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Abstract. The considered analytical method for determining the optimal mode of hardening pulsed laser treatment (LT) of tungsten-cobalt hard alloys
is based on the study of the patterns of temperature field formation during hardening of hard alloys, determination of thermal stresses occurring
in the laser exposure zone (LEZ) during laser pulse treatment, and their comparison with the stresses of fracture of the alloy individual structural
elements. The optimal modes of hardening LT of the alloys of WC group are considered to be modes that meet two criteria. First, the temperature
on the LEZ surface should be in the range of 1290 °C < T'< 1400 °C, when the alloy does not contain weakening it phases of the n-Co,W,C,
0-Co,W,C, or x-Co,W,C, types, and increase in grain size of the carbide phase is insignificant. Secondly, cracks of an arbitrary scale are unaccep-
table in the LEZ, that is, the thermal stresses resulting from the fracture should not exceed the stresses of fracture of the alloy structural elements.
The calculation of thermal stresses occurring in a hard alloy during LT within a single carbide grain was carried out in accordance with the Hooke’s
law. Calculations performed for both single and multiple treatments allow us to establish that for all the studied modes, with variations in the laser
energy density from 0.9 to 1.8 J/mm? and treatment multiplicity from 1 to 10, when the surface temperature is in the range of 1290 — 1400 °C,
the thermal stresses in the carbide phase are lower than minimum fracture stresses and do not exceed 80 MPa. The proposed analytical method for
determining the limiting energy characteristics makes it possible to establish pulsed LT modes that provide dispersion hardening of hard alloys
of the WC group in the absence of destructive changes in the material. The data obtained on defect-free LT modes are in good agreement with
the earlier results of measurements of acoustic emission signals during treatment of hard alloys (VK8 alloy).
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AHHOmayus. PaccmaTpuBaeMblil aHATUTHYECKUIT METO]I OTIPE/ICTICHHUS ONITUMAJIBHOTO PEKUMa YIIPOUHSFOIIEH HMITYIbCHOM JTa3epHOit 00padoTku (JIO)
BOJIb()PAMOKOOAIETOBBIX TBEP/bIX CIIIABOB OCHOBAH Ha UCCIIEJOBAHUU 3aKOHOMEPHOCTEH (JOpMUpPOBAHHS TEMIIEPATYPHOTO OIS IPH YIIPOUHEHUH
TBEP/BIX CIUIABOB, OMPEACICHHN TEPMHUCCKUX HAMPSDKCHUH, BO3HUKAOIINX B 30HE Ja3epHOro Bosaeiicteust (3JIB) mpu naszepHOil MMITYIbCHOM
00paboTke, U CPaBHEHHU X C HANPSHKCHUSIMU Pa3pyLICHUs] OTACIBHBIX CTPYKTYPHBIX JIEMEHTOB ciutaBa. ONTUMAJIbHBIMU PEKHUMAMH yIIpOY-
wsromeit JIO crmaBoB rpynmel BK cunTarotes pexuMel, yIOBIETBOPSIONINE IBYM KpuTepusM. Bo-mepBrix, Temmeparypa Ha noBepxHocTu 3J1B
NOJDKHA Haxonuthest B untepsane 1290 °C <7< 1400 °C, korna B 3JIB He npucyTcTByioT pasynpounsiomue cras (assl tunos n-Co,W,C,
0-Co,W,C, x-Co,W,C,, a ykpynHeHue 3epeH kapOuaHoii (a3l HesHaunTENbHO. Bo-BTOpHIX, B 3JIB HENOMYCTUMO MOSABICHUE TPEIMH TTPOU3BOIIb-
HOT0 MacIuTada, To eCTh TEPMUUECKUE HAIPSDKEHUs, BO3HUKAIOIIUE B pe3yiabTare JIO, He OMKHBI IIPEBBIIIATh HAMPSHKEHUH pa3pyIIeHus CTPyK-
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TYPHBIX 3JIEMEHTOB CIUIaBa. PacueT TepMHUUECKHUX HAIPsHKEHUH, BOZHUKAIOIIUX B TBEPAOM CIUIABE IPH JIa3epHO 00paboTKe B Ipejiesax OJHOro
KapOHIHOTO 3€pHA, BBINOIHACTCS B COOTBETCTBHHU C 3aKOHOM ['yka. PacueTsl, BHIIONHEHHBIE KaK UL OXHOKPATHOM, TaK M M MHOTOKPAaTHOH
00pabOTKH, MO3BOJISIIOT YCTAHOBHUTH, YTO JUIS BCEX HCCIIEOBAHHBIX PEXKUMOB IIPH BapHAIMU IUIOTHOCTH SHEPIUH JlazepHOro uanydenus or 0,9
1o 1,8 Jlix/mm? u kparrocti o6pabortku ot 1 g0 10, Korma Temmeparypa Ha IIOBEPXHOCTH HAXOAUTCs B quanasone 1290 — 1400 °C, repmuueckue
HAIIPSDKEHUs B KapOMIHON (paze MeHbIlle MUHUMAIIbHBIX HAaNpsDKeHUH paspyuenus u He npesocxonsat 80 MIla. [peioskeHHbIH aHATUTHYESCKUH
METOJ OIpPECICHNS NPEASIbHBIX SHEPIeTHUECKUX XapaKTEPHCTUK MO3BOIAECT YCTAHOBUTH PEKUMBI UMITylbcHOM JIO, KoTophle 00eceunBaoT
JIICIIEPCHOHHOE YIIPOYHEHHE TBEP/bIX CIUIABOB BOJIb()PAMOKOOAIBTOBON TPYIIILI IIPU OTCYTCTBUHU JIeCTPYKTHBHBIX M3MeHeHuid B 3JIB. Ilomy-
YeHHbIC JaHHBIC O PeXHMaX Oe3me(eKTHOH JlasepHol 0OpabOTKH XOPOIIO COIIACYIOTCS ¢ Golee paHHHMH Pe3ylbTaTaMH M3MEPEHHI CHrHala
aKyCTHUECKOH SMUcCHH 1Tpu 00paboTKe TBep/bIX cIuiaBoB (crurasa BKS).

Katoueswle ci08a: nazepHas UMIyJIbCcHast 00paboTKa, BOJIb(HpaMoOKoOaIbTOBBIH TBEPABIN CIUIAB, TPEIIMHOCTONKOCTh, TEMIIEPATYPHOE MOJIE, TEPMHYEC-

KHe HATIPsDKEHIS, TPaUeHT TeMIepaTypsl, KapOunHas (asa

Jns yumupoeaHus: Slpeceko C.1., bamakupos C.H., OckonkoBa T.H. IlpenensHble sHEpreTndyeckne XapaKTepUCTHKY MIPH JIa3ePHOH UMITYIILCHON
00paboTKe BOIBPPaMOKOOATBTOBBIX TBEPABIX CIUIABOB. M36ecmust 6y306. Yepnas memannypeus. 2025;68(4):357-365.
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[ INTRODUCTION

In mechanical engineering production, the primary
tool materials are hard alloys, specifically WC—Co system
alloys with a cobalt content of 6 — 8 wt. %. Modern indust-
rial demands require enhanced wear resistance of hard-
alloy cutting tools (CT), primarily due to the expanding
range of workpiece materials — from heat-resistant and
high-temperature alloys to composite materials. Various
approaches have been proposed to address this issue by
modifying the composition and structure of hard alloys,
both in the bulk and at the surface. One such method is
hardening laser treatment (LT) of the rake face of the cut-
ting edge. This method has been shown to significantly
increase the service life of hard-alloy tools — by several
times [1—3]. Nevertheless, in mechanical engineer-
ing practice, laser hardening of CTs is used much less
frequently than other methods, such as the application
of wear-resistant coatings [4; 5]. Wear-resistant coatings,
like the modified structures formed in the surface layer
of'the laser treatment zone, act as effective barriers against
diffusion interaction between the workpiece and tool
materials under high cutting speeds. After LT, increased
resistance to fracture of the cobalt binder phase — mani-
fested as reduced embrittlement of the surface layer
during tool operation — is attributed to the presence
of excess tungsten dissolved in cobalt, which inhibits iron
diffusion into cobalt and the formation of iron—tungsten
carbides during cutting [6].

Despite the advantages of laser hardening of hard
alloys, one of the key challenges in improving the per-
formance of CTs lies in determining the optimal LT modes.
This is due to the complex stress state formed in the laser
treatment zone, which arises from the differing thermo-
physical properties of the alloy phases and the limited
size of the heated area. The optimal LT mode must ensure
hardening of the alloy while preserving the continuity
of the surface layer. When selecting parameters for harde-
ning LT of hard alloys, it is essential to develop a prompt,
reliable, and well-substantiated methodology.
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The aim of this study is to develop a method for
determining the optimal pulsed laser treatment mode for
hardening tungsten—cobalt hard alloys.

[ PROBLEM STATEMENT

A major advantage of pulsed laser treatment of hard
alloys — when wear-resistant structures form in the laser
exposure zone (LEZ) — is that it can be performed
without compromising the integrity of the surface layer.
In such cases, no additional modification of the cutting
edge geometry is required, which significantly expands
the range of applications. In particular, this makes it pos-
sible to process replaceable polyhedral hard-alloy inserts
alongside brazed inserts.

However, the process of laser thermal treatment
of tungsten—cobalt hard alloys is highly specific due
to the material’s inherent heterogeneity and the charac-
teristics of its manufacturing process. As a result, treat-
ment often leads to destructive changes in the LEZ,
including carbide grain coarsening, porosity, crack for-
mation, and the development of complex (double) car-
bides [2; 7 — 13].

The requirements for laser irradiation (LI) parameters
that ensure defect-free processing of hard alloys have only
been established for a limited number of specific cases.
For instance, reference [2] describes single-pass irradiation
using a Gaussian intensity distribution. To obtain a compact,
fine-grained remelted layer at the surface, the use of a CO,
laser operating in pulsed mode is recommended [11].
However, for the most effective approach — repeated laser
irradiation [2] — the issue of selecting processing para-
meters that ensure defect-free laser exposure and achieve
actual hardening of the alloy remains unresolved.

Determining the appropriate parameters for LT of hard
alloys is challenging. At insufficient laser energy densi-
ties, alloy hardening does not occur, while excessively
high energy densities result in crack formation within
the laser treatment zone (Fig. 1).
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Cracks — regardless of their origin, location, or
depth — are the primary destructive factor during LT
and play a critical role in determining the performance
of hard alloys [7; 11 — 14]. Several causes of crack for-
mation in the LEZ can be identified. One major cause is
the non-uniform energy distribution across the laser beam
cross-section, which leads to cracks spanning the entire
treated area. This issue can be addressed, for example,
by using a focusing prismatic raster [2; 6; 15], which
ensures that the intensity variation in the LEZ does not
exceed 5 %. The limited heating depth also causes cracks,
resulting in a fine-meshed pattern on the surface (Fig. 1)
that penetrates to a depth comparable to the thickness
of the modified layer. Another type of cracking affects
the alloy microstructure itself, with cracks propagating
through primary a-WC grains or along WC—-WC grain
boundaries. The main contributing factors are the mis-
match between the thermal expansion coefficients
of WC and the cobalt binder phase (o, =4.4-10°°C™;
0., = 14.2:10°°C™" [1]), strain hardening, and phase
transformations during LT — particularly the formation
of brittle complex carbides along grain boundaries, which
deplete cobalt content in the alloy [2; 6; 15].

These mechanisms of crack formation result from
the redistribution of micro- and macro-stresses within
the LEZ. Under rapid heating during laser processing,
the thermal stresses induced in the LEZ at certain irradia-
tion doses may exceed the fracture stresses of individual
structural elements of the alloy [1]. This phenomenon
forms the basis for a method to determine the optimal LT
parameters for WC—Co group alloys.

Given these considerations, it is appropriate to define
the limiting energy characteristics of pulsed LT for tung-
sten—cobalt hard alloys based on the onset of microcrack
formation on the LEZ surface. LT parameters should

Fig. 1. Cracks on the surface of laser treatment
zone (VK8 alloy) at energy density 2.0 J/mm?,
treatment multiplicity 10

Puc. 1. TpeuuHbl Ha TOBEPXHOCTH 30HBI JIa3epHON 00paboTKH
(cinaB BKS) npu mmotnoctu suepruu 2,0 Jhx/mMm>2,
KpaTHOCTH 00padoTku 10

be selected to provide maximum surface temperature
and depth of the hardened zone while reliably preven-
ting the appearance of microcracks in the LEZ. This can
be achieved by optimizing both the energy density and
the number of laser pulses.

The laser treatment modes that lead to the onset
of crack formation can be experimentally determined by
gradually increasing the laser energy density and moni-
toring the integrity of the LEZ surface — either through
visual inspection at (50 — 60)* magnification or by detec-
ting acoustic emission (AE) signals [2]. However, this
method is labor-intensive and suitable only under labora-
tory conditions.

Therefore, there is a growing need to develop a method
for rapidly determining the limiting energy parameters
of pulsed LT that ensure effective hardening of WC—-Co
group alloys without crack formation. In this study, an ana-
lytical method is proposed based on modeling the tem-
perature field during LT, calculating the resulting thermal
stresses in the LEZ, and comparing them with the fracture
thresholds of the alloy’s structural components.

]l MATERIALS AND EQUIPMENT

The study focused on a two-phase hard alloy VK6
(WC -6 % Co), which, according to GOST 3882-74, is
primarily intended for use in cutting and drilling tools.
A methodology was developed and validated for calcula-
ting thermal stresses in the LEZ during pulsed laser treat-
ment of this alloy. The same approach can also be applied
to other alloys within the WC—Co group.

Irradiation was carried out using a laser system based
on a pulsed solid-state glass laser doped with neodymium.
The laser energy density (¢) ranged from 0.8 to 1.8 J/mm?,
with a pulse duration of t=(5-11)-107s and a pulse
repetition rate of 1 Hz. A focusing prismatic raster was
used to create a uniform distribution of energy density in
the LT zone at a area of 4x4 mm [2; 6; 15]. Several LT
schemes and irradiation modes were tested in this study —
both with and without the raster — and at different number
of laser pulses (N).

The alloy microstructure after LT was examined on
cross-sectional specimens using a Neophot-30 optical
microscope and a Jeol JSM 6390A scanning electron
microscope.

Temperature field distributions and temperature gra-
dients in the LEZ were calculated using the Mathcad soft-
ware package.

[ CALCULATION METHOD

According to a structural model commonly used
to describe the microstructure of tungsten—cobalt hard
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alloys [1; 16], the key structural elements in sintered hard
alloys include WC grains, the cobalt binder, WC-WC
grain boundaries, and WC-Co interfaces (Fig.2).
WC-Co group alloys are composite tool materials whose
performance under contact loading — such as during cut-
ting — is governed by the strength of each individual
structural component [17]. The fracture stresses (o)
of the structural elements in the VK8 alloy are as fol-
lows: cobalt binder layer (1.5 pm thick): 6, = 5000 MPa,
WC grain (2 um): o,= 180 MPa, WC-WC boundary:
c,=80 MPa, WC-Co boundary: o.= 100 MPa [18].
These values indicate that fracture in the alloy most often
initiates at the WC grain contacts, making the intergranu-
lar boundaries the weakest structural elements. In cont-
rast, the cobalt binder phase is the most mechanically
robust.

Finite element modeling of the stress state in VK8
alloy confirms [19] that the junctions of WC grains act
as stress concentrators under both thermal stresses and
mechanical loads, with local stress intensities several
times higher than the applied stress. These findings are
supported by [20], which showed that microcracks pri-
marily initiate at WC/WC grain contacts and WC/Co
phase boundaries. The sequence of weak links during
the propagation of a main crack typically follows the path:
WC/WC — WC — WC/Co — Co.

To model and calculate the thermal stresses induced
during laser treatment, a representative structure contai-
ning all the alloy’s key elements was analyzed (Fig. 2).
Within this structure, an individual tungsten carbide grain

Laser irradiation

Fig. 2. Structural elements of a tungsten-cobalt alloy
and the scheme of its laser treatment

Puc. 2. CTpyKTypHbIE 3JI€MEHTbI BOJIb(GPAMOKOOAIBTOBOTIO CILIaBa
U CXEMa ero Jla3epHOil 00paboTKu
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interacting with neighboring grains and the cobalt inter-
layer was isolated. It is assumed that the WC grain does
not undergo plastic deformation, although slip along basal
planes under external loading is possible [21]. The ther-
mal stress that develops within a single WC grain, in
accordance with Hooke’s law, can be calculated as:

6 = AT, (1)

where AT is the temperature difference within the grain
depth during LT; a=4.9-10°°C™" is the coefficient
of linear thermal expansion [2]; £ = 628 GPa is Young’s
modulus [2].

The grain size of the carbide phase in hard alloys
ranges from 0.5 to 6.0 um [18]. For the purposes of vali-
dating the calculation methodology, an average carbide
grain size of 4 um was used in the modeling. This cor-
responds to the typical WC grain size in coarse-grained
VKo6-V and VK8-V hard alloys [2; 22].

The temperature field during pulsed laser treatment
not only governs the structural and phase transforma-
tions in the LEZ [2; 6; 15] — which enhance interphase
bonding — but also plays a critical role in determining
the magnitude and distribution of residual stresses in
the LEZ and, ultimately, the crack resistance of the alloy
during processing. The selection of limiting energy
parameters for pulsed LT of WC—Co group alloys must
ensure dispersion hardening of the material without
compromising the surface integrity of the LEZ.

[l RESULTS AND DISCUSSION

The temperature distribution in the LEZ during pulsed
laser treatment was obtained using a one-dimensional
linear heat conduction model for a semi-infinite homo-
geneous body exposed to a uniform planar surface
heat source [2]. Fig. 3 presents the calculated tempera-
ture (7)) profiles of the carbide phase (WC) as a function
of depth (z) within the LEZ, under various values of laser
energy density (&) and number of laser pulses ().

Table 1 provides calculated surface temperature
values in the LEZ, which were used to estimate the ther-
mal stresses in those structural elements of the alloy most
susceptible to fracture.

Microstructural and compositional analysis of the LEZ
indicates that the most favorable conditions for pulsed LT
of WC—Co hard alloys occur when the local temperature
approaches the eutectic melting range of 1298 — 1357 °C
or lies slightly outside it — specifically within the range
of 1290 — 1400 °C — while the exposure time is maxi-
mized [2]. Under these conditions, grain coarsening in
the carbide phase remains minimal, and the solubility
of tungsten carbide in cobalt increases significantly com-
pared to its solid-state solubility.
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Fig. 3. Temperature of VK6 alloy carbide phase as a function of LEZ depth under various irradiation
conditions using a raster:
@ N=1,A-N=5E-N=10;
1,7,12—e=08J/mm% 2,3,13—e=1.0J/mm? 8,9, 14 —e=12Jmm? 4, 10, 15— = 1.4 J/mm?;
5,11 —g=1.5]/mm? 6 —¢= 1.8 J/mm?; 16, 17 — without raster at N =1 and € 0.8 and 1.2 J/mm?

Puc. 3. Temnieparypa kapouaHOii (assl crutaBa BK6 B 3aBucuMocty 0T nryouus! 3/1B mpu pa3nuaHbIX
YCIIOBHAX OOTy4YCHHUS C HCIIOIB30BAHUEM PACTpa:
@ N=1,A-N=5E-N=10;
1,7,12-e=0,8 Ilx/mm?; 2, 3, 13 —e=1,0 Ix/mm>; 8, 9, 14 —e=1,2 Ix/mm?; 4, 10, 15 — & = 1,4 Jlx/Mm;
5,11 —e=1,5 Jl/mm?;, 6 — & = 1,8 Jlx/mm?; 16, 17 — Ge3 nipumenenus pactpa npu N =11 € 0,8 u 1,2 Jl/mm?

According to the simulation results, this optimal tem-
perature range corresponds to LT modes 4 (¢ = 1.4 J/mm?,
N=1), 5 (¢=1.5]/mm? N=1), 9 (¢=1.2Jmm?
N=35), and 13 (¢=1.0 J/mm?, N = 10) (Table 1), which
align well with durability test data for laser-irradiated
hard-alloy cutting tools [2; 6; 15]. Under these modes,
the coarsening of carbide grains is negligible, and no for-
mation of strength-degrading complex carbides such as

n-Co,W,C, 6-Co,W,C, or x-Co,W,C, is observed. These
phases reduce the content of metallic cobalt in the binder
by chemically bonding with it, weakening the retention
of the carbide framework, and ultimately leading to alloy
fracture.

The temperature rise dynamics on the LEZ sur-
face under repeated laser irradiation at &= 0.9 J/mm?
are shown in Fig. 4 (the optimal temperature range

Table 1. Calculated values of LEZ surface temperature (z = 0) under various heating conditions of LT

Ta6bauya 1. PacueTHble 3HAYeHHs] TeMIlepaTypbl Ha nosepxHoctH 3JIB (z = 0) npu pasianyHbIx pexxkumax JIO

Parameter Value
g, J/mm? 0.8 1.0 1.1 1.2
N 1 5 10 1 5 10 10 1 5 10
T,°C 806 (1) | 945(5) | 1117(12) | 987 (2) | 1159 (3) | 1371 (10) | 1486 (10) | 1145 (8) | 1349 (9) | 1606 (14)
g, J/mm? 1.4 1.5 1.8 0.8 1.2
N 1 5 10 1 5 1 without raster N =1
7,°C 1300 (4) | 1542 (10) | 1844 (15) | 1385 (5) | 1641 (11) | 1600 (6) 990 (16) ‘ 1350 (17)

N o te. The numbers in parentheses indicate the curve (mode) number in Fig. 3.
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Treatment multiplicity, pcs

8 9 10 11 12 13 14 15 16

E% 600 | \\-\\~_\\__L\__
mukaLkLLLL
200 R\~4 M=

0 1 2 3 4 5 6

Fig. 4. Change in temperature of VK6 alloy surface under repeated irradiation (¢ = 0.9 J/mm?)

Puc. 4. VI3MeHeHune TeMreparypbl Ha oBepxHOCTH cruiasa BK6 npu Muorokparaom oGmnydenuu (€ = 0,9 Jlx/mm?)

of 1290 — 1400 °C is indicated by dashed lines). The LEZ
surface temperature exceeds 1290 °C only after
the twelfth pulse. Further increases in the number of laser
pulses lead to destructive changes in the LEZ.

The LT modes and corresponding surface tempera-
ture ranges in the LEZ are summarized in Fig. 5. When
the energy density exceeds 0.9 J/mm?, the target tempera-
ture range is reached with fewer pulses. For example,
at £ = 1.1 J/mm?, it is achieved by the 7" or 8" pulse, and
at € = 1.4 J/mm? — by the 1% or 2" pulse.

1500
1400

O 1300

5

§ 1200

()

o

£

S 1100
1000

900 | | | | | |
0 2 4 6 8 10 12 14

Treatment multiplicity, pcs

Fig. 5. Temperature range of hardening of VK6 alloy
under repeated irradiation at J/mm?:
1-09;2-1.0;3-1.1;4-12;5-13;6-1.4

Puc. 5. [lnamna3oH TeMIeparyp yIpodHeHHs ciutaBa BK6
IPU MHOTOKPaTHOM 00IyueHuH , JIK/MM?:
1-09;2-1,0;3-1,1;4-1,2;5-13;6-14

362

The temperature distribution in the LEZ not only
governs the structural and phase transformations during LT
but also determines the thermal stress field, thereby directly
influencing the mechanical strength of the material.

Assuming that the temperature gradient reaches
its maximum at time ¢= 0,51:p (i.e., at the midpoint
of the laser pulse duration), the temperature difference
AT required for calculating thermal stresses using equa-
tion (1) was obtained from the analytical temperature
distribution 7{(z, f) described in [2]. Thermal stresses in
the carbide phase — one of the structural elements most
prone to fracture under load — were calculated for each LT
mode by differentiating the 7(z, ¢) function and adjusting
the result to the typical WC grain size.

The optimal pulsed laser treatment modes for har-
dening WC—Co group alloys are those that meet two
criteria. First, the surface temperature in the LEZ must
lie within the range of 1290 °C < 7'< 1400 °C, where no
strength-degrading phases are formed and grain coar-
sening of the carbide phase remains minimal. Second,
no cracking of any scale should occur in the LEZ — that
is, the thermal stresses induced by LT must not exceed
the fracture strength of the alloy’s structural elements.
It was established that for all investigated modes where
the surface temperature remains within 1290 — 1400 °C
(Fig. 5), the calculated thermal stresses in the car-
bide phase remain below the critical fracture stresses.
The values of these stresses, calculated using equa-
tion (1), are presented in Table 2.

Exceeding the upper limit of the specified tempera-
ture range does not necessarily cause grain fracture, but it
typically promotes excessive grain growth and the forma-



I1ZVESTIYA. FERROUS METALLURGY. 2025;68(4):357-365.
Yaresko S.1, Balakirov S.N., Oskolkova TN. Limiting energy characteristics during laser pulse treatment of tungsten-cobalt hard alloys

Table 2. Stresses in VK6 alloy carbide phase
under various heating conditions of LT

Tabauya 2. Hanpsikenus: B kapouaHoii ¢aze cniasa BK6
NpH pa3audHbIX pexumax JIO

g, J/mm? N tenlq\g:)r(zi$3§° c| o MPa
0.9 12 1331 58.2
1.0 10 1371 62.6
1.1 8 1387 66.7
1.2 5 1349 70.6
1.3 4 1388 74.2
1.4 2 1361 78.4
€, J/mm’

Defect
region
2.0

1.5

1.0 I I I
0 8 16 24

N, pcs
Fig. 6. Limiting values of € corresponding to appearance
of surface visually fixed cracks depending on the number of laser pulses
during VK6 alloy treatment with a raster (curve /),
and data obtained by the acoustic emission method:
Q@ N;=0;M-N;<4+6;,A-N;,>4+6

Puc. 6. IlpenenbHble 3HaYEHUS €, COOTBETCTBYIOIUE MOSIBICHUIO
HOBEPXHOCTHBIX BU3yaJIbHO (PUKCHPYCMBIX TPEIIHH,
B 3aBHCHMOCTH OT KPaTHOCTH 00Jy4eHust ipu 00padoTke crutaBa BK6
¢ pacTpoM (KpHBast /), ¥ JaHHbIE, I10TyYeHHbIE METOIOM AD:
Q@ N,=0;M-N;<4+6;,A-N;,>4+6

tion of complex carbides along grain boundaries, which
compromises the performance of the material as a cutting
tool.

The results correlate well with acoustic emission (AE)
signal measurements obtained during treatment of VK8
alloy (Fig. 6) [2]. As the total number of recorded AE
pulses increases, crack resistance decreases. Accord-
ing to the experimental data, the defect-free process-
ing region (Ny = 0) lies below the curve in Fig. 6 and
corresponds to the following LT conditions: N=10
ate=1.25and 1.30 J/mm*, N=9ate=1.5J/mm*, N=6
at ¢ =1.25 J/mm?; N =1 at ¢ = 1.6 J/mm?. Assuming that
VK6 and VK8 alloys are comparable in terms of thermo-

physical properties [23], the data presented in Fig. 6 can
be aligned with the calculated LT modes in Table 2. All
LT modes listed in Table 2 fall within the defect-free pro-
cessing region, where the stresses in the carbide phase
remain below the fracture stresses.

The proposed analytical method for determining limi-
ting energy parameters allows for identifying pulsed LT
modes that achieve dispersion hardening of the alloy
without introducing destructive changes in the LEZ.

[ ConcLusions

A methodology has been developed and validated for
determining the limiting energy parameters of pulsed
laser hardening of tungsten—cobalt hard alloys. It has
been shown that the optimal LT modes must satisfy two
conditions: first of all, the surface temperature in the LEZ
should remain within 1290 — 1400 °C, where no strength-
degrading phases are present and grain coarsening is
minimal; secondly, the thermal stresses induced by LT
must not exceed the fracture stress of the alloy’s struc-
tural components.

For all studied LT modes where the surface tempera-
ture lies within 1290 — 1400 °C, the calculated thermal
stresses in the carbide phase remain below the fracture
limit.

The identified defect-free laser treatment conditions
correspond well with acoustic emission data obtained
during processing of VK8 alloy.
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