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ABSTRACT OF THE DISCLOSURE

Objects of the present invention are to provide a laminated heat resistant alloy plate has
a large area, and to provide a manufacturing method therefor. The laminated heat resistant
alloy plate according to the present invention is obtained by brazing a Ni alloy plate having
plural striae formed thereon at a predetermined interval and a plate which is made of a material

the same as or different from that of the Ni alloy plate with a sheet of Ni solder which is

amorphous and does not contain organic binder.
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LAMINATED HEAT RESISTANT ALLOY PLATE AND
MANUFACTURING METHOD THEREFOR

BACKGROUND OF THE INVENTION
Field of the Invention

The present invention relates to a laminated heat resistant alloy plate which is used for
cooling a combustor of a gas turbine or a jet engine and the like.
Description of the Related Art

FIG. 1 shows an example of a laminated heat resistant alloy plate which 1s used for
cooling a combustion basket or a transition ptece of a combustor of a gas turbine or a jet engine
and the like. In this figure, on an upper face of a fin portion of a heat resistant alloy plate 1 in
which striae A are formed and cooling holes B are bored, a heat resistant alloy plate 2 in which
only cooling holes C are bored and made of a material the same as or different from that of the
heat resistant alloy plate 1 is brazed with nickel solder (not shown). In the laminated heat
resistant alloy plate having this structure, cooling air cools the heat resistant alloy plates 1 and 2
when it enters in the striae A through the cooling holes C and is sent to an interior of the
combustor through the cooling holes B. Furthermore, FIG. 2 is an enlarged view of a part of a
side cross section of FIG. 1. By employing this laminated heat resistant alloy plate for
members of the combustion basket or the transition piece of the combustor, these members can
be efficiently cooled by a small quantity of cooling air.

T'he laminated heat resistant alloy plate as described above is manufactured through the
following processes: (1) forming the striae on a Ni alloy plate having appropriate thickness by a
cutter having predetermined width, (2) superimposing this striated plate on a plate which 1s
made of a material the same as or different from that of the striated plate with the Ni solder and
setting them at a predetermined position so as to face the striac downward, (3) adding a load of
30 g/cm” or more on the striated plate uniformly By dividing the load using small blocks which
respectively have loading areas of 15 cm?” and less; and (4) performing a heat treatment at 1000

+20°C for 5 to 60 minutes, (5) performing a heat treatment at 1050 to 1100°C for 15 to 16
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minutes, and (6) performing a heat treatment at 1060 to 1140°C for 2 hours or more, In
an inert gas atmosphere or vacuum (See Japanese Patent No. He1 6-67551).
Conventionally, the maximum size of a laminated heat resistant alloy plate

which is required for use for a combustor of a gas turbine 1s, for example, about

300 mm x 300 mm, and in the case of brazing the laminated heat resistant alloy plate

whose size i1s about 300 mm x 300 mm, brazing with sufficient strength can be

performed by means of the above loading condition and heat treatments under the

conditions of heating temperature and time in the inert gas or vacuum. However,

demand for using the laminated heat resistant alloy plate whose size 1s about 400 mm X
400 mm or more has increased in recent years as a result of increase in areas which
require cooling in the combustor of the gas turbine in accordance with increases in the
inlet temperature of the gas turbine. If this size of laminated heat resistant alloy plate 1s
manufactured by the above conventional method, the strength of a brazed portion
thereof may become insufficient and exfoliation may occur 1n the brazed portion.
Furthermore, a sheet shaped solid which 1s composed of a mixture of powder of
Ni solder "BN1 - 2" based on Japanese Industrial Standard, JIS Z 32635, and acrylic
resins as a binder with a ratio of 10:1 by weight 1s conventionally used as the solder.
However, 1n this solder, it 1s difficult to maintain uniform thickness of the sheet, and

internal defects due to the gas generated by the heat treatment may easily remain.

Therefore, even when a laminated heat resistant alloy plate of a size of about 300 mm x

300 mm is manufactured, the exfoliation may occur unless the load of 30 g/cm® or more

on the plate is divided with small areas of 15 cm” and less.

SUMMARY OF THE INVENTION

The present invention 1s performed 1n view of the above technical
circumstances, and objects of the present invention are to provide a laminated heat

resistant alloy plate which has a large area to satistying the demand for increase of

areas which need cooling in the combustor e e
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of the gas turbine or the jet engine and the like, and to provide a manufacturing method
therefor.

A laminated heat resistant alloy plate according to the present invention is characterized
by comprising a N1 alloy plate having plural striae formed thereon at a predetermined interval,
and a plate which i1s made of a material the same as or different from that of the Ni alloy plate
and 1s brazed onto the Ni alloy plate with a sheet of Ni solder which is amorphous and does not
contain organic bindér.

Furthermore, a method for manufacturing laminated heat resistant alloy plate according
to the present invention is characterized in that the plate is manufactured by brazing a Ni alloy
plate having plural striae formed thereon at a predetermined interval and a plate which is made
of a material the same as or different from that of the Ni alloy plate with a sheet of Ni solder
which is amorphous and does not contain organic binder.

In addition, the method for manufacturing laminated heat resistant alloy plate according
to the present invention is characterized by comprising steps of: forming a plurality of striae at
a predetermined interval on a Ni alloy plate having a thickness of 0.5 mm to 5.0 mm:;
superimposing a plate which is made of a material the same as or different from that of the
striated plate onto the striated plate so as to cover the striae through a sheet of Ni solder which
Is amorphous and does not contain organic binder and setting them at a predetermined position
so as to face the striae downward; adding a load of 30 g/cm* or more on the striated plate
unitormly by dividing the load using small blocks which respectively have loading areas of 30
cm’ and less; performing a heat treatment at 980 to 1020°C for 5 to 60 minutes; performing a
heat treatment at 1050 to 1150°C for 2 hours or more; and performing a heat treatment at a
temperature of 1100 to 1200°C and which is higher than the temperature of the above heat
treatment for 2 hours or more for 15 to 60 minutes, in an inert gas atmosphere or a vacuum.

In the method for manufacturing Jaminated heat resistant alloy plate, it is preterable that

a circumference of a brazed surface of the Ni alloy plate or upper plate is coated by a solder

leakage inhibitor.
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According to the present invention, both the conventional laminated heat resistant alloy
plate of a size of about 300 mm X 300 mm and the laminated heat resistant alloy plate of a size
of about 400 mm X 400 mm or more which shows a superior lamination condition as well as
the above relatively small conventional plate can be provided with a production efficiency
higher than the conventional method for manufacturing the laminated heat resistant alloy plate.

That is, in the conventional manufacturing method, since each area for adding a load of
30 g/cm” or more is 15 cm?® and less for brazing the Ni alloy plate and upper plate, the
production efficiency is not high. In contrast, since each area for adding a load of 30 g/cm” or
more can be enlarged to 30 cm*®, the production efficiency is improved.

The reason is described as follows. In the conventional method, since a mixture of
powder of the Ni solder “BNi1 - 2” based on Japanese Industrial Standard, JIS Z 3265, and
acrylic resins as a binder with a ratio of 10:1 by weight is used as the solder, it is difficult to
maintain uniform thickness of the sheet of solder, and as a result, each area for adding the load
must be made small. In contrast, in the method of the present invention, since Ni solder which
Is amorphous and does not contain organic binder (the sheet of solder produced by quenching
the Ni solder “BNi - 2” based on Japanese Industrial Standard, JIS Z 3265, for example) is used

as the solder, the thickness of the sheet of solder becomes uniform, and as a result, each area

for adding the load can be enlarged to 30 cm”.

BRIEF DESCRIPTION OF THE DRAWINGS
FIG. 1 is a perspective view of a laminated heat resistant alloy plate which is used for
cooling a combustion basket or a transition piece of a combustor of a gas turbine or a jet engine

and the like.

F1G. 2 is a partial enlarged view of a side cross section of the laminated heat resistant

alloy plate shown in FIG. 1.

FIG. 3 1s a perspective view of a laminated heat resistant alloy plate according to the

present invention under in a loaded condition.
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F1G. 4 is a drawing which shows an example of a brazed portion of an embodiment of a
laminated heat resistant alloy plate according to the present invention.
F1G. 5 1s a drawing which shows an example of a brazed portion of a laminated heat

resistant alloy plate which is manufactured by a conventional manufacturing method.

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS

In the present invention, a sheet shaped solder which 1s amorphous and does not contain
organic binder 1s used. This sheet of solder can be produced by melting a material which is
composed of elements used as N1 solder, and by shaping into a sheet by means of quenching
using a cooling roller. The above described Ni solder “BNi - 2” based on Japanese Industrial
Standard, JIS Z 3265 (which 1s composed of 6 — 8 % of Cr, 4 — 5 % of Si, 2.75 - 3.5 % of B,
2.5-3.5% of Fe, 0.06 % and less of Co, 0.02 % and less of P, 0.5 % and less of other
inevitable elements, and residual Ni, in percentage by weight) can be used as the material of the
solder, for example. |

The present invention will be explained as follows with reference to FIG. 3. FIG. 3
shows a striated plate 1 in which striae A are formed thereon, an upper plate 2 which cove;s the
striated plate 1, a sheet of Ni solder 3 which is amorphous and does not contain organic binder
(heremnafter called “solder”), and loading blocks 4. An outer circumference of the solder,
which 1s amorphous and does not contain organic binder, is sandwiched between the striated
plate 1 and upper plate 2 and is coated with a solder leakage inhibitor (not shown).

In the case of manufacturing the laminated heat resistant alloy plate, the solder 3 is
provided between the striated plate 1 and upper plate 2, and an outer end portion of surfaces
thereof which are brazed by the solder 3 is coated by the solder leakage inhibitor, and then,
these plates are set at a predetermined position so as to position the upper plate 2 downward
before the following pressing and heat treatment. These steps are performed so as not to flow
the solder 3 into the striae A and not to leak the solder 3 outward.

Next, aload of 30 g/cm® or more is uniformly added on the striated plate 1 by dividing

the load using small blocks which respectively have loading areas of 30 cm” and less, and heat
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treatments are performed in an inert gas atmosphere or a vacuum by performing a heat
treatment at 1000 +=20°C for 5 to 60 minutes (first heat treatment), a heat treatment at 1050 to
1150°C for 2 hours or more (second heat treatment), and a heat treatment with temperature of
1100 to 1200°C which is higher than the temperature of the second heat treatment for 15 to 60
minutes (third heat treatment) in series.

The first heat treatment is performed in order to recover from the partial delay of raising
the temperature in a heating chamber for equalizing the temperature in the chamber and to
diffuse gaseous elements which adhere on the surface of the striated plate 1 and upper plate 2.
The second heat treatment is performed in order to braze the plates by heating the solder 3
above the melting point thereof. Furthermore, the third heat treatment is performed in order to

dissolve eutectic structures such as Ni - Si or Ni - B and the like by diffusing the solder 3

sufficiently.

Example

The tollowing 1s an example for explaining effects of the present invention.

A laminated heat resistant alloy plate is manufactured by using Ni alloy plates which is
composed of elements shown in the following table 1 as the upper plate and striated plate. The
size of the upper plate and striated plate are each 400 mm X 420 mm, and thicknesses of the
upper plate and the striated plate are 1.6 mm and 3.2 mm, respectively. The striae are formed

by a cutter and the width of each stria is 1.6 mm and the depth thereof is 1.6 mm. In addition,

tolerances of each stria are-0.1 mm in width and 0.4 mm in depth.

Table 1: composition (%)

C | Cr N1 Co Mo W Fe

|
-+ 13 —+

0.10 | 220 | residue| 1.5 9.0 0.6 18.5

Next, by using a sheet of solder which is amorphous and does not contain organic

binder (Ni solder “BNi - 2” having the above described composition based on Japanese
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Industrial Standard, JIS Z 3265), the upper plate, the sheet of solder, and the striated plate are
laminated in this order, and then this laminated plate is set at a predetermined position so as to
face the striae downward. Furthermore, a load of 50 g/cm? is uniformly added on the laminated
plate by dividing the load into areas of 30 cm?, together with a heat history which is composed
of a heat treatment at 1000°C for 30 minutes, a heat treatment at 1100°C for 4 hours, and a heat
treatment at 1155°C for 15 minutes is performed for brazing. In addition, circumference of
holes such as cooling holes of the upper plate and an outer end portion of a brazed surface of
the striated plate are coated by a solder leakage inhibitor (*LL - BN spray” produced by Japan
Graphite Industries, Ltd. which is composed of 40% of methyl ethyl ketone and 60% of BN
powder) 1n order to inhibit the leakage of the solder, and as a result, adherence between the
laminated plate and a jig for manufacturing the plate by surplus solder is inhibited.

Consequently, as shown in FIG. 4, in the method of the present invention, no voids
occur in a brazed portion between the upper plate and striated plate, and the brazing is
adequately preformed. In contrast, in the conventional method, gases may be produced in the
brazed portion since the solder contains organic binder, and as a result, as shown in FIG. 5,
voids occur in the brazed portion and the braze between the upper plate and striated plate
cannot be adequately performed.

As described above, by employing the method of the present invention, no inferior
brazing is produced even when manufacturing a relatively large alloy plate, and a laminated

heat resistant alloy plate of high quality can be manufactured. In addition, the production

efficiency of the manufacturing method can also be remarkably improved.
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What 1s claimed 1s:

1. A method for manufacturing laminated heat resistant alloy plate by
brazing a Ni alloy plate having plural striae formed thereon at a predetermined interval
and a plate with a sheet of Ni solder, which 1s amorphous and free of organic binder,
which 1s produced by melting a material which 1s composed of elements used as Ni

solder, and by shaping into a sheet by means of quenching using a cooling roller.

2. A method for manufacturing a laminated heat resistant alloy plate
comprising the steps of:

forming a plurality of striae at a predetermined interval on a N1 alloy plate
having a thickness of 0.5 mm to 5.0 mm:;

superimposing a plate onto the striated plate so as to cover the striae through a
sheet of N1 solder, which 1s amorphous and free of organic binder, which 1s produced
by melting a material which 1s composed of elements used as N1 solder, and by shaping
into a sheet by means of quenching using a cooling roller; and

setting the striated plate with the plate superimposed thereon at a predetermined

position so as to face the striae downward, adding a load of at least 30 g/cm® on the
striated plate uniformly by dividing the load using small blocks which respectively
have loading areas of at most 30 cm’, performing a heat treatment at 980 to 1020°C for
5 to 60 minutes, performing a heat treatment at 1050 to 1150°C for a period of at least 2
hours, and performing a heat treatment with temperature of 1100 to 1200°C, which is

higher than a temperature of the heat treatment for 15 to 60 minutes, in one of: 1) an

inert gas atmosphere and 11) a vacuum.
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3. The method for manufacturing laminated heat resistant alloy plate
according to claim 1, wherein a circumference of a brazed surface of the Ni alloy plate

1s coated by a solder leakage inhibitor.

4, The method for manufacturing laminated heat resistant alloy plate
according to claim 2, wherein a circumference of a brazed surface of the N1 alloy plate

1s coated by a solder leakage inhibitor.
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