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Abstract

In order to alleviate a mismatch problem of thermal deformation, in all

directions, of a connecting and installing structure between a CMC turbine outer

5 annular component and a metal intermediate casing, a connector and an anti thermal

mismatch connecting device are provided. The rod part of the connector comprises

a subtractive hollow section and a cylindrical section. The subtractive hollow

section 1s composed of a central shaft, a plurality of supporting rib plates extending

outwards from a peripheral surface of the central shaft and inclined radially relative

10 to the central shaft, and a plurality of outer annular plates arranged around the

central shaft, with a circumferential gap between adjacent outer annular plates. The

central shaft and the outer annular plate are connected by the supporting rib plate,

and the central shaft is connected with the cylindrical section. The anti thermal
mismatch connecting device comprises the connector.
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Description

A connector and an anti thermal mismatch connecting device

Technical Field
This disclosure relates to the field of turbine outer annular component of
turbine aeroengine, in particular to a connector with a subtractive hollow section,

and an anti thermal mismatch connecting device.

Background

As a main turbine stationary part of gas turbine engine, turbine outer annular
component bears high ambient temperature in service. At present, turbine outer
annular component is mainly made of superalloy materials. However, the strength
and stiffness of superalloy materials will decrease significantly under high
temperature environment, which will affect the upper limit of service temperature of
the turbine outer annular component, and ultimately limit the improvement of
overall performance of gas turbine engine. Using ceramic matrix composites (CMC)
instead of superalloys to produce the turbine outer annular component of gas turbine
engine can give full play to the characteristics of CMC, such as low density,
excellent high temperature mechanical properties and good thermal stability,
thereby improving the upper limit of service temperature of the turbine outer
annular component, and reducing the amount of related cooling gas, which plays an
important role in significantly improving the overall efficiency of gas turbine engine
and reducing pollution emissions. However, since thermal expansion coefficient of
metal material 1s greater than that of ceramic matrix composite, the thermal
expansion of a CMC turbine outer annular component in a temperature change
process, 1s different from that of a metal pin and a metal intermediate casing
component. The thermal deformation difference between them will cause a
significant thermal deformation mismatch in the above-mentioned connecting and

installing structure. For example, when installing at room temperature, in order to
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avoid vibration and collision between a metal pin and a CMC connecting hole, 1t 1s
required to carry out a close fit installation, and no fit gap 1s reserved between the
two. However, the radial expansion of the metal pin 1s larger than that of the CMC
connecting hole during a heating process, and the thermal deformation mismatch of
the two will lead to high contact stress between the contact surfaces of the two,

which will lead to a strength failure of the CMC structure.

Summary

The purpose of the disclosure 1s to provide a connector which can prevent the
mismatch problem of thermal deformation between connected parts.

Another purpose of the disclosure is to provide an anti thermal mismatch
connecting device.

The connector to achieve the purpose has a rod part. The rod part of the
connector comprises a subtractive hollow section and a cylindrical section. The
subtractive hollow section comprises a central shaft, a plurality of supporting rib
plates, extending outwards from a peripheral surface of the central shaft and
inclined radially relative to the central shaft, and a plurality of outer annular plates,
arranged around the central shaft. A circumferential gap 1s provided between
adjacent outer annular plates. The supporting rib plate i1s connected with the central
shaft and the outer annular plate, and the central shaft is connected with the
cylindrical section.

In one or more embodiments of the connector, the plurality of the supporting
rib plates are arranged in a rotationally symmetric form along the central shaft.

In one or more embodiments of the connector, the central shaft and the
cylindrical section are connected or welded by a threaded connection structure.

In one or more embodiments of the connector, outer surfaces of the plurality of
the outer annular plates are located on a same cylindrical surface, and the
cylindrical surface 1s located in an axial extension direction of an outer surface of
the cylindrical section.

The connecting device for the purpose of providing thermal mismatch

protection, comprising the connector; a CMC turbine outer annular component, with
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an outer convex annular rib plate at an outer circumference; and a metal
intermediate casing, with an inner convex annular rib plate at an inner
circumference. The outer convex annular rib plate has a CMC connecting hole, and
the inner convex annular rib plate has a metal connecting hole. A cylindrical section
of the connector 1s matched with the metal connecting hole of the inner convex
annular rib plate. The subtractive hollow section of the connector 1s inserted into the
CMC connecting hole, and the plurality of the outer annular plates are matched with
the CMC connecting hole in a close contact, to generate an installation preload on
the supporting rib plate.

In one or more embodiments of the anti thermal mismatch connecting device,
the metal intermediate casing provides two limit rings. The CMC turbine outer
annular component provides two outer convex annular rib plates. The two outer
convex annular rib plates are located between the two limit rings, and outer edges of
the two outer convex annular rib plates are respectively abutted on the adjacent limit
ring.

In one or more embodiments of the anti thermal mismatch connecting device,
the metal intermediate casing provides three inner convex annular rib plates. The
two outer convex annular rib plates and the three inner convex annular rib plates are
staggered along an axial direction of an engine, to make any one of the two outer
convex annular rib plates located between two inner convex annular rib plates.

In one or more embodiments of the anti thermal mismatch connecting device,
the metal intermediate casing provides a plurality of the inner convex annular rib
plates. The metal connecting holes of the plurality of the inner convex annular rib
plates, which are matched with one of the connector, are round holes, and rest of the
metal connecting holes are runway shaped connecting holes.

The disclosure has the following beneficial effects:

When matched and contacted with the CMC connecting holes, an outer surface
of the subtractive hollow section on the connector has a small radial deformation
stiftness and 1s prone to radial elastic deformation. This will allow the outer surface
of the subtractive hollow section to expand and deform, under the restriction of the

inner circumference surface of the CMC connecting holes, during a heating process,
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and there will be no great contact stress between the two. Therefore, the thermal
deformation mismatch between the two can be alleviated, and the strength failure of
the structure can be avoided. A group of round holes, as well as a plurality of groups
of runway shaped connecting holes, are designed and processed on the metal
intermediate casing. The round holes are used to fit closely with one connector to
ensure the accurate installation and positioning of CMC turbine outer annular
component. The runway shaped connecting holes allow the connector fit with them
to slide along a specified direction, so as to solve the mismatch problem of thermal
deformation, between the connector which is completely limited and fixed by the
CMC connecting holes, and the metal connecting holes on the metal intermediate
casing.

By designing the connector with the subtractive hollow section and the anti
thermal mismatch connecting device, an accurate installation and positioning
between the CMC turbine outer annular component and the metal intermediate
casing of the turbine engine 1s realized, and the vibration and collision can be
avoided. Meanwhile, under the change of ambient temperature, the thermal
deformation mismatch between the CMC turbine outer annular component, the
metal intermediate casing and the connector 1s alleviated, the problem of structural
strength failure or the functional failure due to structural relaxation is avoided.
Meanwhile, the CMC turbine outer annular component i1s also ensured to have
enough installation stiffness to meet the design needs. The simplicity of the
connection and installation structure is beneficial to significantly reduce the
technical and operational difficulties of the CMC turbine outer annular component

in the aspects of production, subsequent processing and installation.

Brief Description of the Drawings

The above and other features, properties and advantages of the disclosure will
become more apparent by the following description in combination with the
drawings and the embodiments, wherein:

Fig. 1 is a decomposition diagram of the anti thermal mismatch connecting

device;
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Fig. 2 1s a schematic diagram of the anti1 thermal mismatch connecting device
observed along the direction A in Fig. 1,

Fig. 3 1s a structural diagram of a CMC turbine outer annular component;

Fig. 4 1s a structural diagram of the metal intermediate casing;

Fig. 5 1s a schematic diagram of a first embodiment of the connector;

Fig. 6 1s a sectional view of a first embodiment of the connector;

Fig. 7 is a schematic diagram of a second embodiment of the connector;

Fig. 8 is a sectional view of a second embodiment of the connector;

Fig. 9 is a stereoscopic view of the subtractive hollow section of the connector;

Fig. 10 is a side view of the subtractive hollow section of the connector;

wherein 1 1s a CMC turbine outer annular component; 2 is a connector; 3 1s a
metal intermediate casing; 11 1s a CMC connecting hole; 12 is an outer convex
annular rib plate; 13 is an inner convex annular rib plate; 21 1s a subtractive hollow
section; 22 1s a cylindrical section; 23 is a cap part; 24 1s rod part; 31 is a metal
connecting hole; 32 is a limit ring; 211 is a central shaft; 212 is a supporting rib
plate; 213 is an outer annular plate; 214 is a circumferential gap; 311 is a round hole;

312 1s a runway shaped connecting hole.

Detailed Description of Embodiments

The disclosure will be further described in combination with some specific
embodiments and drawings, so that those skilled in the art can better understand the
disclosure and implement it. However, the described embodiments are not taken as
a limitation of the disclosure.

An anti thermal mismatch connecting device is shown in Fig. 1 and Fig. 2. Fig.
1 and Fig. 2 specifically show a CMC turbine outer annular component 1, a
connector 2 and a metal intermediate casing 3.

Additionally, Fig. 1 and Fig. 2 also show CMC connecting holes 11, metal
connecting holes 31, outer convex annular rib plates 12, inner convex annular rib
plates 13, limit rings 32 and a cap part 23 of the connector 2. Fig. 1 and Fig. 2 only
show a part of the CMC turbine outer annular component 1 and metal intermediate

casing 3, cut along a radial direction of the turbine. The outer convex annular rib
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plates 12 and the inner convex annular rib plates 13 are both annular parts around
the center of the turbine.

The CMC turbine outer annular component 1 provides two outer convex
annular rib plates 12, and the metal intermediate casing 3 provides three inner
convex annular rib plates 13. The two outer convex annular rib plates 12 and the
three inner convex annular rib plates 13 are staggered along an axial direction of the
engine, so that any one of the two outer convex annular rib plates 12 is located
between two of the inner convex annular rib plates 13. The connection
configuration shown in Fig. 1 and Fig. 2 provides a plurality of connecting points
connected by the connector 2 to provide a uniform and reliable connection. The
metal intermediate casing 3 provides two limit rings 32, which can be continuous
annular structures or a plurality of support points distributed along the metal
intermediate casing 3. The two outer convex annular rib plates 12 are located
between the two limit rings 32, and the outer edges of the two outer convex annular
rib plates 12 respectively abut against an adjacent limit ring 32, thereby limiting the
degree of freedom of the CMC turbine outer annular component 1 in the axial
direction of the engine. The limit rings 32 can also be placed at other positions on
the metal intermediate casing 3 in other geometric forms. It only needs to play an
axial limiting and positioning role for the CMC turbine outer annular component 1.

Fig. 3 shows a structural diagram of the CMC turbine outer annular component
1. The CMC connecting holes 11 on the outer convex annular rib plates 12 on the
CMC turbine outer annular component 1 are all round holes.

Fig. 4 shows a schematic diagram of the structure of the metal intermediate
casing 3. The metal intermediate casing 3 provides a plurality of inner convex
annular rib plates 13. As shown in Fig. 1, for each connector 2, the plurality of the
inner convex annular rib plates 13 respectively provide metal connecting holes 31,
which form a group and can be passed through by the metal connector 2. Therefore,
a plurality of groups of the metal connecting holes 31 are distributed along the
whole circumference of the metal intermediate casing 3. However, in Fig. 1 to Fig.
4, only two groups of the metal connecting holes 31 are shown. In one preferred

embodiment, one group of the metal connecting holes 31 are round holes 311, and
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the other groups of the metal connecting holes 31 are runway shaped connecting
holes 312.

Fig. 5 and Fig. 6 show a first embodiment of the connector 2, which has an
integrated processing structure. The connector 2 comprises a rod part 24. In one
example, the connector 2 also comprises a cap part 23, which is used to limit an
axial degree of freedom of the connector 2. In another example, the axial degree of
freedom of the connector 2 1s not limited by the cap part, but is limited and fixed by
a feature of screw fit nut, or a form of end butting with adjacent parts. The rod part
24 comprises a subtractive hollow section 21 and a cylindrical section 22. The
cylindrical section 22 can be hollow or solid.

In the first embodiment of the connector 2, the integrated processing structure
is suitable to be processed and produced by a processing method such as precision
casting or 3D printing.

Fig. 7 and Fig. 8 show a second embodiment of the connector 2, which has a
segmented processing structure. The subtractive hollow section 21 and the
cylindrical section 22 are produced by separate processing, and the subtractive
hollow section 21 can also be processed by a processing method such as wire
cutting with high speed and low cost. The adjacent subtractive hollow section 21
and the cylindrical section 22 can be connected by a threaded connection structure
shown in Fig. 8, or by welding.

Fig. 9 and Fig. 10 show the detailed structural features of the subtractive
hollow section 21 of the connector 2. The subtractive hollow section 21 comprises a
central shaft 211, a plurality of supporting rib plates 212, a plurality of outer annular
plates 213 and a plurality of circumferential gaps 214. The supporting rib plates 212
extends outwards from a peripheral surface of the central shaft 211 and is inclined
radially to the central shaft 211, for example, extends in a spiral shape and i1s
rotationally symmetrical along the central shaft 211. The outer annular plates 213
are arranged around the central shaft 211, with a circumferential gap 214 between
adjacent outer annular plates 213. The supporting rib plates 212 are connected with
the central shaft 211 and the outer annular plates 213, and the central shaft 211 and

the cylindrical section 22 on the connector 2 are connected by a threaded connection
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structure or welded. The diameter of the peripheral surface of the central shaft 211,
the extended shape, radial dimension and quantity of the supporting rib plates 212,
the cross-sectional shape, surface diameter and quantity of the outer annular plates
213, and the shape, width and quantity of the circumferential gaps 214 can be
changed according to the structural design, without maintaining a fixed
corresponding relationship with the diameter of the subtractive hollow section 21.
The dimension relationship to be ensured is that the surface of the outer annular
plates 213 and the inner circumferential surface of the CMC connecting holes 11
should be closely attached and generate a certain contact force under a room
temperature installation state. Generally, the numbers of the supporting rib plates
212, the outer annular plates 213 and the circumferential gaps 214 is the same.

The following describes the installation process in combination with Fig. 1 and
Fig. 2. Firstly, the CMC turbine outer annular component 1 and the metal
intermediate casing 3 are assembled. The CMC turbine outer annular component 1
provides two outer convex annular rib plates 12, and the metal intermediate casing 3
provides three inner convex annular rib plates 13. The two outer convex annular rib
plates 12 and the three inner convex annular rib plates 13 are staggered along the
axial direction of the engine, so that any one of the two outer convex annular rib
plates 12 is located between two of the inner convex annular rib plates 13. The
metal intermediate casing 3 also provides two limit rings 32. Two outer convex
annular rib plates 12 on CMC turbine outer annular component 1 are located
between the two limit rings 32, and the outer edges of the two outer convex annular
rib plates 12 respectively abut against an adjacent limit ring 32, thereby limiting the
degree of freedom of the CMC turbine outer annular component 1 in the axial
direction of the engine.

In the room temperature installation state, the connectors 2 are alternately
passed through the metal connecting holes 31 on the metal intermediate casing 3
and the CMC connecting holes 11 on the CMC turbine outer annular component 1,
to mstall and fix the CMC turbine outer annular component 1 and the metal
intermediate casing 3.

The rod part 24 of the connector 2 comprises a subtractive hollow section 21
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and a cylindrical section 22. The cylindrical section 22 1s connected with the central
shaft 211 of the subtractive hollow section 21 by threaded connection or welding.

The outer surfaces of the subtractive hollow section 21 of the connector 2, are
fitted with the CMC connecting holes 11 on the outer convex annular rib plate 12,
so that the surfaces of the plurality of the outer annular plates 213, arranged around
the central shaft 211 on the subtractive hollow section 21, are closely attached with
the inner circumferential surfaces of the CMC connecting holes 11, and a certain
contact force and an installation preload are generated, which can avoid the
vibration and collision problems caused by a reserved assembly gap. A plurality of
supporting rib plates 212, extending outwards from the peripheral surface of the
central shaft and inclined radially relative to the central shaft, are arranged between
the outer annular plates 213 and the central shaft 211, and a plurality of
circumferential gaps 214 are provided between adjacent outer annular plates 213.
Generally, the numbers of the supporting rib plates 212, the outer annular plates 213
and the circumferential gaps 214 are the same. In the process of temperature rising,
the thermal expansion of the CMC turbine outer annular component 1 is different
from that of the connector 2 and the metal intermediate casing 3, while the outer
surface of the subtractive hollow section 21 on the connector 2 has smaller radial
deformation stiffness when it contacts with the CMC connecting hole 11, and is
prone to radial elastic deformation. This allows the expansion deformation of the
outer surface of the subtractive hollow section 21, under the limit of the inner
circumferential surfaces of the CMC connecting holes 11 during the heating process.
Meanwhile, there will be no great contact stress between the two. Therefore, the
thermal deformation mismatch during the heating process, between the two, 1s
alleviated, and the strength failure of the structure is avoided. At the same time, the
existence of the subtractive hollow section 21 will not significantly reduce the
overall deformation stiffness of the connector, thereby ensuring the overall stiffness
of the whole anti thermal mismatch connecting device to meet the design needs.

The outer surface of the cylindrical section 22 of the connector 2 1s closely
matched with the metal connecting hole 31 on the inner convex annular rib plate 13.

A kind of round hole 311 of the metal connecting hole 31 is closely matched with
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the cylindrical section 22 on a first connector 2, which 1s used to realize the accurate
installation and positioning of the CMC outer annular component 1. Another kind of
raceway shaped connecting hole 312 of the metal connecting hole 31 1s closely
matched with the cylindrical section 22 on a second connector 2. The raceway
shaped connecting hole 312 allows the second connector 2 to slide in a specified
direction, thereby alleviating the mismatch problem of thermal deformation
between the connector 2, which i1s completely limited and fixed by the CMC
connection hole 11, and the metal connecting hole 31 on the metal intermediate
casing 3.

By designing the connector 2 with the subtractive hollow section 21 and the
anti thermal mismatch connecting device, the mechanical connection and
installation of the CMC turbine outer annular component 1 on a gas turbine engine
are realized, and the mismatch problem of thermal deformation of connection
structure among the CMC turbine outer annular component, the metal intermediate
casing and the connectors, 1s alleviated, thereby avoiding the problems of structural
strength failure or structural relaxation caused by high thermal mismatch stress, and
the problems of vibration and collision caused by a reserved gap, which is of great
value for the engineering application of the CMC turbine outer annular component.

Although the disclosure is disclosed in a better embodiment as above, it is not
intended to limit the disclosure. Those skilled in the art can make possible changes
and modifications without departing from the spirit and scope of the disclosure.
Therefore, all amendments, equivalent changes and modifications made to the
above embodiments according to the technical essence of the disclosure, without
departing from the content of the technical scheme of the disclosure, fall into the

scope of protection defined by the claims of the disclosure.
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Claims

1. A connector of a turbine outer annular component, comprising a rod part,
wherein the rod part comprises a subtractive hollow section and a cylindrical section,
and the subtractive hollow section comprises:

a central shaft;

a plurality of supporting rib plates, extending outwards from a peripheral surface
of the central shaft and inclined radially relative to the central shaft; and

a plurality of outer annular plates, arranged around the central shaft, with a
circumferential gap between adjacent outer annular plates;

wherein the central shaft and the outer annular plate are connected by the supporting

rib plate, and the central shaft is connected with the cylindrical section.

2. The connector of claim 1, wherein the plurality of the supporting rib plates are

arranged in a rotationally symmetric form along the central shaft.

3. The connector of claim 1, wherein the central shaft and the cylindrical section

are connected by a threaded connection structure or welded.

4. The connector of claim 1, wherein outer surfaces of the plurality of the outer
annular plates are located on a same cylindrical surface, and the cylindrical surface is

located in an axial extension direction of an outer surface of the cylindrical section.

5. An anti thermal mismatch connecting device, comprising:

a connector of any one of claims 1 to 4, wherein the connector is metal;

a CMC turbine outer annular component, with an outer convex annular rib plate at
an outer circumference;

a metal intermediate casing, with an inner convex annular rib plate at an inner

11
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circumference;

wherein the outer convex annular rib plate has a CMC connecting hole, and the
inner convex annular rib plate has a metal connecting hole;

the cylindrical section of the connector is matched with the metal connecting hole
of the inner convex annular rib plate;

the subtractive hollow section of the connector 1s inserted into the CMC connecting
hole, and the plurality of the outer annular plates are matched with the CMC connecting

hole in a close contact, to generate an installation preload on the supporting rib plate.

6. The connecting device of claim 5, wherein the metal intermediate casing provides
two limit rings; the CMC turbine outer annular component provides two outer convex
annular rib plates, the two outer convex annular rib plates are located between the two
limit rings, and outer edges of the two outer convex annular rib plates are respectively

abutted on the adjacent limit ring.

7. The connecting device of claim 6, wherein the metal intermediate casing provides
three inner convex annular rib plates, the two outer convex annular rib plates and the
three inner convex annular rib plate are staggered along an axial direction of an engine,
to make any one of the two outer convex annular rib plates located between two inner

convex annular rib plates.

8. The connecting device of claim 5, wherein the metal intermediate casing provides
a plurality of the inner convex annular rib plates, the metal connecting holes of the
plurality of the inner convex annular rib plates, which are matched with one of the
connector, are round holes, and rest of the metal connecting holes are runway shaped

connecting holes.

12
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