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(54) METHOD FOR PRODUCING HOT-FORGED MEMBER

(57) Provided is a method for manufacturing a from the furnace to obtain a material to be hot forged;

hot-forged member, the method enabling efficient hot
forging while preventing defects such as cracks even
when a poor workability alloy is used as a material to be
hot forged. A method for manufacturing a hot-forged
member, comprising: a heating step of heating an un-
heated material for hotforging in a furnace to a hotforging
temperature; a heat-resistant insulation material bonding
step of bonding a heat-resistant insulation material to at
least a part of a surface of a material for forging removed

FIG. 1

and a hot forging step of compression-forming a part or
all of the material to be hot forged into a predetermined
shape using any of a die, an anvil, and a tool, the method
further comprising a glass lubricant coating step of coat-
ing a glass lubricant on at least a portion of a surface of
the unheated material to which the heat-resistant insu-
lation material is to be bonded, wherein the glass lubri-
canthas a viscosity of 102to 107 Pa-sin the heat-resistant
insulation material bonding step.
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Description
TECHNICAL FIELD

[0001] The present invention relates to a method for
manufacturing a hot-forged member, and in particular,
relates to a method for manufacturing a hot-forged mem-
ber made of an alloy with poor workability.

BACKGROUND ART

[0002] When a material for hot forging heated to a hot
forging temperature is hot forged, there is a problem of
deterioration of hot workability due to a drop in temper-
ature of the material for hot forging. Therefore, various
proposals have been heretofore made to prevent the
drop in temperature. For example, JP 2014-508857 A
(Patent Document 1) discloses that a glass coating is
applied to a material for hot forging to prevent thermal
cracking. As a method of coating with glass, a glass wo-
ven fabric and glass particles are arranged in sequence
on the material for hot forging. This Patent Document 1
also discloses a conventional technique of enclosing the
material for hot forging in a metal alloy can before hot
working.

REFERENCE DOCUMENT LIST
PATENT DOCUMENT

[0003] Patent Document 1: JP 2014-508857 A

SUMMARY OF THE INVENTION
PROBLEM TO BE SOLVED BY THE INVENTION

[0004] In the aforementioned Patent Document 1, as
illustrated inthe Examples, a glass woven fabric is wound
around a material for hot forging at room temperature,
an inorganic slurry is then applied onto the surface of the
glass woven fabric, and the material is heated to a hot
forging temperature in that state to form a glass coating
layer. This method is certainly effective in suppressing a
drop in temperature from the removal of the material for
hot forging from a furnace to the start of hot forging. How-
ever, since the glass woven fabric itself has a heat insu-
lating effect, it takes a long time to heat up to the forging
temperature, and the method of wrapping the entire ma-
terial in glass woven fabric, as illustrated in Figure 3 of
Patent Documents 1, has a disadvantage of making it
difficult to determine the temperature of the material for
hot forging itself.

[0005] Typical alloys for which hot workability deterio-
rates as a result of a drop in temperature before the start
of hot forging or during the hot forging of the material for
hot forging heated to the hot forging temperature are Ni-
base alloys and Ti alloys containing a y’ phase (gamma
prime phase) in an amount of 20% by volume, are known
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as poor workability alloys. Since these poor workability
alloys are excellent in high-temperature strength, they
are used in aircraft parts and power generation equip-
ment parts. In these applications, there is a demand for
large-sized products to improve combustion efficiency
and power generation efficiency, and the Ni-based alloys
containing y’ in an amount of 20% by volume (hereinafter,
referred to as high y’-containing Ni-base alloys) are con-
sidered for use at a higher temperature. The hot forging
temperature affects the occurrence of defects such as
cracks and flaws, and in particular, some high y’-contain-
ing Ni-base alloys have a limited temperature range in
which hot forging is possible. Because it is important to
achieve both hot workability and prevention of defects
such as cracks, a method for efficient hot forging, while
preventing cracks during hot forging, is required.

[0006] An object of the present invention is to provide
a method for manufacturing a hot-forged member, the
method enabling efficient hot forging while preventing
defects such as cracks even when a poor workability alloy
is used as a material for hot forging.

MEANS FOR SOLVING THE PROBLEM

[0007] The presentinvention has been devised in view
of the problem described above.

[0008] The presentinvention is a method for manufac-
turing a hot-forged member, including:

a heating step of heating an unheated material for
hot forging in a furnace to a hot forging temperature;
a heat-resistant insulation material bonding step of
bonding a heat-resistant insulation material to at
least a part of a surface of a material for forging re-
moved from the furnace to obtain a material to be
hot forged; and

a hot forging step of compression-forming a part or
all of the material to be hot forged into a predeter-
mined shape using any of a die, an anvil, and a tool,
the method further including:

a glass lubricant coating step of coating a glass
lubricant on at least a portion of a surface of the
unheated material to which the heat-resistantin-
sulation material is to be bonded,

wherein the glass lubricant has a viscosity of 102
to 107 Pa-s in the heat-resistant insulation ma-
terial bonding step.

[0009] Also, in the method for manufacturing a hot-
forged member according to the present invention, the
hot forging step is open-die forging, and the heat-resist-
ant insulation material is bonded to at least a part of a
surface of a free deformation portion of a material for
forging that is not in contact with any of the die, anvil, or
tool in the open-die forging.

[0010] Inthe presentinvention, glass particles may be
adhered to a surface of the heat-resistant insulation ma-
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terial to which the material for forging is to be bonded.
[0011] Preferably, in the method for manufacturing a
hot-forged member, the heat-resistantinsulation material
is an inorganic fiber.

EFFECT OF THE INVENTION

[0012] Accordingto the presentinvention, itis possible
to perform efficient hot forging while preventing defects
such as cracks even when a poor workability alloy is used
as a material for hot forging.

BRIEF DESCRIPTION OF THE DRAWINGS
[0013]

FIG. 1isaschematic viewillustratingan embodiment
of a method for manufacturing a hot-forged member
according to the present invention.

FIG. 2 is a schematic view illustrating an example of
a method for making a material to be hot forged of
the present invention.

FIG. 3 is a schematic view illustrating an example of
a method for making a material to be hot forged of
the present invention.

MODE FOR CARRYING OUT THE INVENTION

[0014] Hereinafter, each step of the present invention
will be described. Note that the term "unheated material”
as described below refers to a material before being
charged into a furnace; the term "material for forging"
refers to a material heated to a hot forging temperature
in the furnace; the term "material to be hot forged" refers
to a material having a heat-resistant insulation material
bonded to a predetermined portion thereof that has been
prepared for hot forging; and the term "hot-forged mem-
ber" refers to a forming member that has been formed
into a predetermined shape using a hot forging machine.

Heating Step

[0015] First,inthe presentinvention, the unheated ma-
terial to be hot forged is heated to a hot forging temper-
ature in a furnace. Although the unheated material is not
particularly limited to an ingot, a billet, a preform, a pow-
der compact, or the like, the material most capable of
demonstrating the effect of the present invention is, for
example, an ingot and a billet that are formed into the
desired shape by open-die forging. This unheated mate-
rial is heated to a hot forging temperature in the furnace.
The temperature of heating varies depending on proper-
ties of the unheated material and may be, for example,
950 to 1180°C for a Ni-based alloy, and 1010 to 1180°C
for a high y’-containing Ni-based alloy. It may also be 900
to 1180°C for a Tialloy. Note that in the presentinvention,
a "heat-resistant insulation material bonding step" is ap-
plied after the heating step. In the heat-resistant insula-
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tion material bonding step, the heat-resistant insulation
material is bonded to the material for forging removed
from the furnace. It would be preferable if the drop in
temperature of the material for forging were zero until
this heat-resistant insulation material is bonded, but in
practice, the temperature drops to some extent. There-
fore, the hot forging temperature may be set at a tem-
perature roughly 5 to 100°C higher than a forging tem-
perature at the start of hot forging (forging start temper-
ature). As a result, even in a case in which the temper-
ature of the material for forging would drop by more than
100°C with respect to the forging start temperature if the
heat-resistant insulation material is not bonded, the drop
in temperature can be suppressed, thus maintaining a
high temperature during hot forging.

[0016] Inacaseinwhichthe unheated materialis com-
posed of Ni-based heat resistant superalloys, most of the
alloys contain Crin the range of 10 to 35% by mass. The
oxygen concentration in the furnace is preferably con-
trolled to be 10% or less for the purpose of suppressing
reaction of Cr with oxygen in the furnace during the heat-
ing step. It is preferably 8% or less.

[0017] Note that the surface roughness of this unheat-
ed material should be rougher than that of a normalfinish.
When the heat-resistant insulation material is bonded to
its surface in the next step, a small space is formed be-
tween the heat-resistant insulation material and the ma-
terial for forging, and the air in the space is expected to
function as a heat insulation layer. Then, in a glass lubri-
cant coating step described below, the glass lubricant
easily remains on irregularities of the surface of the un-
heated material. Of course, a surface skin as castor plas-
tic worked is also acceptable, but in the case of alloys
with poorworkability, cracking or other defects may occur
on the surface due to the influence of additive elements
or the like. Thus, surface defects that may cause cracks
at the time of hot forging of such alloys should be elimi-
nated by machining. Even in cases in which no cracking
or other defects are found, it is preferable to machine the
surface of the unheated material to a roughness equal
to or greater than that of the normal finish for a portion
(i.e., a portion coated with the glass lubricant) of the sur-
face to which the heat-resistant insulation material is to
be bonded in the next step.

Heat-resistant Insulation Material Bonding Step

[0018] The unheated material is heated to the hot forg-
ing temperature, and the heat-resistant insulation mate-
rial is bonded to at least a predetermined portion of a part
of the surface of the material for forging removed from
the furnace to form a material to be hotforged. The portion
to be bonded may be a part of the surface or the entire
surface. To decide where on this surface of the material
for forging the heat-resistant insulation material should
be bonded, one of the following two methods should be
considered.

[0019] The first method is to preferentially prevent a
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drop in temperature in portions in which cracks are ex-
pected. If the time required to bond the heat-resistant
insulation material to the forging material is long, the tem-
perature of the material for forging may become low,
which may deteriorate its hot forgeability. Therefore, it is
preferable to bond the heat-resistant insulation material
to its surface to the minimum extent necessary within a
time that does not impair hot forgeability. For example,
when the material to be hot forged is placed on the hot
forging machine and then chilling of a lower die (lower
anvil or lower tool) is of concern, for example, the heat-
resistant insulation material may be bonded to a surface
in contact with the lower die (lower anvil or lower tool),
orif the material has a polygonal column shape, the heat-
resistant insulation material may be bonded to an area
including the edge portions. If the material has a cylin-
drical shape, the heat-resistant insulation material may
be bonded to its side face. That is, the heat-resistant
insulation material should be bonded including locations
where defects such as cracks are likely to occur due to
hot forging. This method is useful, particularly for a high
y'-containing Ni-based alloy, which is known as a poor
workability alloy.

[0020] The second method is to bond the heat-resist-
ant insulation material to at least a part of the surface of
a free deformation portion of a material for forging. This
method, for example, is mainly intended to reduce a drop
in temperature of portions that are not in contact with an
upper die (upper anvil or upper tool) or the lower die (low-
er anvil or lower tool) in a case in which hot forging is
open-die forging because they are in a state of being
cooled in the air. This method can contribute to reduction
in flaws (cracks), for example, in alloys having a wide
temperature range in which hot forging is possible, such
as Alloy 718 and Waspaloy, since heating temperatures
can be sustained.

[0021] The choice of the methods above should be
made in consideration of the properties and shape of the
material.

[0022] This bonding of the heat-resistant insulation
material reduces the precipitation of fine y’ accompanying
the drop in temperature of the material to be hot forged
and can also promote the recrystallization of a surface
layer of the material to be hot forged, thereby reducing
the occurrence of defects such as cracks, for example,
even in the case of the high y’-containing Ni-based alloy,
which is known as a poor workability alloy.

[0023] Note that to make the bonding of the heat-re-
sistant insulation material easier and quicker in the heat-
resistant insulation material bonding step, itis preferable
to have glass lubricant present between the heat-resist-
ant insulation material and a bonding surface of the ma-
terial for forging to which the insulation material is bond-
ed. The glass lubricant at this pointis to function primarily
as a "bonding agent". There are two methods for achiev-
ing this, each of which will be described below.
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Glass Lubricant Coating Step

[0024] The first method is to perform a "glass lubricant
coating step". This is a step included in the present in-
vention. The glass lubricant coating step further includes
a step of coating a glass lubricant in advance on at least
a portion of the surface of the unheated material to which
the heat-resistant insulation material is to be bonded.
Since the glass lubricant can actas a heat retaining agent
afterthe heating, itis useful, particularly in a case in which
a poor workability alloy is hot forged. The glass lubricant,
to function as a "bonding agent" between the bonding
surface of the material for forging and the heat-resistant
insulation material described above, is required to devel-
op a predetermined viscosity when it is heated to the
environmental temperature in the heat-resistant insula-
tion material bonding step rather than whenitis atalower
temperature (i.e., during the glass lubricant coating step).
Inthe case of the presentinvention, it is effective that the
viscosity of the glass lubricant at the above environmen-
tal temperature be 102to 107 Pa-s (= 103to 108 P (poise)),
preferably 106 Pa-s or less, more preferably 105 Pa-s or
less, and preferably 5 X 102 Pa's or more, more prefer-
ably 103 Pa's or more. If the viscosity is too high, the
glass lubricant has increased hardness, resulting in dif-
ficulty in achieving the effect of adhesiveness. If the vis-
cosity is too low, the glass lubricant has increased fluidity
and decreased adhesiveness, thus also becoming diffi-
cult to make it remain on the surface of the material for
forging.

[0025] The above environmental temperature can be
used as the "hot forging temperature" in the heating step,
assuming the surface temperature of the material for
forging when removed from the furnace in the heat-re-
sistant insulation material bonding step. Therefore, the
viscosity of the glass lubricant can be taken as the vis-
cosity at the above hot forging temperature, and this vis-
cosity measurement can be carried out by selecting from
the following two methods. One method is to calculate
the viscosity from amplitude of vibration when a thin flat
plate is immersed in molten glass and vibrated, followed
by measurement of the viscosity while lowering the tem-
perature from high-temperature ranges of low viscosity.
The other method is to calculate the viscosity by the
height and deformation rate of a solidified cylindrical sam-
ple when the sample is pressed with parallel plates, fol-
lowed by measurement of the viscosity while increasing
the temperature from low-temperature ranges of high vis-
cosity.

[0026] As long as the glass lubricant according to the
present invention has the above viscosity in the heat-
resistant insulation material bonding step, no particular
specification is required for its component constitution,
and it can be selected from, for example, existing ones.
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Method of Adhering Glass Particles to Surface of
Heat-resistant Insulation Material to be Bonded to
the Material for Forging

[0027] The second method is to adhere glass particles
to the surface of the heat-resistant insulation material to
be bonded to the material for forging and then bond the
heat-resistant insulation material in a predetermined lo-
cation. This is a method that can be selectively employed
in the present invention. Since this method involves the
bonding of the glass particles by softening them with the
heat retained on the surface of the material for forging,
it is useful to apply to hot forging of a Ni-based heat re-
sistant superalloy or the like that requires high hot forging
temperatures. Note that examples of methods of adher-
ing glass particles to the heat-resistantinsulation material
include a method of sprinkling the glass particles on the
surface of the heat-resistant insulation material to be
bonded to the material for forging and a method of pre-
paring a liquid containing glass particles and then apply-
ing or spraying the liquid (spray application). Of these
methods, if the method of applying or spraying (spray
application) the liquid is selected, the heat-resistant in-
sulation material to which the glass particles are adhered
should be dried. The method of spraying the liquid is par-
ticularly preferred because it allows the glass particles
to adhere uniformly to the surface of the heat-resistant
insulation material to be bonded to the material for forg-
ing.

[0028] Note that, of course, the above "glass lubricant
coating step" may be employed in combination with the
"method of adhering glass particles to the surface of the
heat-resistantinsulation material to be bonded to the ma-
terial for forging".

[0029] The heat-resistant insulation material is prefer-
ably an inorganic fiber. Note that the "inorganic fiber" as
used herein includes a glass fiber, a ceramic fiber, or the
like, and it is preferable to select a ceramic fiber, which
has excellent heat insulation properties. Among ceramic
fibers, KAOWOOL® (hereinafter, referred to as "Kaow-
ool"), for example, is particularly preferred because it is
easily available and is inexpensive. When the heat-re-
sistant insulation material is inorganic fibers, even if the
surface roughness of the material for forging is somewhat
rough, itis easy to bond the fibers along the surface shape
thereof in combination with the effect as bonding agent
by the glass lubricant. In addition, since the fibers are
easily captured in irregularities of the surface of the ma-
terial for forging and are also lightweight, it is also easy
to bond the heat-resistant insulation material to the side
faces of the material for forging, for example.

[0030] Furthermore, when Kaowool is bonded to at
least a part of the surface of the material for forging re-
moved from the furnace, as in the present invention, the
Kaowool is maintained as it is at the early stage of hot
forging, and the drop in temperature of the material to be
hot forged can also be suppressed during hot forging.
When Kaowool is arranged before being charged into

10

15

20

25

30

35

40

45

50

55

the furnace, as in a conventional example, it becomes
easily crushed at the time of transfer for hot forging, al-
though this depends on the relationship between the tem-
perature and time.

Hot Forging Step

[0031] The aforementioned material to be hot forged
is used here. A part or all of the material to be hot forged
is compression-formed into a predetermined shape using
any of a die, an anvil, and a tool. A forging machine to
be used is preferably a large hot forging machine with a
forging load of several thousand tons or more capable
of forming even poor workability alloys into predeter-
mined shape.

[0032] In the present invention, the hot forging step is
preferably open-die forging. When open-die forging is
performed, the material to be hot forged is heavy, has a
large area to dissipate heat into the air, and has a large
working amount. Therefore, the heat-resistant insulation
material is bonded to the material, resulting in a signifi-
cant effect in suppressing the drop in temperature of the
material to be hot forged. In this case, as mentioned
above, if a general Ni-based alloy having a somewhat
wide temperature range in which hot forging is possible,
such as Alloy 718 and Waspaloy, is to be hot forged, then
it is preferable to bond the heat-resistant insulation ma-
terial to at least a part of a surface of a free deformation
portion of a material for forging that is not in contact with
any of the die, anvil, or tool in the open-die forging.

EXAMPLES

[0033] The presentinvention will be described in detail
in Examples. Note that measurement temperatures of
Inventive Examples shown in the following Examples
were measured mainly in portions to which heat-resistant
insulation materials were not bonded and portions in
which a part of the material has fallen off during hot forg-
ing or after the end of hot forging.

Example 1

[0034] In addition to Alloy 718 (18.5% by mass of Cr)
and Waspaloy (19.5% by mass of Cr), a high y’-containing
Ni-based alloy containing approximately 49.5% by vol-
ume of the y’ phase with 13.5% by mass of Cr, 25.0% by
mass of Co, 2.8% by mass of Mo, 1.2% by mass of W,
6.2% by mass of Ti, 2.3% by mass of Al, 0.015% by mass
of C, 0.015% by mass of B, 0.03% by mass of Zr, and
the balance being Ni and inevitable impurities (hereinaf-
ter referred to as Alloy A) was prepared as an unheated
material. The unheated materials were all ingots ma-
chined to a predetermined size, and each of the surfaces
had a surface roughness equivalent to rough finishing.
Note that to perform upset forging by hot open-die forg-
ing, the unheated materials having an LID of 3 or less
were used.
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[0035] Prior to the heating step, as a glass lubricant
coating step, the unheated materials were coated with a
glass lubricant at a thickness of approximately 50 to 200
pm on end faces on opposite sides thereof (surfaces in
contact with an anvil or a tool) at the point of the temper-
ature of the material below 200°C (glass lubricant coating
step). When the viscosity of the glass lubricant used was
measured with a vibrational viscometer according to the
procedure described above, the viscosities at 1100°C
and 1150°C (i.e., the following hot forging temperature)
were 1 X 104 Pa-s and 3 X 103 Pa-s, respectively. This
unheated material was heated to a predetermined hot
forging temperature in a furnace (heating step). The ox-
ygen concentration at such a point was controlled to be
2 to 8%. The temperature of heating (hot forging temper-
ature) was 1100°C for Alloy A and Alloy 718, and 1150°C
for Waspaloy, and the holding time was 2 to 9 hours. The
time required to raise the temperature to the hot forging
temperature was approximately 8 hours, which indicates
that the temperature could rise to the predetermined one
at least 10 hours sooner than in a conventional example
in which the entire surface was wrapped in the heat-re-
sistant insulation material.

[0036] Next, a heat-resistant insulation material 11
was bonded to surfaces of the end faces on opposite
sides of a material for forging 1 removed from the furnace
with a manipulator to form a material to be hot forged 2
(heat-resistant insulation material bonding step). The
heat-resistant insulation material was Kaowool (inorgan-
ic fiber), which was bonded to the surface in contact with
an anvil or a tool, as illustrated in Figure 1, to suppress
adrop in temperature of the material to be hot forged and
the chilling caused by contact with the anvil or tool. Then,
the previous coating of the glass lubricant allowed the
Kaowool and the material for forging to bond together in
a short time without any problem, so it was judged that
a drop in temperature of about 5 to 10°C compared to
the normal drop in temperature before placement would
not be a problem in hot forging.

[0037] The material to be hot forged was used to per-
form upset forging by hot open-die forging. After the ma-
terial to be hot forged was placed on a lower anvil of a
hot forging machine used and a tool for upset forging was
placed on an upper-end face of the material to be hot
forged, open-die forging, which involves pressing by us-
ing a hot forging machine with a pressurization capacity
of 4000 tons, was performed to make a preform (hot-
forged member 3) for use in the next step of hot forging
(hot forging step). Except for portions in which the lower
anvil and the tool for upset forging were in contact with
the material to be hot forged, the rest was a free defor-
mation area. The forging start temperature was approx-
imately 1000°C, and the forging temperature during hot
forging was approximately 950 to 980°C. As described
above, the Kaowool suppressed the chilling in the por-
tions in contact with the lower anvil and the tool for upset
forging on the side of the upper-end face, so surface de-
fects such as wrinkle flaws (cracks) were hardly gener-
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ated at the edges of the hot-forged member.
Example 2

[0038] A change of temperature during hot forging and
the occurrence of flaws (cracks) in hot-forged members
were compared for Waspaloy to which a heat-resistant
insulation material was bonded (Inventive Example 1)
and Waspaloy to which no heat-resistant insulation ma-
terial was bonded (Comparative Example 1).

[0039] Materials for forging used were all ingots ma-
chined to a predetermined size, and each of the surfaces
had a surface roughness equivalent to rough finishing.
Note that upset forging by hot open-die forging was per-
formed using the unheated materials having an LID of
1.5 or less.

[0040] Prior to the heating step, as a glass lubricant
coating step, the unheated material of Inventive Example
1 was coated with a glass lubricant at a thickness of ap-
proximately 50 to 200 wm on its end faces on opposite
sides (surfaces in contact with an anvil or a tool) and a
portion of its outer peripheral face to which the heat-re-
sistant insulation material was bonded (glass lubricant
coating step). The glass lubricant was the same as used
in Example 1 (viscosity of 3 X 103 Pa-s at 1150°C, i.e.,
the following hot forging temperature). This unheated
material was heated to a predetermined hot forging tem-
perature in afurnace (heating step). The oxygen concen-
tration at such a point was controlled to be 2 to 8%. The
temperature of heating (hot forging temperature) was
1150°C, and the holding time was 2 to 4 hours. The time
required to raise the temperature to the forging temper-
ature was approximately 8 hours.

[0041] Next, as illustrated in Figure 2, two sheets of
Kaowool (inorganic fiber) of different lengths (long 11A
and short 11B) were stacked crosswise as heat-resistant
insulation materials 11, a material for forging 1 of Inven-
tive Example 2 removed from the furnace with a manip-
ulator was placed on the stacked portion, and the heat-
resistant insulation material was bonded to surfaces of
both end faces on opposite sides and outer peripheral
face of the material for forging while the inorganic heat
insulation materials were folded in the direction of black
arrows. The heat-resistant insulation material 11B was
short in length and had a length close to the total height
of the material for forging, whereas the longer heat-re-
sistant insulation material 11A was stacked on a portion
of the upper-end face of the material for forging and
wrapped around almost the entire surface of the material
for forging to form a material to be hot forged (heat-re-
sistant insulation material bonding step). This sup-
pressed a drop in temperature of the material to be hot
forged, chilling caused by contact with the anvil or tool,
and chilling caused by contact with a holding part of the
manipulator. Then, in addition to the previous coating of
the glass lubricant, adhesion of glass particles to the sur-
face of Kaowool bonded to the material for forging al-
lowed the Kaowool and the material for forging to bond
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together in a short time without any problem, so it was
judged that a drop in temperature of about 5 to 10°C
compared to the temperature that normally dropped be-
fore placement would not be a problem in hot forging.
Note thatthe material for forging in Comparative Example
1 was not coated with the heat-resistant insulation ma-
terial.

[0042] The hot open-die forging was performed using
the material to be hot forged. After the material to be hot
forged was placed on a lower anvil of a hot forging ma-
chine used and a tool for upset forging was placed on an
upper-end face of the material to be hot forged, open-die
forging, which involves pressing by using a hot forging
machine with a pressurization capacity of 10000 tons,
was performed to make a preform (hot-forged member)
for use in the next step of hot forging (hot forging step).
Except for portions at which the lower anvil and the tool
for upset forging were in contact with the material to be
hot forged, the rest was a free deformation area. The
forging start temperature was approximately 1050°C,
and the forging temperature during hot forging was ap-
proximately 1000°C.

[0043] When the temperature of the material to be hot
forged immediately after upset forging was measured
with a radiation thermometer, it was approximately 1090
to 1120°C in Inventive Example 1, and 950 to 990°C in
Comparative Example 1. The temperature during hot
forging could be maintained about 100°C or higher in the
case of Inventive Example 1. When the state of cracks
in the hot-forged member made was checked, almost no
cracks were visually observed in the hot-forged member
of Inventive Example 1, whereas the hot-forged member
of Comparative Example 1 had enough cracks to be vis-
ually observed on its end faces on opposite sides in con-
tact with the anvil or tool and on side faces of the material
for forging held by the manipulator.

Example 3

[0044] A change of temperature during swaging and
the occurrence of flaws (cracks) in hot-forged members
were compared for Waspaloy to which a heat-resistant
insulation material was bonded (Inventive Example 2)
and Waspaloy to which no heat-resistant insulation ma-
terial was bonded (Comparative Example 2).

[0045] Unheated materials used were materials ma-
chined to a predetermined size after upset forging, and
each of the surfaces had a surface roughness equivalent
to rough finishing.

[0046] Prior to the heating step, as a glass lubricant
coating step, the unheated material of Inventive Example
2 was coated with a glass lubricant at a thickness of ap-
proximately 50 to 200 wm on its end faces on opposite
sides and a portion to which the heat-resistant insulation
material was bonded (glass lubricant coating step). The
glass lubricant was the same as used in Example 1 (vis-
cosity of 3 X 103 Pa-s at 1150°C, i.e., the following hot
forging temperature). This unheated material was heated
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to a predetermined hot forging temperature in a furnace
(heating step). The oxygen concentration at such a point
was controlled to be 2 to 8%. The temperature of heating
was 1150°C, and the holding time was 2 to 4 hours. The
time required to raise the temperature to the forging tem-
perature was approximately 8 hours.

[0047] Next, as illustrated in Figure 3, a heat-resistant
insulation material 11 was prepared, a material forforging
1 of Inventive Example 2 removed from the furnace with
amanipulator was placed on the heat-resistantinsulation
material 11, and the heat-resistant insulation material
was bonded to the surface of the outer peripheral face,
whereas the heat-resistant insulation materials were
bent in the direction of black arrows to form a material to
be hot forged (heat-resistant insulation material bonding
step). The heat-resistant insulation material was Kaow-
ool (inorganic fiber), which was bonded to the outer pe-
ripheral face (free deformation portion of the material for
forging) as illustrated in Figure 3 to suppress a drop in
temperature of the material to be hot forged and the chill-
ing caused by contact with the holding part of the manip-
ulator. Then, in addition to the previous coating of the
glass lubricant, adhesion of glass patrticles to the face of
Kaowool bonded to the material for forging allowed the
Kaowool and the material for forging to bond together in
a short time without any problem, so it was judged that
a drop in temperature of about 5 to 10°C compared to
the normal temperature drop before placement would not
be a problem in hot forging. Note that the material for
forging in Comparative Example 2 was not coated with
the heat-resistant insulation material.

[0048] The hot swaging was performed using the ma-
terial to be hot forged. The side faces of the material to
be hot forged were sandwiched between the lower and
upper anvils of the hot forging machine, and swaging
forging, which involves pressing by using a hot forging
machine with a pressurization capacity of 4000 tons, was
performed to make a preform (hot-forged member) for
use in the next step of hot forging (hot forging step). The
forging start temperature was approximately 1050°C at
an uncoated site, and the forged material temperature
was approximately 1080 to 1020°C at a location at which
the coating had fallen off during hot forging.

[0049] When the temperature of the material to be hot
forged immediately after hot forging was measured with
aradiation thermometer, it was 950 to 980°C in Inventive
Example 2, and 900 to 950°C in Comparative Example
2. The temperature during hot forging could be main-
tained about 50 to 80°C or higher in the case of Inventive
Example 2. When the state of cracks in the hot-forged
member made was checked, almost no cracks were vis-
ually observed in the hot-forged member of Inventive Ex-
ample 2, whereas the hot-forged member of Comparative
Example 2 had enough cracks to be visually observed
throughout the material.

[0050] According to the method for manufacturing a
hot-forged member of the present invention described,
it is clearly possible to perform efficient hot forging while
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preventing defects such as cracks even when a poor
workability alloy is used as a material to be hot forged.

[0051]

1: Material for forging

2: Material to be hot forged

3: Hot-forged member

11:  Heat-resistant insulation material

Claims

1.

A method for manufacturing a hot-forged member,
comprising:

a heating step of heating an unheated material
for hot forging in a furnace to a hot forging tem-
perature;

a heat-resistant insulation material bonding step
of bonding a heat-resistant insulation material
to at least a part of a surface of a material for
forging removed from the furnace to obtain a
material to be hot forged; and

a hot forging step of compression-forming a part
or all of the material to be hot forged into a pre-
determined shape using any of a die, an anvil,
and a tool, the method further comprising:

a glass lubricant coating step of coating a
glass lubricant on at least a portion of a sur-
face of the unheated material to which the
heat-resistant insulation material is to be
bonded,

wherein the glass lubricant has a viscosity
of 102 to 107 Pa-s in the heat-resistant in-
sulation material bonding step.

The method for manufacturing a hot-forged member
according to claim 1, wherein the hot forging step is
open-die forging, and the heat-resistant insulation
material is bonded to at least a part of a surface of
a free deformation portion of the material for forging
that is not in contact with any of the die, anvil, or tool
in the open-die forging.

The method for manufacturing a hot-forged member
according to claim 1, wherein glass particles are ad-
hered to a surface of the heat-resistant insulation
material to which the material for forging is to be
bonded.

The method for manufacturing a hot-forged member
according to claim 1, wherein the heat-resistant in-
sulation material is an inorganic fiber.
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