. Furthermore, the load resulting from machining 
the SLM + HT sample is to be expected more demanding for 
the tool because chip curl radius is comparable to conven-
tional alloy (equal chip contact length) but mechanical loads 
are significantly higher. Regarding temperature softening ef-
fect, all alloys exhibit a small process force decrease with 
raising cutting speed, which is in contrast to similar investiga-
tions of Gey for the Ti-6Al-4V alloy [24, 36] in the observed 
cutting speed range. The mean decrease in cutting force is 5 % 
for the conventional alloy and 4 % (as-SLM), 7 % (SLM+HT) 
respectively. In so far, differences in thermal softening are of 
minor importance regarding conventional and SLM alloys, 
whereas the generation method needs to be taken into account 
concerning force values and mechanical tool load. 

Furthermore, the tools were applied in milling wear tests 
with the cutting speed vc = 100 m/min (and the process data as 
depicted in Fig. 1). Results of the wear tests are presented 
regarding obtained wear mechanism via digital microscope 
(Fig. 10) and tool wear diagrams for the flank wear land (Fig. 
11).  

Tool wear for the machining of the conventional titanium 
alloy is dominated by slight abrasive flank wear over the ob-
served feed path Lf = 15 m. The as-SLM specimen leads to a 
slight increase in flank wear land on the tool compared to the 
conventional alloy. Most significant differences are observed 
concerning the machining of the SLM+HT specimen. Tool 
wear is dominated by severe chipping at the corner radius after 
a short feed path of Lf = 4.6 m. Also, the flank wear beside the 
chipping failure is significantly higher compared to the ma-
chining of the other specimen. For exclusion of possible pre-
existing damages of the milling tool, the test was repeated 
once with a new tool. As shown in Fig. 11, an identical wear 
progression was observed in the second machining test for 

SLM+HT. It can be concluded that tool wear is significantly 
influenced by the generation method of additively manufac-
tured titanium alloy Ti-5553. Especially the machinability of 
the heat treated SLM+HT state is worse compared to conven-
tional wrought material and as-SLM specimen without heat 
treatment. As a possible reason for the tool wear effect the 
increased cutting forces (compare Fig. 9) in combination with 
the lowest contact length resulting from chip curl radius 
(compare Fig. 7) for SLM+HT are expected. Furthermore, the 
hardness of the SLM+HT specimen is significantly higher 
compared to the other specimens, which is also a reason for 
higher mechanical load and abrasive wear. 

 
3.3 Machining impact on surface integrity of SLM Titanium 

The effect of finish machining on surface roughness for the 
analyzed specimens is presented in Fig. 12. Mean roughness 
Rz and arithmetic roughness Ra or Sa are comparable for each 
material for 50 m/min and 100 m/min, respectively. However, 
the measured roughness values differ between the generation 
methods. For the reference material the surface roughness is 

 
 
Fig. 9. Mean process forces for milling of differently generated Ti-
5553 specimens for vc = 50 m/min and vc = 100 m/min. 
 

 

 
 
Fig. 10. Obtained wear forms and mechanism in milling experiments 
for different titanium specimens, vc = 100 m/min. 
 

 
 
Fig. 11. Flank wear for different titanium specimens. 
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smaller than for the SLM-processed specimens. Focusing on 
the tactile roughness values Rz and Ra of the SLM+HT sam-
ple enables lower surface roughness values than the reference- 
and the as-SLM-material. The optical measurement for the 
SLM+HT condition shows small peaks on the surface creating 
a poor surface finish. Summarizing the obtained results, the 
machinability of additively built parts in terms of roughness is 
worse compared to the conventional alloy. 

Surface residual stress measurements are conducted parallel 
and perpendicular to the feed direction for the reference and 
both SLM-states before and after milling at the position of the 
milled surface. The results are demonstrated in Fig. 13. In the 
unmachined state, all specimens exhibit an equal residual 
stress level with only slight tendencies regarding compression 
or tension. As shown in the picture, the machining of the con-
ventional alloy at vc = 50 m/min leads to minor changes in the 
stress state and a small increase of compressive stresses paral-
lel to feed direction. Increasing the cutting speed results in 
increasing compressive residual stresses in both directions.  

For the as-SLM material, a differing behavior parallel and 
perpendicular to the feed motion is observed. The perpendicu-
lar direction shows increase in tensile stress state, whereas the 
parallel direction is shifted to compressive stresses. Both ef-
fects increase with increasing cutting speed. The directional 
behavior of the material is subjected to the anisotropy of the 
material ranging from the building direction and the resulting 
elongation of grains. In this case, the perpendicular direction 

of milling is parallel to the building direction. 
The in-situ heat treated alloy exhibits differing behavior 

with strong compressive stresses after the machining with 
both cutting speeds. A directional difference in parallel or 
perpendicular direction is not obtained. 

Summarizing the results, it can be stated that the generation 
method influences the surface quality as well as the induction 
of residual stresses in the material. Directional behavior can be 
seen for as-SLM material, whereas the in-situ heat treatment 
results in compressive stresses in both directions (parallel and 
perpendicular to building direction).  

Furthermore, the hardness depth profile of the milled sur-

 
 
Fig. 12. Surface roughness in milling for reference, as-SLM and 
SLM+HT specimens. 

 
 
Fig. 13. Surface residual stresses after milling. 

 

 
 
Fig. 14. Hardness depth profiles for the analyzed titanium specimens. 
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face was analyzed for all specimens (Fig. 14). The hardness is 
significantly influenced by the process chain before the mill-
ing process. For all three tested material conditions the hard-
ness is constant for distances from the surface z from 
20 - 170 µm. Within this depth, the milling process has no 
influence on the resulting hardness depth profiles. Regarding 
the surface hardness, the reference material has only slight 
differences to the core hardness. For both SLM alloys differ-
ent tendencies for the surface roughness are observed. The 
SLM+HT alloy exhibits a significant softening of the surface 
for both cutting speeds. In contrast, the as-SLM alloy shows 
hardening behavior of the surface at low cutting speed and 
softening for high cutting speed.  

 
4. Conclusions 

Based on the investigations, the following conclusions can 
be drawn: 

- Machinability of Ti-5553 produced by SLM differs signifi-
cantly from conventional alloys. The differences were con-
nected to a change in the chip formation process, leading to 
differing thermo-mechanical load of the cutting edge. 

- The in-situ heat treatment of Ti-5553 leads to significant 
increases in hardness (+37 %) and cutting forces (+23 %) 
resulting in higher tool wear.  

- The mechanical load of the cutting edge is increased for 
the SLM+HT specimen because of reduced contact 
length on the tool rake. The mechanical load leads to se-
vere cutting edge chipping in wear experiments. 

- Tool wear in machining as-SLM and conventional Ti-
5553 could not be proven to differ within the applied in-
vestigations. 

- Residual stresses for as-SLM material show directional 
behavior, which indicates a dependency on the building 
direction. The higher mechanical loads in machining 
SLM+HT lead to compressive residual stresses of up to -
400 MPa after machining. 

 
The obtained results prove that machinability of titanium al-

loys can be drastically influenced by the generation method, 
e.g. selective laser melting. Concerning future research, an 
interesting field could be the adjustment of SLM and heat 
treatment parameters in order to achieve best machinability in 
the finishing of the part. Furthermore, the influence of differ-
ent machining processes such as drilling and turning needs to 
be investigated. For industrial use, especially the knowledge 
of differing residual stresses is of importance, because of pos-
sible distortion in typically very thin-walled SLM-parts. 
Moreover, the machining parameters need to be reduced for 
machining SLM+HT specimen to avoid extensive tool wear. 
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Nomenclature------------------------------------------------------------------------ 

vc     : Cutting speed    
fz    : Feed per tooth 
ae   : Radial depth of cut 
ap : Axial depth of cut 
D  : Tool diameter 
z  : Number of teeth 
Lf  : Feed path length 
Fp  : Passive force 
FfN  : Feed normal force 
Ff  : Feed force 
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