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(57) ABSTRACT 

A retention system and method for the blades of a rotary 
machine for preventing forward or aft axial movement of the 
rotor blades includes a circumferential hub slot formed 
about a circumference of the machine hub. The rotor blades 
have machined therein a blade retention slot Which is 
aligned With the circumferential hub slot When the blades are 
received in correspondingly shaped openings in the hub. At 
least one ring segment is secured in the blade retention slots 
and the circumferential hub slot to retain the blades from 
axial movement. A key assembly is used to secure the ring 
segments in the aligned slots via a hook portion receiving the 
ring segments and a threaded portion that is driven radially 
outwardly by a nut. A cap may be provided to provide a 
redundant back-up load path for the centrifugal loads on the 
key. Alternatively, the key assembly may be formed in the 
blade dovetail. 
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RETENTION SYSTEM AND METHOD FOR THE 
BLADES OF A ROTARY MACHINE 

BACKGROUND OF THE INVENTION 

[0001] This invention relates to turbo machinery rotor 
construction and, more particularly, to structure for axially 
retaining the rotor blades on the rotor disk of a turbo 
machine. 

[0002] Turbo machinery such as high performance gas 
turbine engines have a compressor and turbine that each 
includes one or more annular banks or roWs of axially 
spaced ?xed stator vanes that are positioned betWeen roWs 
of rotatable rotor blades. Each rotor blade is formed With a 
rotor tip, an airfoil and a dovetail-shaped base or root that 
mounts Within a mating, generally axial slot formed betWeen 
adjacent dovetail posts on the Web of the rotor disk. 

[0003] In order to prevent axial movement of the rotor 
blades, i.e., along the longitudinal axis of the rotor disk and 
engine, one or more blade retainers are mounted adjacent the 
axial slots in the rotor disk. Conventional retention systems, 
hoWever, have inadequate retention capabilities for gas 
turbines With large axial aerodynamic loads on the blades 
caused by, for example, compressor stalls, blade rubs, inges 
tion of objects, and the like. 

BRIEF SUMMARY OF THE INVENTION 

[0004] In an exemplary embodiment of the invention, a 
blade retention system is provided for a rotating machine 
having a hub With a plurality of shaped, generally axially 
extending openings at circumferentially spaced positions 
about the hub. A plurality of blades having complimentary 
shaped base portions are received in the openings, and each 
of the blades is provided With a blade retention slot therein. 
A circumferential hub slot is formed about a circumference 
of the hub, Wherein the blade retention slots are substantially 
aligned With the circumferential hub slot When the blades are 
received in the openings. At least one ring segment is 
secured in the blade retention slots and the circumferential 
hub slot. The circumferential hub slot is preferably substan 
tially U-shaped such that an open end of the circumferential 
hub slot faces a center of the hub, and the blade retention 
slots are similarly substantially U-shaped such that open 
ends thereof face the center of the hub. The ring segments 
preferably extend betWeen 20° and 360° and preferably 24° 
in one embodiment and 180° in another embodiment. 

[0005] A key may be provided for securing the ring 
segment in the blade retention slots and the circumferential 
hub slot. The key includes a hook portion at one end of the 
key engageable With the ring segment and a threaded portion 
at an opposite end of the key. In this context, the blade 
retention system further includes a nut that is cooperatively 
engageable With the threaded portion of the key. The key is 
preferably disposed in a hole in the hub that includes a key 
receiving portion of a ?rst diameter that receives the key and 
a nut receiving portion of a second diameter, larger than the 
?rst diameter to thereby de?ne a shoulder, that receives the 
nut. The nut is structurally supported by the shoulder to pull 
the key into locking engagement With the ring segment. An 
inside diameter of the nut receiving portion may be threaded, 
and the blade retention system may further include a cap 
threaded into engagement With the hole in the hub. In an 
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alternative arrangement, the key is disposed in a hole in at 
least one of the complimentary-shaped base portions of the 
blades. 

[0006] In another exemplary embodiment of the invention, 
a blade retention system is provided for a rotating machine 
including a turbo machinery blade With a dovetail portion 
shaped to ?t into a complimentary-shaped opening in a hub 
for rotation about a hub axis. The blade retention system 
includes a securing slot de?ned by (1) a blade retention slot 
in the turbo machinery blade and (2) a circumferential hub 
slot formed about a circumference of the hub and substan 
tially aligned With the blade retention slot When the dovetail 
portion is ?t into the complimentary-shaped opening in the 
hub. The blade retention system also includes at least one 
ring segment engageable With the securing slot to thereby 
retain the blade from axial displacement. 

[0007] In yet another exemplary embodiment of the inven 
tion, a method of retaining blades in a rotating machine 
includes the steps of (a) machining a blade slot in each of the 
plurality of blades, (b) machining a circumferential hub slot 
about a circumference of the hub such that the blade 
retention slots are substantially aligned With the circumfer 
ential hub slot When the blades are received in the openings, 
(c) positioning the blades in the openings, and (d) securing 
at least one ring segment in the blade retention slots and the 
circumferential hub slot. Step (d) may be practiced by 
inserting at least one key having a key opening adjacent the 
blade retention slots and the circumferential hub slot, ?tting 
the at least one ring segment into the key opening, and 
urging the key toWard the blade retention slots and the 
circumferential hub slot. Step (d) may further be practiced 
by forming a hole in one of the hub or base portions of the 
blades, and inserting the key into the hole prior to ?tting the 
ring segment into the key opening. Step (d) may be still 
further practiced by forming threads at an inside diameter of 
the hole and threading the cap to the hole. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0008] FIG. 1 is an axial vieW of the retention system of 
the invention; 

[0009] 
FIG. 1; 

[0010] FIG. 3 is an axial vieW of an alternative embodi 
ment retention system of the invention; 

[0011] 
FIG. 3; 

[0012] FIG. 5 is an axial vieW of another alternative 
embodiment retention system of the invention; and 

[0013] 
FIG. 5. 

FIG. 2 is a cross sectional vieW along line II-II in 

FIG. 4 is a cross sectional vieW along line IV-IV in 

FIG. 6 is a cross sectional vieW along line VI-VI in 

DETAILED DESCRIPTION OF THE 
INVENTION 

[0014] With reference to FIGS. 1 and 2, a hub 10 of a 
rotor or other rotary machine is provided With dovetail or 
like-shaped openings 12 for receiving a dovetail or base 
portion 14 of a turbo machinery blade. The dovetail 14 and 
complimentary-shaped opening 12 in the hub 10 serve to 
retain the turbo machinery blades radially. As noted, since 
the dovetails are oriented in an axial direction, a retention 
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system such as the retention system of the present invention 
is required to prevent axial movement of the blades. Typi 
cally, the dovetail axis forms an angle With the engine 
centerline that ranges from 0° to about 50°, and the retention 
system of the invention is useful for the entire range of 
dovetail angles. 

[0015] The blade retention system of the invention 
includes a circumferential groove or slot 16 machined or 
otherWise formed about a circumference of the hub in the 
forWard or aft face of the rotor structure for the stage Where 
axial retention is desired. The circumferential hub slot 16 is 
preferably U-shaped such that an open end thereof faces a 
center of the hub 10 as shoWn. A correspondingly U-shaped 
blade retention slot 18 is machined or otherWise formed in 
the dovetail portions 14 of the turbo machinery blades. The 
blade retention slots 18 are similarly oriented such that open 
ends thereof face the center of the hub 10. When the dovetail 
portions 14 of the turbo machinery blades are ?t into the 
complimentary-shaped openings 12 in the hub 10, the blade 
retention slots 18 are substantially aligned With the circum 
ferential hub slot 16 to de?ne a securing slot 20 that spans 
the circumference of the hub 10. 

[0016] In order to axially retain the blades, at least one 
ring segment 22 is secured in the aligned blade retention 
slots 18 and circumferential hub slot 16, i.e., the securing 
slot 20. Preferably, each ring segment 22 spans betWeen 20° 
and 360° of the hub circumference. Of course, each blade 
must be retained from axial movement such that, for 
example, With a rotor incorporating ?fteen blades evenly 
spaced about the circumference thereof, a minimum of 
?fteen ring segments 22 Would be required, each spanning 
about 24°. A typical rotor stage could include up to 100 
blades. In a preferred arrangement, hoWever, the retention 
system is provided With tWo ring segments 22, each extend 
ing 180°. 

[0017] In order to tighten and secure the ring segments 22 
in the securing slot 20, a key assembly 30 is provided for at 
least each of the ring segments 22. (With longer ring 
segments, more than one key assembly may be desirable.) 
The key assembly 30 includes a key 32 having a hook 
portion 34 at one end of the key, a key opening 36 at an 
intermediate portion of the key, and a threaded portion 38 at 
an opposite end of the key. A hole is drilled in the hub With 
a drill or the like of a ?rst diameter to de?ne a key receiving 
portion 40. Subsequently, using a drill of a second diameter, 
larger than the ?rst diameter, a nut receiving portion 42 of 
the hole is formed. Because the nut receiving portion 42 has 
a larger diameter than the key receiving portion 40, a 
shoulder 44 is de?ned in the hole. 

[0018] In order to secure the ring segments 22 in the 
securing slot 20, after machining the circumferential hub 
slot 16 and the blade retention slots 18 and after drilling the 
key receiving portion 40 and nut receiving portion 42, the 
key 32 is inserted into the hole as far as possible into an 
extended key receiving area 40a. The ring segments 22 are 
then placed over the hook portion 34 into the key opening 36 
of the key 32, partially Within the securing slot 20., To 
facilitate placement of the ring segments 22, each ring 
segment or at least each portion of the ring segments 
con?gured for receiving a key assembly 30, is provided With 
a tab area 46 including a slot 48 to facilitate seating of the 
ring segments 22. 
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[0019] With this con?guration, a nut 50 having internal 
threads is inserted into the nut receiving portion 42 of the 
hole over the threaded portion 38 of the key 32. As the nut 
50 is rotated, once supported by the shoulder 44, the key 32 
is driven radially outWard (upWard in FIG. 2) via the action 
of the threads, and the ring segments 22 are brought into 
secure engagement Within the securing slot 20. 

[0020] The ring segments 22 are preferably formed of a 
strong material such as steel or nickel-steel, depending on 
the operating temperature of the machine. The key 32 carries 
considerably less load than the ring segments 22, and a 
preferred material for the key 32 is titanium. Of course, 
those of ordinary skill in the art Will contemplate other 
materials that may be suitable for a particular application, 
and the invention is not meant to be limited to a speci?c 
material. 

[0021] FIGS. 3 and 4 illustrate an alternative embodiment 
of the present invention. In this embodiment, the threaded 
portion 38a of the key 32 is slightly shorter than the threaded 
portion 38 in the ?rst embodiment. Additionally, the nut 
receiving hole 42a is modi?ed to incorporate internal 
threads. In this embodiment, in order to provide a redundant 
back-up load path for centrifugal loads on the key 32, a cap 
52 is threaded into the nut receiving hole 42a. OtherWise, the 
function con?guration of the arrangement in this embodi 
ment is the same as that of the ?rst embodiment, and further 
description thereof Will be omitted. 

[0022] In still another alternative embodiment, referring to 
FIGS. 5 and 6, the hole previously formed in the rotor 
structure for the key assembly is rather formed in the 
dovetail sections 14 of the blades. In this embodiment, a 
modi?ed key 32a is provided Without the threaded portion 
38 but includes the key opening 36 and hook portion 34. A 
key extension 54 is provided at a radially inWard end of the 
key 32a to secure the key 32a in the hole 53. That is, during 
assembly, after inserting the ring segments 22 into the key 
opening 36 of the key 32a, the key 32a is manually driven 
radially outWard or using a tool designed for this purpose, 
and the key extension 54 is bent into the hole extension 40a 
to secure the key and ring segments. This con?guration 
provides an integrated back-up load path for the key. 

[0023] With the construction of the present invention, 
retainer sections With high axial load capacity can be 
installed and removed easily. Each retainer segment and its 
key assembly can be con?gured to provide retention for 
one-half or feWer of the blades in a stage. As such, a retainer 
section can be removed and reinstalled Without requiring 
access to the entire circumference of the stage. Moreover, 
the system requires no machining betWeen stages in the axial 
direction, and installation and removal does not require pin 
insertion, staking or bolting betWeen stages in the axial 
direction. 

[0024] While the invention has been described in connec 
tion With What is presently considered to be the most 
practical and preferred embodiments, it is to be understood 
that the invention is not to be limited to the disclosed 
embodiments, but on the contrary, is intended to cover 
various modi?cations and equivalent arrangements included 
Within the spirit and scope of the appended claims. 
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What is claimed is: 
1. A blade retention system for a rotating machine corn 

prising: 
a hub having a plurality of shaped, generally axially 

extending openings at circurnferentially spaced posi 
tions about the hub; 

a plurality of blades having cornplirnentary-shaped base 
portions received in the openings, each of the blades 
having a blade retention slot therein; 

a circumferential hub slot forrned about a circumference 
of the hub, Wherein the blade retention slots are sub 
stantially aligned With the circumferential hub slot 
When the blades are received in the openings; and 

at least one ring segrnent secured in the blade retention 
slots and the circumferential hub slot. 

2. Ablade retention system according to claim 1, Wherein 
the circumferential hub slot is substantially U-shaped such 
that an open end of the circumferential hub slot faces a 
center of the hub, and Wherein the blade retention slots are 
substantially U-shaped such that open ends thereof face the 
center of the hub. 

3. Ablade retention system according to claim 1, Wherein 
the at least one ring segrnent extends 20-360°. 

4. Ablade retention system according to claim 3, Wherein 
the at least one ring segrnent extends 24°. 

5. Ablade retention system according to claim 3, Wherein 
the at least one ring segrnent extends 180°. 

6. Ablade retention system according to claim 1, further 
comprising a key securing the ring segment in the blade 
retention slots and the circumferential hub slot, the key 
comprising a hook portion at one end of the key engageable 
With the ring segment and a threaded portion at an opposite 
end of the key, Wherein the blade retention system further 
comprises a nut that is cooperatively engageable With the 
threaded portion of the key. 

7. Ablade retention system according to claim 6, Wherein 
the key is disposed in a hole in the hub comprising a key 
receiving portion of a ?rst diameter that receives the key and 
a nut receiving portion of a second diarneter, larger than the 
?rst diameter to thereby de?ne a shoulder, that receives the 
nut, the nut being supported by the shoulder to pull the key 
into locking engagement with the ring segment. 

8. Ablade retention system according to claim 7, Wherein 
an inside diameter of the nut receiving portion is threaded, 
and Wherein the blade retention system further comprises a 
cap threaded into engagement With the hole in the hub. 

9. Ablade retention system according to claim 6, Wherein 
the key is disposed in a hole in at least one of the cornpli 
rnentary-shaped base portions of the blades. 

10. A blade retention system for a rotating rnachine, 
Wherein a turbornachinery blade has a dovetail portion 
shaped to ?t into a cornplirnentary-shaped opening in a hub 
for rotation about a hub axis, the blade retention system 
comprising: 

a securing slot de?ned by (1) a blade retention slot in the 
turbornachinery blade and (2) a circumferential hub slot 
forrned about a circumference of the hub and substan 
tially aligned With the blade retention slot When the 
dovetail portion is ?t into the cornplirnentary-shaped 
opening in the hub; and 
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at least one ring segrnent engageable With the securing 
slot to thereby retain the blade from axial displacement. 

11. A blade retention system according to claim 10, 
further comprising at least one key engageable With the at 
least one ring segment that secures the at least one ring 
segment in the securing slot. 

12. A blade retention system according to claim 11, 
Wherein the key comprises a hook portion at one end of the 
key engageable With the ring segment and a threaded portion 
at an opposite end of the key, and Wherein the blade retention 
system further comprises a nut that is cooperatively engage 
able With the threaded portion of the key. 

13. A blade retention system according to claim 12, 
Wherein the key is disposed in a hole in the hub comprising 
a key receiving portion of a ?rst diameter that receives the 
key and a nut receiving portion of a second diarneter, larger 
than the ?rst diameter to thereby de?ne a shoulder, that 
receives the nut, the nut being supported by the shoulder to 
pull the key into locking engagement with the ring segment. 

14. A blade retention system according to claim 13, 
Wherein an inside diameter of the nut receiving portion is 
threaded, and Wherein the blade retention system further 
comprises a cap threaded into engagement With the hole in 
the hub. 

15. A blade retention system according to claim 11, 
Wherein the key is disposed in a hole in the dovetail portion 
of the blade. 

16. A method of retaining blades in a rotating machine 
having a hub and a plurality of shaped, generally axially 
extending openings at circumferentially spaced positions 
about the hub and a plurality of blades having complimen 
tary-shaped base portions received in the openings, the 
method comprising: 

(a) rnachining a blade slot in each of the plurality of 
blades; 

(b) rnachining a circumferential hub slot about a circurn 
ference of the hub such that the blade retention slots are 
substantially aligned With the circumferential hub slot 
When the blades are received in the openings; 

(c) positioning the blades in the openings; and 

(d) securing at least one ring segment in the blade 
retention slots and the circumferential hub slot. 

17. A method according to claim 16, Wherein step (d) is 
practiced by inserting at least one key having a key opening 
adjacent the blade retention slots and the circumferential hub 
slot, ?tting the at least one ring segrnent into the key 
opening, and urging the key toWard the blade retention slots 
and the circumferential hub slot. 

18. A method according to claim 17, Wherein step (d) is 
further practiced by forming a hole in one of the hub or base 
portions of the blades, and inserting the key into the hole 
prior to ?tting the at least one ring segrnent into the key 
opening. 

19. A method according to claim 18, Wherein step (d) is 
further practiced by forming threads at an inside diameter of 
the hole and threading a cap into the hole. 


