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METHOD AND APPARATUS FOR IMPARTING A
SIMPLE CONTOUR TO A WORKPIECE

2
extremely expensive, especially when the costs of the
additional touch up peening are included.

SUMMARY OF THE INVENTION

BRIEF DESCRIPTION OF THE DRAWINGS

The foregoing and other objects, advantages and
characterizing features of the present invention will
become clearly apparent from the ensuing detailed de­
scription of an illustrative embodiment thereof, taken
together with the accompanying drawings wherein like
reference numerals denote like parts throughout the
various views and in which:

FIG. 1 is a side elevational view of the shot peening
apparatus according to the teachings of the present
invention;

FIG. 2 is a perspective view of a flat piece of metal
showing an array of spanwise narrow strips of where
the shot peening is typically applied; and

FIG. 3 is a schematic of the regulating process uti­
lized by the control system.

DETAILED DESCRIPTION OF THE
PREFERRED EMBODIMENTS

Referring now in detail to FIGS. 1 through 3, there is
disclosed a novel method and apparatus according to

The present inventive method and apparatus over-
comes the aforementioned problems and effectively
minimizes the formation of compound contours in metal
having no integral longitudinal stiffeners and further
minimizes the amount of touch-up peening which may

10 subsequently be required.
Accordingly, it is a primary objective of the present

invention to provide a new method and apparatus for
imparting a simple contour to a workpiece and to simul­
taneously minimize the formation of compound con­
touring therein.

In accordance with an aspect of the present inven­
tion, an improved method for imparting a simple con­
tour to a workpiece is disclosed and includes passing a
flat sheet of metal through shot peening equipment,
with the equipment shot peening the metal only on one
side thereof with the peening being of variable predeter-
mined intensity and specifically applied spanwise to,
and in the direction of, the movement of the metal sheet.
After completing the application of a single strip of
peening to the metal, the orientation of the shot peening
equipment and the metal sheet are modified in such a
manner as to allow subsequent shot peening to be done
in narrow spanwise strips applied in the direction of
movement of the workpiece along chord percentage
lines of the metal part.

The apparatus of the present invention provides a
treatment chamber which has a conveyor means for
moving a workpiece therethrough. The conveyor
means has a transport means and a rail means. A work­
piece affixing means is also provided thereon and in­
cludes adjusting means for positioning the workpiece
relative to the rail means. One or more shot throwing
means further provided in the treatment chamber and is
movable and rotatable about an axis and is positioned to
one side of the workpiece. Finally, a control system is
employed and is electrically connected to the shot
throwing means to regulate the flow and direction of ­
the discharged shot and is further connected to the
adjusting means to direct and position the workpiece in
order to receive the discharged shot in spanwise extend­
ing strips.

BACKGROUND OF THE INVENTION

The present application is a continuation of applica- 5
tion Ser. No. 568,403, filed Jan. 5, 1984, now aban­
doned.

1. Field of the Invention
This invention relates to a method and apparatus for

imparting a simple contour to a workpiece and, more
particularly, to a method and apparatus for shot peening
a wing skin to form a simple contour which matches the
chordwire curvature of an aircraft wing. 15

2. Description of the Prior Art
The application of simple curvatures to aircraft skins

by shot peen forming is not new. It has been done with
air nozzle peening for many years as exemplified by 'J

U.S. Pat. No. 2,701,408; and by centrifugal shot throw- _0
ing wheels as exemplified by U.S. Pat. No. 3,705,510.
However, the use of shot peening in a metal part as
taught by these and other state of the art patents encour­
ages the formation of simple and compound contours. 2
In the typical peening process, a flat piece of metal is 5
peened to form a predetermined shaped contour which
approximates the chordwise curvature of a desired air­
craft wing. Because the shot consists of spherical ele­
ments, their striking of the treated metal part causes the 30
application of compressive stresses to the metal part
along axes in all directions, thereby resulting in the
curving or contouring of the part in all directions. This
peen shaping is known as hemispheric shaping and is
desirable for some applications. Accordingly, a com- 35
pound contour is imparted to the metal skin, namely the
skin develops a spanwise curvature in addition to the
more desirable chordwise curvature. U.S. Pat. No.
4,329,862 is exemplary of a complicated method for
utilizing and propagating compound contours through- 40
out a flat metal sheet to more closely approximate the
exact shape of an aircraft wing. However, devising a
system which controls and encourages both chordwise
and spanwise curvature is extremely complicated and
requires extensive trial and error testing to develop 45
appropriate banks of information which can be later
programmed into a computer to control the shot peen­
ing equipment. It is, therefore, highly desirable to have
a method which easily treats the workpiece and devel­
ops only chordwise curvature. In response thereto and 50
in applications where it is necessary to inhibit or pre­
vent compound contour formation, pre-stressing or
clamping the metal part in an over-curved condition
during peening can be an effective preventive method.
Further, some metal parts are provided with longitudi- 55
nal stiffeners which discourage compound curvature by
supplying increased strength to the metal part for with­
standing the multi-directional compressive forces of the
peening process. Additionally, after compound con­
tours have been formed in the peened metal part, subse- 60
quent touch-up peening can also be utilized. Touch up
peening is substantially a trial-and-error method em­
ployed to correct localized compound contouring by
peening various locations on the part in an attempt to
reverse some of the undesirable growth and compound 65
curvature which had been previously imparted thereto
as described above. Unfortunately, such methods of
correction are cumbersome and time consuming and
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adjusting means 24 and the shot throwing means 40. It
is of prime importance to the present invention that in
order to maximize the amount of simple contour forma­
tion and simultaneously minimize compound contour
formation, the discharged shot must be applied to the
workpiece 38 in narrow, spanwise strips 50 (see FIG. 2),
with the shot throwing means 40 aligned to apply the
shot along the direction of movement and the common
chord percentage lines of the workpiece 38. Accord­
ingly, the orientation of the discharged shot relative to
the workpiece 38must be highly controlled and regu-
lated by control system 48. More particularly, the ad­
justing means 24 must operate in synchronization with
the shot throwing means 40 in order to allow strips 50 to
be formed along predetermined spanwise locations. In
order to program the apparatus, via the control system
48, two data bases 52, 54 are generated and fed into the
control system 48. Data base 52 consists of the positions
of the common chord percentage lines of the workpiece
38. The chord distance is defined as the distance be­
tween the leading edge 56 and the trailing edge 58 of the
workpiece 38. The values for the common chord per­
centage lines are defined as the constant percentage of
chord distances calculated over the span of the wing.
These values, hence, are based on the length of work­
piece 38 and the varying chord distances and are easily
calculatable values. Data base 54 is generated by mea­
suring the overall dimensions and thickness of the
workpiece 38 along its span.

The control system 48 uses the values generated in
the data bases 52, 54 to synchronize and control various
elements in the treatment chamber 10. The speed of the
workpiece 38 is controlled by electronically connecting
the tractor 20 thereto. The intensity of the discharged
shot is controlled by varying the revolutions per minute
of the wheel contained within the shot throwing means
40. The intensity is varied to compensate for the vary­
ing thickness and the desired contour of the workpiece
38. The control system 48 utilizes the adjusting means
24 which can raise and/or lower chain 32 and can also
either move or rotate the shot throwing means 40 by
engaging the vertical support means 46, or the hydrau­
lic actuator 44. Typically, after a particular strip 50 has
been shot peened, the control system 48 can then orient
the different elements to allow spanwise peening along
any given strip 50 on workpiece 38. In this manner,
selective portions or entire strips 50 can be treated as
desired or programmed. At the present time, it is gener­
ally believed that the best results in propagating simple
contours occur by shot peening the center of the work­
piece 38 and working the method outwardly toward the
leading edge 56 and trailing edge 58.

In operation, a workpiece 38 is attached to the load
beam 36 and the tractor 20 is activated to transport the
workpiece 38 into treatment chamber 10. Data bases 52,
54 have previously been generated by calculating the
percentage chord lines and measuring the overall di­
mensions, including the thickness, of the workpiece 38.
The programmable control system 48 is engaged and
simultaneously regulates the speed of the tractor 20, the
angular and vertical position of the shot throwing
means 40, as well as the intensity of the shot to be dis­
charged therefrom. The tractor 20 moves the affixing
means and transport means 18 along conveyor means 12

65 with the workpiece 38 suspended therebelow. The con­
trol system 18 longitudinally orients the shot throwing
means 40 so that the shot is discharged in a narrow
spanwise strip 50 along the direction of travel and on

3
the teachings of the present invention having a treat­
ment chamber 10 with a conveyor means 12, or mono­
rail system, extending therethrough. The conveyor
means 12 includes a rail means 14 which includes rails
16 extending outwardly from the treatment chamber 10
and supported by any well known support structure
(not shown). A transport means 18, which typically
includes a tractor 20, provides movement along the rail
means 14. A first hoist 22 and a second hoist 24 are
rigidly connected via tie bars 26 to the tractor 20 and 10
are each provided with wheels 28 which ride along rail
means 14 and further enable ease of movement of the
transport means 18 along the conveyor means 12. The
first hoist 22 is preferably at least one ton electric chain
hoist having a one horsepower motor for the lowering 15
or raising of a chain 30 extending therefrom. The adjust­
ing means, or second hoist 24 is also preferably a one
ton electric chain hoist having a one horsepower motor
for the lowering or raising of chain 32 which can be
programmed to lengthen or shorten the chain 32 to any 20
length thereby pivoting lead beam 36 about pivot point
60. The preferred maximum programmed length for the
chain 32 is approximately three feet, but other longer
lengths can easily be used with the present invention
and are therefore believed to be within the scope of the 25
present invention.

A load beam 36 is provided and is attached to the
chains 30,32 in a manner well known in the art. A flat
sheet of metal, or workpiece 38, which is to be treated
to become a wing skin, is attached to the underside of 30
the load beam 36 in such a manner by any rigid means
as is well known in the art as to be suspended from the
rail means 14 via the adjusting means which includes
hoists 22, 24, chains 30, 32 and load beam 36. Upon
activation of the tractor 20, this entire assembly can be 35
easily transported through treatment chamber 10.

A shot throwing means 40, or blast unit, which is a
centrifugal shot throwing wheel, is further provided at
a predetermined spaced relationship to the workpiece
38 within treatment chamber 10. In order to carry out 40
the present method and apparatus, a single blast wheel
40 is provided to discharge shot at one side 42 of the flat
sheet of metal 38. Side 42, after treatment, will become
the convex side of the wing. However, in a preferred
embodiment of the present apparatus, an oppositely 45
disposed blast unit (see FIG. 1) is also provided and is
utilized in the event that subsequent touch up peening is
required. It is important to note that the actual details of
the internal workings of the blast units are well known
and beyond the scope of the present invention. Shot 50
feeding means and supply apparatus (not shown), in­
eluding supporting structure, are also provided to sup­
ply and receive shot to and from the blast as is also well
known in the art. A parameter of importance to the shot
throwing means 40, however, is that the shot pattern of 55
discharge must be extremely narrow and is typically a
function of the width, curvature, thickness and surface
roughness of the metal sheet. The shot throwing means
40 is further provided with an actuator 44 which can be
hydraulic or electric and, when activated, causes the 60
shot throwing means 40 to be rotated through a range of
predetermined angles about an axis. A vertical support
means 46 which supports and allows vertical movement
of the shot throwing means 40 is also positioned within
treatment chamber 10.

As is more clearly shown in FIG. 3, a programmable
control system 48 is provided and is informationally and
electronically connected to the transport means 18, the
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5
the common chord percentage lines of workpiece 38.
After treatment of a strip 50 has been completed, the
control system 48 utilizes the adjusting means 24 to
either raise or lower chain 32. The angular and vertical
orientation of the blast unit 40 is likewise adjusted with 5
the workpiece 38 again passing the blast unit 40, thereby
allowing treatment of a second narrow strip 50 on the
surface of the workpiece 38. The particular adjustments
of the adjusting means 24 and blast unit 40 are depen­
dent upon the location of the second and subsequent 10

strips 50 on the workpiece 38.
In summary of the overall operation of the present

invention, a flat sheet of metal, or workpiece 38, is
passed through shot peening equipment, with shot peen­
ing occurring on a single side thereof and with the 15
peening occurring with variably controlled intensity in
the direction of movement of the workpiece 38. The
positioning of workpiece 38 is regulated by a control
system 46 which monitors the spatial relationship be­
tween workpiece 38 and shot throwing means 40 assur- 20

ing that the peening occurs in narrow spanwise strips 50
along common chord percentage lines.

From the foregoing, it is apparent that the objects of
the present invention have been fully accomplished. As 25
it result of the present invention, a new and improved
method and apparatus for imparting a simple contour to
a workpiece has been disclosed. A preferred embodi­
ment of the principles of this invention having been
described and illustrated, it is to be realized that the 30
same are not limited to the particular method and appa­
ratus shown in the drawings, and that modifications
thereof are contemplated and can be made without
departing from the spirit and scope of this invention as
defined in the appended claims.

What is claimed is:
1. Apparatus for imparting a simple contour to a flat

workpiece so as to form a wing skin, comprising:
a treatment chamber;
a conveying means extending through said chamber 40

for moving the workpiece through the chamber,
the conveying means including a rail means, a
transport means, and a workpiece affixing means
having an adjusting means for positioning said
workpiece in relation to the rail means;

a shot throwing means carried by the treatment
chamber capable of discharging shot in a pattern
into the treatment chamber and onto a selected side
of the workpiece; and

a control system for the shot throwing means to regu- 50
late the flow and direction of the shot discharged
therefrom, the control system further connected to
the adjusting means to direct and position the
workpiece to receive. the discharge pattern of shot
on the selected side in spaced narrow spanwise 55
strips.

2. The apparatus of claim 1, wherein the adjusting
means comprises a first and second hoist means which
include first and second chain means, respectively, and
which are alternatively attached to said transport means 60

6
and a load beam, said load beam being attached to said
workpiece.

3. The apparatus of claim 2, the adjusting means fur­
ther including a second hoist means which includes a
chain means and an encoder operatively connected to
the control system.

4. The apparatus of claim 1, the shot throwing means
further including an actuator operatively connected to
the control system for controlling the intensity of shot
discharged from the shot throwing means.

5. The apparatus of claim 1, wherein the shot throw­
ing means includes a plurality of blast units each includ­
ing a centrifugal blast shot peening wheel.

6. The apparatus of claim 5, wherein the control
system is operatively connected to the shot throwing
means to regulate the intensity of the shot disclosed
therefrom by controlling the speed of the shot peening
wheel.

7. The apparatus of claim 1, the control system in­
cluding a programmable system which utilizes data
bases.

8. The apparatus of claim 1, the shot throwing means
being movable in a direction perpendicular to the direc­
tion of movement of the workpiece.

9. A method of forming a simple-contour wing skin
from an elongate, flat sheet of metal, the sheet of metal
having a longer dimension defining the span of the wing
skin and a shorter dimension defining the chord of the
wing skin, the longer opposed edges of the sheet of
metal defining the leading and trailing edges of the wing
skin, comprising the steps of:

disposing the sheet of metal adjacent shot peening
equipment;

moving the sheet of metal relative to the shot peening
equipment in the spanwise direction of the wing
skin; and

shot peening the sheet of metal on one side, the shot
peening being applied in spaced, narrow spanwise
strips.

10. The method of claim 9, wherein the step of dispos­
ing includes orienting the sheet of metal with the lead­
ing and trailing edges generally horizontal and suspend­
ing the sheet of metal from either the leading edge or
the trailing edge.

li. The method of claim 10, wherein one of the sus­
pension points is at one end of the wing skin and the
other suspension points are raised or lowered so as to
pivot the wing skin about the first suspension point.

12. The method of claim 9, wherein the intensity of
the peening is varied to compensate for any thickness
variations in the sheet of metal.

13. The method of claim 9, wherein the strips are
applied one at a time.

14. The method of claim 13, wherein the first strip is
applied along the center chord percentage line and
subsequent strips are applied along chord percentage
lines disposed toward the leading and trailing edges.

15. The method of claim 9, wherein the spanwise
strips are applied along chord percentage lines.

* * * * *

65
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