I55N 2226-3780

INDUSTRIAL AND TECHNOLOGY SYSTEMS:
MATERIALS SCIENCE )

Kmouessie cmoBa: n3ocraTuyeckuii rpadur, M3ocraTuyeckoe
npeccopanue, GoToraJsbBaHUYECKasl MPOMBIIIJIEHHOCTb, TEPMO-
CTOWKWII MaTepHal, KOKCOTIEKOBas KOMITO3UIINA.

Karvatskii Anton, Doctor of Technical Sciences, Professor, De-
partment of Chemical, Polymer and Silicate Engineering, National
Technical University of Ukraine <Igor Sikorsky Kyiv Polytechnic In-
stitutes, Ukraine, e-mail: anton@rst.kpi.ua, ORCID: http://orcid.org/
0000-0003-2421-4700

Leleka Serhii, PhD, Researcher, Scientific Research Center «Resource-
Saving Technologies», National Technical University of Ukraine <Igor

Berhova-Bushura 0.

Sikorsky Kyiv Polytechnic Institutes, Ukraine, e-mail: sleleka@rst.kpi.ua,
ORCID: http.//orcid.org/0000-0002-4372-9454

Pedchenko Anatolii, Research Fellow, Scientific Research Cen-
ter «Resource-Saving Technologies», National Technical University
of Ukraine <Igor Sikorsky Kyiv Polytechnic Institutes, Ukraine,
e-mail: anatolek@rst.kpi.ua, ORCID: http://orcid.org/0000-0001-
5065-5003

Lazarev Taras, PhD, Researcher, Scientific Research Center «Re-
source-Saving Technologies», National Technical University of
Ukraine <Igor Sikorsky Kyiv Polytechnic Institutes, Ukraine, e-mail:
t_lazarev@rst.kpi.ua, ORCID: http.//orcid.org/0000-0001-8260-1683

UDC 669.021
DOI: 10.15587/2312-8372.2017.99894

EFFECT OF SURFACE ROLLING ON

MECHANICAL PROPERTIES OF Ti-Al
SYSTEM ALLOY

Hasedeno pesynvmamu 0b6pobku nosepxnui inmepmemanionozo cniagy Ti—Al memodom npoxamiu
poauxamu. [Ipoxamky poruxamu 30iticnrosaru npu sycurii 350 H. Bunpobysanns na emomy npogoou-
JUCy npu Kimnamuii memnepamypi npu wacmomi 60 Iiy. Bcmanosaeno, wo nicis npokamxu nogepxHi
ponuxamu emomna miynicmo cnaagy Ti-45A1-5Nb (am. % ) nideuwurace na 4 %, 3 675 do 700 Mlla.
Ioxasano, w0 nosepxnesa npokamka 3MEHUYE ULOPCMKICTb NOBEPXHI.

Kmaovogi cnosa: npoxamxa nosepxiui poiuxkamiu, inmepmemanioni cniasu, cnaasu cucmemu Ti—Al,

BMOMHI MPIUUHU.

1. Introduction

Development of aviation technology, especially turbine
construction, has put forward ever-increasing demands on
structural materials. Therefore, development of new alloys
that can work at elevated temperatures, and search for
new combinations of elements that improve heat resistance
and high-temperature strength, still attracts the attention
of researchers.

Today, one of the most important trends in the de-
velopment of new metal materials with a high level of
mechanical properties at temperatures of 600—-800°C is the
creation of Ti—Al (y-TiAl-based alloys) alloys. Interest in
this group of materials is based on a unique combination:

— high melting point (1460°C);

— low density (3.8-4.0 g/cm®);

— high heat resistance and creep resistance at elevated

temperatures;

— high resistance to oxidation.

The specific modulus of elasticity of these alloys is
higher than that of titanium and nickel by 50-70 %, and
this difference remains at elevated temperatures. According
to the specific strength of y-TiAl alloys in the temperature
range t=600-850°C, depending on the structural state,
can exceed all existing structural materials [1—4].

2. The ohject of research and
its technological audit

The object of research is the surface roller burnishing,
since for intermetallic alloys of the Ti—Al system, the ef-

fect of this hardening method on mechanical properties
has not been fully studied so far.

Surface roller burnishing is a method of surface treat-
ment of a material, in which the following effects are
possible [5-7]:

— Reduction of surface roughness;

— Occurrence of residual stresses of the first kind;

— Increase in microhardness.

A schematic diagram of the surface roller burnishing
is shown in Fig. 1 [8].

Fig. 1. Schematic diagram of the surface roller
burnishing (F - rolling force, N)

In the case of this surface treatment, cold harden-
ing, polishing and the occurrence of compressive stresses
in the upper layer occur simultaneously. Together, these
three physical effects increase fatigue resistance and re-
duce or completely prevent the formation of cracks in
stress corrosion.

When rolling the surface, the rollers are pressed against
the surface of the processed material, which leads to plastic
deformation in the surface zone. As a result of deforma-
tion, the structure of the surface layers of the material
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changes, which, in turn, leads to an increase in the me-
chanical characteristics [9].

The most significant disadvantage of intermetallic al-
loys is their relatively low plasticity.

3. The aim and ohjectives of research

The aim of research is determination of the effect
of surface hardening on the fatigue properties of alloy
Ti-45A1-5Nb (at. %).

To achieve this aim, it is necessary to solve the fol-
lowing tasks:

1. To determine the surface roughness of alloy Ti-45A1-5Nb
(at. %) before and after surface treatment.

2. To carry out fatigue tests of the alloy in the initial
state and after treatment.

3. To establish a place for the appearance of fatigue
cracks.

4. Research of existing solutions of the
prohlem

In [2, 4, 10], the state of research in the field of
intermetallic alloys is analyzed. According to the authors
of [10], the use of titanium aluminides in the design of
aviation turbines will allow to reduce the weight of pro-
ducts by 40 % of the initial mass. It is assumed that
v-TiAl alloys can replace existing materials in the design
of a low-pressure turbojet engine (GTE) compressor and
thereby improve the aircraft’s weight-to-weight ratio [11, 12].

Recently, most research in the field of y-TiAl has focused
on the development of methods for their hardening. Special
attention is paid to establishing the influence of surface
treatment methods on high-cycle and low-cycle fatigue [13].
For example, the authors of [14] proposed the use of sur-
face rolling by steel rollers and shot blasting to increase
the fatigue characteristics of Ti-6 at. %-Al-4 at. % V.
It is shown that shot blasting improves the fatigue strength
of the alloy by 11 %. It was established in [15-17] that
shot blasting or surface roller burnishing is an effective
method of surface hardening of titanium alloys. In this
case, hardening surface treatment allows to increase the
mechanical properties of not only the surface layers, but
also the entire material. The author of [14] proposed to
use such methods of surface hardening to enhance the
mechanical properties of intermetallic-type alloys. When
studying Ti-45A1-9Nb-0.2C (at. %), it was found that
roller burnishing with a load of 165 N increases its fa-
tigue strength by almost 67 %. Obviously, the surface
treatment effect for alloys of different composition and
heat treatment differs from these results. That is why the
establishment of the effect of hardening surface treatment
in combination with thermal treatment on the mechanical
properties of the new intermetallic alloy Ti-45A1-5Nb at. %
is a promising research.

5. Methods of research

Tests were carried out for alloy Ti-45A1-5Nb at. %.
Additionally, the composition of the alloy contained
0.2 at. % C and 0.2 at. % B. Surface rolling parameters
were optimized during preliminary studies. It was estab-
lished that the optimum rolling force for a given alloy
is 350 N (Fig. 2).
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Fig. 2. Optimization of surface roller burnishing parameters
for alloy Ti-45A1-5Nb at. %

Before the tests, the surface of the samples was electro-
lytically polished. As a result of this treatment, there were
no scratches on the surface, and the surface layers did
not contain internal stresses.

Fatigue tests were carried out on «PUPG» machi-
ne (Shenk (Germany)), at room temperature and at a
cycle frequency of 60 Hz. For fatigue tests, specimens with
a diameter of 8.5mm and a length of 50 mm were made.
Surface condition tests were carried out on a scanning
electron microscope Tescan TS 5130SB (Czech Republic)
at an accelerating voltage of 15 kV.

6. Research results

The surface of alloy Ti-45A1-5Nb at. % in the initial
state and after roller burnishing at a load of 350N is
shown in Fig. 3, a, b. In the state after electrolytic po-
lishing, the maximum roughness values of the alloy surface
are R,=2.4um and boride particles are visible on the
surface (Fig. 3, a).

After surface rolling, the maximum roughness decreases
R,=2.0 um. However, the average surface roughness values
for both samples are equal (R,=0.2 um). On the surface
of the samples the bands of the rollers, are clearly visible.
The amount of boride particles on the surface of the ma-
terial is decreased.

= | Particles TiB2 [

Fig. 3. The surfaces of alloy Ti-45A1-5Nb at. %: a — in the initial state;
b — after roller burnishing (x 50 um)

The results of the fatigue tests are summarized in Fig. 4.
In the initial state, the fatigue of alloy Ti-45A1-5Nb at. %
at room temperature is 675 MPa. After surface rolling,
the fatigue is increased to 725 MPa, which indicates its
hardening effect.

Analysis of fracture fractograms (Fig. 5) of the alloy
shows that fatigue cracks in the initial state begin to
propagate on the surface of the material, where the level
of residual stresses is relatively small.
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Fig. 4. Fatigue curves of alloy Ti-45A1-5Nb at. %: 1 - in the initial state;
2 — after roller burnishing

a b

Fig. 5. Appearance of the fractures after fatigue tests: a — in the initial
state; b — after roller burnishing (X 1 mm)

After rolling, fatigue cracks also propagate from the
surface of the sample. This indicates that such surface
treatment does not fundamentally change the cracking
conditions in intermetallic alloys.

The author of [14] found that roller burnishing with
a load of 165 N increases the fatigue strength of the inter-
metallic alloy Ti-45A1-9Nb-0.2C (at. %) by almost 67 %.
The obtained results are significantly different from the
results given by the authors of [14]. Obviously, the effect
of surface treatment depends not only on the processing
regime, but also on the composition of the alloys and
their heat treatment.

7. SWOT analysis of research results

Strengths. The strongest side of the presented research
is the established possibility of hardening intermetal-
lic materials due to deformation of their surface. This
principle possibility is proved on the example of alloy
Ti-45A1-5Nb at. % and can be extended to a wider group
of alloys.

Increasing the fatigue of the Ti-Al system alloys will,
to some extent, extend the service life of the gas tur-
bine engine blades. In the designs of existing gas tur-
bine engine (GTE) blades, low-pressure sections are made
of nickel alloys of the Inconel type (Ni-Fe-Cr system).
The density of such materials, for example Inconel 718,
is 8.19 g/cm3. This is almost 2 times greater than for the
investigated alloy. Accordingly, the overall weight of the
low pressure compressor section can be reduced by about
40 %. It should be noted that the operating temperatures
for intermetallic alloys of the Ti-Al system will also be
higher than for the Ni-Fe-Cr system, which will improve
the engine efficiency.

Weaknesses. The weak side of the presented study is
the absence of a clearly established relationship between

the degree of deformation, both the entire material and
the surface, and the density of dislocations. It is well
known that the plastic deformation of metals and alloys
leads to an increase in the dislocation density. However,
such data could not be identified for intermetallic mate-
rials. Therefore, the authors’ further efforts can be directed
specifically at establishing the relationship between the
deformation degree of Ti-Al alloys and the dislocation
density.

Opportunities. Simultaneously with plastic deformation
of the surface of materials due to roller burnishing, other
surface hardening variants are known. These include: shot
blasting, ultrasonic treatment or their combination. The
combination of surface hardening with heat treatment is
also not fully understood. Therefore, one of the direc-
tions of future research is the use of shot blasting with
the use of metal and ceramic shot for surface hardening
of Ti-Al alloys.

In the most general case, the replacement of nickel
alloys in the construction of a low-pressure GTE com-
pressor for intermetallic will reduce the total weight of
the turbine and the entire aircraft. Such decrease will
definitely lead to decrease in fuel consumption and, ac-
cordingly, will increase the range of flights and affect
the cost of transportation. A similar situation is typical
for road transport. Reduce of the car weight for every
100 kg will reduce fuel consumption by an average of
0.6 1/100 km.

Threats. The wide industrial use of Ti-Al alloys is limited
by several factors. The first of these is the complexity of
smelting and casting of shaped products made of them. This
is due to the large difference in the melting temperatures
of Ti (1668 °C), Al (660.5°C) and Nb (2469 °C) and the
need for preliminary preparation of ligatures, which in-
creases the cost of the entire technology. In this case, for
the melting of such alloys, it is necessary to use vacuum
furnaces, which productivity is less than usual, and the
difficulty in servicing is higher.

The second factor is the need to use vacuum units
for pressing of turbine blades. Such devices are not yet
widespread enough and have a high cost. A similar situation
exists in the field of thermal treatment of Ti-Al alloys.

1. It is found that the maximum surface roughness
of alloyTi-45A1-5Nb (at. %) before the surface treatment
is 2.4 pm and particles are observed on the surface, the
micro-X-ray spectral analysis of which shows simulta-
neous presence of Ti and B peaks. This allows them to
be identified as TiB,. After surface roller burnishing, the
surface roughness is decreased to 2.0 pm. The number of
visible boride particles is decreased.

2. Fatigue tests of alloy Ti-45A1-5Nb (at. %) in the
state after electrolytic polishing of the surface and rol-
ler burnishing shows that the deformation of the surface
contributes to an increase in fatigue from 675 MPa to
725 MPa.

3. When testing the surfaces of alloy fractures before
and after surface hardening, it is established that roller
burnishing does not fundamentally change the place of
crack generation. Both in the initial alloy and after the
treatment, the fatigue cracks are generated on the surface
of the sample.
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YCTAHOBNIEHHE BNHAHKUA NPOKATKH NMOBEPXHOCTH HA
MEXAHWYECKME CBOHCTBA CITABA CHCTEMBI Ti-Al

TIpuBeneHbl pe3yabraTbl 00PabOTKU MOBEPXHOCTH HHTEPMETAT-
muaroro ciiasa Ti—Al MerogoM nipokatku posnkamu. TIpokaTky
posikamu ocyiecTBIsim ¢ cuoit 350 H. YeranocTrbie nenpiranus
MPOBOJIMJIUCH [IPU KOMHATHOH Temiieparype npu yacrore 60 I
YcTanoBiieno, 4To mocse MpoKaTKH MOBEPXHOCTH POJIMKAME yCTa-
JoctHast mpoyHocTs cmrasa Ti-45A1-5Nb (at. %) ysenmumiacs Ha
4 %, ¢ 675 no 700 MIla. ITokaszaHo, 4TO IOBEPXHOCTHAsS IPO-
KaTKa yMEHbBIIAeT IIePOXOBATOCTb MOBEPXHOCTH.

Kmouesste cmoBa: 11POKATKA MOBEPXHOCTH POJUKAMU, UHTEP-
MeTJUINJHbIE CIIABbI, ClaBbl cucteMbl Ti—Al, ycranoctHbie Tpe-
HIMHBL.
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