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Subject review
The forging dies are parts, which are operating at elevated temperatures, while simultaneously subjected to variable loads that can be compressive - even
impact and shear. Impact of the hard facing technology is very strong since varying of the hard facing parameters directly affects the output
characteristics of the hard faced layers. The criterion for estimating that impact was based on results of performed tribological investigations. The
tribological parameters that were monitored were the friction coefficient, the wear scar/trace width and the wear area of the hard faced layers, with the
two different types of lubricants. Hard facing technology implied selection of the welding process, filler metals, preheating temperatures and other
parameters of the hard facing process. The influence of the proposed hard facing technology was determined by monitoring hardness, microstructure and
wear resistance of the executed joints after the hard facing and after tempering. The objective of this work was to establish the correlation between the
selected hard facing technology, filler metals and applied heat treatment on mechanical and tribological characteristics of the executed hard faced layers.
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Pregledni ¢lanak
Kovacki alati su dijelovi, koji rade na poviSenim temperaturama, dok su istodobno izlozeni promjenljivim optere¢enjima, koja mogu biti tlacna - ¢ak i
udarna i smi¢na. Utjecaj tehnologije navarivanja je vrlo jak, poSto se variranjem njegovih parametara direktno utjece na izlazne karakteristike navarenih
slojeva. Kriterij za procjenu tog utjecaja bio je utemeljen na rezultatima obavljenih triboloskih ispitivanja. Praceni triboloski parametri bili su faktor
trenja, Sirina traga (brazgotine) habanja kao i povrSina habanja navarenih slojeva, uz uporabu dva tipa maziva. Tehnologija navarivanja je
podrazumijevala selekciju procesa zavarivanja, dodatnih materijala, temperature predgrijavanja i ostalih parametara procesa navarivanja. Utjecaj
predlozene tehnologije navarivanja je odredivan pracenjem tvrdoce, mikrostrukture i otpornosti na habanje izvedenih spojeva, nakon navarivanja i nakon
otpustanja. Cilj ovog rada bio je uspostavljanje korelacija izabrane tehnologije navarivanja, dodatnih materijala i primijenjene toplinske obrade s
mehanickim i triboloskim karakteristikama izvedenih navarenih slojeva.

Kljucne rijeci: faktor trenja; kovacki alati; navarivanje; mikrostruktura; otpornost na habanje, tvrdoca

1 Introduction Paper [6] represents the first part of investigation of
this group of authors, related to prescribing the optimal
reparation technology of the forging dies by hard facing.

In [6] the optimal technology was considered based on

The subject of this work was to determine the optimal
reparatory technology by hard facing of the damaged

forging dies based on tribological investigations of the
performed test welds. Steels that are used for producing
the forging dies must be able to sustain high impact loads,
while simultaneously preserving the good mechanical
properties. They also must be resistant to wear and
thermal fatigue. That was the main research topic in [1].
Similar problems were considered in paper [2], namely an
analysis was conducted of behaviour of a material
deposited on the copper alloy. Thermal fatigue was also
cause of failure of a tool for pressure casting analysed in
[3] and analysis of crack appearance after certain number
of cycles was done for the aluminium casting process.
Besides the thermal fatigue, wear appears as the frequent
cause of damages to this type of tools. The wear of
forging dies, due to abrasion and adhesion, was the
subject of research in [4], where the hard facing was
applied as a method for recovery of the sustained
damages. To extend the service life of the forging dies,
their wear was analysed numerically in [5] during the final
phase of forging. By comparing the numerical results with
the measurements taken from the worn die, the wear
coefficient has been evaluated for different points of the
die surface and finally a value of wear coefficient is
suggested.

criterion of the cooling time between 800 and 500 °C, tgs,
for the same steels that are considered in this paper
(proposed hard facing technology is described in details in
ref. [6], so presenting of certain data about it is avoided in
this paper).

Alloyed steels are usually used for producing the
forging dies. They do not possess very good weldability.
Any hard facing reparation of pieces made of those steels
requires specially prescribed technology, adjusted to that
piece, since certain alloying increases proneness of those
steels to self-hardening [7+9]. Some authors have also
dealt with hard facing of alloys like Inconel and Stellites,
investigating the prescribed technologies and selected
filler metals. Those materials harden during operation and
thus they increase strength and resistance to wear and
impact loads. Alloys Inconel 625 and Stellite 21 had the
best wear resistance [8, 9]. Besides the optimal hard
facing technology and selection of filler metals [9, 10], it
is necessary to define the adequate heat treatment —
before, during and after the welding [11+13]. Resulting
welds, after the hard facing and the final heat treatment,
were tested in tribological conditions, to establish their
wear resistance, as well as by destructive methods to
obtain the hardness distribution in the cross section,
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microstructure of the hard faced layer, heat affected zone
(HAZ) and the base metal (BM).

2 Tools materials' properties, selection of the filler metals,
welding procedure and its parameters

Steels used for hard facing were 56NiCrMoV7 and
X38CrMoV51 (by DIN 17350). Chemical composition and
mechanical properties of those steels, the details of the
proposed hard facing technological parameters and
chemical composition of used filler metals are given in [6].
The adopted preheating temperature was 7, = 300 °C,
calculated according to Seferian's formula [9]. The layers
were deposited by the MMA welding procedure in two or
three passes due to necessity to reduce the degree of
dilution - to obtain the declared weld properties prescribed
by the electrodes manufacturers [6]. The hard facing speed
was measured for each pass with Tastotherm D1200
(measurements range of —50 to 1200 °C).

The two high-alloyed rutile electrodes, UTOP 38 and
UTOP 55, were used as the filler metals (FM) [6]. Those
filler metals are intended for hard facing of tools, for cold
and hot forming of steels and other metals. The hardness of
hard faced layers, executed by those electrodes, should be
stable up to temperature of 600 °C. Prior to hard facing,
electrodes were dried up to 350 + 400 °C. That caused a
decrease of the diffused hydrogen and elimination of cold
cracks appearance.

The hard faced layer deposition order is shown in Fig. 1
in [6]. Prior to depositing the next layer, the slag was
removed from the previous one by the steel brush. The
width of the pass deposited by the electrode of diameter
23,25 mm was b =~ 10 = 12 mm, the height was
h ~ 1,5 mm. For the electrode of diameter @5,00 mm
parameters were b = 10 +~ 12 mm and / = 2,1 mm.

3 Experimental investigations

During the experimental investigations the following
tests were performed: measurements of hardness and
reading-off the microstructure of the characteristic zones of
the executed hard faced layers and the tribological tests for
determination of the friction coefficient and the wear scar
width.

3.1 Investigations of hardness and microstructure

The metallographic samples — slits were prepared by
grinding, from plates that were hard faced in various
conditions (Fig. 1). The samples/plate thickness varied
between 7,4 mm and 29 mm. The filler metals and their
diameters were also varied, as well as other parameters of
the hard facing procedure. Samples were cooled in fireclay
powder, and prior to metallographic tests, they were heated
together with the furnace to the tempering temperature
Tiemp = 340 °C and then slowly cooled to reduce the level of
residual stresses. The hardness distribution diagrams are
presented in Figs. 2 and 3, for the BM 56NiCrMoV7 and
two types of filler metals and two plate thicknesses. In both
cases, samples were preheated to 7, = 300 °C, and after the
hard facing tempered at T, = 340 °C [9]. The hardness

measurement was done according to appropriate standard
[17].

Figure 1 Sample for measuring hardness and investigating the
microstructure

Obtained results (Figs. 2 and 3) show that in both cases
the hard faced layer had significantly higher hardness than
the base metal. From diagrams one can also notice the
influence of the prescribed tempering after the hard facing.
The hardness of the hard faced layer decreases, but it is still
for about 100 HV1 higher than that of the base metal, what
was the intended objective.

3.2 Tribological investigations — wear resistance estimate

Tribological investigations were done at the Faculty of
Engineering in Kragujevac on tribometer TR-95. The
topography of the pin and disk surfaces was measured on
the computer measuring system Talysurf 6 and the wear
scar width was measured on the universal microscope
UIM-21, with magnification of 50%. The aim of those
investigations was to determine resistance of the BM to
wear, as well as of the deposited coatings - the hard faced
layers.

3.2.1 Tribological investigations with lubricant LM 76

The contact (block on disc) was realized with
variation of the normal force (Fy = 100, 150, 200 and 250
N), and the sliding speed (vq = 1,5; 2,0 and 2,5 m/s).
These measurements, performed during the running-in
period of approximately 6 min, enabled determination of
the friction coefficient and thus the friction force. Then,
the normal force Fy = 250 N was adopted with the sliding
speed vq = 2 m/s, and during the contact period of
approximately 30 min the friction coefficient variation
was registered (Figs. 4, 5 and 6). When the contact
stopped, the topography of the pin and disk surfaces was
measured, i.e., the wear scar width of the pin was
determined (Fig. 7). The wear scar width was measured
using a universal microscope [14+16].

Based on those investigations, it can be noticed that
significantly higher resistance to wear was exhibited by
the hard faced layers with respect to the base metal
(especially those deposited by the UTOP 55 electrode,
which points to a complexity of the selecting procedure of
the filler metals aimed for real technological working
conditions of the forging dies).
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Fig. 8 gives the average variation of the friction
coefficient after the conducted tests, and Fig. 9 shows the
average value of the wear scar width for different pins.
The results of those investigations show that the hard

faced layers exhibit a significantly higher resistance to
wear than the base metals, which justifies hard facing of
the damaged working surfaces of dies and tools (if
performed by using the filler metals proper for real
working conditions e.g. UTOP 55 [14+16]).
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minutes

After the tribological investigations, the analyses of
macroscopic, as well as of microscopic damages, were
done. Figs. 10a, 10b and 10c show some typical pin
damages.
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3.2.2 Tribological investigations with lubricant
LM 76 + 6% MoS: applied

Based on the manufacturer's claims [16], the lubricant
LM 76 + 6 % MoS, can reduce wear by 50 % while

keeping good lubricating properties at a wide temperature
range. Therefore, this lubricant is better than graphite
grease because it can be wused for lubrication at
temperatures from —45 to 400 °C. The results of these
tribological investigations are shown in Figs. 11 to 14
[16].

After the tribological tests with the new lubricant had
been carried out, macroscopic and microscopic damages
of the pins were analysed. Figs. 15a and 15b show those
pins' damages. The analysed wear scars are significantly
less pronounced than in the case when the pure lubricant
LM 76 (Figs. 15a and 15b) was applied, which agrees
with the measured wear scar widths [16].
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Finally, the tribological investigations have shown
that the hard faced layers are much more resistant to wear
compared to the base metal, but from the aspect of energy
the base metal has better properties. The experiments
performed in order to determine the friction forces, the
friction coefficient and the wear scar width for pins of
different properties (hardness, microstructure), show that
with an increase in the pin hardness, the friction
coefficient increases and the wear scar width decreases.
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The wear area is the narrowest in the layer hard faced
using a UTOP 55 electrode, a little wider in the layers
hard faced using a UTOP 38 electrode, and the widest on
the base metal. Increased wear on the contact area
between the tool and the work piece leads to an increase
of energy needed for deformation. The quality of different
lubricants, normally used for hot forging, was also
evaluated in these experiments. Conducted tribological
investigations show that the working life of the hard faced
dies can exceed the working life of the new dies.

4  Conclusions
An attempt to establish the impact of the hard facing

technology on mechanical and tribological characteristics of
the hard faced forging dies was done in this paper. The

monitored parameters were hardness in all the zones of the

hard faced layers, the friction coefficient and wear scar

width. Additional tempering of the hard faced layers has led
to lowering the hardness and the residual stresses and to
change in microstructure. The phase transformation of
martensite into the more stable structures — sorbite and
trustite occurred, due to tempering, what is more favourable
from the aspect of dynamical durability.

Several main objectives were achieved by application
of the proposed hard facing technology:

1) Hardness of the hard faced layer was higher than that of
the base metal — about 500 HV1 for the UTOP 38 and
about 700 HV1 for the UTOP 55 and

2) Hardness in the HAZ, as the most critical zone of the
hard faced layer, was reduced by tempering (prior to
heat treatment it was equal to BM hardness).

3) It was established which filler metal is the optimal for
hard facing of the damaged forging dies and what were
the hard faced layers characteristics after application of
each of them.

4) Tribological investigations also confirmed that the hard
faced layers of certain samples (pin 5, Fig. 8) have the
lower friction coefficient than the base metal, and that
all of them have significantly higher wear resistance
with respect to the base metal (Fig. 8). The wear scar
width of hard faced pins was 1 mm on average, versus
3 mm that was measured on the base metal.

5) In the case when different lubricants were applied, it
was established that the lower friction coefficient and
significantly narrower wear scar were obtained when
the lubricant LM 76 with 6 % MoS, is applied. A
more uniform change of the friction coefficient was
also noticed both for the hard faced layer and for the
base metal. The change of the friction coefficient was
especially uniform at pins 9 and 10 (Fig. 13), where
the change of this coefficient was occasionally abrupt
when the lubricant LM 76 was applied. An increased
efficiency of the new lubricant is explained by the
essential role of the molybdenum-disulphide, which
has a hexagonal structure with atoms of S and Mo
arranged in layers on the crystal lattice. Those layers
slide easily over one another so that the lubricant
layer is difficult to break through. Fig. 14 shows that
UTOP 55 is more favourable for forging dies hard
facing.
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