
(12) INTERNATIONAL APPLICATION PUBLISHED UNDER THE PATENT COOPERATION TREATY (PCT)

(19) World Intellectual Property
Organization I

International Bureau
(10) International Publication Number

(43) International Publication Date WO 2013/095212 Al
27 June 2013 (27.06.2013) P O P C T

(51) International Patent Classification: AO, AT, AU, AZ, BA, BB, BG, BH, BR, BW, BY, BZ,
F01D 25/16 (2006.01) F01D 25/24 (2006.01) CA, CH, CL, CN, CO, CR, CU, CZ, DE, DK, DM, DO,
F01D 9/04 (2006.0 1) F02C 7/20 (2006.0 1) DZ, EC, EE, EG, ES, FI, GB, GD, GE, GH, GM, GT, HN,

HR, HU, ID, IL, IN, IS, JP, KE, KG, KM, KN, KP, KR,
(21) International Application Number: KZ, LA, LC, LK, LR, LS, LT, LU, LY, MA, MD, ME,

PCT/SE201 1/000246 MG, MK, MN, MW, MX, MY, MZ, NA, NG, NI, NO, NZ,

(22) International Filing Date: OM, PE, PG, PH, PL, PT, QA, RO, RS, RU, RW, SC, SD,

23 December 201 1 (23. 12.201 1) SE, SG, SK, SL, SM, ST, SV, SY, TH, TJ, TM, TN, TR,
TT, TZ, UA, UG, US, UZ, VC, VN, ZA, ZM, ZW.

(25) Filing Language: English
(84) Designated States (unless otherwise indicated, for every

(26) Publication Language: English kind of regional protection available): ARIPO (BW, GH,

(71) Applicant (for all designated States except US): VOLVO GM, KE, LR, LS, MW, MZ, NA, RW, SD, SL, SZ, TZ,

AERO CORPORATION [SE/SE]; S-461 8 1 TroUhattan UG, ZM, ZW), Eurasian (AM, AZ, BY, KG, KZ, MD, RU,

(SE). TJ, TM), European (AL, AT, BE, BG, CH, CY, CZ, DE,
DK, EE, ES, FI, FR, GB, GR, HR, HU, IE, IS, IT, LT, LU,

(72) Inventor; and LV, MC, MK, MT, NL, NO, PL, PT, RO, RS, SE, SI, SK,
(75) Inventor/Applicant (for US only): AMNELL, Henrik SM, TR), OAPI (BF, BJ, CF, CG, CI, CM, GA, GN, GQ,

[SE/SE]; Kungsgatan 42, S-461 34 TroUhattan (SE). GW, ML, MR, NE, SN, TD, TG).

(74) Agent: JONRUP, Emil; Volvo Technology Corporation, Published:
S-405 08 Goteborg (SE).

— with international search report (Art. 21(3))
(81) Designated States (unless otherwise indicated, for every

kind of national protection available): AE, AG, AL, AM,

(54) Title: GAS TURBINE ENGINE COMPONENT

(57) Abstract: The invention concerns a gas turbine en
gine component (37) comprising an outer ring structure
(10), an inner ring structure (20) and a plurality of circum-
ferentially spaced radial elements (15) for transferring
loads between the inner ring structure (20) and the outer
ring structure (10), wherein the outer ring structure (10)
comprises a circular ring member ( 11) for withstanding an
internal pressure during operation of the gas turbine en
gine. The invention is characterized in that the outer ring
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Gas turbine engine component

TECHNICAL FIELD

This invention relates to a gas turbine engine component according to the

preamble of claim 1. In particular, the invention relates to improved

mechanical properties of a supporting structure comprising an outer ring

structure, an inner ring structure and a plurality of circumferentially spaced

radial elements for transferring loads between the inner ring structure and the

outer ring structure. The invention also relates to a gas turbine engine

comprising a component of the inventive type.

BACKGROUND OF THE INVENTION

An axial gas turbine engine, such as an aircraft "jet-engine", generally

comprises an air inlet, a compressor section, a fuel combustion chamber, a

turbine section, one or several rotatable drive shafts connecting

corresponding compressors and turbines, an exhaust outlet and structures

for supporting the drive shafts and for mounting the engine to e.g. an aircraft.

Typically, the supporting structures are static parts that include an inner shell

or ring, for connection to bearings and a centrally located drive shaft, and an

outer shell or ring, for connection to e.g. an engine casing, and where

circumferentially distributed elements (struts, vanes) extend between and

connect the inner and outer shells/rings. An axial gas flow through the engine

is allowed to flow between the elements which normally are aerodynamically

designed.

Generally, supporting structures need to be capable of transferring radial

loads between the drive shaft and the engine casing as well as of

withstanding an internal pressure. The particular demands depend on the

application and a supporting structure is normally designed with focus on the

most important capability. For instance, a supporting structure arranged in

the compressor zone is subjected to a high internal pressure and needs



normally to have a circular outer shape. Sufficiently massive structures of this

type are also capable of transferring radial loads. However, the desire for

low-weight products in air-craft applications has generated a need for

supporting structures that are less heavy but that still are capable of

transferring radial loads as well as of withstanding an internal pressure.

SUMMARY OF THE INVENTION

An object of this invention is to provide a supporting structure for a gas

turbine engine that exhibits improved mechanical properties compared to

conventional supporting structures. This object is achieved by the component

defined by the technical features contained in independent claim 1. The

dependent claims contain advantageous embodiments, further developments

and variants of the invention.

The invention concerns a gas turbine engine component comprising an outer

ring structure, an inner ring structure and a plurality of circumferentially

spaced radial elements for transferring loads between the inner ring structure

and the outer ring structure, wherein the outer ring structure comprises a

circular ring member for withstanding an internal pressure during operation of

the gas turbine engine.

The invention is characterized in that the outer ring structure comprises a first

set of circumferentially distributed and substantially straight reinforcement

ribs for achieving radial stiffness, wherein the reinforcement ribs form sides in

a polygonal shape and wherein each of said reinforcement ribs extends

between two adjacent radial elements.

Such a design has the advantage that, whereas the circular wall is suitable

for handling the load from the internal pressure, the added reinforcement ribs

provides for a polygonal stiffening structure suitable for handling and

distributing the radial forces transferred between the inner and outer ring

structures, typically from a shaft bearing inside of the inner ring structure to



engine mountings provided onto the outer ring structure. Each reinforcement

rib forms a stiffening bridge between adjacent elements and together the

reinforcement ribs form the polygonal stiffening structure. Due to these

reinforcement ribs, it is not necessary that the circular wall is designed to

withstand and handle the radial loads, only the internal pressure, and the

circular wall can therefore be made thinner than in conventional structures.

All together, a component according to the invention can be made lighter

than conventional components of similar type.

In an embodiment of the invention the reinforcement ribs are arranged in

such a way that a position of a corner of the polygonal shape formed by the

reinforcement ribs substantially coincides with one of said elements or with a

radial extension of one of the elements. This means that the each corner of

the polygonal shape coincides circumferentially with an element somewhere

along its radial length or outwards of the outer ring structure along a radial

extension of the element.

In an embodiment of the invention the reinforcement ribs are arranged

radially inwards of the circular ring member. Although the ribs can be

arranged outside or partly outside of the circular ring member this provides

for a more robust structure and the component does not require any

additional space outside of the circular ring member.

In an embodiment of the invention each radial element is connected to the

inside of the circular ring member along an element connection zone,

wherein the position of the corner of the polygonal shape formed by the

reinforcement ribs substantially coincides with one of said element

connection zones. This way the load can be effectively transferred between

the reinforcement ribs and the radial elements.

In an embodiment of the invention the reinforcement ribs are fixed to the

circular ring member via a connecting member that extends between the



reinforcement ribs and the circular ring member along at least a part of the

length of the reinforcement ribs. This provides for a stiff arrangement of the

ribs.

In an embodiment of the invention an end part of the reinforcement ribs is

bent radially towards the circular ring member. This is useful, for instance,

when the end parts of ribs arranged at the inside of the circular ring member

cannot be fastened directly to a radial element or to a connection zone where

the element is fastened to the circular wall member, for instance because

there is no suitable place for a welding joint at the radial element. Thus, the

reinforcement ribs do not have to extend along the entire length of the sides

of the polygonal shape, i.e. from corner to corner, to provide an

advantageous function. However, the ribs should extend at least from the

close vicinity of a radial element to the close vicinity of an adjacent radial

element.

In an embodiment of the invention the outer ring structure comprises a

second set of reinforcement ribs arranged in the same way as the first set but

displaced in an axial direction of the component. This enhances the load

handling properties considerably without adding much weight since rather

narrow reinforcement ribs can be used.

In an embodiment of the invention the outer ring structure comprises a gas

flow guiding ring member arranged radially inwards of the circular ring

member, wherein the elements extend from the inner ring structure to the gas

flow guiding ring member and from the gas flow guiding ring member further

to the circular ring member. In such a structure the reinforcement ribs can be

arranged between the gas flow guiding ring member and the circular ring

member without interfering with the gas flow.

The invention also concerns a gas turbine engine comprising a component

manufactured according to any of the above claims.



BRIEF DESCRIPTION OF DRAWINGS

In the description of the invention given below reference is made to the

following figure, in which:

Figure 1 shows, in a schematic overview, an axial flow aircraft gas turbine

engine provided with a gas turbine engine component according

to the invention,

Figure 2 shows, in a perspective front view, an embodiment of the

inventive gas turbine engine component,

Figure 3 shows, in a perspective rear view, the embodiment according to

figure 2,

Figure 4 shows a first perspective sectional view the embodiment

according to figure 2 , and

Figure 5 shows a second perspective sectional view the embodiment

according to figure 2.

DESCRIPTION OF EXAMPLE EMBODIMENTS OF THE INVENTION

Figure 1 shows, in a schematic overview, an axial flow aircraft gas turbine

engine 1 provided with a supporting structure 37 according to the inventive

component. Figure 1 also shows a further supporting structure 27. In general,

the gas turbine engine 1 shown in figure 1 is of conventional construction and

comprises, in axial flow series, an air intake 3 , a low pressure compressor 4,

a high pressure compressor 5 , combustion equipment 6 , a high pressure

turbine 7, a low pressure turbine 8 and an exhaust outlet 9. During operation,

the high pressure compressor 5 is driven by the high pressure turbine 7 via a

first hollow shaft, the high pressure (HP) turbine shaft (not shown). Similarly,

the low pressure compressor 4 is driven by the low pressure turbine 8 via a

second hollow shaft, the low pressure (LP) turbine shaft (not shown), which is

coaxially disposed within the first turbine shaft 10. A third coaxially arranged

shaft (not shown) is connected to a fan 12 that forces air into and around the

gas turbine engine casing. A common axis 2 is also shown.



The gas turbine engine 1 operates, in general, in a conventional manner

whereby air drawn in through the air intake 3 is initially compressed by the

fan 12 and then compressed by the low pressure compressor 4 before

passing into the high pressure compressor 5 where it is further compressed.

The compressed air then flows into the combustion equipment 6 where it is

mixed with fuel and the mixture combusted. The resultant hot combustion

products then expand through the high and low pressure turbines 7 , 8 before

being exhausted to the atmosphere through the exhaust outlet 9 .

The engine 1 further comprises a rear supporting structure 27 and a front

supporting structure 37 for supporting the drive shafts and for mounting the

engine to an aircraft. The front supporting structure 37 is arranged between

the low and high pressure compressors 4 , 5. A front supporting structure of a

similar type is sometimes referred to as an intermediate compressor case,

ICC. The rear supporting structure 27 is commonly referred to as a Turbine

Rear Frame (TRF), Turbine Exhaust Case or Tail Bearing Housing.

Generally, support structures in jet engines support one or more shafts by

means of roller bearings. A radial load is transmitted through an inner support

structure (support cone) to an inner hub connected to an outer structure

(shroud) by means of radial elements. In order to reduce aerodynamic drag

or to straighten the outlet angle of the main gas flow, these elements are

usually covered with an airfoil structure or made integral to the structure.

Integrated airfoils or vanes are sometimes denoted "struts". In the example

described below the term structural vanes is used. Structural vanes are

capable of supporting both aerodynamic loads as well as a combination of

structural and thermally induced loads. Most of the modern jet engines utilize

such vanes in ring-vane-ring components, such as the supporting structure

37.

Figures 2 and 3 show perspective front and rear views, respectively, of an

embodiment of the inventive component and figures 4-5 show different

perspectives of a sectional view of the same embodiment.



In figures 2-5 it is shown a gas turbine engine component 37 comprising an

outer ring structure 10 (fig 4), an inner ring structure 20 (fig 4) and a plurality

of circumferentially spaced radial elements in the form of structural vanes 15

for transferring loads between the inner and outer ring structures 10, 20.

The outer ring structure 10 comprises an outer circular ring member 1 for

withstanding an internal pressure during operation of the gas turbine engine

1, and a gas flow guiding ring member 12 arranged radially inwards of the

circular ring member 11.

The inner ring structure 20 comprises a hub member 2 1 and an inner gas

flow guiding ring member 22 arranged radially outwards of the hub member

2 1. An annular load transfer structure (not shown) is arranged on an inside of

the hub member 2 1 for transferring loads between the radial elements 15 and

a bearing structure for a turbine shaft positioned centrally in the component

37.

The radial elements extend from the hub member 2 1 to the circular ring

member 11 via (or through) the two gas flow guiding ring members 22, 12.

and from the gas flow guiding ring member further,

A primary gas channel for axial gas flow is defined between the two gas flow

guiding ring members 12, 22 and between the elements 15, wherein the

component 37 has an inlet side for gas entrance and an outlet side for gas

outflow. The radial elements 15 have an airfoil shape only along the portion

extending between the two gas flow guiding ring members 12, 22.

The outer ring structure 10 comprises a plurality of circumferentially

distributed and substantially straight reinforcement ribs 16 arranged on an

inside of the circular ring member 11 to provide radial stiffness of the

component 37. As can best be seen in figure 2 , the reinforcement ribs 16



form sides, or at least part of sides, in a polygonal shape wherein each of the

reinforcement ribs 16 extends between two adjacent radial elements 15. In

other words, the reinforcement ribs 16 as projected onto a plane

perpendicular to the axial direction of the component 37 form the sides, or at

least part of sides, of a polygonal form.

Each radial element 15 is connected to the inside of the circular ring member

11 at an element connection zone 18 (see figs. 4-5) and the reinforcement

ribs 16 are arranged in such a way that a position of a corner of the polygonal

shape formed by the reinforcement ribs 16 substantially coincides with one of

these element connection zones 18. In other words, imaginary extensions of

the straight part of two adjacent reinforcement ribs 16 crosses each other in a

position substantially corresponding with the connection zone 18 of one of

the radial elements 15.

As shown in figures 4-5 the reinforcement ribs 16 are fixed to the inside of

the circular ring member 11 via a connecting member 17 that extends

between the reinforcement ribs 16 and the inside of the circular ring member

11.

Both the reinforcement ribs 16 and the connecting member 17 exhibit in this

case a rectangular cross section. The reinforcement ribs 16 are arranged

with their widest side facing in a radial direction and the connecting member

17 is arranged perpendicular to the reinforcement ribs 16 such as to form a

T-shaped cross section, see figure 4 .

In this example, an end part 19 (fig. 5) of the reinforcement ribs 16 is bent

radially outwards towards the inside of the circular ring member 11 at a short

distance from the radial element 15 in its connection zone 18. In principle, the

stiffness effect provided by the reinforcement ribs 16 would be further

enhanced if the ribs 16 had extended all the way to the connection zone 18.

However, due to difficulties in this example to fasten the ribs 16 by welding



closer to the element 15 the reinforcement ribs 16 are terminated a small

distance from the element 15.

As can be seen in figures 4-5, the outer ring structure 0 comprises a second

set of reinforcement ribs 16a arranged in the same way as the ribs 16

described above but the second set of ribs 16a is displaced in an axial

direction of the component (downstream).

Reinforcement ribs 6 of the above type are of interest both for prefabricated

components formed by joining a number of different parts together as well as

for components produced by casting.

The invention is not limited by the embodiments described above but can be

modified in various ways within the scope of the claims. For instance, the

reinforcement ribs 16 may very well extend a bit further as to more, or even

fully, resemble a polygonal shape. Moreover, the reinforcement ribs 16 do

not necessarily have to be fastened to the outer circular ring member 11 and

might also fully or partly be arranged outside of the circular ring member 11.

Further, the number of axially displaced sets of reinforcement ribs 16 may be

varied depending on the application.

If the ribs 16 are arranged (partly) outside of the circular ring member 11, the

ribs 16 are preferably arranged so that each corner of the polygonal shape

coincides with a radial extension of one of the elements 15.

Further, the invention is not limited to the type of supporting structure 37

exemplified above. It is also applicable to other supporting structures in a gas

turbine engine such as a front frame (inlet frame or fan hub frame), an

intermediate case (IMC), a turbine mid structure (TMF, TMS) or a turbine rear

frame (TRF). Further, the invention is applicable to stationary gas turbines

(power generators) as well as to flying jet engines.



CLAIMS

1. Gas turbine engine component (37) comprising an outer ring structure

(10), an inner ring structure (20) and a plurality of circumferentially spaced

radial elements (15) for transferring loads between the inner ring structure

(20) and the outer ring structure (10), wherein the outer ring structure (10)

comprises a circular ring member ( 1 1) for withstanding an internal pressure

during operation of the gas turbine engine,

c h a r a c t e r i z e d i n

that the outer ring structure (10) comprises a first set of circumferentially

distributed and substantially straight reinforcement ribs (16) for achieving

radial stiffness, wherein the reinforcement ribs (16) form sides in a polygonal

shape and wherein each of said reinforcement ribs (16) extends between two

adjacent radial elements ( 15).

2. Gas turbine engine component (37) according to claim 1,

c h a r a c t e r i z e d i n

that the reinforcement ribs (16) are arranged in such a way that a position of

a corner of the polygonal shape formed by the reinforcement ribs (16)

substantially coincides with one of said elements (15) or with a radial

extension of one of the elements ( 15).

3. Gas turbine engine component (37) according to claim 1 or 2 ,

c h a r a c t e r i z e d i n

that the reinforcement ribs (16) are arranged radially inwards of the circular

ring member ( 1 1).

4 . Gas turbine engine component (37) according to claim 2,

c h a r a c t e r i z e d i n

that each radial element (15) is connected to an inside of the circular ring

member ( ) along an element connection zone (18), wherein the position of



the corner of the polygonal shape formed by the reinforcement ribs (16)

substantially coincides with one of said element connection zones (18).

5. Gas turbine engine component (37) according to any of the above claims,

c h a r a c t e r i z e d i n

that the reinforcement ribs (16) are fixed to the circular ring member ( 11) via

a connecting member (17) that extends between the reinforcement ribs (16)

and the circular ring member ( 1 ) along at least a part of the length of the

reinforcement ribs (16).

6 . Gas turbine engine component (37) according to any of the above claims,

c h a r a c t e r i z e d i n

that an end part of the reinforcement ribs (16) is bent radially towards the

circular ring member ( 1 1).

7. Gas turbine engine component (37) according to any of the above claims,

c h a r a c t e r i z e d i n

that the outer ring structure (10) comprises a second set of reinforcement ribs

(16a) arranged in the same way as the first set but displaced in an axial

direction of the component (37).

8. Gas turbine engine component (37) according to any of the above claims,

c h a r a c t e r i z e d i n

that a primary gas channel for axial gas flow is defined between the inner and

outer ring structures (10, 20) and between the elements (15), and wherein

the component (37) has an inlet side for gas entrance and an outlet side for

gas outflow.

9. Gas turbine engine component (37) according to any of the above claims,

c h a r a c t e r i z e d i n

that the outer ring structure (10) comprises a gas flow guiding ring member

(12) arranged radially inwards of the circular ring member ( 1 1), wherein the



elements (15) extend from the inner ring structure (20) to the gas flow guiding

ring member (12) and from the gas flow guiding ring member (12) further to

the circular ring member ( 1 ) .

10. Gas turbine engine component (37) according to any of the above claims,

c h a r a c t e r i z e d i n

that it comprises a load transfer structure arranged inside of the inner ring

structure (20) for transferring loads between said elements (15) and a

bearing structure for a turbine shaft positioned centrally in the component

(37).

11. Gas turbine engine component (37) according to any of the above claims,

c h a r a c t e r i z e d i n

that the reinforcement ribs (16) as projected onto a plane perpendicular to

the axial direction of the component (37) form the sides of a polygonal form.

12. Gas turbine engine (1),

c h a r a c t e r i z e d i n

that it comprises a component (37) manufactured according to any of the

above claims.

13. Gas turbine engine (1) according to claim 12,

c h a r a c t e r i z e d i n

that the gas turbine engine (1) is arranged for propulsion of an aircraft.

14. Gas turbine engine component comprising an outer ring structure, an

inner ring structure and a plurality of circumferentially spaced radial elements

for transferring loads between the inner ring structure and the outer ring

structure, wherein the outer ring structure comprises a circular ring member

for withstanding an internal pressure during operation of the gas turbine

engine, wherein the outer ring structure comprises a first set of

circumferentially distributed and substantially straight reinforcement ribs for



achieving radial stiffness, wherein the reinforcement ribs form sides in a

polygonal shape and wherein each of said reinforcement ribs extends

between two adjacent radial elements.

15. Gas turbine engine component according to claim 14, wherein the

reinforcement ribs are arranged in such a way that a position of a corner of

the polygonal shape formed by the reinforcement ribs substantially coincides

with one of said elements or with a radial extension of one of the elements .

16. Gas turbine engine component according to claim 14 or 15, wherein the

reinforcement ribs are arranged radially inwards of the circular ring member.

17. Gas turbine engine component according to claim 15, wherein each

radial element is connected to the inside of the circular ring member along an

element connection zone, wherein the position of the corner of the polygonal

shape formed by the reinforcement ribs substantially coincides with one of

said element connection zones.

18. Gas turbine engine component according to any of claims 14-17,

wherein the reinforcement ribs are fixed to the circular ring member via a

connecting member that extends between the reinforcement ribs and the

circular ring member along at least a part of the length of the reinforcement

ribs.

19. Gas turbine engine component according to any of claims 14-18,

wherein an end part of the reinforcement ribs is bent radially towards the

circular ring member.

20. Gas turbine engine component according to any of claims 14-19,

wherein the outer ring structure comprises a second set of reinforcement ribs

arranged in the same way as the first set but displaced in an axial direction of

the component.



2 1. Gas turbine engine component according to any of claims 14-20,

wherein a primary gas channel for axial gas flow is defined between the inner

and outer ring structures and between the elements, and wherein the

component has an inlet side for gas entrance and an outlet side for gas

outflow.

22. Gas turbine engine component according to any of claims 14-21 ,

wherein the outer ring structure comprises a gas flow guiding ring member

arranged radially inwards of the circular ring member, wherein the elements

extend from the inner ring structure to the gas flow guiding ring member and

from the gas flow guiding ring member further to the circular ring member.

23. Gas turbine engine component according to any of claims 14-22,

wherein it comprises an annular load transfer structure arranged inside of the

inner ring structure for transferring loads between said elements and a

bearing structure for a turbine shaft positioned centrally in the component.

24. Gas turbine engine component according to any of claims 14-23,

wherein the reinforcement ribs as projected onto a plane perpendicular to the

axial direction of the component form the sides of a polygonal form.

25. Gas turbine engine comprising a component manufactured according to

any of claims 14-24.

26. Gas turbine engine according to claim 25, wherein it is arranged for

propulsion of an aircraft.
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