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A method for peening a component of a gas turbine engine, or
amodule of a gas turbine engine, without removing the com-
ponent from the assembled gas turbine engine or module
includes blending the damaged area of the component, deter-
mining parameters for peening the damaged component, and
peening the damaged component without removing it from
the engine.
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METHOD FOR ULTRASONIC PEENING OF
GAS TURBINE ENGINE COMPONENTS
WITHOUT ENGINE DISASSEMBLY

CROSS-REFERENCE TO RELATED
APPLICATION(S)

[0001] This application is a continuation-in-part of non-
provisional application Ser. No. 11/974,581 entitled
“METHOD FOR ULTRASONIC PEENING OF GAS TUR-
BINE ENGINE COMPONENTS WITHOUT ENGINE DIS-
ASSEMPLY” by Billie W. Bunting, et al. and filed Oct. 15,
2007, which is hereby incorporated by reference.

BACKGROUND OF THE INVENTION

[0002] The invention relates to ultrasonic peening. More
specifically, the invention relates to a method of peening gas
turbine engine components without disassembling the gas
turbine engine or engine module. This method of in situ
peening reduces the cost and time to repair damaged compo-
nents of gas turbine engines. There is no need to disassemble
the engine or engine module in order to repair damaged
components, nor is there a need to reassemble the engine or
engine module after the repair has been accomplished. Addi-
tionally, since traditional shot peening processes involve the
use of extensive specialized equipment that is usually only
available at shops specializing in peening processes, the
invention avoids the need to ship components to third parties
for peening. As a result, damaged components of gas turbine
engines can be repaired in a more efficient and more economi-
cal manner.

[0003] Components of gas turbine engines, such as fan
hubs, disks, drums and shafts, are sometimes damaged due to
impact with foreign objects or some other cause. Shallow
damage to a fan hub can be repaired by locally blending the
damaged area to remove the distressed material. However, the
hub must then be peened to restore the residual compressive
stresses to the damaged and repaired area.

[0004] Peening is a well-known process used to impart a
layer of residual compressive stresses onto metals. Typically,
steel shot is blasted at a metal surface by a jet of compressed
air, so that the steel shot impacts the target piece of metal.
However, peening can only be performed in a space that is
adapted for recovering the steel shot that rebounds after
impact with the target. It also requires a large supply of steel
shot.

[0005] Before a damaged engine component can be
repaired by peening, the engine must be disassembled and the
damaged component must be removed. Disassembly of a gas
turbine engine is a complicated and time-consuming task.
Even after the damaged component has been removed and
repaired, repair facilities often lack the capability to conduct
peening processes, so the damaged component must be
shipped to a third party for repair. As a result, the time and
expense required for such a repair can result in significant
expense, delay and customer dissatisfaction.

[0006] Under some special circumstances, it is possible to
peen a component that is still assembled in the engine. How-
ever, in order to do so it is necessary to mask the rest of the
engine to assure with certainty that no peening media, such as
steel shot, can possibly enter the engine. Stray shot that enters
the engine has the potential to cause extensive damage. This
masking process is very burdensome and therefore not com-
mercially practical. Even with masking, there is considerable
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risk that stray peening media may be introduced into the gas
turbine engine, causing considerable damage.

[0007] Thus, there is a need in the art for a peening process
that can be used to repair damaged components of a gas
turbine engine with minimal or no disassembly of the engine.
The process should be simple enough that it can be performed
without having to send the damaged component to a third
party for repair, and it should avoid the danger of introducing
stray peening media into the engine.

BRIEF SUMMARY OF THE INVENTION

[0008] The invention is a method for peening a component
of'a gas turbine engine without removing the component from
the assembled gas turbine engine or an engine module. In situ
peening of the component reduces the time and expense of
repair and reduces the time during which the gas turbine
engine is not operative. As a result, repairs can be performed
more efficiently and economically, resulting in greater cus-
tomer satisfaction.

[0009] In one embodiment, a method for repairing a dam-
aged component of a gas turbine engine is disclosed. The
damaged area of the component is blended, and parameters
for peening the damaged component are determined. The
damaged component is peened without removing it from the
engine. A peening media that is randomized by a peening
apparatus to tangentially contact the damaged area.

[0010] Inanother embodiment, another method for repair-
ing a damaged component of a module of gas turbine engine
is disclosed. The module is removed from the engine, and the
damaged area of the component is blended. Parameters for
peening the damaged component are determined, and the
damaged component is peened without removing it from the
engine module. The damaged area of the component com-
prises a non-planar geometry.

BRIEF DESCRIPTION OF THE DRAWINGS

[0011] FIG.11isaflow diagram showing the in situ peening
process.
[0012] FIG. 2 is a drawing of a section of a section of a fan

hub of a gas turbine engine.

[0013] FIG. 3 is a cross sectional diagram showing the
invention method being applied to a fan hub of a gas turbine
engine.

[0014] FIG. 4 is a cross sectional diagram showing the
invention method being applied to a non co-planar surface.
[0015] FIG. 5 is a cross sectional diagram showing the
invention method being applied to a different non-planar
surface.

DETAILED DESCRIPTION

[0016] Utilizing a self-contained shot peening apparatus,
damaged components of gas turbine engines, such as fan
hubs, can be repaired without having to disassemble the
engine and remove the damaged component prior to repair.
The self-contained peening apparatus includes a vibrating
surface and projectiles that are projected toward a target sur-
face by the vibrating surface. In such an apparatus, retaining
means keep each projectile captive in the apparatus, so that
the peening media does not stray. Using a self-contained
peening apparatus to repair damaged parts without having to
remove the damaged parts from the engine reduces the time
and expense of repairs. Reduced time and expense of repair
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leads to reduced time that the gas turbine engine is not opera-
tive and results in greater customer satisfaction.

[0017] FIG.1is atflow diagram 100 showing the method of
repairing a damaged engine component using a peening pro-
cess without having to disassemble the engine. The process
begins at Start Box 102. The process then moves to box 104,
where the damaged component is inspected. A repair inspec-
tor examines the damaged component to ascertain the nature
and extent of the damages, including the location of the dam-
age and the length, width and depth of the damage.

[0018] The process then proceeds to decision box 106,
where it is determined whether the damage can be repaired
and restored to an airworthy state using in situ peening. If not,
the process ends. However, if the damage can be removed by
blending and the required compressive stresses restored by
utilizing in situ peening, the process moves on to box 108. At
box 108, the damage area is ‘blended’. Blending is the inten-
tional removal of base material using hand-held rotating abra-
sive wheels and pads. At this step, the damaged area is
smoothed in order to remove any sharp edges or rough sur-
faces.

[0019] Next, the repair person determines the necessary
parameters for the peening process at box 110. Peening is
performed according to operating parameters that are deter-
mined for each particular component, such as the size and
shape of the peening media; the material of the peening
media; the size, frequency and amplitude of the vibrating
surface of the peening apparatus; peening coverage; orienta-
tion of the vibrating surface of the peening apparatus with
respect to the damaged area of the damaged component; and
peening time. These parameters are varied to produce the
appropriate peening intensity.

[0020] Once the operating parameters have been deter-
mined, the process moves on to box 112, where the actual
peening of the damaged component takes place. Damaged
components typically may include the fan hub corner radius,
another fan hub location, or even another type of component
in the engine assembly.

[0021] FIG. 2 shows a typical fan hub 200 of a gas turbine
engine. Fan hub 200 includes bore 202, face 204, fillet 206,
and web 208.

[0022] FIG. 3 shows a cross sectional diagram showing the
fan hub 200 from FIG. 2, along with a self-contained peening
apparatus 300 positioned against fan hub 200. In practicing
the invention, peening apparatus 300 is directed toward the
surface portion of fan hub 200 upon which peening is desired.
By utilizing peening apparatus 300, a surface of fan hub 200
may be peened without removing fan hub 200 from the rest of
the gas turbine engine.

[0023] FIG. 4 is a cross sectional diagram showing the
invention method being applied to anon co-planar surface. As
illustrated, peening media 301 is contained within the peen-
ing apparatus 300. The peening apparatus 300 projects peen-
ing media 301, typically small metal or metal alloy spherical
balls, against the surface of workpiece 400. The shot is
allowed to randomly move in the enclosed volume 302 to
provide complete peening coverage to all exposed surfaces
regardless of surface orientation. Thus, peening apparatus
300 is able to cover a planar surface 304, and an adjacent
surface 306 that is not co-planar with the first planar surface
304. The entire surface of the angled workpiece 400 is worked
by the peening apparatus, with both non co-planar surfaces
304 and 306 being worked simultaneously.
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[0024] Inanotherembodiment, in situ peening may be done
onnon-planar and other complex surface areas, such as fillets,
chamfers, corrugations, and the like. FIG. 5 is a cross sec-
tional diagram showing the invention method being applied
to a non-planar surface. Again, the peening media 301 is
contained within the peening apparatus 300. The peening
apparatus 300 projects peening media 301, again in the form
of metal shot, against the surface of workpiece 400. In this
embodiment, the surface being worked is a fillet 402. A gap
404 exists between peening apparatus 300 and workpiece 400
to allow peening media 301 to exit the work area after striking
workpiece 400. Peening media 301 is then captured and
returned to peening apparatus 300 for reuse by the system in
arecycling system (not illustrated) that prevents the shot from
contacting other areas of workpiece 400. In an alternate
embodiment, peening apparatus 300 contacts the work sur-
face 406 and peening media 301 is contained within the
enclosed volume 302 of peening apparatus 300.

[0025] Self-contained peening apparatus 300 may be of the
type disclosed in U.S. Pat. No. 6,343,495, which is incorpo-
rated herein by reference. The apparatus includes a vibrating
surface and a number of projectiles that are directed towards
the target surface. The apparatus also includes a structure for
keeping each projectile captive in the self-contained peening
apparatus, so that the peening media cannot escape and dam-
age or get loose in other parts of the aircraft engine.

[0026] In practice, a shot peening operator installs a peen-
ing apparatus against the area of the damaged component that
is to be peened. The peening operator turns on the peening
apparatus and the apparatus is moved back and forth on the
area to be peened by a robot or other automatic method.
[0027] The peening media in the peening apparatus are
completely contained and cannot escape. There can also be
tooling designed to protect critical areas of the engine for
additional protection against media escape. This eliminates
the need for expensive, high-risk masking operations that
attempt to prevent peening media from entering other parts of
the engine. The equipment also eliminates any need for
engine disassembly, shipment to outside peening suppliers, or
engine reassembly. In situ peening also eliminates the danger
that assembly and reassembly operations can introduce fur-
ther damage to the gas turbine engine components.

[0028] For example, weld repairs on turbine exhaust cases
require shot peening of the welded areas. Although welding
can be performed in most repair shops, shot peening is typi-
cally performed at an outside shop that specializes in peening
processes. This adds additional time and cost to the repair.
Also, if the turbine exhaust case is assembled to the engine,
additional assembly and disassembly time is required. Previ-
ously, to avoid these problems, repairs have been conducted
by either waiving the shot peening requirement or allowing
flapper peening instead of conventional shot peening. Utiliz-
ing the invention, disassembly and reassembly are no longer
required. Thus, repairs can be performed using shot peening,
without having to compromise on the quality of the repairs.
[0029] The invention can be applied to components that are
installed in an engine module. The module may be removed
from the engine assembly, but will remain assembled for
limited or light maintenance. Some examples of module level
applications include components such as HPC front hubs,
HPC discs and drums, turbine exhaust cases, and front com-
pressor drive turbine shafts. Furthermore, local peening of
circumferential blade slots is beneficial to avoid having to
send HPC drums to a third party for peening.
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[0030] Prior art systems often used a device and process
whereby pneumatically excited and entrapped pins come into
contact with the work surface during which the contact
imparts residual compressive stress. However, the device
requires that the pins contact the intended surface at an angle
that is normal to the contacted surface. Such restriction on the
use of the equipment only allows for the coverage on a gen-
erally planar surface that is perpendicular to the axis of the pin
movement. With the current device and method, complex
surface areas may be worked due to the randomized move-
ment of the peening media within the peening apparatus. The
entrapped spherical peening media travel is always at an
angle that is tangent to the intended surface. This allows for
the working in situ of engine components that contain radii,
fillets, and holes that the prior art systems could not accom-
plish.

[0031] After peening has been completed at box 112, the
process moves on to box 114, where the repair work is
inspected. Inspection includes visual examination using mag-
nification under white light. Such visual inspection is
required on any component after peening by conventional
methods as well. Next, at decision box 114, it is determined
whether the repair work is satisfactory. If so, the process ends
at end box 118. If the repair work is not satisfactory, the
process returns to start box 102 and begins again.

[0032] The invention is a method for shot peening the com-
ponent of a gas turbine engine without removing the compo-
nent from the gas turbine engine or masking any of the engine
components. The method reduces the cost of repair, the time
needed for repair and the amount of time that the gas turbine
engine is not in operation. This increased efficiency and
economy results in better performance of the engine and
greater customer satisfaction.

[0033] Although the present invention has been described
with reference to preferred embodiments, workers skilled in
the art will recognize that changes may be made in form and
detail without departing from the spirit and scope of the
invention.

1. A method for repairing a damaged component of a gas
turbine engine, the method comprising:

blending the damaged area of the component,

determining parameters for peening the damaged compo-

nent, and

peening the damaged component without removing it from

the engine;

wherein the peening comprises a peening media that is

randomized by a peening apparatus to tangentially con-
tact the damaged area.

2. The method of claim 1 wherein no part of the engine is
masked.

3. The method of claim 1 wherein the parameters for peen-
ing are selected from a group consisting of: size and shape of
the peening media; material of the peening media; size, fre-
quency and amplitude of a vibrating surface of a peening
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apparatus; peening coverage; orientation of a vibrating sur-
face of a peening apparatus with respect to a damaged area of
the damaged component; and peening time.

4. The method of claim 1 wherein the peening is performed
using a self-contained, automatic sonic peening apparatus.

5. The method of claim 1 wherein the peening is performed
using a hand-held sonic peening apparatus.

6. The method of claim 1 wherein the damaged component
is selected from a group consisting of: fan hubs, HPC front
hubs, HPC discs and drums, turbine exhaust cases and front
compressor drive turbine shafts.

7. The method of claim 1 wherein the peening further
comprises providing a peening media of spherical metallic
balls.

8. The method of claim 1 wherein the damaged area con-
tains at least one non co-planar surface.

9. The method of claim 8 wherein the peening media pro-
vides simultaneous coverage to all surfaces of the damaged
area.

10. A method for repairing a damaged component of a
module of gas turbine engine, the method comprising:

removing the module from the engine,

blending the damaged area of the component,

determining parameters for peening the damaged compo-

nent, and

peening the damaged component without removing it from

the engine module;

wherein the damaged area of the component comprises a

non-planar geometry.

11. The method of claim 10 wherein no part of the engine
module is masked.

12. The method of claim 10 wherein the parameters for
peening are selected from a group consisting of: size and
shape of a peening media; material of the peening media; size,
frequency and amplitude of a vibrating surface of a peening
apparatus; peening coverage; orientation of a vibrating sur-
face of a peening apparatus with respect to a damaged area of
the damaged component; and peening time.

13. The method of claim 10 wherein the peening is per-
formed using a self-contained, automatic sonic peening appa-
ratus.

14. The method of claim 10 wherein the peening is per-
formed using a hand-held sonic peening apparatus.

15. The method of claim 10 wherein the damaged compo-
nent is selected from a group consisting of: HPC front hubs,
HPC discs and drums, turbine exhaust cases, and front com-
pressor drive turbine shafts.

16. The method of claim 10 wherein the peening further
comprises providing a peening media of spherical metallic
balls.

17. The method of claim 12 wherein the peening media
moves randomly within the peening apparatus to provide
simultaneous coverage to all surfaces of the damaged area.
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