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Abstract

The mechanical properties of macroscopic laser deposited three-dimensional tensile test specimens out of Stellite® 21 are
presented in this work. A modified software enabled the additive manufacturing of tensile test specimens through direct
metal deposition using the widespread laser cladding process and hardware. The additive manufacturing set-up included
a 3-axis-CNC-machine and a laser cladding processing head with coaxial powder feed. The software VisCAM RP4.0 from
Marcam Engineering usually used for selective laser melting (SLM) devices was adapted within this work to translate the
data of the CAD-Model into the G-Code to realise the trajectory of the CNC-machine. Three different exposure strategies
were applied for the build up of tensile test specimens. The influence of the path orientation on the mechanical properties
under unidirectional tensile load was investigated. It was found out that the properties of the laser generated parts were
competitive to as-cast parts regarding ultimate tensile strength and Young’s modulus.
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1. Introduction

Direct powder deposition is an industrial production process for coatings and was firstly patented in 1976
[Gna76]. It is also used for maintenance, repair and overhall (MRO) technologies [Gral3], for example for
reconditioning of turbine charger shafts [Wag08]. Nowadays it becomes increasingly important in the field of
additive manufacturing for generating near net shape parts [Lev03]. Studies in additive manufacturing by direct
laser deposition were carried out using for example aluminum bronze [Frel5], tool steel [Maz97], inconel
superalloy 625 [Din09] or high alloyed austenitic steel [Boil4].
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The target of this work was to show the feasibility using an adapted software to transfer the CAD data of three
dimensional parts into a G-Code to realise the trajectory of a CNC-machine.

2. Experimental

The experimental set-up included a Trumpf TruDisk 8002 disk laser with a wavelength of 1030 nm and a
processing head Precitec YC50 with a coaxial powder supply. The laser intensity was 338 W/mm?2 by applying
1.5 kW laser power and a spot diameter of 2378 um. Argon shielding gas was provided in the center of the
powder nozzle with 14 I/min and also coaxial with 7 I/min. The process speed for depositing the part contour
was 1 m/min and for the inner filling 1.5 m/min. The trajectory was realized by using a 3-axis-CNC-machine
made by Féhrenbach and the control unit PA8000 made by Power Automation using G-Code as programming
language. The pneumatic powder feeder GTV MF-PF-2/2 was integrated in the system to feed the cladding
powder into the process zone by using 7.5 I/min argon gas. The powder feed rate amounted to 20.5 g/min. The
cobalt based powder Deloro Stellite® 21 was used. Before the deposition process, the powder was dried in an
oven at 100°C for 24 hours. Rolled carbon steel S235JR with dimension of 150 x 150 x 20 mm?3 acted as
substrate material.

The process chain for generating three dimensional near net shape parts can be devided in five steps. Fig. 1 is
illustrating the workflow.
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Fig. 1 Workflow of additive manufacturing by direct powder deposition

The specimens were built with an oversize of 2 mm in the X and Y directions and 4 mm in the Z direction.
After the generating process the specimens were separated from the substrate and the final dimensions were
realised by milling, kindly provided by Stiftung fir Werkstofftechnik, Bremen (IWT). The edges were duburred.
The geometry of the generated tensile test specimens accorded to DIN 50125 Shape E. The tensile tests were
performed according to DIN EN I1SO 6892-1 by using the tensile testing machine Zwick Roell Z250 with
250 kN maximum applied force.

3. Results

The height of the layers amounted to 0.6 mm and a build up rate of 0.85 cm3/min was realized. To generate the
specimenvolume of 20.40 cm? lasted 24 min. The powder catchment efficincey was about 35 %. Unused
powder was collected and reused after sieving. Specimens with path orientation angle of 45° were built up with
the recycled powder (45° rec). Fig. 2 is showing a top view on the build up tensile test specimens with different
path orientation.



uolejuaLIo yied

Freite 2015 4 o © BIAS ID 150790
Fig. 2 Laser generated tensile test specimens with different path orientation

Metallurgical cross sections were prepared to check the laser deposited tensile test specimens for imperfections
(Fig. 3). Within using a path orientation of 0° more pores and cracks were oberserved. Applying a path
orientation of 45° for additive manufacturing resulted in a small number of imperfections. Furthermore,
hardness measurements were carried out on the metallurgical cross sections. Hardness values between
200 HV0.1 and 600 HVO0.1 were determined. The lowest hardness in the deposited tensile test specimens was
oberserved near the substrate caused by the dilution of the steel substrate. The average hardness value in the
deposited parts amounted to 405 HVO0.1.
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Fig. 3 Metallurgical cross sections of laser generated tensile test specimens with different path orientation

From unidirectional tensile tests, Young’s modulus as well as ultimate tensile strength have been evaluated.
Fig. 4 is showing the results of the Young’s modulus. There was no significant influence of path orientation on
the Youngs” moduli. Values between 193 GPa and 228 GPa were determined. The lowest value was determined
by using 45° path orientation. The highest value was achieved by using the recycled powder and 45° path
orientation.
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Fig. 4 Young’s moduli depending on the path orientation

Fig. 5 is showing the results of the tensile strength. In contrast to Young’s moduli, tensile strength showed
significant influence of path orientation. Values of tensile strength between 738 GPa and 851 GPa were
measured. With increasing angle of path orientation lower tensile strength were oberserved.
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Fig. 5 Tensile strength depending on the path orientation

4. Discussion

Tensile test specimens were generated by direct laser deposition with different path orientations. Static
mechanical properties of these specimens were determined under tensile load. Ultimate strength of the laser
generated samples depended on the path orientation. A path direction of 0° led to ultimate tensile strength of
851 MPa. Cast material Stellite® 21 has a lower ultimate tensile strength of 710 MPa [Ken13]. This revealed



that an appropriate build up strategy can improve mechanical properties of generated parts. On the other hand
the Young’s moduli of the deposited specimens were not influenced by the path orientation. In [Kenl13] a
Young’s modulus of cast Stellite® 21 material of 250 GPa is given. This value is about 20% higher compared
to the average of Young’s moduli of the laser generated parts for all three build up strategies of 203 GPa.

A path orientation of 45° resulted in less imperfections. This is according to the advice of [VDI13]. The average
of the hardness was 405 HV0.1. Compared to literature values of Stellite® 21 as-cast material from 290 HV to
430 HV [Ken13], generated parts show to have higher hardness.

5. Conclusions

A significant speed-up concerning the creation of G-Code from CAD data could be realised by using
commercial software and adaptation of its output. The work showed the feasibility to use widespread laser
cladding hardware for additive manufacturing. Just low capital investment would enable the purpose of
widespread laser cladding process and hardware for additive manufacturing large three dimensional parts.

In this work tensile test specimens were additively manufactured. Investigated static mechanical properties by
tensile testing of laser generated specimens are valueable material data for computer aided engineering and
design for example finite element analysis.
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