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method of the present invention utilizes a single-point burnishing

process to provide deep compression with a minimal amount of cold working and surface hardening. In particular, the area to be
burnished along the surface (1/7/8) of a workpiece (144) is defined and a freely rotating burnishing ball (114) is forced against the
surface of the workpiece (144) to produce a localized area of deformation having a deep layer of compression within the surface.
The burnishing ball (114) Is then rolled over the surface in a substantially nonoverlapping pattern. A preferred embodiment of the
burnishing apparatus (100) for implementing the burnishing method comprises a socket (108) having a tip member (104)
Incorporating a ball seat (110), a burnishing ball (114) disposed within the ball seat (110), a rod member (106) integrally formed

with the tip member (104); and a socket support (102) for suppo
(108) Is provided with means for directing lubrication fluid from anr

ting the socket (108) on a conventional tool holder. The socket
external reservoir to the ball seat (110) to permit the burnishing

ball (114) to freely rotate and for directing a predetermined amour

t of lubrication fluid to the surface (1/8) of the workpiece (144).
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(§7) Abstract

The burnishing method and apparatus (100) for implementing the method of the present invention utilizes a single—point burnishing
process to provide deep compression with a minimal amount of cold working and surface hardening. In particular, the area to be burnished
along the surface (178) of a workpiece (144) is defined and a freely rotating burnishing ball (114) is forced against the surface of the
workpiece (144) to produce a localized area of deformation having a deep layer of compression within the surface. The burnishing ball
(114) is then rolled over the surface in a substantially nonoverlapping pattern. A preferred embodiment of the burnishing apparatus (100)
for implementing the burnishing method comprises a socket (108) having a tip member (104) incorporating a ball seat (110), a burnishing
ball (114) disposed within the ball seat (110), a rod member (106) integrally formed with the tip member (104); and a socket support (102)

| for supporting the socket (108) on a conventional tool holder. The socket (108) is provided with means for directing lubrication fluid from

an external reservoir to the ball seat (110) to permit the bumishing ball (114) to freely rotate and for directing a predetermined amount of
lubrication fluid to the surface (178) of the workpiece (144).
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Description

BURNISHING METHOD AND APPARATUS FOR PROVIDING A LAYER OF
COMPRESSIVE RESIDUAL STRESS IN THE SURFACE OF A WORKPIECE

Technical Field

The subject invention relates to burnishing methods and apparatus and particularly
to a burnishing method and apparatus for providing a layer of compressive residual stress in
the surface of a workpiece.

Background of the Invention

This invention relates to a burnishing operation and, more particularly, to an
apparatus and a method of burnishing to induce a layer of compressive residual stress in the
surface of a workpiece to provide a part with a relatively good finish and improved physical
properties.

Surface residual stresses are known to have a major affect upon the fatigue and stress
corrosion performance of components in service. Tensile residual stresses, which can be
developed during manufacturing processes such as grinding, turning, or welding are well
known to reduce both fatigue life and increase sensitivity to corrosion-fatigue and stress
corrosion cracking in a wide variety of materials. It is well known that compressive residual
stresses induced in the surface of a workpiece can increase fatigue life and reduce
susceptibility to corrosion-fatigue and stress corrosion cracking. However, the benefit of a
layer of surface compression in reducing susceptibility to stress corrosion, cracking, fatigue,
and corrosion-fatigue is lost if the layer of compression relaxes with time in service.

There are many methods currently used for inducing compressive stress in the surface
of a metal part and the particular method selected depends on several factors including the
dimensions and shape of the workpiece, its strength and stiﬂ"ness, the desired quality of the
finished surface, the desired physical properties of the finished part, and the expense of
performing the operation.

Burnishing has been used to improve surface finish, fatigue life, and corrosion
resistance. The accepted practice for burnishing utilizes repeated deformation of the surface
of the component, in order to deliberately cold work the surface of the material, to increase
the yield strength. Compressive stresses are developed by yielding the surface of the material
in tension so that it returns in a state of compression following deformation. Unfortunately
however, excess cold working may produce tensile surface residual stresses and may leave

the surface susceptible to overload and thermal relaxation.
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One method commonly used in the industry to induce compressive stress in the
surface of a workpiece is shot peening, whereby a plurality of metallic or ceramic pellets are
projected mechanically or through air pressure to impinge the surface of a workpiece. While
such a method 1s relatively inexpensive and is preferred for many applications, in order to
obtain total coverage of the workpiece, areas of impingement often overlap. Such
overlapping of areas of impingement often results in a large amount of cold working which
leaves the surface compressive layer susceptible to stress relaxation. Further, shot peening
is unacceptable for use for parts requiring a superior finish, localized compressive stress
zones, or requiring a greater depth of compressive stress penetration.

Another method, similar to shot peening, commonly used in the industry to induce
compressive stress in the surface of a workpiece is gravity peening, whereby pellets are
dropped through a chute from a predetermined distance onto the surface of the workpiece.
While gravity peening uses a smaller number of larger pellets to deform the surface, the
workpiece continues to be subjected to a substantial amount of cold working. Further, like
shot peening methods, gravity peening 1s often unacceptable for use with parts requiring a
superior fimsh, localized compressive stress zones, or requiring a greater depth of
compressive stress penetration.

Another method commonly used 1n industry for inducing compressive stress on the
surface of a workpiece is by burnishing, whereby the contact portion of a burnishing assembly
is pressed against the surface of the workpiece to deliberately cold work the surface to
minimize surface roughness and increase surface hardness, thereby improving the fatigue
strength of the part. Until now, it has been believed that the surface of a workpiece must be
extensiVely cold worked by making multiple passes over the surface with the contact portion
of the burnishing assembly with sufficient pressure to crush the elevations in the surface
topography to achieve the desired surface hardness and therefore the desired residual
compressive stress.

The burnishing apparatus utilized for cold working the surface of a workpiece
typically comprise a plurality of cylindrical rollers or balls which contact the surface of the
workpiece with sufficient pressure to cold work the surface to induce a compressive stress
therein. Such burnishing apparatus, however, are typically limited to cylindrical or flat work
pieces. Further, the use of multiple passes often results in excessive cold working which may

cause surface tensile residual stresses, and leaving the compressive layer subject to relaxation.
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It 1s also known that by lubricating the surface of the workpiece, the amount of
surface damage resulting from the burnishing process can be significantly reduced.
Unfortunately however, until now the application of lubricant has been performed by hand
or with the use of a separate applicator which often hinders or prevents adequate lubrication
at the point of contact of the workpiece and the contact portion of the burnishing apparatus.

Consequently, a need exists for a relatively inexpensive method and apparatus for
implementing the method for improving the physical properties of a part by inducing a layer
of compressive stress in the surface of the part, which is effective for use with complex
curved surfaces and which provides for longer retention of compressive stresses than have
previously been available using conventional methods of burnishing or shot peening.
Disclosure of Invention

The novel method and apparatus for implementing the method of the present
invention utilizes the process of single-point burnishing to induce a layer of compressive
residual stress with a minimal amount of cold working and surface hardening for providing
for much longer retention of the compressive stresses than have previously been available
using conventional methods of burnishing or shot peening. In particular, the area to be
burnished along the surface of the workpiece is defined and a burnishing apparatus having
a single-point of contact burmshing means is forced against the surface of the workpiece to
produce a zone of deformation having a deep layer of compression within the surface. The
burnishing apparatus is then passed in a predetermined pattern across the area to be burnished
such that the zones of deformation formed by each pass of the burnishing apparatus do not
overlap.

In another preferred embodiment of the present invention, compressive stress is
induced in the surface of a part by a method utilizing the burnishing apparatus of the present
invention. More particularly, the method further comprises the steps of predefermining and
adjusting the application force to be applied against the surface of the workpiece;
predetermining the amount of lubrication and cooling required for the burnishing operation;
automatically supplying the required lubrication fluid; adjusting fluid pressure to provide the
proper amount of lubrication fluid to the surface of the workpiece; and programming a
control unit to direct the burnishing apparatus to make a plurality of passes over the
workpiece to provide the maximum compressive residual stress with the minimum of cold

working and surface hardening.
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In another preterred embodiment of the invention the burnishing apparatus for
implementing the burnishing method of the subject invention comprises a tip member
incorporating a ball seat, a burnishing ball disposed within the ball seat, a rod member
integrally formed with the tip member to define a socket, and a socket support for supporting
the socket on a conventional tool holder. The socket is provided with means for directing
lubrication fluid from a reservoir to the ball seat to permit the burnishing ball to freely rotate
and for directing a predetermined amount of lubricating fluid to the surface of the workpiece.

In operation, lubrication fluid is directed into the tip member of the socket to force
the burnishing ball outwardly towards the surface of the workpiece to be burnished.
Capillary action draws lubrication fluid around the outer surface of the burnishing ball until
fluid pressure is equalized to permit the burnishing ball to float continuously upon a thin film
of lubrication fluid to allow the burnishing ball to function as a freely rotating fluid bearing
and to permit a sufficient amount of lubrication fluid to transfer onto the surface of the
workpiece to provide lubrication and cooling,

In another preferred embodiment of the invention, the burnishing apparatus for
implementing the burnishing method of the subject invention is provided with means for
adjusting the compression force being applied to the surface of the workpiece.

In another preferred embodiment of the invention, the burnishing apparatus for
implementing the burnishing method of the subject invention is connected to a control device
tor automatically controlling the movement, position and compression force of the burnishing
ball.

A primary object of this invention, therefore, 1s to provide a method and an apparatus
for implementing the method of providing a part with an improved finish and with improved
physical properties.

Another primary object of this invention is to provide a method and an apparatus for
implementing the method of inducing a compressive stress layer on the surface of a part.

Another primary object of this invention is to provide a method and an apparatus for
implementing the method of inducing a compressive stress layer on the surface of a part
which 1s relatively inexpensive.

Another pnimary object of this invention is to provide a method and an apparatus for
implementing the method of inducing a compressive stress layer having a relatively well

defined localized compressive stress zone.
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Another primary object of this invention is to provide a method and an apparatus fdr
implementing the method of inducing a compressive stress layer on the surface of a part and
which provides a much longer retention of the compressive stresses than have previously
been available using conventronal methods of burnishing or shot peening.

Another primary object of this invention is a method and an apparatus for
implementing the method of inducing a compressive stress layer on the surface of a part with
the mininzum of cold working and work hardening of the surface.

Another primary object of this invention is to provide an apparatus for inducing a
compressive stress layer on the surface of a part and which automatically provides the work
surface of a metal part with a fluid for lubricating and cooling the work surface during
burnishing operattions.

Another primary object of this invention is to provide an apparatus for inducing a
compressive stress layer on the surface of a part and which can be adjusted to provide a
predetermined compressive force on the surface of the workpiece.

These and other objects and advantages of the invention will be apparent from the
following description, the accompanying drawings and the appended claims.

Brief Description of the Drawings

The details of the invention will be described in connection with the accompanying
drawings, in which:

FIG. 1 1s a longitudinal cross-sectional view of a preferred embodiment of the
burnishing apparatus of the present invention;

FIG. 2 1s a longitudinal cross-sectional view of the socket of FIG. 1 showing the
generally cylindrical tip member integrally formed with a generally cylindrical rod member;

FIG. 3 1s an end view of the ball burnishing head of FIG. 1 showing the burnishing
ball and the retaining edge of the retamning cap having a plurality of channels protruding there
through,;

FIG. 4 1s a longitudinal cross-sectional view of another preferred embodiment of the
burnishing apparatus showing the use of a follower rod for adjusting the compressive force
of the burnishing ball against the surface of a workpiece;

FIG. 5 is a graph illustrating the residual compressive stress layer induced in the

surface of a workpiece produced by conventional and the single-point burnishing method of

the subject invention;
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FIG. 6 is a graph illustrating the percent of cold working associated with the residual
compressive stress layers produced as shown in FIG. §;

FIG. 7 1s a graph illustrating the residual compressive stress layer induced in the
surface of a workpiece produced by conventional shot peening and thé single-point
burnishing method of the subject invention and residual compressive stress retention after one

hour at an elevated temperature;

FIG. 8 is a graph illustrating the percent of cold working associated with the residual
compressive stress layers of FIG. 7;

FIG. 9 1s a graph illustrating the residual compressive stress layer induced in the
surface of a workpiece and residual compressive stress retention after one hour at an elevated
temperature produced by conventional gravity peening and the single-point burnishing

method of the subject invention;

FIG. 10 1s a graph illustrating the percent of cold working associated with the

residual compressive stress layers of FIG. 9;

FIG. 11 is a partial side view of more than one burnishing apparatus of FIG. 1
showing a method of simultaneously burnishing more than one side of a workpiece;

FIG. 12 is a partial side view of more than one burnishing apparatus of FIG. 1
showing a method of burnishing the interior surface of a workpiece; and

FIG. 13 is a partial side view of another embodiment of the burnishing apparatus of
FIG. 1 showing a method of burnishing the surface of a workpiece having a acute surface
angle such as a dovetail slot of a turbine or compressor disk.
Best Mode for Carrying Out the Invention

The burnishing method of the present invention utilizes the process of single-point
burnishing to provide deep compression with a minimal amount of cold working and surface
hardening. In particular, the area to be burnished along the surface of the workpiece is
defined and a burnishing apparatus having a single-point of contact burnishing means is
forced against the surface of the workpiece to produce a zone of deformation producing a
deep layer of compression within the surface. The burnishing means is then passed in a
predetermined pattern across the area to be burnished such that the zones of deformation
formed by each pass of the burnishing means do not overlap. It has been unexpectedly found
that the single-point burnishing method, applied in a single-pass, or multiple passes of

reduced compressive force, 1s effective for producing compressive residual stresses following
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tensile deformation of the surface to produce deep compression with minimal cold working.

Referring to FIGS. 1 and 2, a preferred embodiment of the burnishing apparatus 100
for implementing the burmishing method of the subject invention is shown comprising a
generally cylindrical tip member 104 integrally formed with a generally cylindrical rod
member 106 to define a socket 108, and a socket support 102 for supporting the socket on
a conventional tool holder ("not shown).

The tip member 104 includes a ball seat 110 having an essentially spherical shape
adapted to the surface 112 of a burnishing ball 114 which is disposed within the ball seat 110.
The size of the ball seat 110 is determined by the diameter of the burnishing ball 114 and is
selected to provide a small clearance 116 between the support surface 118 of the ball seat
110 and the burnishing ball 114. The burnishing ball 114 may be selected from various
matenials having a higher yield strength than the workpiece and having a relatively high elastic
modules to allow maximal deformation of the workpiece. Typical materials include, but are
not limited to, hardened steel, tungsten carbide and other similar materials. The outer
peripheral surface 120 of the tip member 104 includes a tapered outer portion 122 and a
cylindrical intermediate portion 124 having a threaded outer surface 126 for mating with the
inner threaded surface 128 of a retaining cap 130, and an inner portion 132 of somewhat
greater diameter than the intermediate portion 124. The tip member 104 of the socket 108
i1s further provided with a fluid passage 134 in flow communication with the ball seat 110 and
extending from the ball seat 110 through the tip member 104 to a fitting 136 for connecting
to an external fluid supply 138.

The retaining cap 130 1s adapted to the size and configuration of the tip member 104
to be positioned longitudinally along and encircling the outer peripheral surface 120 of the
tip member 104. The forward portion 140 of the outer peripheral surface 142 of the retainer
cap 130 is tapered to provide mimimum interference with the arbitrary geometry of a
workpiece 144, and includes a radially inwardly extending retaining edge 146 for loosely
retaining the burnishing ball 114 1n the ball seat 110. Referring to FIG. 3, several channels
148 are spaced along the surface 150 of the retaining edge 146 and penetrate axially there
through, the purpose of which will be presently described.

The socket support 102 of the burnishing apparatus 100 includes a slide 152

comprising a longitudinally extending bore 154 having a first end 156 for receiving the rod
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member 106 of the burnishing socket 108 and a second end 158 having a threaded inner
surface 160. Recerved on the threads is a pressure adjustment screw 162 having an inner end
164 which 1s coupled to the rod member 106 of the burnishing socket 108 through a
mechanical spring means 166 such as a Belvil or compression spring or other like means. In
order to lock the rod member 106 within the first end 156 of the slide 152, the outer
peripheral surface 168 of the socket support 102 is provided with first and second recesses
170 each having a radially extending aperture 172 which cooperate with a radially extending
aperture 174 (FIG. 2) in the rod member 106 for receiving a lock pin 176. The recesses and
lock pin 176 configuration allows the socket 108 to expand or contract axially towards or
away from the workpiece 144 while permitting the socket 108 to be easily attached or
detached from the socket support 102. However, other locking means such as detents,
locking screws, and the like may also be utilized for retaining the rod member 106 within the
bore 154 of the slide 152.

Referring to FIG. 3, the slide 152 has a generally rectangular cross-section to permit
it to be easily mounted to a fixture of any particular description for controlling the movement
of the burnishing apparatus 100, for example within the recess of a conventional lathe tool
post. However, other cross-sectional configurations, such as a circular cross-section, may
also be selected. Further, it will be apparent to one skilled in the art that the socket support

may be provided with a flange or other known means for mounting onto a conventional tool

support fixture.

To understand how the parts above described are interrelated, the operation of the
burnishing apparatus 100 will now be described. During operation, lubricating fluid is fed
under pressure from the external lubricating fluid supply 138 by use of a conventional fluid
pumping system (not shown), through the fitting 136 and fluid passage 134, and into the
clearance 116 to force the burnishing ball 114 outwardly such that the forward most tip of
the burnishing ball 114 extends shightly beyond the retaining edge 146 of the.retaining cap
130. Capillary action then draws the lubricating fluid around the outer surface 112 of the
burnishing ball 114 until fluid pressure 1s equalized to permit the burnishing ball 114 to float
continuously upon a thin film of lubricating fluid thereby providing a freely rotating fluid
bearing. The socket 108 is then advanced towards the surface 178 of the workpiece 144 until

the forward most tip of the burnishing ball 114 makes contact with the workpiece surface
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178. By further adjusting the fluid pressure, a desired amount of lubrication fluid will
penetrate around the burnishing ball 114 and flow out through the fluid channels 148 in the
retaining edge 146 to be transferred onto the surface 178 of the workpiece 144 to provide
the desired lubrication and cooling for the burnishing operation.

The proper pressure or co;npressive force to be applied to the surface 178 of the
wdrkpiece 144 during the burnyshing operation 1s provided by carefully tightening or
loosening the adjustment screw 162. Because the burnishing ball 114 is coupled to the
adjustment screw 162 through the spring means 166, tightening or loosening the adjustment
screw 162 will cause the spring means 166 to compress or expand axially and will correspond
to a given force exerted on the surface 178 of the workpiece 144 by the burnishing ball 114.
Further, because the burnishing ball 114 1s coupled through a spring means 166 having
known spring characteristic, slight variations in the workpiece surface 178 will be absorbed
by the spring means 166 without affecting the burnishing operation. Accordingly, the
pressure or the compressive force exerted on the surface 178 of the workpiece 144 by the
burnishing ball 114 can be precisely regulated. The burnishing operation is then controlled
by a conventional electronic control unit, not shown, which controls the movement of the
workpiece or the movement of the burnishing head.

In another preferred embodiment of the invention as shown in FIG. 4, the adjustment
screw is replaced by a follower rod 180 of a cylinder piston assembly 182. By moving the
follower rod 180 inwardly or outwardly, the spring tension is correspondingly increased or
decreased and the pressure or compressive force applied by the burnishing ball 114 to the
surface 178 of the workpiece 144 is correspondingly adjusted.

The apparatus for implementing the method of the present invention utilizes the
process of single-point burnishing, whereby the forward most tip of the burnishing ball is
caused to pass over the surface of the workpiece in a rolling motion to provide deep
compression with a minimal amount of cold working and surface hardening. It has been
unexpectedly found that the single-point burnishing method applied in a single-pass or
multiple passes of reduced compressive force is effective for producing compressive residual
stresses following tensile deformation of the surface and to a certain depth to produce deep
compression with minimal cold working. Further, allowing the burnishing ball to function

as a freely rotating fluid bearing, complex curved surfaces can be easily burnished.
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Referring to FIGS. §, through 10, the residual stress distribution (FIG. 5) and the
associated percent of cold working (FIG. 6) is shown comparing conventional burnishing and
the single point burnishing method of the present invention. FIGS. 7 and 9 show the amount
of relaxation of compressive residual stress (after 1 hour at 425C) for the surface layer of a
specimen and the percent of cold working associated therewith (FIGS. 8 and 10)for the
single-point burnishing method of the subject invention and for conventional shot peening and
gravity shot peening methods, respectively. The method for measuring subsurface residual
stress and the percentage of cold working is known in the art and is described in Paul S.
Prevey, “The Measurement of Subsurface Residual Stress and Cold Work Distributions in
Nickel Base Alloys," Residual Stress in Design, Process and Materials Selection, ed. W.B.
Young, Metals Park, Ohio: American Society for Metals, 1987, pp. 11 - 19. The single-point
burnishing method of the subject invention produces cold work and surface work hardening
far less than either conventional shot peening or gravity peening. Unexpectedly, it has been
found that the increase in residual compressive stress with minimal cold work developed by
the subject invention penetrates to a greater depth than most conventional methods, such as
shot peening. Further, it has been unexpectedly found that by cold working the surface less
than about 3.5%, and preferably less than about 2.0%, results in longer retention of
compressive residual stress at elevated temperature, less rapid relaxation under cyclic loading,
and minimizes the alteration of the residual stress field during tensile or compressive overload
than conventional cold working and surface hardening processes. In addition, the burnishing
method and the apparatus for implementing the method of the present invention automatically
provides lubrication and cooling at the point of contact of the workpiece and the contact
portion of the burnishing head théi'eby minimizing the deformation of the surface of the
workpiece and without preventing or hindering the burnishing operation.

It will be apparent to one skilled in the art that the burnishing process and the
apparatus for implementing the burnishing process of the subject invention can be utilized for
a vanety of workpiece configurations. For example, referring to FIG. 11, a workpiece 144
having more than one surface 178a and 178b is shown utilizing more than one burnishing
apparatus 100 each having a socket 108 attached to a respective socket support 102. As
shown, the socket supports 102 may be positioned to permit both surfaces 178a and 178b
of the workpiece 144 to be burnished simultaneously and to permit the burnishing forces to

be directly opposing and balanced to allow the workpiece 144 to be supported between the
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sockets 108.

. In another example of an apparatus for implementing the burnishing process of the
subject invention, as illustrated in FIG. 12, a workpiece 144 having a generally cylindrical
inner surface 178 1s burnished utilizing a pair of axially opposed burnishing apparatus 100,
each having a socket 108 attached to a respective socket support 102.

Referring to FIG. 13, another embodiment of the apparatus for implementing the
burnishing process of the subject invention is shown, whereby complex work surfaces such
as found in dovetail slots for turbine or compressor disks used in turbo machinery may be
easily burnished. A pair of sockets 108, which have been previously described and the detail
of which has not been shown for clarity, are shown each mounted onto a lobe 184 of
respective socket supports 102a and 102b in such a manner that the sockets 108 are directed
outwardly at preselected angles. The socket supports 102a and 102b are rotatably pinned
by a conventional pin 186 or other similar means to permit the socket 108 to be easily pivoted
Into position for engaging with the surface 178 of the workpiece 144. The socket supports
102a and 102b each include a bore 188 for receiving a threaded shank 190 of a bolt 192
secured in place by a conventional threaded washer 193. A spring means 194 is positioned
about the shank 190 of the bolt 192 and is captured between the outer surface 196 of one
socket support 102a and a nut 198 threaded on the shank 190 and is of sufficient force to
prevent the nut 198 from rotating while permitting slight pivoting of the socket supports
102a and 102b to respond and absorb slight variations in the workpiece surface.

Accordingly, the method and apparatus for implementing the method of the subject
invention provides a relatively inexpensive and effective means of providing a compression
force on a workpiece to induce compressive stress in a well defined localized area of a simple
or complex workpiece surface configuration with a minimum of cold working and surface
hardening. By minimizing the amount of cold working and surface hardening, it has been
unexpectedly found that the method of the subject invention produces longer retention of
compressive residual stress at elevated temperature, less relaxation under cyclic loading, and
minimizes the alteration of the residual stress field during tensile or compressive overload.
Accordingly, contrary to the practice and teaching of the burnishing industry, the method and
the apparatus for implementing the method of the subject invention induces a compressive

stress layer in the surface of a workpiece while deliberately minimizing the amount of cold
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working and surface hardening.
~ Although this mnvention has been shown and described with respect to detailed
embodiments thereof, it will be understood by those skilled in the art that various changes in

form and detail thereof may be made without departing from the spirit and scope of the

5 claimed invention.

What is claimed is:
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CLAIMS

1. A method of 1nducing a compressive stress layer on the

surface of a workpiece, the method comprising the steps of:
defining a surface area for receiving compressive stress; and

performing a burnishing operation to produce a zone of
deformation for inducing a deep layer of compression within the
surface of the workpilece wherein an amount of associated cold

working is minimized.

2. The method of claim 1 whereiln the associated cold working is

less than about 3.5 percent.

3. The method of claim 1 wherein the associated cold working is

less than about 2.0 percent.

4 . The method of claim 1 wherein said burnishing operation 1is
performed by a burnishing apparatus having a single-point

burnishing means.

5. The method of claim 4 further comprising the step of passing
said single-point burnishing means in a predetermined pattern
across sald defined surface area such that the =zones of
deformation formed by each pass of said single-point burnishing

means do not substantially overlap.
6. The method of claim 1 further comprising the steps of:

predetermining the amount of lubrication and cooling required

for performing the burnishing operation; and

automatically supplying the predetermined amount of
lubrication fluid required for performing the burnishing operation

to the surface of the workpiece.
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7 . The method of claim 4, further comprising the step of passing
the sald single-point burnishing means 1n a predetermined pattern

across the surface of the workpiece.

8 . The method of c¢laim 4, further comprising the step of
adjusting the force being applied by said single-point burnishing

means against the surface of the workpiece.

9. The method of claim 4, wherein said single-point burnishing

means comprilses:
a socket having a tip member incorporating a ball seat;
a burnishing ball disposed within the ball seat;
a rod member integrally formed with said tip member;

a socket support for supporting the socket on a conventional

tool holder;
further comprising the steps of:

directing 1lubrication fluid from a reservoir to said ball

seat to permit said burnishing ball to freely rotate; and

automatically supplying sald predetermined  amount of

lubrication and fluid to the surface of the workpiece.

10. The method of c¢laim 9, further comprising the step of
directing said lubrication fluid into said socket to force the

burnishing ball outwardly towards the surface of the workpiece.

11. The method of c¢laim 10, further comprising the step of
directing said lubrication fluid to the socket and around the
outer surface of said burnishing ball until fluid pressure 1is
equalized to permit said burnishing ball to float continuously

P

upon a thin film of said lubrication fluid thereby allowing said

burnishing ball to function as a freely rotating fluid bearing.

12. The method of claim 9 wherein said socket support comprises:
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a slide comprising a longitudinally extending bore having a

first end for receiving said rod member of said socket, and a

second end having a threaded inner surface;

an adjustment screw recelived 1n said threaded 1inner surface
of said bore, said adjustment screw having an 1nner end which 1s

coupled to said rod member of said socket through a spring;

further comprising the step of using an adjustment screw to
adjust the pressure being applied to the surface of the workpiece

during the burnishing operation.

13. A method of inducing a compressive stress on the surface of a
workpiece with a minimal amount of c¢old working and surface

hardening, the method comprising the steps of:
defining ‘a surface area for receiving compression 'stress;

performing a burnishing operation by a burnishing apparatus
comprising a socket having a tip member incorporating a ball seat
and a freely rotating burnishing ball disposed within said ball

seat;

forcing the forward most tip of said burnishing ball against

the surface of the workpiece; and

rolling said burnishing ball over said defined surface area
to induce a deep layer of compression within the surface with cold

working of less than about 3.0 percent.

14. The method of claim 13 wherein said cold working is less than

about 2.0 percent.

15. The method of claim 13, wherein said burnishing apparatus 1is
provided with a control means for controlling the passing of said
burnishing ball in a predetermined pattern across the surface of

the workpiece.
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16. The method of c¢laim 13, wherein said burnishing apparatus

further comprises:

a rod member integrally formed with said tip member;

a socket support for supporting said socket on a conventional

tool holder;

means for directing lubrication fluid from a reservolr to
sald ball seat to force said burnishing ball outwardly towards the
surface of the workpliece and to permit said burnishing ball to

freely rotate; and

means for automatically supplying said lubrication fluid to

the surface of the workpiece.
17. The method of claim 16 wherein said socket support comprises:

a slide comprising a longitudinally extending bore having a
first end for receiving said rod member of said socket, and a

second end having a threaded inner surface; and

an adjustment screw received in sald threaded inner surface
of said bore, sald adjustment screw having an 1nner end which 1s

coupled to said rod member of said socket through a spring.

18. The method of claim 16 wherein said socket support comprises:

a slide comprising a longitudinally extending bore having a
first end for receiving said rod member of said socket, and a
second end for receiving a follower rod of a cylinder piston

assembly.

19. An apparatus for inducing a compressive stress on the surface
of a workpiece with a minimal amount of cold working and surface

hardening, the apparatus, comprising:

a socket having a generally cylindrical tip member integrally

formed with a generally cylindrical rod member, and a socket
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support for supporting said socket on a conventional tool holder,
wherein sailid tilp member comprising a ball seat having an

essentially spherical shape adapted to the surface of a burnishing

ball disposed within said ball seat; and

means for directing lubrication fluid from a reservoir to
sald ball seat to force said burnishing ball outwardly toward the
surface of the workpiece and for providing said lubricating fluid
around the outer surface of said burnishing ball to permit said

burnishing ball to float continuously upon a thin film of said

lubricating fluid;

wherein saild socket support comprises a slide having a
longitudinally extending bore having a first end for receiving
said rod member and a threaded end having a threaded inner
surface, wherein an adjustment screw 1s received in said threaded
inner surface of said bore, and wherein said adjustment screw
includes an inner end coupled to said rod member through a
mechanical spring means, sald spring means being 1in compression
and exerting a force against said rod member to bias said tip
member against the surface of the workpiece, said force being
adjustable by displacing sald adjustment screw to compress and

expand sald spring means.



c0l—

1014

ElS oo\ %0
\

Vv

U S LN |

cor V!

391
=)

0L1Y

cll
L1

021

91— 9€ M”/\ MHT/

pEl

_ ,
2
\.\.\...\I.A
[\.



98/21188

PCT/US

WO 00/20170

5

901

801

PLI

S8C 1 .
J 011
...._///////.mwmﬁ BT

ST

2 / 10

A . I WM A4 T SN URUUMIPIISPUE PRrbaray s Lol T A SSNLS LEan rn prAnp Serisv bt PPl - 4 e e e 4 4 AR b o



wO 00/20170

CA 02346681 2001-04-06

120

146

Tt S eT A WO D A SN IR I Bt o 4 e e e

PCT/US98/21188

=3 = s e s AT AT PPt ST T B el e e bt vt s s A e T s



28l

e ——

-

081

y O

e 3 N

NAANNN, m‘ _ % \
ﬁ_!@@ﬁ_,@@\&”_\\\vw\b

'lc'ul.l\|..l‘

e e—t—
" @i \\ Y
“‘l

- ek A——————

4.
sl

Wms-..m‘mm&mm- see B 0o%° o0 @O0 S ° A R g -

S o e A LA



COLD WORK %

CA 02346681 2001-04-06

RESIDUAL STRESS (ksi)

WO 00/20170 PCT/US98/21188
150
Fig. S
0
-150 r?‘
{ 2.
O
-
-300 2
v
—f
P
3 s -450 T3
z 2
5 5 -600 o
—o— Conventional Burnish
-1 00 ........................................... _._ Siﬂg'Q-pOint Burnish ..............
. : -7150
- 5 ' . .
12 0 25 50 75 100
DEPTH (x107% in.)
i« Fig. 6
8 X, SUUUUUURUU U SO UUOU: PYPIOPRRTOIPTRRS , .....................
8 | —o— Conventional Burnish ...................
—n— Single-Point Burnish :
A TNt eeesa s TR T T G I T T I e

0 20 40 60 80 100

DEPTH (x1073in.)



CA 02346681 2001-04-06

WO 00/20170 PCT/US98/21188

150 Fig. 7
: DEPTH (mm)
f 0
B 95 1\ oo e S -150 3
= s %
% o g
!_- .................. S EEYCTLREIAE EALY Y IRSRELL. PR - ™ §p
“ J 3
—J ”- .
< . -450 O
Q -75 ................................... ‘ .............. N o-gymeg-pepneas g .................................... ,f-,)\
w o =
L) g Ti1-6Al-4V 600 o
A00 TN N ’ ' ‘
SHOT PEENED SINGLE-POINT BURNISH
— & Initial —O— initital -750
. —&— 1.0Hr/425C  —w— 1.0 Hr 1 425C
-125 ' ~
0 5 10 15
DEPTH (x1073 in.)
20 I H Fig. 8
O 151l O~ SINGLE-POINT BURNISHED  |.vveveeiriivinnirannnnee,
4
o
Q0 J e N
0
O
o 3 ST OOT - NSOt SO OO UOUNE SOUPOOOUOTPOTTRTOOROTON
0 - ' . AR ey ey wesem 8/, | e ™ -
0 5 10 15

DEPTH (x10 in.)

6 / 10




CA 02346681 2001-04-06

wO 00720170 PCT/US98/21188

5 150 -
DEPTH (mm) '9-
0

o -150 X

)

< 0

3 2

W -300 >

- ‘ N

s |

1 pe

< 450 M

8 n

2 5

L P 600

“100 o evereninirnienneee GéAwTY PEENED SINGLE;POINT BURNISH [ ''"
—O— inittal - tnitial ~-150
—@— 1.0 Hr / 425C —— 1.0 Hr / 425C
-125 - ~
0 5 10 15
DEPTH (x103in.)
15 Fig. 10

32
'
O
<
Q
—d
O
O

DEPTH (x103 in.)

7 /1 10

e, TR MU DR vt VTP ITPITI AR A LIV A 11 LT A e .




CA 02346681 2001-04-06

wO 00/20170 PCT/US98/21188

<
<t
—-
c
oD o
e ™
U Q0 Q0 ou
o O © O
i =i - o
)0 '
| (I
_ & & _
o o
o o
—l —t




CA 02346681 2001-04-06

WO 00/20170 PCT/US98/21188

108
144
178

AN
S ,A‘
¥
O
—4
| "
D
i
$0
<
D
—




CA 02346681 2001-04-06

PCT/US98/21188

WO 00/20170

S61

PRI SIS

s

o0l

c |

861

bol

881

881

£6l

c6l

801

P81

061 \\.J
7

| — |
==
=1
|

1 Il
1 {

- |
| _ 981
|
=
T
a201 v |
$ bl

781

801

10 /7 10

' e WA 1 O

AP T csesm s me =




M

120

e %
134 172 154 160
=SS NN NNNTIANS SN
(722 00
\118 \ \_1 170 e 164
42 y§ 136 156 106 \\_10;
138‘/
100

- 162

158



	Page 1 - abstract
	Page 2 - abstract
	Page 3 - description
	Page 4 - description
	Page 5 - description
	Page 6 - description
	Page 7 - description
	Page 8 - description
	Page 9 - description
	Page 10 - description
	Page 11 - description
	Page 12 - description
	Page 13 - description
	Page 14 - description
	Page 15 - claims
	Page 16 - claims
	Page 17 - claims
	Page 18 - claims
	Page 19 - claims
	Page 20 - drawings
	Page 21 - drawings
	Page 22 - drawings
	Page 23 - drawings
	Page 24 - drawings
	Page 25 - drawings
	Page 26 - drawings
	Page 27 - drawings
	Page 28 - drawings
	Page 29 - drawings
	Page 30 - abstract drawing

