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Abstract: Results of a theoretical and pilot study are given for the purpose of development of the main
technical solutions providing the solution to a problem of the equipment development for forming parts out of
titanium- and nickel-based heat-resistant alloys using of plastic deformation methods. The results of the study are
used for the development of equipment of a new class for the forging and stamping production, in particular, roll-
forming mills, forging and rotational machines, intended for deformation of low-plasticity and hard-to-deform
materials and manufacturing the accurate components and parts using superplasticity effect.
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1. Introduction

In modern gas-turbine engines and similar power
installations the large-sized axisymmetric parts like
disks, shafts, rings and a number of others are widely
used. These parts are made of low ductile and hard-to-
deform heat-resistant nickel-, iron- or titanium-based
superalloys. Metallurgical production of such details is
expensive. When manufacturing such superalloys by
powder metallurgy methods, the increase in their
production costs is due to the use of both sophisticated
equipment and multi-operational technologies of
obtaining granules, compact semi-finished products
and, actually, the parts themselves. Moreover, for a
production of the parts and components with better
mechanical properties, their shape-forming is carried
out through forging under superplasticity conditions
using extremely expensive vacuum-forging equipment
consisting of several presses developing strong loads of
10-30 thousand tons.

Production of axisymmetric parts made of hard-to-
deform heat-resistant nickel-based alloys is also
characterized by multi-operational character, high labor
intensity and power consumption due to a low ductility
and deformability of these alloys. The most essential
factor leading to the increase in cost of such parts is
low metal utilization factor ~10+20%.

2. Possibilities of the Methods of Local Shape-
Forming (LSF) under Superplastic Deformation
Conditions (SD)

The methods of local shape-forming under
superplastic deformation and equipment for the
implementation of the described methods [1] allow one
to solve the problem of manufacturing the
axisymmetric parts of intricate shape with a minimum
metal loss, without application of both a big press
equipment and massive forging tools and with
minimum number of operations. Let us consider these
methods and the correcponding equipment taking as an
example the roll forming of metal discs for gas-turbine
engines (GTEs).

The essence of the process of roll forming of metal

discs under superplasticity conditions is that a billet is
heated to the temperature of deformation, then is
sandwiched between the spindles, then the billet is
rotated. Under the load of one or two pairs of inclined
rotating rollers which have a possibility to compress the
billet and to move from its center and also to change a
tilt angle towards it, each local area of the billet is
deformed with a decrease in its thickness and with an
increment of the diameter. Due to the high accuracy
and metal utilization factor of roll forming the discs
produced by this methods have a quality not worse than
that of the discs produced by precision forging. Purity
of a surface also corresponds to the level of precision
forged parts (R =-8+40 Mxm).

Depending on the diameter required, roll forming
of a titanium disc requires from about 20 to 40 minutes,
while for making a similar disc out of of heat-resistant
nickel alloy it will take twice more time due to a
limited capacity of the mill. When comparing the
productivity of roll forming and forging it is obvious
that the machine time of rolling discs is longer than that
of forging. However, if we take into consideration the
total time required for carrying-out the order for the
production of a new disc, including the time necessary
for preparation of manufacture process and for the
machining of the disk, then for the parts and items
obtained by the described method of local shape-
forming (LSF) in superplastic deformation conditions
(SD), the time is much less than for forged.

Critical factors that reduce costs and time for
manufacturing the parts by LSF-methods in
superplastic conditions are: increase in metal utilization
factor up to 0.5+0.8, decrease in metal for tools as well
as the reduction of labor costs for manufacturing tools.
So, the weight of one roll-forming roller is 20+30 kg
and the roller is, similarly to a cutting tool, universal as
it is used for rolling of different discs. Meanwhile, the
weight of a forge depends on the sizes of discs and its
weight may have hundreds or thousands kilograms, and
a separate forge is designed for a manufacture of each
parts of one type or size. Besides, the roller has a
simple shape and it is usually casted with high accuracy
and it is made of heat-resistant alloys of ZhS6U-type
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and a roller is subjected to a lesser machining, as
compared to a forge. It is easier to repair and to
maintain the roller, it requires less time for
replacement.

A significant reduction in the of deformation load
is another obvious advantage of roll forming before the
forging. Low flow stress of heat-resistant nickel- and
titanium alloys under superplastic deformation and the
application of a local shape-forming method for roll
forming of metal billets allow one to manufacture discs
of the same size as those manufactured on a hydraulic
forging press with loads not less than 5-10 thousand
tons, and the load on the rollers of a mill using roll
forming process is limited by 5-10 tons.

Theoretical prerequisites for the development of
local shape-forming under superplastic deformation
have been the statement and solution of a boundary-
value problem for roll forming of discs, the
development of engineering techniques and methods
for a computation of thermomechanical regimes of
deformation and extensive metallurgical studies
experimentally proved by multiple tests of roll-formed
items [2].

Formerly only symmetric discs with flat web and
with small protrusions on it have been manufactured
using methods of the local shape-forming under
superplastic deformation. It has been stipulated not by
limitations of the given LSF-method, but due to an
absence of the equipment adopted for implementation
of such tasks.

Experience of exploitation of SRD-800 rolling
mill, in roll forming of discs using this mill allowed us
to develop and manufacture the automatic line for roll
forming ALRD-800 and to start a development of a
special mill for roll forming of discs out of different
heat-resistant alloys SRZhD-800. The automatic line
and the SRZhD 800 mill are capable to develop a
stronger load of deformation, and the line also has been
supplied by a number of furnaces for preliminary
heating of billets and for thermal treatment of parts and
components. Since during roll forming it is necessary to
control multiple parameters of the shape-forming of a
billet, we developed a new concept of control for
forming equipment has been developed on the example
of the SRZhD-800 mill. It is based on a continuous
uptake and processing of information on the parameters
of the process and calculation of regulatory regimes of
deformation of a part or a component [3]. In other
words, the roll forming process is performed not only
automatically, but using adaptive control, i.e. through
control of its real parameters and with corrections of its
modes, if necessary.

Due to these innovations, the performance of the
developed equipment has been greatly increased; the
possibilities of the equipment, concerning its level of
automatic control and flexibility exceed those of the
vacuum-forging equipment. Moreover, at present,
owing to modification of conventional rotary drwaing

equipment and thanks to using new schemes of
deformation, greatly expanded the range of produced
items which can be manufactured by methods of local

shape-forming  under  superplastic =~ deformation
conditions [4,5].
Along with roll forming the discs under

superplastic conditions there can be produced rings,
hollow shafts, elliptical and conical shells, aircraft and
automobile wheels and other parts of a complex
axisymmetric profile.

PNC-600 machine-tool for rotary drawing can be
taken as an example of the modified equipment. In its
basic version the machine-tool is computer-aided and
has a spindle, tailstock, drive for the transverse and
longitudinal movement of a roller. After its
modernization the machine-tool has been also supplied
by high-temperature furnace with an operating chamber
of diameter 800 mm and length 1000 mm and with
instrumental unit, which provides high performance of
its roller at temperatures above 1100° C, which makes it
possible to manufacture parts and components made of
heat-resistant nickel- and titanium-based alloys with
high accuracy.

While roll forming the alloy, it is necessary to
control many parameters of the process of shaping the
billet, in particular, it is required to track the trajectory
and speed of displacement of rollers, to coordinate the
rotation of the tool with a billet, to determine and
compare efforts to the rollers, to define and control the
temperature of deformation.

Actually, it is impossible to perform such a multi-
parameter control without automation of the process,
and in this regard the roll forming is a more complex
process as compared to forging. Nevertheless, the
modern computer-aided equipment is capable to cope
with this task. Moreover, the described equipment
together with certain features of roll forming under
superplastic conditions can provide the items not only
with traditional level of quality through the control over
the actual parameters of the process, but also to give the
manufactured products new, higher properties which
are not provided by conventional forging [1, 2].

3. Quality of Parts and Components Obtained Using
Local Shaping Method under  Superplastic
Deformation

The considered methods of local shape-forming
in plastic deformation allow one to produce the
critical parts and components. Mechanical
properties of the alloys from which the parts are
made of are the most important characteristics for
such parts. In its turn, the mechanical properties
depend on a microstructure attained by the part or
component under deformation process. Using specific
features of the local shape-forming under plastic
deformation, one can control the shape-forming of the
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structure and mechanical properties of the parts and
components. One of such opportunities is reported in
the paper [6], in which it is described how the disc has
been obtained with different properties of its
microstructure through varying the thermal and
mechanical modes of deformation while roll forming
the part; the authors have obtained different
microstructure in the hub, web and rim, and
respectively, with different mechanical properties
which responded to temperature and stress conditions
for operation of the disc.

Obtaining a homogeneous microstructure in discs
made of heat-resistant nickel- and titanium-based alloys
is considered as a more traditional approach. In this
regard systematic research into properties of roll
formed discs has been conducted according to specially
developed program with participation of a number of
Russian engine manufacturing enterprises and research
institutes. In particular, there has been thoroughly
studied the impact of initial structure of the billets on
the properties of the roll formed discs made of titanium
alloys. Billets for roll forming out of two-phase alloy
(VT-9-Alloy) and of pseudo - a-alloy (VT18U-Alloy)
with different micro- and macrostructures have been
produced and supplied by Verkhniaya Salda
metallurgical enterprise. Discs have been roll formed
out of these billets on the SRD-800 mill. Thermal
treatment and metallurgical studies of the discs have
been carried out at research test laboratories of a
number of engine manufacturing enterprises and at
institutes. It has been shown that the roll formed discs
meet all the requirements and standards on mechanical
properties and are not inferior by their quality to the
forged discs traditionally used for manufacturing the
gas-turbine engines. The best quality has been shown
by discs roll formed out of billets with a uniform fine-
grained structure [7-10].

4. Conclusion

Methods of local shape-forming of components
under superplastic conditions are to be considered as an
alternative to conventional and isothermal forging. The
interest to application of such technologies shown by
foreign and native aircraft engine companies is attributed
to the following advanced potential of the identified
methods:

- an increase in material utilization factor up to 0,5
0,8 while producing the large-scale parts of intricate
shape;

- a decrease in load and reduction of expenses for
tool manufacturing by a factor of 1000 as compared to
forging;

- a reduction of a number of shape-forming passes
down to one, decrease in labor content and component
price. In many cases the local shape-forming makes it
possible to give up the use of expensive powder
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materials as the saving consumption of ingot material
allows producing the ingots from analogous cast and
strained materials;

- an increase of quality and reliability of
components. Components and semi-finished products
with homogeneous fine-grained structure are more
transparent for ultrasonic control than coarse-grained
materials, this provides more precise testing of their
defects. Moreover, the presence of initial homogeneous
fine-grained structure makes it possible to process
specified grain size distribution in microstructure by
using heat treatment for attaining the best mechanical
properties.
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