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REDUCED-STRESS COMPRESSOR BLISK FLOWPATH

ABSTRACT OF THE DISCLOSURE

A gas turbine engine rotor assembly including a rotor (12) having a radially
outer rim (18) with an outer surface (204) shaped to reduce circumferential nm stress
concentration between each blade (24) and the rim. Additionally, the shape of the
outer surface directs air flow away from an interface between a blade and the nm to
reduce aerodynamic performance losses between the rim and blades. In an exemplary
embodiment, the outer surface of the rim has a concave shape (210) between adjacent

blades with apexes located at interfaces between the blades and the nm.
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REDUCED-STRESSED COMPRESSOR BLISK FLOWPATH

BACKGROUND OF THE INVENTION

This invention relates generally to gas turbine engines and, more

specifically, to a flowpath through a compressor rotor.

A gas turbine engine typically includes a multi-stage axial compressor with
a number of compressor blade or airfoil rows extending radially outwardly from a
common annular rim. The outer surface of the rotor rim typically defines the radially
inner flowpath surface of the compressor as air is compressed from stage to stage.
Centrifugal forces generated by the rotating blades are carried by portions of the rim
directly below the blades. The centrifugal forces generate circumferential rim stress

concentration between the rim and the blades.

Additionally, a thermal gradient between the annular rim and compressor
bore during transient operations generates thermal stress which adversely impacts a
low cycle fatigue (LCF) life of the rim. In addition, and in a blisk intergrally bladed
disk configuration, the rim is exposed directly to the flowpath air, which increases the
thermal gradient and the rim stress. Also, blade roots generate local forces which

further increase rim stress.
BRIEF SUMMARY OF THE INVENTION

The present invention, in one aspect, 1s a gas turbine engine rotor assembly
including a rotor having a radially outer rim with an outer surface shaped to reduce

rim stress between the outer rim and a blade and to direct air flow away from an
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interface between a blade and the rim, thus reducing aerodynamic performance losses.
More particularly, and in an exemplary embodiment, the disk includes a radially inner
hub, and a web extending between the hub and the rim. and a plurality of
circumferentially spaced apart rotor blades extending radially outwardly from the rim.
In the exemplary embodiment, the outer surface of the rim has a concave shape
between adjacent blades with apexes located at interfaces between the blades and the

rim.

The outer surface of the rotor rim defines the radially inner flowpath surface
of the compressor as air is compressed from stage to stage. By providing that the rim
outer surface has a concave shape between adjacent blades, rim stress between the
blade and the rim is reduced. Additionally, the concave shape generally directs
airflow away from immediately adjacent to the blade / rim interface and more towards
a center of the flowpath between the adjacent blades. As a result. aerodynamic

performance losses are reduced. Reducing such rim stress facilitates Increasing the
LCF life of the rim.

BRIEF DESCRIPTION OF THE DRAWINGS

Figure 1 is a schematic illustration of a portion of a compressor rotor

assembly;

Figure 2 is a forward view of a portion of a known compressor stage rotor

assembly;

Figure 3 is a forward view of a portion of a compressor stage rotor assembly

In accordance with one embodiment of the present invention: and

Figure 4 is an aft view of a portion of the compressor stage rotor assembly

shown in Figure 3.




10

15

20

25

CA 02313929 2000-07-14
13DV-13047

DETAILED DESCRIPTION OF THE INVENTION

Figure | is a schematic illustration of a portion of a compressor rotor assembly
10. Rotor assembly 10 includes rotors 12 joined together by couplings 14 coaxially
about an axial centerline axis (not shown). Each rotor 12 is formed by one or more
blisks 16, and each blisk 16 includes a radially outer rim 18, a radially inner hub 20,
and an integral web 22 extending radially therebetween. An interior area within rim
I8 sometimes is referred to as a compressor bore. Each blisk 16 also includes a
plurality of blades 24 extending radially outwardly from rim 16. Blades 24, in the
embodiment illustrated in Figure 1, are integrally joined with respective rims 18.
Alternatively, and for at least one of the stages, each rotor blade may be removably
joined to the rims in a known manner using blade dovetails which mount in

complementary slots in the respective rim.

In the exemplary embodiment illustrated in Figure 1, five rotor stages are
llustrated with rotor blades 24 configured for cooperating with a motive or working
fluid, such as air. In the exemplary embodiment illustrated in Figure 1, rotor
assembly 10 is a compressor of a gas turbine engine, with rotor blades 24 configured
for suitably compressing the motive fluid air in succeeding stages. Outer surfaces 26
of rotor rims 18 define the radially inner flowpath surface of the COmPpressor as air is

compressed from stage to stage.

Blades 24 rotate about the axial centerline axis up to a specific maximum
design rotational speed, and generate centrifugal loads in the rotating components.

Centrifugal forces generated by rotating blades 24 are carried by portions of rims 18
directly below each blade 24.

Figure 2 is a forward view of a portion of a known compressor stage rotor 100.
Rotor 100 includes a plurality of blades 102 extending from a rim 104. A radially
outer surface 106 of rim 104 defines the radially inner flowpath, and air flows
between adjacent blades 102. A thermal gradient between annular rim 104 and

compressor bore 108 particularly during transient operations generates thermal stress

3

- —




10

15

20

25

CA 02313929 2000-07-14
13DV-13047

which adversely impacts the low cycle fatigue (LCF) life of rim 104. In addition, and
in a blisk configuration as described in connection with Figure 1, rim 104 is exposed
directly to the flowpath air, which increases both the thermal gradient between rim
104 and bore 108. The increase in the thermal gradient increases the circumferential
rnm stress. Also, roots 110 of blades 102 generate local forces and stress

concentrations which further increase rim stress.

In accordance with one embodiment of the present invention, the outer surface
of the rim is configured to have a holly leaf shape. The respective blades are located
at each apex of the holly leaf shaped rim, which provides the advantage that peak
stresses in the rim are not located at the blade / rim intersection and stress

concentrations are reduced which facilitates extending the LCF life of the rim.

More particularly, Figure 3 is a forward view of a portion of a compressor
stage rotor 200 in accordance with one embodiment of the present invention. Rotor
200 includes a nm 202 having an outer rim surface 204. A plurality of blades 206
extend from rim surface 204. Rim surface 204 is holly leaf shaped in that surface 204

includes a plurality of apexes 208 separated by a concave shaped curved surface 210
between adjacent apexes 208.

The specific dimensions for rim surface 204 are selected based on the
particular application and desired engine operation. In a first embodiment, the holly
leaf shape is generated as a compound radius having a first radius A and a second
radius B. First radius A is between approximately 0.04 inches and 0.5 inches and
typically second radius B is approximately 2 to 10 times a distance between adjacent

blades 206. In a second embodiment, first radius A is approximately 0.06 inches and

a second radius B is approximately 2.0 inches.

Figure 4 is an aft view of a portion of the compressor stage rotor 200. Again,
rim surface 204 is holly leaf shaped and includes a plurality of apexes 214 separated

by a concave shaped curved surface 216 between adjacent apexes 214. In a first

embodiment, the holly leaf shape is generated as a compound radius having a first
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radius C and a second radius D. First radius C is between approximately 0.04 inches
and 0.5 inches and typically second radius D is approximately 2 to 10 times a distance
between adjacent blades 206. In a second embodiment, first radius C is

approximately 0.06 inches and second radius D is approximately 2.0 inches.

Rim surface 204 can be cast or machined to include the above-described

shape. Alternatively, rim surface 204 can be formed after fabrication of rim 20?2 by,
for example, securing blades 206 to rim 202 by fillet welds. Alternatively, blades 206
are secured to rim 202 by friction welds or other methods. Specifically, the welds can

 be made so that the desired shape for the flowpath between adjacent blades 206 is

provided.

In operation, outer surface 204 of rotor rim 202 defines the radially inner
flowpath surface of the compressor as air is compressed from stage to stage. By
providing that outer surface 204 has a concave shape between adjacent blades 206
airflow is generally directed away from immediately adjacent the blade / rim interface
and more towards a center of the flowpath between adjacent blades 206 which
reduces aerodynamic performance losses. In addition, less circumferential rim stress
concentration is generated between rim 202 and blades 206 at the location of the blade

/ nm interface. Reducing such at the interface facilitates extending the LCF life of
rim 202.

Varations of the above-described embodiment are possible. For example,
more complex shapes other than a concave compound radius shape can be selected for
the rim outer surface between adjacent blades. Generally, the shape of the outer
surface is selected to effectively reduce the circumferential rim stress concentration
generated in the rim. Further, rather than fabricating the rim to have the desired shape
or forming the shape using fillet welding, the blade itself can be fabricated to provide

the desired shape at the location of the blade / rim interface. The shape of the inner

surface of the rim can also be contoured to reduce rim stresses.
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While the invention has been described in terms of various specific
embodiments, those skilled in the art will recognize that the invention can be

practiced with modification within the spirit and scope of the claims.
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What is claimed 1s:

1. A method of reducing circumferential rim stress concentration in a
gas turbine engine, the engine including a rotor including a radially outer rim, a
radially inner hub, and a web extending therebetween, a plurality of
circumferentially spaced apart rotor blades extending radially outwardly from
the rim, said method comprising the step of:

providing an outer surface of the outer rim with a shape including a
compound radius that defines at least one apex within the outer rim outer
surface, and that reduces circumferential rim stress concentration between each
of the blades and the rim; and

operating the gas turbine engine such that airflow is directed over the

outer rim outer surface.

2. A method in accordance with claim 1 wherein said step of
providing the outer surface of the outer rim comprises the step of providing the

outer surface of the outer rim with a concave compound radius.

3. A method in accordance with claim 2 wherein said step of
providing the outer surface of the outer rim with the compound radius further
comprises the step of providing a first radius between approximately 0.04

inches and 0.5 inches.

4. A method in accordance with claim 3 wherein said step of
providing the outer surface of the outer rim with the compound radius further
comprises the step of providing a second radius approximately 2 to 10 times a

distance between said circumferentially spaced apart rotor blades.

5. A method in accordance with claim 1 wherein said step of
providing the outer surface of the outer rim further comprises the step of

casting a rim to include a rim surface having a shape including a compound

radius.
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6. A method in accordance with claim 1 wherein said step of
providing the outer surface of the outer rim further comprises the step of
machining the rim to produce the rim surface having a shape including a

compound radius.

7. A method in accordance with claim 1 wherein said step of
providing an outer surface of the outer rim further comprises the step of
securing the blades to the rim by fillet welds or friction welds to produce a rim

surface having a shape including a compound radius.

8. A method 1n accordance with claim 1 wherein the outer rim
includes an 1inner surface, said method comprising the step of:

providing an inner surface of the outer rim with a shape that defines
at least one apex within the outer rim, and that reduces circumferential rim

stress concentration between each of the blades and the rim.

9. A gas turbine engine rotor assembly comprising a rotor comprising
a radially outer rfm, a radially inner hub, and a web extending therebetween, a
plurality of circumferentially spaced apart rotor blades extending radially
outwardly from said rim, an outer surface of said outer rim having a shape
including a compound radius which defines at least one apex within said outer
rim outer surface, and which reduces circumferential rim stress concentration

between each of said blades and said rim.

10. A gas turbine engine rotor assembly in accordance with claim 9
wherein said outer rim surface has a circumferentially concave shape between

adjacent blades.

11. A gas turbine engine in accordance with claim 9 wherein said

rotor comprises a plurality of blisks.

12. A gas turbine engine in accordance with claim 9 wherein said
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outer rim shape directs air flow away from an interface between each of said

blades and said rim.

13. A gas turbine engine in accordance with claim 9 wherein said

outer surface of said outer rim comprises a compound radius.

14. A gas turbine engine in accordance with claim 13 wherein said
compound radius comprises a first radius and a second radius, said first radius

is between approximately 0.04 inches and 0.5 inches.

15. A gas turbine engine in accordance with claim 13 wherein said
second radius 1s approximately 2 to 10 times a distance between said

circumferentially spaced apart rotor blades.

16. A gas turbine engine rotor assembly comprising a first rotor and a
second rotor, said first rotor coupled to said second rotor, at least one of said
first and second rotors comprising a radially outer rim, a radially inner hub, and
a web extending therebetween, a plurality of circumferentially spaced apart
rotor blades extending radially outwardly from said rim, an outer surface of
sald outer rim comprising a compound radius that defines at least one apex
within the outer rim surface and that reduces circumferential rim stress

concentration between each of said blades and said rim.

17. A gas turbine engine rotor assembly in accordance with claim 16
wherein said outer rim surface of said one rotor has a concave shape between

adjacent blades.

18. A gas turbine engine in accordance with claim 16 wherein said at

least one of said rotor comprises a plurality of blisks.

19. A gas turbine engine 1n accordance with claim 16 wherein said

outer surface of said outer rim comprises a first radius and a second radius.

9.
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20. A gas turbine engine in accordance with claim 19 wherein said
first radius is between approximately 0.04 inches and 0.5 inches, said second

radius is approximately 2 to 10 times a distance between said circumferentially

spaced apart rotor blades.
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