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Thin layers are widely used in engineering applications for their critical functional roles at material in-
terfaces, particularly in joining and coating technologies. Among these, brazing is a key process that ena-
bles metallurgical bonding between dissimilar materials through a molten filler metal, ensuring structural
integrity without melting the base components. In this study, the thermal behavior of brazed thin layers
was investigated using a combined analytical and numerical approach. The analysis first focused on a one-
dimensional structure, modeled using the finite element method (FEM) within Abaqus to simulate transi-
ent heat transfer. The numerical results showed excellent agreement with analytical solutions, confirming
the accuracy and reliability of the FEM approach for predicting temperature evolution in layered systems.
Building upon this validation, the method was extended to a three-dimensional model of a brazed cutting
tool, consisting of a carbide insert joined to a steel body by a silver-based filler alloy. The simulation results
revealed the temperature distribution within the brazing region, emphasizing the influence of material
properties and geometry on the joint’s thermal response. Overall, the study demonstrates that the finite
element method is a powerful and reliable tool for analyzing and optimizing the thermal performance of

brazed assemblies in cutting tool applications.
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1. INTRODUCTION

The Thin layers — often just a few micrometers thick
— play a pivotal role across advanced engineering do-
mains due to their efficient use of material, conforma-
bility, and enhancement of surface or interfacial prop-
erties (e.g., thermal, mechanical, tribological) [1-3]. In
microelectronics, thin films manage heat dissipation
and electrical conduction; in optics, they reduce reflec-
tivity; and in tribological systems, they act as wear-
resistant coatings [1, 2].

An essential application of thin layers is in brazing,
a joining process in which a filler metal melts and wets
the interface between components without melting the
base substrates, thus achieving a metallurgical bond
while minimizing distortion and preserving dimension-
al tolerances [4, 5]. Brazing is highly adaptable to au-
tomation and mass production, making it widely used in
industrial manufacturing [5].

Specifically, induction brazing is frequently em-
ployed to attach cemented carbide inserts (e.g., WC—Co)
to tool bodies made of steel or other substrates. Here,
the braze forms a thin interfacial layer that not only
ensures adhesion but also accommodates mismatches
in coefficients of thermal expansion, and helps to dis-
tribute thermal and mechanical stresses during tool
operation [6, 7]. Induction brazing, by providing rapid
and localized heating, enhances joint reliability and
production throughput [7].
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Beyond mechanical considerations, the thermal be-
havior of the braze layer is crucial for tool performance
and life. This thin layer forms a thermal pathway be-
tween the carbide insert and tool body; its thickness,
microstructure, and thermal conductivity govern how
heat flows through the assembly under machining
conditions. However, literature explicitly addressing
the temperature evolution within the braze layer under
service conditions remains scarce.

Numerical and modeling studies-such as those ex-
ploring temperature fields during induction brazing
and quenching of carbide tools-offer useful insights into
thermal dynamics at macro scales [8]. Similarly, ad-
vances in multiphysics simulations of induction brazing
provide detailed representations of electromagnetic and
thermal coupling, capturing localized heating behaviors
in complex assemblies [9]. These modeling strategies
are highly relevant to understanding the thermal re-
sponse of brazed thin layers.

Furthermore, studies of brazed cemented carbide-
steel joints reveal that uneven heating or insufficient
control of the brazing gap temperature can induce re-
sidual stresses, which may compromise joint integrity
[10]. Such findings underscore the importance of know-
ing not just surface temperatures but also the internal
thermal profile within the braze layer, which remains
experimentally elusive.

Given this backdrop, the present work aims to inves-
tigate the evolution of temperature inside the braze
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layer in carbide-tool assemblies. The goal is to discern
how heat penetrates this thin interface, how tempera-
ture distributes across it, and how its properties and
dimensions influence thermal response. Gaining this
insight is essential for refining brazing parameters,
optimizing joint reliability, and improving tool longevity.

The numerical simulation was performed by using
Abaqus as a Finite Element Method software. To vali-
date the results, we have considered the one-
dimensional case (Wire) composed of carbide insert,
brazing and tool body. The analytical solution is com-
pared to numerical results. In the other hand the 3D
model was tested for many cases of meshing and the
results don’t change which means that the numerical
simulation converged.

2. MATERIAL AND METHODS
2.1 Objects of Study

The cutting tool intended to be studied is shown by
(Fig. 1 and Fig. 2) for the two cases respectively: one
dimensional and 3D.
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Fig. 1 — One dimensional problem
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Fig. 2 - Geometry and dimensions of the brazed carbide insert

2.2 Theoretical Frame

The heat equation in the transient case is given as
follows:

a%r 2T 2T
x oy gpa T ke gz =

aT
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where T — temperature, kx, ky and k. — Coefficient of conduc-

tivity in respectively direction X, Y and Z, C — heat capacity.

When it comes into one-dimensional steady case,

the Eq. (1) is reduced to the following expression:
o _ o
¥oxz T ot

k 2
where T — temperature, ks, ky and k- - coefficient of conduc-
tivity in respectively direction X, Y and Z, C - heat capacity.

The analytical solution of differential Eq. (2) is ex-
pressed by:

T(x) =Ax+B 3)
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Fig. 3 — Loading and boundary conditions

The application is concretized by using a software of
calculation which is Abaqus, to validate the simulation
we considered the one-dimensional steady case of heat
transfer. The obtained results are compared to analyti-
cal ones, then we move to the key topic of this work
which is the study of heat diffusion inside a brazing
used to assembly the insert and the tool body. At this
stage it should be noticed that we have varied the mesh
several times and in all cases the results are the same
which means that the approach has converged and the
results could be considered accepted.

The applied heat flux is given by Table 2.

The data related to the heat flux applied on the car-
bide insert, were supplied by the work performed by
Haddag., et al [15]

Table 1 - Loading data

Case Surface Heat flux
of application (W/m?2)
One dimensional Cross section (1 mmz2) 10
. Limited surface
Cutting tool (0.4 x 10) mm? 100

Typically, users ignore special styles, and prefer to
use the default style «Normal».

3. RESULTS AND DISCUSSION

The results obtained after having performed the
simulation are illustrated below.

3.1 One Dimensional Case

The analytical resolution of Eq. (3) and the numeri-
cal simulation of the given wire (Fig. 2) by using Finite
Element Method Software, allowed us to obtain follow-
ing results illustrated by (Figs. 4-6):
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Fig. 4 — Distribution of temperature on the whole wire
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Fig. 5 — Evolution of temperature along the wire
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Fig. 6 — Evolution of temperature along the wire

The Fig. 5 shows a good agreement of numerical re-
sults with analytical ones. On the other hand, it is
observed that the linear evolution of the temperature is
more accelerated within the tool body (steel) than the
carbide inserts, the slopes are respectively: — 1.11 and
—0.975. This could be explained by the existing differ-
ences between thermal properties. The Fig. 6 is com-
plementary, it allows to see with details the distribu-
tion of temperature along the thin brazing. The slope is
—0.975 more accelerated than the carbide inserts this
is due to the good properties of BAg-24 and the very
short length of distribution of the temperature. The
precision is about 0.146 % which is very acceptable.

3.2 Whole Cutting Tool

These results were obtained by simulating the cut-
ting tool and the results are shown by figures (Figs. 6-9)
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Fig. 7 — Distribution of temperature on the whole cutting tool
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Fig. 9 — Distribution of temperature on the brazing
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Fig. 10 — Evolution of temperature on vertical sides of the brazing
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Fig. 11 — Evolution of temperature on longitudinal sides of the brazing
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Fig. 12 — Evolution of temperature on transverse sides of the brazing
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Fig. 13 — Evolution of temperature along the whole side

Figs. 7. and 8. show respectively the distribution of
temperature on the whole cutting tool and the carbide
insert, it reached 1727 K at the contact region. In the
other hand the Fig. 9. shows isothermal circular re-
gions, the maximum temperature is about 768 K.

The Fig. 10. illustrates that the distribution of tem-
perature on the four vertical sides of the brazing is almost
constant, but Fig. 11. shows a certain decreasing evolution
of temperature along longitudinal sides. The transverse
side shows a decreasing variation of temperature because
it is closer to the applied flux but at the other transverse
side there no evolution because it is a boundary.

When considering the whole side of the cutting tool,
we observe an expected decreasing of temperature from
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1725 up to 300 K

4. CONCLUSION

In this work we considered the cutting tool composed
of carbide insert (Very heat resistant) assembled to the
tool body by brazing. The brazing is about 0.075 mm of
thickness, the study aimed to investigate the evolution of
temperature through the brazing made of BAg-24 by
using abaqus as a numerical simulation tool.

The simulation revealed that temperature reached a
maximum equal to 768 K after having diffused through
the interface between insert carbide and brazing which
remains lower than the melting point of BAg-24 (879 K)
and it should be noticed that cutting conditions generat-
ing a heat flux of 100 W.m -1.K-1 were hard.

The results look closer to practical and real values,
the finite element method remains a powerful mean to
perform an investigation.

Finally, the thermal behavior of thin layers could be
modeled although their weak thickness.
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YucesbHe MOJETIOBAHHA TEIJIOBOI MOBEIiHKY TOHKUX LIAPiB —
3acTOCYBaHHS O0 MasgHOI BCTABKH, BCTAHOBJIEHOI B Pi3aIbHUN iHCTPYMEHT

B. Meddour

Mechanical Engineering Department, Abbes Laghrour University, 4005 Khenchela, Algeria

Tomki mapu MUPOKO BUKOPHUCTOBYIOTHCSA B TEXHIIT 3aBIIKH CBOIM BaMKJIMBIN (DYHKITIOHAIHHIN POJII HA
MesKax po3Iily MaTepiasiiB, 30KpeMa B TEXHOJIOTISAX 3'€THAHHA Ta HaHeceHHs NoKpuTTie. Cepell HUX KIII0YO-
BUM IIPOIIECOM € TIASTHHS, IO JO3BOJISIE CTBOPIOBATH METAJIYPrifHUM 3B’I30K MK PISHOPIIHUMEU MaTepiasia-
MH 3a JOIIOMOI0I0 PO3ILJIABJIEHOTO IPUIOI0, 3a0e3Ieuyoyn IITICHICTh KOHCTPYKIII 6e3 pO3ILJIaBJIEHHS OCHO-
BHUX KOMIIOHEHTIB. ¥ IIbOMY JOCJIIJ[PKEHH] TEIJIOBA IOBEJIIHKA TOHKUX IApiB, OTPUMAHUX IASHHSM, BUBYA-
JI1acsi 3 BUKOPHUCTAHHSM KOMOIHOBAHOIO AHAJITHYHO-YUCEIHFHOIO Miaxomy. AHAIN3 po3IoYaBcs 3 PO3IJISILY
OJTHOBHMIPHOI CTPYKTYPH, 3MOJeIb0BaH0l MeToaoM ckindenHux enemenTis (MCE) y mporpamuomy cepemo-
Bunl Abaqus 1y MOJeJTIOBAHHS HECTAILIIOHAPHOTO TeILIOIepeHocy. UncesbHI pe3ysibTaTh IIPOJEMOHCTPY-
BAJIU BIAMIHHY Y3TOJ/KEHICTh 3 aHAJITUYHUMU PO3B’SI3KAMU, IO IMATBEPKYE TOUHICTE 1 Hamiiuicte MCE
JIJIS. TIPOTHO3YBAHHS 3MIHHM TeMIIEpaTypH B mapyBaTux cucreMax. Ha ocHOBI 1iel Bepudikarii meros 0ysio
TOIIMPEHO Ha TPUBUMIPHY MOJENb IMASHOrO Pi3aJbHOr0 1IHCTPYMEHTY, IO CKJIAJAETHCS 3 TBEP/IOCILIIABHOL
IJIACTUHY, IPUTIASHOIL IO CTAJIEBOr0 KOPILYCY 3a JOIIOMOIOI0 IIPUIIO Ha OCHOBI cpibisa. Pesymprat momeio-
BaHHA II0KA3aJIX PO3IOILI TEMIIEPATYPH B 30HI IASHHS, IJKPECIIOYH BIJIMB BJIACTHBOCTEH MaTepiaiiB 1
reoMeTpii HA TEIJIOBY PEaKIIo 3'€IHAHHSA. 3arajaoM, JOC/IKeHHs JeMOHCTPYE, 10 MeTO]] CKIHUeHHUX eJIe-
MEHTIB € IOTY:KHUM 1 HaJIHUM 1HCTPYMEHTOM IS aHAJII3y Ta OITUMI3allil TeIJI0BUX XapaKTEePUCTUK IIasi-
HUX BY3JIiB y P13aJIbHUAX 1HCTPYMEHTAX.

Kmiouosi cnosa: [lasaus, Cranesuit kopmayc, MomemoBauns, Termtosuit morik, ToHKMIT mIap.
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