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Abstract: The paper presents the results of research on the evaluation of the quality of coating layers
made by a laser. The base material, which was Dievar steel (1.2343), was coated with a single layer
using additional materials in the form of a wire with a diameter of o 1.0 mm. As additional material,
wires with chemistry corresponding to steels 1.2343 and 1.6356 were used. The primary objective was
to verify the possibilities of innovative use of additive materials based on maraging steels, which
were chosen from the production of two manufacturers with slightly different chemical compositions.
The experiment verified the influence of the cladding parameters on the residual stress values around
the fabricated maraging layers. Metallographic analysis by light microscopy was carried out in order
to identify the individual structures as well as to assess the occurrence of internal defects in the
coatings. The effect of the mixing of the coating metal with the base material was also assessed by
means of a low-load hardness assessment, which was carried out in accordance with EN ISO 4063-2.
Based on the results, it can be concluded that, in terms of residual stresses, the measured values were
approximately the same for all the additive materials used; however, due to the desired mechanical
properties of the additively formed layers, it is possible to recommend additive materials based on
medium- and high-alloy steels for additive manufacturing.

Keywords: residual stresses; laser; cladding; layers; Dievar; Dratec; UTPA 702

1. Introduction

The restoration of functional component surfaces and their rapid integration into the
production process is a hot topic. Currently, a wide range of technologies based on arc
heat processes, energy-beam processes, or special combined so-called hybrid methods
can be applied for the restoration of components. In addition to surface restoration, the
additive manufacturing of tailor-made structural units is currently highly topical. The issue
of the formation of functional layers is the target of much research, the results of which
are applied in various branches of mechanical engineering and the metallurgical industry.
In the study [1], the authors Muigai et al. addressed the issue of repairing stainless steel
components using GTAW technology in order to optimize the welding parameters and
thus minimize the impact of the repair technology on the degradation of the corrosion
properties of the materials being joined as well as preserving its tribological properties.
The problem of surface restoration creating functional layers resistant to harsh tribological
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conditions has been addressed in the studies by Ashokkumar et al. [2] who implemented
coating-formation processes by a cold spray process (CSP) using a thermal spray technology
in which a coating (1040 pm) is formed in the solid state by the impingement of powder
particles with supersonic velocity (200-1200 m.s~2) on a coupon employing a compressed
gas jet below the melting point of the coating powder. The chosen CSP parameters with the
used additive material allowed for the creation of high-quality coating layers. Vinas et al. [3]
carried out an investigation into the possibility of applying surfacing using PTA technology
by employing a plasma beam, whereby the quality of the surfacing was satisfactory and
there was minimal thermal effect on the substrate surface. A similar effect occurred in
the subsurface areas presented in the studies conducted by [4,5] who applied progressive
laser control minimizing the heat input in the fabrication of the overlays. The effect of
alloying additives on the resulting chemical composition of the coatings was evaluated in
the works of [6] Trembach et al., where the aim of modifying the chemical composition of
the fluxes was to increase the tribological resistance of the coatings. Also, in the work [7] by
Vinas et al., the research was focused on the application of new types of additive materials
for submerged arc-welding processes in the restoration of functional surfaces of continuous-
casting steel rolls. The research demonstrated the possibilities of restoring these extremely
stressed components in metallurgical primary production.

By appropriately selecting renewal of functional areas, it is possible to minimize the
costs of new parts, minimize downtime in production, reduce the necessity to produce new
parts and minimize energy inputs for their production, allowing for the reduction of the
amount of used raw materials, materials, and semifinished products and, thus, contribute in
no small measure to the reduction of the burden on the environment [8-11]. The economic
aspect is extremely important in the context of constantly increasing prices of raw materials
and skilled labour. Therefore, the restoration of functional areas of components by arc
or energy-beam additive methods is becoming extremely interesting and desirable. The
restoration of functional surfaces of components made on the basis of steels, as well as
nonferrous alloys, requires the implementation of knowledge from the field of material
behaviour during and after metallurgical processes, which is closely related to the formation
of residual stresses due to the influence of heat input, within the framework of innovative
solutions [12-15].

Another important factor is also the setting of appropriate process parameters of ther-
mal modes prior to the actual process of formation of functional layers, such as preheating,
during the selected methods, procedures, and strategies for the formation of individual lay-
ers, and in no small part plays an important role in the subsequent heat-treatment process
of the renovated components [16-19]. The heat-treatment processes are mainly focused
on the reduction of internal stresses, after cladding processes, or after the machining and
finishing of surfaces. Heat-treatment processes are also used in order to obtain the required
hardnesses of functional surfaces, which in no small measure influence the resulting prop-
erties of the layers resisting the combined tribodegradation factors [20-27]. Conventional
methods of inspecting these layers, which include visual inspection of the surfaces and
capillary inspection, are applied to assess the quality of the newly formed layers. These
inspections make it possible to detect defects occurring on the surface of the newly formed
surfaces. Surface defects and subsurface defects can be detected in magnetic materials by
magnetic inspection methods and also by eddy-current inspection. Internal defects can
be identified by ultrasound. The reflection method is preferred when applying various
angular probes. To no small extent, radiation-based inspection methods are also applied
as part of nondestructive inspection. These presented methods allow the identification of
defects in the layer and also in the sublayer regions. A very important factor limiting the
service life of functional surfaces or refurbished units, in addition to defects identifiable
by nondestructive testing (NDT), is residual stresses. The processes of manufacturing and
refurbishment of functional surfaces are mainly based on metallurgical processes, and the
levels of residual stresses are significantly influenced by the type of coating technology
used [28-35]. For the evaluation of residual tensions around welds and clads, not only
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nondestructive (such as X-ray) but also semidestructive assessment methods are currently
used [36-39]. Residual tensions are a frequent initiator of cracks in load-bearing structures,
which is prevented in many research studies [40—-47]. At present, numeric simulations are
also used for the determination of residual stress [48-50]. Researchers aim to set up simula-
tion parameters so that it is as accurate as possible to restrict experimentally determined
values [51-56]. In the case of numerical simulation of the welding processes, there is a
problem defining marginal conditions so that they are condemned with real conditions not
only the welding process but also the attachment of the base material, etc.

The paper presents the results of research in the field of evaluation of the quality of
renovation layers applied on the functional surfaces of unheated injection moulds for the
production of aluminium castings. The functional surfaces of the injection moulds are
manufactured from medium-alloy steel grades. The research on the influence of the surfac-
ing parameters on the properties of the newly formed layers was focused on the analysis
of the quality of the cladding caterpillars when using three types of additive materials.
Cladding wires with a diameter of & 1.0 mm were used, the material composition of which
corresponded to steel grades 1.2343 and 1.6356. The influence of the cladding process on
the values of residual stresses in the vicinity of the clads was evaluated in the experiments.
The quality of the clads was evaluated on cross-sectional metallographic sections by light
microscopy, where the influence of the cladding parameters on the structure of the clads,
as well as the changes in the heat-affected area of the subcoat layers, was monitored. The
low-load hardness, according to Vickers, was also evaluated in the investigated areas. The
influence of the heat-affected regions on the residual stress levels is documented by the
drilling method carried out at two different locations at the same distance from the abut-
ment axis. Although the implementation of the clads was automated, the microstructure
results show some differences in the subsurface layers.

In addition to the conventional methods for evaluating the quality of the overlayers,
the paper presents the results of an original investigation of residual stress measurement
by the drilling method. The distribution of residual stresses in the vicinity of the weld to
a depth of 1 mm was determined. Standard-use nondestructive X-ray methods provide
information about residual stresses in the subsurface layers.

2. Materials and Methods

In order to repair and renovate the mould parts of moulds for high-pressure casting
of aluminium alloys, samples of experimental clads were prepared on the base material
of grade 1.2343 (Dievar) with dimensions of 150 x 130 x 30 mm, which was refined to a
hardness value of 44-48 HRC. Cladding parameters of analysed samples are in Table 1. The
chemical composition of the steel mat. No. 1.2343 detected by the chemical spectrometer
Belec Compact Port (BAS Rudice, Rudice, Czech Republic) is in Table 2. The mechanical
properties given by the manufacturer are declared in Table 3. This is a medium-alloy steel
intended for the production of forming tools and moulds for casting processes. In practice,
conventional arc-cladding processes are often applied for the formation of functional layers
and the restoration of surfaces, mainly because of the low cost of the equipment. However,
these arc processes are characterised by high heat input to the fusion bath as well as
to the submerged areas, where undesirable metallurgical changes and the formation of
undesirable hard structures such as martensite often occur in medium- and high-alloy
steels. It is therefore necessary to implement the production of layers using technologies
that minimise the heat input to the materials. Technologies such as CMT (Cold Metal
Transfer), MAGPulse (metal active gas) and, to no small extent, laser-cladding processes
are increasingly being used. These processes are well robotisable.
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Table 1. Cladding-parameters used.

Additive Laser Power Cladding Feed Speed Focus Atmosphere
. Speed Ar (4.6)
Material (W) (mm/s) (mm) .
(mm/s) (L/min)
Dievar 1500 6 10 20 7
Dratec 1600 6 10 20 10
UTPA 702 1500 6 5 0 12
Table 2. Chemical composition of the base material No. 1.2343 (wt.%).
C Mn Si P S Cr Ni Mo \'% Cu Fe
0.382 0.377 0.914 0.002 0.002 4.893 0.199 1.277 0.499 0.077 Bal.
Table 3. Mechanical properties of the base material No. 1.2343 by manufacturer.
Yield Strength Tensile Strength Elongation A5 Hardness
(MPa) (MPa) (%) HRC
1420 1680 12 50
The deposition strategies of individual caterpillars are programmable, while in the
formation of layers using the laser, it is also possible to apply additive materials in the
form of powders, which significantly affects the possibilities of modifying the chemical
composition of the formed layers.
In the presented experiment, the production of the coating layers was realized by
means of a TruDisk 4002 solid-state disk laser with BEO D70 focusing optics (Trumpf,
Ditzingen, Germany). Three types of additive materials were used. Since the process was
reimplemented on a robotic workstation, the additive materials used were in the form of
wires with a diameter of o 1.0 mm. Three wires were used, and these were based on the
base material of the mould mat. No. 1.2343 (Dievar), with additive material No. 1.6356
(UTPA 702) and additive material mat. No. 1.6356 (Dratec). The chemical compositions of
the various additive materials are shown in Table 4.
Table 4. Chemical composition of the filler material (wt.%).
Filler Mat. C Si Mn Cr Mo Ni Co Ti Al Cu Fe
1.2343
. 0.4430 0.147 0.423 513 227 0.067 0.01 0.002 0.008 - Bal.
(Dievar)
1635 00005 0200 050 015 40 180 120 160 - - Bal
(Dratec)
1.6356
(UTPA 702) 0.0200 - - - 4.0 18.0 12.0 1.60 0.10 - Bal.

Cladding parameters were selected on the basis of previously performed experiments
on a given type of solid-state laser.
The following experiments were analyzed:

- residual stresses by the drilling method;

- light microscopy, (etchant used-3% HNO3 solution);

- microstructure in the area of drilled holes (for the drilling method);
- EDXanalysis;

- Clad hardness (in cross section in the plane of the drilled holes).
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3. Results
3.1. Residual Stresses

Nondestructive methods are often used for the evaluation of residual stresses around
welds and are the subject of many scientific studies. The advantage of nondestructive
methods is the determination of residual stresses in the subsurface layers. In the present
paper, the authors chose the drilling method, which belongs to the semidestructive methods,
for the determination of residual stress levels. The aim was to compare the residual stresses
along the depth of the material of the test specimens depending on the chosen method of
clad technology.

For the drilling method, strain gauge sensors type 1-RY61-1.5/120R (HBM, Germany),
drilling cutters with a diameter of ¢ 1.6 mm type 1-SINTCTT-1 (SINT Technology, Italy)
and drilling equipment SINT MTS 3000 with a turbine driven by compressed air (SINT
Technology, Italy) were used. In order to achieve the most accurate results, a new cutter
was used at each drilling location. For the processing of the name-wound relaxed strain
ratios, the EVAL 7.0 software was used to evaluate the residual stress levels in accordance
with ASTM E837. In addition to the normalized results, this software also provides an
evaluation of the measured relaxed ratio strains by the integral method. Figure 1 shows the
location of the measurement points on the single-individual specimens where the residual
stresses were evaluated. The measurement locations were selected at the same distance
from the edge of each test specimen. For the experimental measurements, three specimens
with different additive laser-coating materials (Dievar, Dratec, UTPA 702) were used.

/ /

Figure 1. Test samples with applied strain gauge sensors.

Figures 2a, 3a and 4a show details of the evaluated areas in which residual stress
values were measured. The plots (Figures 2b,c, 3b,c and 4b,c) document the distribution of
the maximum and minimal normal residual stresses to a depth of 1 mm from the sample
surface. The results presented were evaluated in accordance with ASTM E837.

Measured values of the residual stresses can be considered relevant at each measured
location, because, in neither case, the value exceeded 80% of the yield strength of the
material. The maximum values of the reduced stresses, according to Von Mises, were
345 MPa for the Dievar additive material (location 1.1), 324 MPa for the Dratec additive
material (location 2.1), and 363 MPa for the UTPA 702 additive material (location 3.2).
Interestingly, at each of the six sites measured, the maximum values were 0.15 mm and
0.2 mm in depth, respectively. Another common feature of the experimental measurements
is that the nature of the residual stresses changed from compressive to tensile also at
approximately the same depth below the surface, around 0.5 mm.
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Figure 2. Specimen with weld with additive material Dievar (a) detail of drilled holes; (b) distribution
of residual stresses at location 1.1; (c) distribution of residual stresses at location 1.2.
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Figure 3. Weld specimen with additive material No. 1.6356 (Dratec) (a) detail of drilled holes;
(b) distribution of residual stresses at location 2.1; (¢) distribution of residual stresses at location 2.2.
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Figure 4. Weld specimen with additive material No. 1.6356 (UPTA 702) (a) detail of drilled holes;
(b) residual stress distribution at location 3.1; (c) residual stress distribution at location 3.2.

3.2. Light Microscopy

A light-microscopy technique was used to examine the microstructures on the cross-
sections of the clads in the magnification range of 25x to 1000x. The inspection of the clads
was focused on the identification of defects and nonintegrity.

The additive material No. 1.2343-Dievar. HAZ thickness was a max. of 1 mm. The
microstructure in the clad was tempered martensite with directed crystallization, without
integrity defects, melt zone without integrity defects and anomalies in the microstructure,
in the HAZ gradual transition from a ferritic-carbide mixture to a tempered martensite
microstructure of the underlying matrix (Figures 5 and 6).

(b)

Figure 5. Clad made with additive mat. No. 1.2343 (Dievar) (a) macrostructure; (b) detail of the
pattern; (c) base material; light microscopy, etched with Cor etchant (120 mL CH3COOH, 20 mL HCl,
3 g picric acid, 144 mL CH3OH).
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UMV SAV COMPO 100KV X1600° 10pm  WD9.7mm UMV SAV COMPO 100KV  X1600" 10am WD 9.7mm COMPO 100KV X1600"  10pm WD 9.7mm

(b) (©)

Figure 6. Clad made with additive mat. No. 1.2343 (Dievar) (a) directed crystallization and tempered
martensite; (b) HAZ—tempered martensite; (c) base material—tempered martensite; SEM in BSE
mode, etched with Cor etchant (120 mL CH3COOH, 20 mL HCI, 3 g picric acid, 144 mL CH3;OH).

The clad 1.6356-UTPA 702. HAZ thickness was a max. of 1.0 mm. The microstructure
in the clad casting with directed crystallization (visible in scanning electron microscope in
BSE mode), without integrity defects, HAZ-without integrity defects, build zone without
integrity defects, and base material tempered martensite microstructure without integrity
defects (Figures 7-10).

Figure 7. Clad made with additive mat. No. 1.6356 UTPA 702 (a) macrostructure; (b) detail of the
pattern and base material; (c) base material, etched with Cor etchant (120 mL CH3COOH, 20 mL HCl,
3 g picric acid, 144 mL CH3OH).

COMPO 100KV X1,600  10pm UMV SAV COMPO 100KV X1,600 10pm WD 9.3mm COMPO 100KV X1,600  10pm WD 9.3mm

(b) (c)

Figure 8. Clad made with additive mat. No. 1.6356 UTPA 702 (Die) (a) directed crystallization and
tempered martensite; (b) HAZ—tempered martensite; (c) base material—tempered martensite; SEM
in BSE mode, etched with Cor etchant (120 mL CH3COOH, 20 mL HCl, 3 g picric acid, 144 mL
CH3;0H).
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Figure 9. (a) UTP A 702—]layout; (b) base material—melting zone—1st layer of UTP A 702; (c) 2nd
layer UTP A 702; etched (5 mL HNOj3, 25 mL HCI).

COMPO 150KV X400 Opm UMV SAV X400 Opm WD 102mm UMV SAV Si 50KV X400  10pm

Figure 10. Clad made with additive mat. No. 1.6356 UTPA 702 (a) fusion zone; (b) middle part
directed crystallization; (c) surface of the clad; SEM in BSE mode, etched (5 mL HNOj3, 25 mL HCI).

The clad 1.6356-Dratec. HAZ thickness was a max. of 1.0 mm. The microstructure in
the clad casting with directed crystallization (visible in scanning electron microscope in
BSE mode), without integrity defects, HAZ-without integrity defects, build zone without
deintegrity defects, and substrate material tempered martensite microstructure without
integrity defects (Figures 11-13).

500 um

Figure 11. Clad made with additive mat. No. 1.6356 Dratec Bolt (a) macrostructure; (b) detail of
pattern and base material—tempered martensite; (c) base material—tempered martensite; etched
with Cor etchant (120 mL CH3COOH, 20 mL HCJ, 3 g picric acid, 144 mL CH3;OH).
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remelting zone
BM 20.0 ym

(b)

Figure 12. Clad made with additive mat. No. 1.6356 Dratec Bolt; (a) layout; (b) base material—
melting zone 1st layer No. 1.6356 Dratec Bolt; (c) 2nd layer No. 1.6356 Dratec Bolt; etched (5 mL
HNO3, 25 mL HCl).

Figure 13. Clad made with additive mat. No. 1.6356 Dratec (a) fusion zone; (b) middle part directed
crystallization; (c) surface of the clad; SEM in BSE mode, etched (5 mL HNO3, 25 mL HCI).

3.3. Microstructure in the Area of Drilled Holes

In Figure 14, the areas of the test specimen with clad coating 1.2343 are documented
sequentially from the vicinity of the experimental holes through the microstructure in the
thermally affected zone to the thermally unaffected zone of the base material. In Figure 15,
there are gradually documented areas of the testing sample with a clad 1.6356 Dratec
coating documented sequentially from the vicinity of the experimental holes through
the microstructure in the thermally influenced zone to the thermally unaffected zone of
the base material. In Figure 16, the areas of the test sample with the clad coating 1.6356
UTPA 702 are documented sequentially from the vicinity of the experimental holes through
the microstructure in the thermally affected zone to the thermally unaffected zone of the
base material.

Figure 14. Clad-Dievar. Profile of experimental holes.
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Figure 15. Clad Dratec. Profile of the experimental holes.

Figure 16. Clad-UTPA 702. Profile of the experimental holes.

Figures 14-16 document the macrostructures and details of microstructures in selected
areas of the single-layer single-caterpillar laser-fabricated clad. Based on the evaluation of
the cross-sectional sections of the macrostructures, it can be concluded that the cladding
parameters used allowed the formation of a compatible, defect-free layer in all the samples
evaluated. The heat-affected zone is well-legible after etching and corresponds to the
applied etching technology. The smallest depth of the heat-affected area was observed on
the clads made with 1.2343 additive material, namely 0.5 mm. The columnar structure and
dihedral angle of the surfacing metal were well readable on the surfacing made with this
additive material. The specimen made with Dratec additive material showed the highest
elevations and symmetrical cladding. Shape irregularity at the postpeak of the overlay was
noted on the specimen made with UTPA 702 additive material. This shape granularity was
not observed over the entire surface of the clad. It was an isolated defect. The changes in
the structures of the materials evaluated correspond to metallurgical changes in the given
chemical compositions of these steel types and also to the cladding technology used.

3.4. Scanning Electron Microscopy and EDX Microanalysis

Scanning electron microscopy technique and semiquantitative EDX microanalyses
were used to analyse the distribution of alloys in the No. 1.2343 Dievar, No. 1.6356-UTPA
702, and No. 1.6356-Dratec strands. The chemical composition of the alloys and the effect
of technology on the mixing of the alloying metal were evaluated by EDX analyses. The
individual analyses and their results are documented in Figures 17-19. The identified chemical-
element contents are consistent with the chemical composition of the additive materials.
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(b)

(@) (b) ()
Element
Weight% Atomic% Weight% Atomic% Weight% Atomic%
VK - - 1.00 1.10 - -
CrK 5.35 5.78 4.72 5.09 5.80 6.29
FeK 9241 9291 92.28 92.64 90.56 91.56
Mo L 2.23 1.31 2.00 1.17 3.65 2.15
Totals 100.00 100.00 100.00

Figure 17. Spectral EDX analysis of selected spectra for samples No. 1.2343 (a) clad metal in the
upper part of the overlay; (b) clad metal in the lower part of the overlay; (c) melting zone and HAZ.

T00pm Electron image 1 00pm Electron Image 1

(b) (c)
Element @ ®) ©
Weight% Atomic% Weight% Atomic% Weight% Atomic%
TiK 1.61 1.92 1.17 1.40 - -
CrK 1.90 2.09 1.74 191 5.40 5.86
Fe K 77.39 79.14 71.56 73.37 91.47 92.31
CoK - - 9.14 8.88 - -
Ni K 14.51 14.12 12.28 11.98 - -
Mo L 4.60 2.74 411 2.45 3.13 1.84
Totals 100.00 100.00 100.00

Figure 18. Spectral EDX analysis of selected spectra for No. 1.6356-UTPA 702 samples (a) clad metal
in the upper part of the layer; (b) clad metal in the lower part of the layer; (c) fusion zone and HAZ.
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T00m

(a)

Electron Image 1

T00um Electron Image 1

(b)

(a) (b) (©

Element
Weight% Atomic% Weight% Atomic% Weight% Atomic%
TiK 1.00 1.20 143 171 - -
CrK 1.26 1.39 1.24 1.36 4.66 5.06
Fe K 72.22 73.96 67.50 69.21 92.13 93.06
CoK 8.17 7.93 10.22 9.92 - -
Ni K 13.71 13.36 16.08 15.69 - -
Mo L 3.64 2.17 3.53 2.11 3.20 1.88
Totals 100.00 100.00 100.00

Figure 19. Spectral EDX analysis of selected spectra for samples with No. 1.6356-Dratec coating
(a) clad metal in the upper part of the layer; (b) clad metal in the lower part of the layer; (c) melting
zone and HAZ.

On the basis of the EDX analyses carried out in the individual selected spectra, it can
be concluded that the chemical composition of the additives corresponds to the chemical
composition of the additive materials used. Due to the cladding technology and parameters
used, there was only minimal mixing of the clad metal with the base material, which
is consistent with the measured HAZ values presented in Section 3.2. When using the
energy-beam laser-cladding method, there was no burning of the elements during their
transfer to the clad metal as occurs with arc methods. Also, no oxidation or contamination
of the clad metal due to insufficient protection of the cladding site was observed.

3.5. Results of Hardness Measurement of Clads

Hardness measurements were performed according to the Vickers indentor at a load of
500 g and an indentor indentation distance of 0.4 mm. The plots of the measured hardness
values on the cross-sections of the test specimens are shown in Figure 20. Two hardness
measurements from the surface to the substrate layer were performed on each specimen.
For the 1.2343 clad specimen, a hardness value of 600 HV0.5 was measured at the surface
of the clad. A maximum hardness value of 700 HV0.5 was measured at a depth of 0.8 mm.
For the 1.6356-Dratec and 1.6356-UTPA 702 clad specimens, maximum hardness values in
the range of 600 to 700 HV0.5 were measured at a depth of 1.6 to 2.0 mm. From the surface
of the clad to a depth of 1.2 mm, the hardness was 400 HVO0.5.
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Figure 20. Hardness recordings measured on cross sections of single-core test specimens with clads.

A hardness measurement of HV0.5 was performed on the cross sections of the speci-
mens previously used for the measurement of the residual stresses by drilling, see Figure 21.
The measurement line was at a depth of 0.4 mm below the surface of the substrate plate
and crossed the cross sections (horizontal line “b”). The Vickers indenter impressions were
spaced 0.4 mm apart. Increased hardness values were measured in the centre of HAZ, see
Figure 22 (blue area). The locations without measured microhardness values correspond to
the blind holes.

—_—p
direction “b”

(b) (c)

Figure 21. Scheme of hardness measurement on specimens with clads (a) 1.2343 Dievar; (b) 1.6356
Dratec; (c) 1.6356 UTPA 702.
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Figure 22. Measured hardness values HV0.5 on samples with clads (a) 1.2343 Dievar; (b) 1.6356
Dratec; (c) 1.6356 UTPA 702.

The measured hardness values in the horizontal lines of the specimens used to measure
the residual stresses are consistent with the measured values in the given clad area (sub-base
areas) measured vertically.

4. Discussion

The presented results provide a comprehensive view of the distribution of residual
stresses in the vicinity of the clad not only in the surface layers but also to a greater
depth from the surface (on the order of 1 mm). For the realization of the experimental
measurements, the drilling method was used, which is commonly used for the quantifi-
cation of residual stresses in many applications where residual stress levels need to be
taken into account for the assessment of the safe and reliable operation of machinery and
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equipment. The advantage of the above method is that the measurement and evaluation
procedure is standardized (ASTM E837). In addition to the residual stresses, the hardness
and microstructure of the material were also analysed at the measurement locations.

On the basis of the analysis of the results obtained, the following conclusions can
be drawn:

In the case of the application of the additive materials No. 1.2343 Dievar, No. 1.6356
Dratec and No. 1.6356 UTPA 702 by laser to the considered base material No. 1.2343 Dievar,
the residual stresses showed a similar character. In each of the specimens considered,
the residual stresses were evaluated at the same distance from the edge of the clad in
accordance with ASTM E837 procedures. The measured values of residual stresses can be
considered relevant at each measured location, because in no case was the value of 80% yield
strength of the material exceeded. The maximum values of the reduced stresses according
to Von Mises were 345 MPa for the Dievar additive material (location 1.1), 324 MPa for the
Dratec additive material (location 2.1), and 363 MPa for the UTPA 702 additive material
(location 3.2). Interestingly, at each of the six sites measured, the maximum values were
0.15 mm and 0.2 mm in depth, respectively. Another common feature of the experimental
measurements is that the nature of the residual stresses changed from compressive to
tensile also at approximately the same depth below the surface, around 0.5 mm.

The light-microscopy technique was used to examine the microstructures on the cross
sections of the clads in the magnification range of 25x to 1000x. The inspection of the clads
was focused on the identification of defects and nonintegrity of the clads. None of the
samples analysed showed any defects or signs of defects.

The microstructure of the base material No. 1.2343 after heat treatment is tempered
martensite. In the clad made by additive material 1.2343, the structure was tempered
martensite with directed crystallization without integrity defects. The melting zone, with-
out defects of integrity and anomalies in the microstructure, had the HAZ gradual transition
from a ferritic—carbide mixture to tempered martensite microstructure of the base material.
The thickness of the HAZ was max. 0.5 mm. The microstructure in the 1.6356-UTPA 702
clad was classified as casting with directed crystallization (visible in a scanning electron mi-
croscope in BSE mode), without integrity defects, and HAZ without integrity defects. The
melting zone was without integrity defects; the base material had microstructure-tempered
martensite also without integrity defects. The HAZ thickness was a max. of 1.0 mm. A
similar type of casting structure was observed on the sample with the 1-6356 Dratec clad.
The HAZ thickness was also similar (max. 1.0 mm).

The influence of cladding technology and parameters on the chemical composition
of the newly formed layers was evaluated by area EDX analyses. The measurements
made show that the influence of layer production did not lead to changes in the chemical
composition of the produced layers compared to the declared chemical composition of the
additive materials.

Hardness measurements were performed on crosscuts according to Vickers. The
maximum hardness values measured on the clad were 700 HV0.5 at a depth of 0.8 mm
for the 1.2343 specimen. The hardness at the surface of the clad was 600 HV0.5. For
functional areas of the moulds, it is suitable if the maximum hardness is located at the
surface of the functional area and the subsurface areas possess higher toughness. For the
clads 1.6356-Dratec and 1.6356-UTP A702, maximum hardness values were in the range
of 600 to 700 HV0.5 measured at a depth of 1.6 to 2.0 mm, which will be the subject of
further research. From the surface of the clad to a depth of 1.2 mm, the hardness value was
400 HV0.5.

A hardness measurement of HV0.5 was made on the transverse sections of the speci-
mens previously used for the measurement of residual stresses by drilling. The horizontal
line of measurement was at a depth of 0.4 mm below the surface of the base plate and
crossed the clads. The indentations of the Vickers indenter were spaced 0.4 mm apart
(Figure 16). The measured hardness values of up to 700 HV0.5 were consistent with the
measured hardness values in the vertical direction.
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5. Conclusions

The refurbishment of functional component surfaces is currently a hot topic. As
the prices of steels, especially high-quality tool steels, are steadily rising worldwide, the
refurbishment of functional parts of machinery and equipment is on the rise. Particularly
advantageous is the renovation of dimensional parts or the creation of functional surfaces
that have significantly better mechanical properties and resistance to tribodegradation
agents compared to the underlying materials.

This paper presents the results of an investigation aimed at determining the quality of
three additive materials of medium- and high-alloy steels suitable for the refurbishment of
moulds for the high-pressure casting of Al alloys. On the basis of the experimental results,
it is possible to establish our conclusions.

The distribution of residual stresses along the depth of the base material shows a
comparable character in all three samples. At a depth of about 0.2 mm, the maximum
value of compressive residual stress was measured at each measured location. In the case
of UPTA 702, the residual stress values from both sides of the strand exceeded 400 MPa.
An interesting common feature is the change in the nature of the residual stresses from
compressive to tensile at a depth of about 0.6 mm. The compressive residual stresses can
be considered positive in terms of crack propagation.

On the basis of the experiments carried out and the study of the structure of the
additive materials, it is suitable to apply for the restoration of functional surfaces of clads,
the structure of which after heat treatment is formed by loosened martensite. This type
of structure achieves the hardness necessary for a given method of loading. The aim is to
achieve a suitable structure of the surface layers, which is a tempered martensite, and a
hardness in the range 44-48 HRc. The aim of this paper was to present the procedures and
results of research focused on the area of surface renovation.

The research on the increase of mould lifetime is currently continued by the evaluation
of the surface resistance to material dissolution by immersion test in an Al melt. The
possibilities of increasing the effect of separation agents and surface texturing by laser
are analysed.
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