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[57] ABSTRACT

In the process of free forging an ingot made of tita-
nium alloy with an a+8 structure is subjected to multi-
ple plastic deformation in its axial, radial, and tangen-
tial directions with an overall degree of deformation in
each of these directions being not less than 60 percent
of the total deformation, and with sucessive changing
of the direction of the deforming force. On comple-
tion of deformation annealing is performed at a tem-
perature somewhat below the temperature of phase
transformation of the alloy from 8 to «+8 structure.

4 Claims, No Drawings
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METHOD FOR PRODUCING ANNULAR
FORGINGS

This is a continuation, of application Ser. No. 92,525,
filed Nov. 24, 1970, and now abandoned.

BACKGROUND OF THE INVENTION

The present invention relates to methods of making
annular forgings intended to act under high mechanical
loads, and can be used in the production of annular
forgings for shroud rings of the rotors of powerful tur-
bogenerators rated at 500 MW and more.

Known in the art is a method to make blanks for the
rotor shroud rings by free forging, wherein the ingot is
drawn, upset, pierced through, and expanded, the
blank being then heat treated and strain-hardened.

Steel shroud rings made by this method, although
possessing adequate mechanical properties in normal
conditions of operation, may cause failure of turbogen-
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erators under high mechanical loads in conditions of 20

elevated temperature and increased moisture, thus re-
quiring frequent examinations and replacement of the
rings.

The well-known advantages of titanium alloys - their
high strength and corrosion resistance - result in the de-
velopment of these alloys in aircraft construction and
other industries for producing heavy-duty components
featuring high resistance to corrosion and elevated
temperatures. ’

Known in the prior art are methods of producing
blanks of components weighing up to 300 kg by free
forging or swaging the ingots of titanium alloys with a
single-phase or double-phase (o + 8) structure. Known
for such components are conditions of hot plastic de-
formation and heat treatment, that provide for high
strength and plasticity of titanium alloy forgings. In par-
ticular, for titanium alloys with a double -phase & + 8
structure hot plastic deformation is advised with these
components being heated to temperatures correspond-
ing to the & + 8 structure. Also known are more precise
parameters of thermomechanical treatment of titanium
alloys with an a + B8 double-phase structure, namely
working of the ingot at temperatures 40°-90°C below
the temperature point of transformation of 8 structure
of the alloy into a + 8 structure, and to a degree of de-
formation equaling 40-70 percent.

The prior art conditions of hot plastic deformation in.

the production of titanium alloy articles do not secure
uniform and equiaxial structure throughout the cross
section of blanks of large size and weight, i.e. 500 kg
and more, for example, of forgings of rotor shroud rings
for powerful turbogenerators.

SUMMARY OF THE INVENTION

The object of the present invention is to choose such
conditions of the working method to produce annular
forgings by hot plastic deformation of an ingot of titani-
um-based alloys with a double-phase a + 8 structure
with the amount of 8 phase being up to 30 percent; that
will ensure the obtaining of a uniform and equiaxial
structure throughout the cross section of the article.

The above and other objects are achieved according
to the invention by multiple plastic deformation of the
ingot in the axial, radial, and tangential directions with
an overall degree of deformation in each of these direc-
tions being not less than 60 percent of the total defor-
mation, and with successive changing of the direction
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of the deforming force, the deformation in the last forg-
ing operation being not less than 40 percent. Also, the
blank heating temperature is successively reduced from
a temperature which exceeds by 50°-80°C the tempera-
ture point of the phase transformation of the alloy from
B to a + B structure at the first forging operation, to a
temperature 20°-30°C below said temperature point at
the last forging operation, and on completion of plastic
deformation the blank is annealed at temperatures
below said temperature point.

The indicated solution provides for the action of
forces of varying directions on all the layers of the forg-
ing in the most plastic condition of the ingot, working
thereof being finished in the temperature zone of o +
B state of the alloy structure, which makes it possible
to obtain a uniform and equiaxial structure throughout
the cross section of the forging.

To avoid cracks, the first of the forging operations
preferably includes deforming the ingot in the radial
direction.

In accordance with one of its embodiments the inven-
tion may provide for the following conditions and suc-
cession of plastic deformation realized in forging oper-
ations: ingot drawing with a lateral deformation of
30-50 percent at a temperature which exceeds by
50°-80°C the temperature point of phase transforma-
tion of the alloy from 8 to o + @ structure; upsetting
with a deformation of 50-70 percent and hole piercing
at a temperature exceeding by 30°-50°C said tempera-
ture point; drawing the hollow blank with a deforma-
tion of 30-40 percent, expansion with deformation of
20-30 percent, and upsetting with deformation of
10-30 percent at a temperature which is 20°-30°C
higher than said temperature point; after these opera-
tions the blank is drawn with a relative deformation of
up to 30 percent, and expanded to deformation of
40-50 percent, at temperatures 20°-30°C below the
said temperature point.

Advantageously, annealing of the obtained forgings
should be performed in the following succession: heat-
ing the forging to 800°-900°C and keeping it at this
temperature for not less than one hour, with subse-
quent complete air cooling, then second heating to a
temperature of 550°-650°C with maintenance at this
temperature for not less than 1 hour, and with subse-
quent complete cooling.

DETAILED DESCRIPTION OF THE INVENTION

Described below are exemplary embodiments of the
method for producing an annular forging for the turbo-
generator rotor shroud from a titanium-based alloy
with a content of Al being 6%, Mo — 2.5%, Cr — 2%,
and with the temperature of phase transformation from
B into « + B structure being 980°C.

EXAMPLE 1

An ingot weighing 1300 kg is heated to a temperature
of 1050°C and drawn under free forging to a deforma-
tion of 38% in its cross section. Next the thus obtained
blank is heated to a temperature of 1000°C and upset
to an axial deformation of 62 percent of the total defor-
mation, and then pierced through. After the hollow
blank is heated to 1000°C, it is placed on a mandrel and
drawn with a deformation of 36 percent in the ring
depth. The blank is again heated to 1000°C and ex-
panded on a mandrel to a deformation of 26 percent in
wall thickness. After heating to 1000°C the blank is
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upset with deformation of 29 percent in depth. Next, at
a temperature of 1000°C the blank is drawn on a man-
drel with deformation in the depth amounting to 25
percent. Then at a temperature of 950°C the blank is
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ing by 50°-80°C the temperature of phase transforma-
tion from B to « + B structure; subjecting said ingot to
successive multiple plastic deformations in the axial,
radial, and tangential directions of the ingot with an

expanded to the required dimensions of the forging, the 5 overall degree of deformation being not less than 60
degree of deformation in wall thickness being 42 per- percent to form a blank; decreasing each heating step
cent. ) . . . during said deformation from said first heating temper-
~ On completion of the forging operations the forging ature to a temperature 20°-30°C below the tempera-
is air-cooled to room temperature. Annealing of the yyre of said phase transformation before the last men-
forging is performed as follows: heating to 800°C, keep- 10 tjoned deformation, the temperature of each heating
ing at this temperature for one hour, and air cooling. step being between 950° and 1050°C; and annealing the
EXAMPLE 2 blank on completion of said plastic deformation, the
Co . . y - annealing being performed at a temperature somewhat
The initial ingot ‘;":}(‘):()),”ggxt 0;.2600 kg is heatﬁd below said temperature of phase transformation
;’ 23?:‘52:;“; © ;’2 ercent. int dte lihte;r:)%eri:tuir:rées 15 whereby a large annular blank having solely a uniform
th%ough I;\fter ythat I:he hollow bﬁan’k is heall)ted to equiaxial microstructure is produced.
1020°C and placed on a mandrel. At this temperature f 2.'The meth.od asm cla}lm (lj’ ;vherp m t}llle'ﬁrst (.)f tﬁe
drawing is accomplished to a deformation in depth orging operations comprises deforming the ingot in the
reaching 39 percent. After this operation and heating 20 raglar}}c‘hrectltﬁna in claim 1. wherein plastic def
to 1000°C the blank is expanded with a deformation of - 1he method as i ciaim 1, wherein prastic getor-
17 percent in the ring thickness. mation is reahzed. during the forging operations in thg
Next the blank is heated to 980°C with subsequent following succession and under the following condi-
upsetting to a deformation of 30 percent in depth. tions: ingot drawing with a lateral deformation amount-
After this operation the blank is heated to 950°C, at 25 ing to 30-50 phe.rient of (tjhebovseéoallggfcfotr?azlon at a
which temperature it is drawn with deformation of 30 ~ temperature which exceeds by 50™ € tempera-
percent in depth. Final expansion is accomplished after ~ ture of phase transformation of the alloy from 8 to  +
heating to 950°C, the deformation in the ring thickness B structure; upsetting with a deformation of 50-70 per-
being 40 percent. After finishing the said operations ~ cent and hole piercing at a temperature exceeding by
the blank is air-cooled and heat treated in the follo- 30 30 -50 Chsallldll Phats)f Lransfordmefmon ‘tempgr;(t)ieo;
wiong succession: rawing the ollow blan to a e ormation o
The forging is heated to 870°C, held at this tempera-  percent, expanding with deformation of 20-30 percent,
ture for 1 hour, and air-cooled. Then it is heated to a and upsetting W}th deformatlon.of 10-30 pergent at a
temperature of 650°C, and maintained at this tempera- temperature being 20°-30°C higher than said phase
ture for 2 hours with subsequent air cooling. 35 transformation temperature; then drawing the blank
The mechanical properties of forgings produced with a relative deformation of up to 30 percent and ex-
under the described conditions of the process, as ob- panding with deformation of 40-50 percent at a tem-
tained on specimens cut out tangentially at 20°C, are as perature from 20°-30°C below said phase transforma-
follows: tion temperature.
example wall tensile yield elongation relative impact
thickness strength point 8% reduction ductil-
mm kg/mm? kg/mm? W% ity
kg/cm?
! 120 104-109  97-102 12-15 28-42 3-4
2 160 101-106  93-10] 9.5-14 28-35 4.-4.5
What is claimed is: 4. The method as in claim 3, wherein annealing is
1. A method for producing large annular forgings of s5q carried out by heating the blank to 800°~900°C and
more than about 500 kg. by freely. forging an ingot keeping it at this temperature for not less than 1 hour,
made of titanium-based alloys with a double-phase « + with subsequent complete air cooling; then secondary
B structure, the amount of 8 phase being up to 30 per- heating to a temperature of 550°-650°C and maintain-
cent, which comprises the steps of heating the ingot be- ing at this temperature for not less than 1 hour; and fi-
fore successive forging steps, the first heating exceed- 55 nally completely cooling.
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