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TURBINE CASING COMPONENT AND REPAIR METHOD THEREFOR

TECHNICAL FIELD
[0001] The present disclosure relates generally to turbine or turbomachine casing components

and more specifically to the material composition, construction and repair methods therefor.

BACKGROUND

[0002] Nodular cast iron, such as ductile cast iron grade GGG40 (DIN), is a common material
used to manufacture casings of turbines used in power generation. Casings are usually large and
cast in non-serial production. This often leads to casting defects, as the process is not fully
optimized. Furthermore, the casting can be damaged during machining due to damaged cutting
tools or incorrect process settings.

[0003] Turbine casings are exposed to high mechanical loads during operation. Vibrations can
lead to material fatigue and thus to the formation of cracks. Thermal stresses occur during start
and stop sequences of the gas turbine. These temperature fluctuations and the concomitant
expansion and contraction of the housing/casing can contribute to the formation of cracks and
promotes the spread of existing cracks. If the cracks exceed design limits, the casings may be
scrapped and new casings are required, which leads to high cost not only due to the manufacturing
cost but also due to the delay in starting operation of the turbine. If possible, the defective castings
are repaired mechanically and less often by welding due to the difficulty in the process. The welds

often crack during the welding process, upon cooling or shortly during service time.
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[0004] Two typical methods exist for welding cast iron referred as cold and hot welding. Hot
welding comprises of depositing nodular cast iron material in the defective area. This process
requires high preheat, 594°C (1,100°F) or higher, that may lead to deformation of the casing. For
that reason, hot welding cannot be performed on finish machined parts. Cold welding involves
using welding wire or electrode made of Ni, Ni-Fe or Ni-Fe-Mn alloy. The Ni alloy usually have
lower strength than nodular cast iron. Ni-Fe and Ni-Fe-Mn alloys match the strength of nodular
cast iron but those alloys have very low coefficient of thermal expansion (CTE). It makes the
welding easier, however in large repairs will likely lead to failure during thermal cycling of the

casing due to the increased stresses from the CTE mismatch.

BRIEF DESCRIPTION

[0005] Provided is a formulation of and a manufacturing method for a nodular cast iron
casing and repair method therefor.

[0006] According to one aspect, a casing component is part of a gas or steam turbine. The
casing component includes a base made of nodular cast iron, and a repaired region in the base. The
repaired region includes a butter layer applied on the base and a filling layer applied on the butter
layer.

[0007] According to another aspect, a method for repairing a casing component that is part of
a gas or steam turbine is provided. The method includes a step for applying a butter layer on a base
material. The butter layer is applied with a first interpass temperature. A second step applies a fill
layer on the butter layer, and the fill layer 1s applied with a second interpass temperature. The first

interpass temperature is lower than the second interpass temperature.
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[0008] Other aspects and advantages of the present disclosure will become apparent from the
following description, taken in connection with the accompanying drawings which by way of

example illustrate exemplary aspects or embodiments of the present invention.

BRIEF DESCRIPTION OF THE DRAWINGS

[0009] By way of example, embodiments of the present disclosure are described more fully
hereinafter with reference to the accompanying drawings, in which:

[0010] FIG. 1 illustrates a sectional view of a portion of a steam turbine to which an exemplary
aspect of the disclosure may be applied;

[0011] FIG. 2 illustrates an expanded view of a section of FIG. 1 showing a repaired region of
an exemplary aspect;

[0012] FIG. 3 illustrates a sectional view of a repaired region that includes one or more butter
layers and a fill layer, according to an exemplary aspect;

[0013] FIG. 4 illustrates a flowchart for a method for repairing a casing component that forms

part of a flow path in a steam or gas turbine.

DETAILED DESCRIPTION

[0014] Exemplary embodiments of the present disclosure are now described with references
to the drawings, wherein like reference numerals are used to refer to like elements throughout. In
the following description, for purposes of explanation, numerous specific details are set forth to
provide a thorough understanding of the disclosure. However, the present disclosure may be
practiced without these specific details and is not limited to the exemplary embodiments disclosed

herein.



10

15

20

WO 2020/214514 PCT/US2020/027893

[0015] The articles "a" and "an," as used herein, mean one or more when applied to any feature
in embodiments of the present invention described in the specification and claims. The use of "a"
and "an" does not limit the meaning to a single feature unless such a limit is specifically stated.
The article "the" preceding singular or plural nouns or noun phrases denotes a particular specified
feature or particular specified features and may have a singular or plural connotation depending
upon the context in which it is used. The adjective "any" means one, some, or all indiscriminately
of whatever quantity.

[0016] FIG. 1 illustrates a section of an axial flow steam turbine to which exemplary
embodiments may be applied. Shown is a casing component 10, a steam flow path 22 and a last
stage 20 comprising a stationary vane row 16 and a downstream rotating blade row 18.

[0017] The casing component 10 forms a radial outer limit of the axial steam flow path 22,
thereby in part defining the axial steam flow path 22. The casing component 10 may additionally
provide a carrier means for carrying one or more stationary vane rows 16. The casing component
10 may form only a portion of the casing of the steam turbine. That is, the casing component 10 is
one component of several components. Alternatively, the casing component 10 may define the
casing of the steam turbine.

[0018] As shown in FIG. 1, contained within the axial steam flow path 22 are stationary vane
rows 16 that are each followed downstream, that is an axial direction corresponding to the nominal
flow direction or working fluid through the flow path 22, by rotating blade rows 18. The last vane
row 16/ blade row 18 combination contained within the flow path 22 defines the last stage 20 of
the turbine.

[0019] In an exemplary embodiment shown in FIG. 2, the casing component 10 comprises a

base 12 made of nodular cast iron (or ductile iron) and a repaired region 14 that is located the base
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12 in a region exposed to the steam flow path 22. The repaired region 14 consists of a butter layer
underlying a filler or fill layer. In an exemplary embodiment the repaired region 14 is located in a
region radially between the rotating blade row 18 and the base 12, wherein the radial direction is
defined at the direction perpendicular to the rotational axis of the rotating blade row 18. However,
the repaired region 14 may be located anywhere in or on casing 10.

[0020] FIG. 3 illustrates a sectional view of a repaired region 14 that includes one or more
butter layers 32 and a fill layer 34, according to an aspect of the present disclosure. The substrate
or base 12 1s comprised of nodular cast iron, which may also be referred to as ductile iron, ductile
cast iron, spheroidal graphite iron, or spheroidal graphite cast iron. In ductile or nodule cast irons,
graphite is in the form of spheres or nodules rather than flakes as in grey iron. In grey iron, sharp
graphite flakes create stress concentration points within the metal matrix. In contrast, the rounded
or spherical nodules in nodular cast iron inhibit the creation of cracks, providing enhanced ductility
and superior mechanical properties. Prior to repair, region 14 may take the form of a cavity or
recess, and this recess may be further excavated to provide a stable base on which to build the
repair. The substrate or component may then be subjected to an optional pre-heating step, where
the substrate is heated to a maximum of 204°C (400°F). This optional heating step is to facilitate
the removal of undesired moisture levels.

[0021] After a satisfactory base shape is obtained two or more butter or buttering layers 32 are
applied to base 12. Each butter layer 32 may be comprised of nickel, a nickel alloy, a nickel iron
alloy or a nickel iron manganese alloy. The butter layers 32 are relatively soft and do not form a
brittle microstructure due to the large carbon pickup from the cast iron base 14. The butter layers
32 are preferably applied with low heat input, an interpass temperature less than 204°C (400°F)

and low to no preheat. Interpass temperature is the temperature of the weld site at which subsequent
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weld runs are deposited, and a specific maximum interpass temperature is selected to control weld
metal microstructural development and to minimize the risk of solidification or liquation cracking
for austenitic nickel and nickel alloys. A welder must wait for the weld site to cool before making
another pass, if the local temperature is above the desired interpass temperature.

[0022] A fill layer 34 1s applied on the butter layers 32. The fill layer 34 may be comprised of
1 or more layers of low carbon steel. A low carbon steel material or welding electrode is one in
which the carbon content does not exceed about 0.25% and the manganese content does not exceed
about 1.65%. The carbon steel material has a similar mean coefficient of thermal expansion as the
nodular cast iron ensuring that the welded region will expand and contract at the approximately
same rate as base material during thermal cycles of the casing. The fill layer 34 may be applied in
one or multiple passes until a desired profile is obtained. An advantage to using the fill layer 34 is
that it may deposited with a higher rate than the butter layers 32 and with higher interpass
temperature, up to 400°C (750°F).

[0023] The butter layers 32 may be deposited by using a welding electrode or welding wire.
One example of a material composition (by weight) for a welding/buttering electrode is iron (Fe)
balance, nickel (Ni) about 56.8%, carbon (C) about 1.18%, silicon (Si) about 0.49% and
manganese (Mn) about 0.49%. Mechanical properties of a resulting weld metal are a tensile
strength of about 480 N/mm? or 70 ksi, elongation of about 18% and a hardness of about 170 to
190 HV or 85-90 HRB. Additional examples of welding/buttering electrode material compositions
are: Ni balance, Fe 0.80% to 5.3%, C 0.43% to 1.2%, manganese 0.25% to 2.5%, Si 0.32% to
0.70%. Furthermore, a nickel or nickel alloy welding/buttering electrode may also be employed in
specific applications for the butter layers 32. A suitable Ni alloy has a composition of at least 85%

Ni, a Ni-Fe alloy has 45% - 75% Ni with the balance Fe, and a Ni-Fe-Mn alloy has a minimum of
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35% Ni, 10% to 15% Mn, and the balance Fe. The nickel alloys may have trace or small amounts
of C, S1, Mn, Cu, Al and up to 3% strong carbide forming elements.

[0024] FIG. 4 illustrates a flowchart for a method 40 for repairing a casing component that
forms part of a flow path in a turbine. The turbine may be a gas turbine or a steam turbine. The
method includes a preparing step 42 that prepares the base material. The base material 10 is ductile
cast iron or nodular cast iron. The preparing step 42 may include identifying a region needing to
be repaired or serviced, excavating this region and cleaning the region. Excavating may entail
removing loose base material or profiling the shape of the region to a desired shape for subsequent
repair/service. After the base material is prepared, an applying step 44 applies one or more butter
layers 32 to the base material 10. The butter layer(s) 32 are applied on the base material 10 with a
first preheat temperature and a first interpass temperature. The first preheat temperature may be
from about room or ambient temperature up to 204°C (400°F). The interpass temperature ranges
from ambient to 204°C (400°F).

[0025] A second applying step 46 applies one or more fill layers 34 on the butter layer 32. The
fill layer 34 is applied with a second interpass temperature that ranges between ambient to 400°C
(750°F). The first heat input level may be lower than the second heat input level. The fill layer 34
may also be applied at a second deposition rate which is higher than the first deposition rate. A
finishing step 48 may be used to machine or polish the surface of the repaired area to a desired
shape profile or surface roughness.

[0026] When an element or layer is referred to as being “on”, “engaged to”, “connected to” or
“coupled to” another element or layer, it may be directly on, engaged, connected or coupled to the
other element or layer, or intervening elements or layers may be present. In contrast, when an

element is referred to as being “directly on,” “directly engaged to”, “directly connected to” or
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“directly coupled to” another element or layer, there may be no intervening elements or layers
present. Other words used to describe the relationship between elements should be interpreted in

29 ¢

a like fashion (e.g., “between” versus “directly between,” “adjacent” versus “directly adjacent,”
etc.). As used herein, the term “and/or” includes any and all combinations of one or more of the
associated listed items.

[0027] This written description uses examples to disclose the invention, including the best
mode, and also to enable any person skilled in the art to practice the invention, including making
and using any devices or systems and performing any incorporated methods. The patentable scope
of the invention is defined by the claims, and may include other examples that occur to those
skilled in the art. Such other examples are intended to be within the scope of the claims if they
have structural elements that do not differ from the literal language of the claims, or if they include

equivalent structural elements with insubstantial differences from the literal languages of the

claims.
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CLAIMS

1. A casing component (10) configured to form part of a flow path (22) in a turbine, the
casing component comprising:

a base (12) made of nodular cast iron; and

a repaired region (14) in the base, the repaired region comprised of a butter layer (32)

applied on the base and a fill layer (34) applied on the butter layer.

2. The casing component of claim 1, wherein the butter layer (32) 1s comprised of a nickel

alloy, a nickel-iron alloy or a nickel-iron-manganese alloy.

3. The casing component of claim 1 or claim 2, wherein the fill layer (34) is comprised of

carbon steel.

4, The casing component of any preceding claim, wherein the turbine is a gas turbine or a

steam turbine.

5. A method (40) for repairing a casing component (10) that forms part of a flow path (22)
in a turbine, the method comprising:

applying (44) a butter layer (32) on a base material (12), the butter layer applied with a
first interpass temperature;

applying (46) a fill layer (34) on the butter layer, the fill layer applied with a second

interpass temperature; and
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wherein the first interpass temperature is lower than the second interpass temperature.

6. The method of claim 5, wherein the butter layer (32) is comprised of a nickel alloy, a

nickel-iron alloy, or a nickel-iron-manganese alloy.

7. The method of claim 5 or claim 6, wherein the fill layer (34) is comprised of carbon steel

or low carbon steel.

8. The method of any of claims 5 to 7, wherein the base material (12) is comprised of cast

iron or nodular cast iron.

9. The method of any of claims 5 to 8, wherein the applying the butter layer step (44)

comprises applying multiple butter layers.

10. The method of any of claims 5 to 9, wherein the first interpass temperature is between

ambient to about 204°C (400°F).

11. The method of any of claims 5 to 9, wherein the second interpass temperature is between

ambient to about 400°C (750°F).
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