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Abstract: The paper contains a numerical analysis of interface zone steel-titanium bimetal obtained by explosive cladding method. Due
to the waviness of the zone, and various properties of the constituent material of the materials type contain structural notch. Therefore
it is important inter alia in terms of presentation of the results of fatigue are the maximum stresses that occur just in the area of the zone.
In the paper the stress concentration factor and the proposed method of modelling the joint zone of a sinusoidal profile, characterized by

the same coefficient of stress concentration at the actual profile.
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1. INTRODUCTION

Energy of explosion has been applied for peaceful aims
for along time. Explosive materials can be applied for mineral
crushing, demolition of buildings, fire suppression (blowing the
flame away), stretching the belts and filling the airbags, shooting
rackets or rescue cartridges, treatment of metallic and non-
metallic materials (pressure welding, hardening, pressing, form-
ing, generation of phase changes). Intense energy released
in a short time while explosion gives a possibility of realization
of technological processes which could not be realized in typical
conditions. The mentioned technologies using the explosion force
have one common feature — suitable application of extreme val-
ues of velocity and pressure accompanying the explosion.

Explosive cladding allows joining materials with completely dif-
ferent properties which are difficult to obtain by means of other
methods of joining (Niestony et al., 2010). Clad obtained with this
method are materials of strongly gradient properties and they
have complex joining zones (Cizek et al., 2010, Karolczuk et al.,
2013, Wronka, 2010, 2011). Materials obtained by this method
can also be affected by mean stresses, which can influence the
results of fatigue tests, more about this problem can be found
in Lindemann and Wagner (1997).

The clad materials are often applied in processing apparatus
(chemical and power industries). Wide application of titanium and
its alloys in power engineering (condensers, steam condensers,
heat exchangers and steam turbines in power plants and thermal-
electric power stations) causes that the problem of fatigue life
of bimetallic clads, for example, those of steel-titanium type, be-
comes more and more important (Jiang et al., 2014]). As for many
applications, fatigue life of clads is the most important parameter.
Taking the specify of the problem into account, the tests are per-
formed according to suitable standards, but the tests not included
into the standards are also realized (Sun, 2013; Zareie Rajani
HR, 2013). The strength tests presented in this paper concern the
metallic composite, so-called clad, obtained during so-called
explosive cladding (Findik, 2011; Szulc et al., 2007). This paper
isa continuation of the previous papers concerning strength

of clad materials (Kurek and Niestony, 2012), and special atten-
tion is paid to fatigue life of such materials. To address this prob-
lem, a numerical analysis of the interference zone of this bimetal,
using FEM was performed. A similar approach, but for welded
joints, was presented by Dong (2001).

An example of explosively cladded interference zone is shown
in Fig. 1.

e

Fig. 1. Example of interference zone of explosively cladded steel-titanium
2. SIMULATION

When modeling the interface zone COMSOL Multiphysics 3.5
environment was used fo finite element method calculations. Due
to the lack of exfoliation and high resistance to static tearing the
interface was modeled as an integral and inseparable. Because
of possible melting areas, in which on the basis of metallographic
studies intermetalics and non-metallic inclusions were noted (Krdl
et al., 2007), were not concidered the calculation assumes two
homogeneous metal zones: titanium (E = 105 GPa, v = 0.33)
and steel (E = 203 GPa, v = 0.33).

The profile of the bimetal interface was modeled in three
ways:

1. as a straight line,

2. aligning it using sine function, and

3. the representation of the shape of the actual connections
based on microscopic images of the selected portion of the
bimetal.
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In mode 1) and 3) the transition between metallic zones
of titanium and steel was defined to in a geometric manner with
the line. In mode 2) a change in the material properties while FEM
caclulations was defined by the logical function that allowed rapid
change of amplitude and period of the sine function defining the
transition lines represented by formula (1).

where: E;, E, - Young's modules of particular materials,
x, y — coordinates of the FEM model, x; — wavelength ratio,
v, — coordinates of the modeled sample middle, y,— wave height.

In this case also and adaptive generation of FEM mesh was
used, which is based on the following grid congestions around the
big changes (gradient method).
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Fig. 2. Steps of FEM mesh compaction by an adaptive method

A model of the interface real shape was obtained

by performing a micrograph of the sample used for fatigue test
as shown in Fig. 3.

Titanium alloy
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Fig. 3. Real interference zone for titanium-steel bimetal usted for
simulations

Due to the lack of information on possible changes in the
shape of the interference zone in the direction perpendicular to
the microsection spatial joint modeling was abandoned. This
limitation allowed for the execution of the plane model. Element
was stretched along the interference line by causing maximum
displacement on the right edge of the model equal to the length of
the sample times 0.001.

In this way, values of stresses induced in material
corresponds with the 0.001 of the Young's modulus for constituent
materials in areas without affecting the structural notch.

Fig. 4 shows the results of a calculation model with inter-
ference profile obtained on the basis of the actual shape of the
wave. Fig. 4a. shows the areas of the stress values equal to 220
MPa and 110 MPa for steel and titanium respectively. Fig. 5
shows courses of reduced stresses acording to Huber-Mises
hypothesis (a) and shear stress zy (b) for the six cross-sections
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taken at the FEM model correspond to the locations marked with
numbers from 1 to 6 in Fig. 4.

The next stage of the study was to find a replacement shape
for real interference formed as a result of explosive welding
(cladding), easy to use but and at the same time able to preserves
the characteristics of the real shape. Natural candidate seemed
trigonometric sine function.

So an attempt to simulate was taken, shape was obtained by
assigning, with the help of the sine function, various Young's
modules values to two different materials material — titanium and
steel, see eq. (1). Parts above of the waveform of sine function
placed in the middle height of the specimen was assigned
SB265G1 properties of titanium, while below the properties of the
steel $355J2. FEM mesh modeling was performed in COMSOL
environment by using adaptive mesh thickening function, which
thickens grid mainly in the area of large stress gradients.

The parameters are chosen in such a way that the size of the
components is comparable with the earlier model with interference
actual shape and size (Fig. 3). Sine function modeled in such
away that the height and length of the wave correspond to the
actual dimensions of the images obtained from the microsection
shown in Fig. 3. Fig. 7 shows courses of Huber-Mises stress and
shear stress for sinusoidal shape steel-titanium connection
corresponding to the locations indicated in Fig. 1-6, figs. 6a and
6b.
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Fig. 4. FEM stress analysis of actual titanium-steel interference Fig. 6. FEM stress analysis of titanium-steel interference simulated by the
in tension, respectively: a) Huber-Mises stresses, b) shear stress sin function, respectively: a) Huber-Mises stresses, b) shear stress
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Fig. 5. Courses of streesses for actual steel-titanium interference Fig. 7. Courses of streesses for steel-titanium interference simulated
in six sections marked on Fig. 4, respectively: by sin function in six sections marked on Fig. 6, respectively:
a) Huber-Mises stresses, b) shear stress a) Huber-Mises stresses, b) shear stress
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3. CONCLUSIONS AND OBSERVATIONS

After the simulation calculations we noticed that the repla-
cement of the actual waveform of explosively cladded material
connection with sine function with corresponding wavelength and
wavehigh leads to a close results of reduced stress Huber-Mises
in the bottom of the wave. Comparison of Figs. 5a and 7a
conclusions can be drawn that the stress distribution around the
connectors are similar and there is no need for additional scaling
of the sine function. A difference in the maximum stress occurring
in the models was also noted, however, this state of affairs can be
explained by the difficulty in accurate mapping of the actual
waveform, and arising out of the grounds in places with very sharp
changes in shape that cause stress concentrations, which are in
fact more benign. Stresses in the same area index merger wave
in both models, however, are very similar and are up to about 250
MPa for the test case. While in the case of shear stress for
connection modeled by the sine fucnction a decrease in the
values was noted for both the maximum stress shown on Figure
4b and 6b as on 5b and 7b corresponding to the courses of stress
in transverse sections. Such a situation can also be explained by
a more regular sinusoidal waveform. The difference in the values
of these stresses is not large and is about 9 MPa in the case
of stress in transverse sections for Figs. 5b and 7b.
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