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APPARATUS FOR LASER PEENING HIDDEN SURFACES

RELATED APPLICATIONS

[0001] This application claims priority of provisional U.S. Patent application 62/661,161,

filed April 23, 2018, which is incorporated by reference.

TECHNICAL FIELD

[0002] This technology includes a laser beam delivery device and an apparatus for

supporting the device in operative engagement with a workpiece.

BACKGROUND

[0003] In laser shock peening operations, it is sometimes necessary to laser peen surfaces
that are hidden or out of direct line-of-sight for access by a laser beam from outside the

workpiece. Such surfaces may be found, for example, inside cavities in the workpiece.

SUMMARY

[0004] A laser shock peening apparatus is provided for use with a workpiece having a cavity.
The apparatus includes a tubular body configured for insertion longitudinally inward of the
cavity. The tubular body has a peripheral wall bounding a laser delivery channel. An aperture
reaches outward from the laser delivery channel through the peripheral wall. An optical device
is located in the laser delivery channel, and is oriented to direct a laser beam outward through the
aperture. Additionally, the peripheral wall has internal surfaces defining a water delivery

channel for conveying a stream of overlay water to the aperture.
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[0005] A support apparatus is configured to engage the workpiece in an installed position in
which the support apparatus is releasably attached to the workpiece. When in the installed
position, the support apparatus supports the delivery device in alignment with the cavity. In a
given example, the support apparatus can be releasably retained in the installed position under

the force of vacuum pressure.

BRIEF DESCRIPTION OF THE DRAWINGS

[0006] Figure 1 is a sectional view of a workpiece to be treated by laser shock peening.

[0007] Figure 2 is a sectional view of a device for use in laser shock peening.

[0008] Figure 3 is a sectional view taken on line 3-3 of Fig. 2.

[0009] Figure 4 is a front view of an apparatus for use with the device of Fig. 2.

[0010] Figure 5 is an enlarged sectional view of parts shown in Fig. 4.

[0011] Figure 6 is a view of components included in a portable system for treating one or

more workpieces by laser shock peening.

DETAILED DESCRIPTION

[0012] The structures illustrated in the drawings includes parts that are examples of the
structural elements recited in the claims. The illustrated structures thus include examples of how
a person of ordinary skill in the art can make and use the claimed invention. They are described
here to meet the enablement and best mode requirements of the patent statute without imposing

limitations that are not recited in the claims. One or more elements of one embodiment may be
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used in combination with, or as a substitute for, one or more elements of another as needed for

any particular implementation of the invention.

[0013] The apparatus 10 shown in Fig. 1 is a workpiece for treatment by laser shock peening.
The workpiece 10 has an outer surface 12 with an opening 15. An inner surface 16 of the
workpiece defines a cavity 17 reaching inward from the outer surface 12. The cavity 17 in the
given example is a bore. Such a workpiece 10 may have multiple overlapping parts 20, and the

bore 17 may have an open inner end 23 at one such part 20.

[0014] In the example of Fig. 1, the inner surface 16 and the bore 17 have cylindrical shapes
centered on an axis 25, and reach continuously through the workpiece 10 with a uniform
diameter D1 from the opening 15 at the outer surface 12 to the open inner end 23. The bore 17 is
configured to receive a fastener, such as a rivet or the like, for fastening the parts 20 together.
Accordingly, the workpiece 10 may require laser shock peening suitable for engagement with a
fastener, either originally or upon replacement, along the length of the inner surface 16 in the

bore 17.

[0015] The apparatus 100 shown in Figs. 2 and 3 is a laser beam delivery device for treating
a workpiece by laser shock peening. The delivery device 100, which may be referred to as a
targeting device, is configured to direct a laser beam onto a workpiece at a surface within a
cavity in the workpiece. With reference to the example shown in Fig. 1, the delivery device 100
is thus configured to deliver a laser beam to the workpiece 10 for treatment by laser shock

peening at the inner surface 16 within the bore 17.

[0016] In the illustrated example, the delivery device 100 has separate parts including a
tubular body 102 and an end cap 104. The tubular body 102 has an elongated peripheral wall
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106 with a cylindrical shape centered on an axis 109. An outer surface 110 of the peripheral wall
106 has a uniform outer diameter D2. The outer diameter D2 on the delivery device 100 is less

than the inner diameter D1 on the workpiece 10.

[0017] An open top 112 of the end cap 104 is joined to an open bottom 114 of the tubular
body 102. The end cap 104 also has a cylindrical shape, with an outer surface 118 providing the
same uniform outer diameter D2, and projects concentrically downward along the axis 109 as

viewed in the upright orientation shown in Fig. 1.

[0018] A flange portion 120 of the delivery device 100 is located at the upper end of the
tubular body 102. The flange 120 has a planar opposite side surfaces 122 and 124 parallel to the

axis 109, with a circular peripheral edge 126 having with a diameter D3 centered on the axis 109.

[0019] The diameter D3 is greater than the diameter D2, and is greater than the diameter of
the opening 15 at the outer surface 12 of the workpiece 10. Apertures 127 reach through the
flange 120 for fasteners to install the delivery device 100 in a support apparatus that inserts the
delivery device 100 into the bore 17 through the opening 15 at the outer surface 12 of the

workpiece 10. The support apparatus can include the applicator device 128 shown in Fig. 4.

[0020] An interior wall 130 reaches straight across the tubular body 102. The interior wall
130 is shaped as a chord that divides the interior space into first and second channels 133 and
135 shaped as arcuate segments. The first channel 133 has an open upper end 137 at the top of
the tubular body 102, and has an open lower end 139 spaced a short distance upward from the
bottom 114 of the tubular body 102. The second channel 135 has open upper and lower ends
141 and 143 beside those of the first channel 135. A cylindrical lower end chamber 145 is
located between the channels 133 and 135 and the open bottom 114.
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[0021] A mirror mount 150 is located on the interior wall 130 in a predetermined path to be
taken by a laser beam directed into the first channel 133 through the open upper end 137. In the
illustrated example, the predetermined path is centered on the axis 109. A mirror 152 is mounted
on the mirror mount 150, and is inclined to the axis 109 so as to direct the laser beam across the
first channel 133 to a beam delivery slot 155 (Fig. 2) that extends through the peripheral wall

106.

[0022] As further shown in Figs. 2 and 3, the peripheral wall 106 has interior surfaces
defining a third channel 157 within the thickness of the peripheral wall. The third channel 157
has an open upper end 159 beside the open upper end 137 of the first channel 133, and reaches

through the peripheral wall 106 longitudinally downward to the beam delivery slot 155.

[0023] As noted above, the delivery device 100 is configured for insertion in the bore 17 in
the workpiece 10. The tubular body then extends axially within the bore 17, with the beam
delivery slot 155 positioned closely adjacent to the inner surface 16 of the workpiece 10. A laser
beam emitted from the slot 155 can be directed progressively against the entire area of the inner
surface 16 by rotating the delivery device 100 about the axis 109 to move the beam
circumferentially about the inner surface 16, and by moving the delivery device 100 along the
axis 25 to move the beam through the depth of the bore 17 along the length of the inner surface

16.

[0024] When a laser beam is applied to the inner surface 16 of the workpiece 10, water is
simultaneously applied as a transparent overlay at the inner surface 16. This is accomplished by
directing a stream of water into and through the third channel 157. The stream of water

emerging from the third channel 157 flows axially downward through the beam delivery slot
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155. The stream of water is thus directed axially over the adjacent inner surface 16 of the

workpiece beside the beam delivery slot 155.

[0025] Some of the water overlay will escape through the space located radially between the
inner surface 16 of the workpiece and the outer surface 110 of the tubular body 102. However,
some or most of the water will continue to flow downward from the beam delivery slot 155
through the lower end chamber 145 and into the end cap 14. Therefore, as a means for removing
water from the delivery device 100, a pressurized flow of air is simultaneously provided
downward through the first channel 133. The pressurized flow of air emerges from the open
lower end 139 of the first channel 133, and continues downward through the end chamber 145 to
the end cap 14, where it turns back upward toward and through the open lower end of the second
channel 135. Water that would otherwise collect in the end cap 14 is carried by the pressurized
flow of air so that both the air and the water are driven upward and outward through the second
channel 135. Preferably, the pressurized flow of air is driven by vacuum pressure at the outlet

end of the second channel 135.

[0026] A particular feature of the delivery device 100 relates to the placement of the mirror
152 relative to the delivery slot 155. As shown in Fig. 2, mirror 152 in the illustrated example is
spaced axially upward from the delivery slot 155. This helps to keep the mirror 152 at a distance
from turbulence in the stream of water emerging from the third channel 157 at the delivery slot

155, and thus helps to ensure that the reflected laser beam is not adversely affected by the water.

[0027] As shown in Fig. 4, the applicator device 128 for inserting the delivery device 100
into the bore 17 has multiple components supported on a frame 200. These include a housing

202 with a vacuum sealing chamber 203 for releasably attaching the applicator device 128 to a
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workpiece. In the given example, the applicator device 128 is shown to be attached to the
workpiece 10 of Fig. 1. Other parts of the applicator device 128 include a laser beam amplifier
204 for providing an amplified beam to the device 100, with a motorized rotational drive 206 and
a motorized vertical drive 208 for moving the delivery device 100 within the bore 17 as

described above. A controller 210 with a user interface also is provided in the example of Fig. 4.

[0028] The housing 202 defines closed boundaries of the sealing chamber 203, but also
provides the sealing chamber 203 with an open bottom 214. A sealing ring 216 reaches fully
around the open bottom 214. In the installed position of Fig. 4, the open bottom 214 faces the
outer surface 12 of the workpiece 10, with the sealing ring 216 overlying the outer surface 12. A
pump 218 (shown schematically) provides vacuum pressure within the sealing chamber 203.
With the outer surface 12 of the workpiece 10 effectively defining a closed boundary at the
bottom of the sealing chamber 203, the vacuum pressure retains the applicator device 128 in
place on the outer surface 12. The sealing ring 216 is compliant so as to adopt the contour of the
outer surface 12 as needed for an airtight seal at the installed location. Suction cups 220 may

also be provided to ensure that the installed apparatus 128 is securely retained in place.

[0029] As best shown in Fig. 5, the delivery device 100 is fastened to a platform 230 within
the sealing chamber 203. A coupling 232 is configured to interconnect the delivery device 100
with a hydraulic line extending from a source of overlay water, and a pneumatic line extending

from a source of pressurized air for driving the water through the delivery device 100.

[0030] The coupling 232 is further configured to engage an optical fiber interconnecting the
delivery device 100 with the laser beam amplifier 204. The amplifier 204 is interconnected with

a remote source of a laser beam that is pulsed for laser shock peeing at the inner surface 16 of the



WO 2019/209786 PCT/US2019/028646

workpiece 10. By locating the amplifier 204 at the applicator device 128 instead of the remote
laser source, the arrangement of Fig. 4 reduces the length of optical fiber through which the
amplified beam must travel to reach the delivery device 100. This provides a corresponding

reduction in the energy loss between the amplifier 204 and the delivery device 100.

[0031] In use, the applicator device 128 may be moved from place to place on the outer
surface 12 of the workpiece 10 to perform laser shock peening operations at each of a multitude
of bores 17. The applicator device 128 is first located above a selected bore 17, with the
targeting device 100 aligned but retracted upward from the bore 17. The vertical drive 208 and
the vacuum pump 218 are actuated under the influence of the controller 210 to secure the
applicator device 128 in place, and to move the delivery device 100 longitudinally into the bore
17. The amplifier 204, the remote laser source, and the sources of water and pressurized air can
then be actuated by the controller 210 to perform a laser peening operation as described above.
When the laser peening operation is completed, the vacuum pump 218 can be deactivated to

release the applicator device 128 for movement to another location.

[0032] Figure 6 shows an example of a system 300 for performing laser peening at multiple
surface locations on one or more workpieces. This system 300 is particularly suitable for
performing laser peening at the inner surfaces of multiple spar fastener bores in an aircraft wing.
As show, the system 300 includes include portable components that are configured for deploying
the beam delivery device 100 throughout the multiple surface locations. The portable
components of the system 300 include a support apparatus in the form of an applicator device
310. The portable components further include an enclosure 320, a verification stand 330, a water

removal vacuum 340, and a reverse osmosis water system 350.
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[0033] Unlike the applicator device 128 described above, this example of an applicator
device 310 does not include a controller with a user interface. However, the applicator device
310 is otherwise configured with a structure and function substantially the same as the applicator
device 128 of Fig. 4. The applicator device 310 is thus configured for releasable coupling with a
workpiece to support and move a delivery device like the delivery device 100 in the same
manner described above. The applicator device can thus be deployed between multiple bore

locations on the upper surface of an aircraft wing.

[0034] The enclosure 320 has components for providing the applicator device 310 with a
laser beam, power, overly water, and a flow of air for removing the water, all as described above.
The enclosure 320 further has a user interface and a controller for providing the applicator device
310 with control signals for operating the vacuum pump that attaches the applicator device 310
to a workpiece, as well as control signals for operating the motors that insert, advance, retract,
and rotate the delivery device in a workpiece bore. As shown, the enclosure 320 in this example

has wheels 360 for rolling across a floor.

[0035] The verification stand 330 is operatively interposed between the enclosure 320 and
the applicator device 310. This component of the system 300 includes a controller for evaluating
the laser beam at the applicator device 310 to verify characteristics such as spot size, energy,
temporal profile, etc. Umbilicals 362 communicate the enclosure 320 with the applicator device
310 and the verification stand 330 to convey power, overlay water, air, and control signals as
needed for the enclosure 320 to operate both the applicator device 310 and the verification stand
330. In this example, the verification stand also has wheels for rolling across a floor. The
verification stand 330 can also be carried on a scissor lift or other suitable hoisting device for

proximity and maneuverability relative to an aircraft wing.
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[0036] The water removal vacuum 340 includes a venturi device that is driven by a flow of
air provided from the enclosure 320 through an air line 370. A vacuum air line 372 is extended
from the water removal vacuum 340 to a location where excess water from the laser beam

delivery device needs to be collected and removed.

[0037] The reverse osmosis water system 360 is included in the system 300 to purify water

obtained from a shop source, and to provide the purified water to a tank in the enclosure.

[0038] This written description sets for the best mode of carrying out the invention, and
describes the invention so as to enable a person of ordinary skill in the art to make and use the
invention, by presenting examples of the elements recited in the claims. The detailed
descriptions of those elements do not impose limitations that are not recited in the claims, either

literally or under the doctrine of equivalents.
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