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(57) Abstract: An ultrasonic roller burnishing system comprises a roller and a controller. The roller is contigured to be pressed against
a surface of a workpiece to a pressing depth, roll on the surface at a feed rate, and vibrate at an ultrasonic frequency under a back
pressure. The roller is pressed and rolled by a motion unit which is driven by a drive motor. The vibrating of the roller is driven by
an ultrasonic vibration unit with an input current inputted thereinto. The controller is configured to adjust at least one of the pressing
depth, the back pressure, the input current and the feed rate based on an expected residual compressive stress and a real time output
power of the drive motor, to generate a residual compressive stress in the workpiece which is in an expected range predetermined based

on the expected residual compressive stress.
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ULTRASONIC ROLLER BURNISHING SYSTEM AND METHOD, AND METHOD
FOR MACHINING COMPONENT

BACKGROUND

[0001] Embodiments of the present disclosure relate generally to ultrasonic roller
burnishing systems and methods, and more particularly to methods for machining

components.

[0002] The residual compressive stress refers to a compressive stress that remain in a
solid material after an original cause of the stress is removed. The residual compressive
stress can effectively extend a fatigue life of the component, relieve corrosion fatigue and

reduce stress corrosion cracking.

[0003] In conventional methods, the residual compressive stress can be induced into the
component by an ultrasonic roller burnishing method. In some cases, residual
compressive stresses with different values are required for different areas of the
component respectively. However, the conventional ultrasonic roller burnishing method
cannot control the value of the induced residual compressive stress, and thus cannot meet

performance requirements of the component well.

[0004] Therefore, it is desirable to provide new ultrasonic roller burnishing systems and
methods and new methods for machining components to solve the above-mentioned

problems.

BRIEF DESCRIPTION

[0005] In one aspect, an ultrasonic roller burnishing system comprises a roller and a
controller. The roller is configured to be pressed against a surface of a workpiece to a
pressing depth, roll on the surface at a feed rate, and vibrate at an ultrasonic frequency
under a back pressure, wherein the roller is pressed and rolled by a motion unit which is

driven by a drive motor, and the vibrating of the roller is driven by an ultrasonic vibration
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unit with an input current inputted thereinto. The controller is configured to adjust at least
one of the pressing depth, the back pressure, the input current and the feed rate based on
an expected residual compressive stress and a real time output power of the drive motor,
to generate a residual compressive stress in the workpiece which is in an expected range

predetermined based on the expected residual compressive stress.

[0006] In another aspect, an ultrasonic roller burnishing method comprises pressing a
roller against a surface of a workpiece to a pressing depth and driving the roller to roll on
the surface at a feed rate by a motion unit which is driven by a drive motor; vibrating the
roller at an ultrasonic frequency under a back pressure, wherein the vibrating of the roller
is driven by an ultrasonic vibration unit with an input current inputted thereinto; and
adjusting at least one of the pressing depth, the back pressure, the input current and the
feed rate based on an expected residual compressive stress and a real time output power
of the drive motor, to generate a residual compressive stress in the workpiece which is in

an expected range predetermined based on the expected residual compressive stress.

[0007] In another aspect, a method for machining a component comprises determining
an expected distribution of residual compressive stress of the component, wherein the
expected distribution comprises location information of at least one expected area on the
component and an expected residual compressive stress corresponding to the expected
area. The method further comprises machining the expected area with an ultrasonic roller
burnishing device comprising a roller, to generate a residual compressive stress in the
expected area is in an expected range predetermined based on the corresponding expected
residual compressive stress. The step of machining comprises pressing the roller against a
surface of the expected area to a pressing depth and driving the roller to roll on the
surface at a feed rate by a motion unit which is driven by a drive motor; vibrating the
roller at an ultrasonic frequency under a back pressure, wherein the vibrating of the roller
is driven by an ultrasonic vibration unit with an input current inputted thereinto; and

adjusting at least one of the pressing depth, the back pressure, the input current and the
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feed rate based on the expected residual compressive stress and a real time output power

of the drive motor.
DRAWINGS

[0008] These and other features, aspects, and advantages of the present disclosure will
become better understood when the following detailed description is read with reference
to the accompanying drawings in which like characters represent like parts throughout the

drawings, wherein:

[0009] Fig. 1 is a sketch view of an ultrasonic roller burnishing system in accordance
with an exemplary embodiment of the present disclosure, wherein the ultrasonic roller

burnishing system comprises a controller;

[0010] Fig. 2 is a sketch view of the controller in Fig. 1 in accordance with an

exemplary embodiment of the present disclosure;

[0011] Fig. 3 is a flowchart illustrating an ultrasonic roller burnishing method in

accordance with an exemplary embodiment of the present disclosure;

[0012] Fig. 4 is a flowchart illustrating an ultrasonic roller burnishing method in

accordance with another exemplary embodiment of the present disclosure;

[0013] Fig. 5 is a flowchart illustrating a method for machining a component in

accordance with an exemplary embodiment of the present disclosure; and

[0014] Fig. 6 is a sketch view illustrating a residual compressive stress distribution of a

component in accordance with an exemplary embodiment of the present disclosure.
DETAILED DESCRIPTION

[0015] In an effort to provide a concise description of these embodiments, not all
features of an actual implementation are described in one or more specific embodiments.

It should be appreciated that in the development of any such actual implementation, as in
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any engineering or design project, numerous implementation-specific decisions must be
made to achieve the developers’ specific goals, such as compliance with system-related
and business-related constraints, which may vary from one implementation to another.
Moreover, it should be appreciated that such a development effort might be complex and
time consuming, but would nevertheless be a routine undertaking of design, fabrication,

and manufacture for those of ordinary skill having the benefit of the present disclosure.

[0016] Unless defined otherwise, technical and scientific terms used herein have the
same meaning as is commonly understood by one of ordinary skill in the art to which the
present disclosure belongs. The terms “first,” “second,” “third,” “fourth,” and the like, as
used herein do not denote any order, quantity, or importance, but rather are used to
distinguish one element from another. Also, the terms “a” and “an” do not denote a
limitation of quantity, but rather denote the presence of at least one of the referenced
items. The term “or” is meant to be inclusive and mean either any, several, or all of the

EE Y

listed items. The use of “including,” “comprising,” or “having,” and variations thereof
herein are meant to encompass the items listed thereafter and equivalents thereof as well

as additional items.

[0017] Embodiments of the present disclosure refer to an ultrasonic roller burnishing
system, which can be widely applied in part manufacturing and machining. The system
can induce a residual compressive stress in a surface layer of a component and control a
value or a vertical distribution of the residual compressive stress, in order to optimize a

performance of the component.

[0018] Fig. 1 shows a sketch view of an ultrasonic roller burnishing system 10 in
accordance with an exemplary embodiment of the present disclosure. Referring to Fig. 1,
the ultrasonic roller burnishing system 10 comprises an ultrasonic roller burnishing
device 20 configured to machine a workpiece 40, and a controller 30 configured to

control the ultrasonic roller burnishing device 20 to machine the workpiece 40.
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[0019] The ultrasonic roller burnishing device 20 comprises a motion unit, a shell 29, a
back pressure device 23, an ultrasonic vibration unit 22 and a roller 26. The motion unit
comprises a drive motor 28 and a plurality of motion components 211, 212, 213, which
are configured to drive the shell 29 to move relative to the workpiece 40. The ultrasonic
vibration unit 22 comprises an ultrasonic generator 221, an ultrasonic transducer 222 and
an ultrasonic horn 223. The back pressure device 23, the ultrasonic transducer 222, the
ultrasonic horn 223 are received in the shell 29. The roller 26 is rotatably coupled to the
ultrasonic horn 223 and partly received in the shell 29. The roller 26 can rotate around its
own axis or center, and may be in a shape of sphere or cylinder, but is not limited to these

shapes.

[0020] The ultrasonic vibration unit 22 is configured to receive an input current 1 and
drive the roller 26 to vibrate at an ultrasonic frequency. The ultrasonic generator 221 is
configured to receive the input current I and output an oscillating current at an ultrasonic
frequency. The ultrasonic frequency mentioned hereinafter refers to a frequency higher
than 20 kilohertz, for example, in a range from about 20 to about 30 kilohertz. The
ultrasonic transducer 222 is coupled with the ultrasonic generator 221 and configured to
transduce the oscillating current into a mechanical vibration at the ultrasonic frequency.
The ultrasonic transducer 222 may comprise a magnetostrictive transducer, a
piezoelectric ceramic transducer or a combination thereof. The ultrasonic horn 223 is
coupled with the ultrasonic transducer 222 and configured to amplify an amplitude of the
mechanical vibration. The roller 26 is coupled with the ultrasonic horn 223, in such a
manner that the ultrasonic horn 223 is configured to directly drive the roller 26 to vibrate
at the ultrasonic frequency. The roller has a vibration intensity which corresponds to a
value of the input current I. In some embodiments, the roller has a vibration amplitude
less than 100 microns, for example, in a range from about 10 microns to about 50
microns, or from about 10 microns to about 12 microns. In some embodiments, the roller

vibrates in a direction perpendicular to a surface of the workpiece 40.
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[0021] The back pressure device 23 is configured to exert a back pressure BP on the
roller 26, and thus the roller transmit this pressure to the workpiece 40. The back pressure
BP is also configured to increase a resistance to the vibrating of the roller 26 and thus
increase stability of the vibrating. The back pressure device 23 may comprise a
pneumatic device, a hydraulic device, a spring or a combination thereof. In some
embodiments, the back pressure device 23 comprises a pneumatic device, which
generates the back pressure by compressing gas therein. The back pressure device 23 may
further comprise a proportional valve for adjust a pressure of the gas and thus adjust a

value of the back pressure exerted on the roller 26.

[0022] The motion unit driven by the drive motor is configured to move the shell 29, as
well as the roller 26, relative to the workpiece 40. For example, the motion unit is
configured to move the roller 26 in a direction perpendicular to the surface of the
workpiece. Therefore, the motion unit is configured to press the roller 26 onto the surface
of the workpiece to a pressing depth D, wherein the pressing depth D can be adjusted
according to commands or instructions from the controller 30. The motion unit is also
configured to drive the roller 26 to roll on the surface of the workpiece 40 at a feed rate.
Therefore, the roller 26 can be pressed against the surface of the workpiece while it rolls

on the surface at the feed rate.

[0023] When the ultrasonic roller burnishing device works, the roller is pressed against
on the surface, rolls on the surface and vibrates simultaneously, in order to polish the
surface of the workpiece and induce a residual compressive stress in the workpiece. An
output power of the drive motor can indicate the residual compressive stress induced, and
the output power of the drive motor depends on the pressing depth D, the back pressure
BP, the input current I and the feed rate f. Therefore, the output power of the drive motor,
as well as the residual compressive stress, can be controlled by adjusting at least one of

the pressing depth D, the back pressure BP, the input current I and the feed rate f.

[0024] The controller 30 is configured to adjust at least one of the pressing depth D, the

back pressure, the input current 1 and the feed rate f based on an expected residual
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compressive stress S. and a real time output power P; of the drive motor 28, to generate a
residual compressive stress in the workpiece. The generated residual compressive stress
is in an expected range predetermined based on the expected residual compressive stress
Se. In some embodiments, the expected residual compressive stress refers to a value of
the residual compressive stress at a certain depth, or an average value of the residual
compressive stresses in a certain depth range. The expected range refers to a value range
around the value or the average value of the residual compressive stress. Specifically, the
controller 30 is configured to calculate at least one of an expected pressing depth D., an
expected back pressure BP., an expected input current I. and an expected feed rate f.,
based on the expected residual compressive stress S. and the real time output power P,.
Then, the at least one of the pressing depth D, the back pressure, the input current 1 and
the feed rate f is adjusted according to the at least one of the expected pressing depth Dk,

the expected back pressure BP,, the expected input current I. and the expected feed rate f..

[0025] In some embodiments, the controller 30 is configured to calculate the expected
pressing depth D, the expected back pressure BP,, the expected input current I, and the
expected feed rate f., based on the expected residual compressive stress S. and the real
time output power P.. Then, the pressing depth D, the back pressure, the input current I
and the feed rate f are adjusted according to the expected pressing depth D, the expected

back pressure BP,, the expected input current L. and the expected feed rate f..

[0026] Referring to Fig. 2, the controller 30 comprises a first controller 31 and a second
controller 32. The first calculator 31 is configured to calculate an expected output power
P. based on the expected residual compressive stress S.. The second calculator 32 is
configured to calculate the at least one of the expected pressing depth D, the expected
back pressure BP,, the expected input current I. and the expected feed rate f. based on the

expected output power P, and the real time output power P,.

[0027] Embodiments of the present disclosure also refer to an ultrasonic roller

burnishing method for machining a workpiece. The method can effectively control a
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value or a status of the residual compressive stress induced in the workpiece by

monitoring an output power of the drive motor in real time.

[0028] Fig. 3 is a flowchart illustrating an ultrasonic roller burnishing method 50 for
machining a workpiece with an ultrasonic roller burnishing device, in accordance with an
exemplary embodiment of the present disclosure, wherein the ultrasonic roller burnishing
device comprises a roller and a motion unit. Referring to Fig. 3, the method 50
comprising steps 51-55. While the actions of the method 50 are illustrated as functional
blocks, the order of the blocks and the separation of the actions among the various blocks
shown in FIG. 3 are not intended to be limiting. For example, the blocks may be
performed in a different order and an action associated with one block may be combined

with one or more other blocks or may be sub-divided into a number of blocks.

[0029] In step 51, an expected residual compressive stress of the workpiece is
determined according to practical needs. The expected residual compressive stress refers
to an expected status of the residual compressive stress desired to be induced, which may
comprise a value of the residual compressive stress at a certain depth, a distribution of the
residual compressive stress in a certain depth range, an average value of the residual

compressive stresses in a certain depth range, or a combination thereof.

[0030] In step 52, the motion unit presses the roller of the ultrasonic roller burnishing
device against a surface of the workpiece to a pressing depth and drives the roller to roll
on the surface at a feed rate. The motion unit is driven by a drive motor. In some

embodiments, the motion unit drives the roller to roll on the surface along a preset path.

[0031] In step 53, the roller vibrates at an ultrasonic frequency under a back pressure,
wherein the vibrating of the roller is driven by an ultrasonic vibration unit with an input
current inputted thereinto. An amplitude or intensity of the vibrating may be adjusted by
changing a frequency or an amplitude of the input current. In some embodiments, the
vibrating of the roller is in a direction perpendicular to the surface. The back pressure

exerted on the roller is generated by a back pressure device.
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[0032] In step 54, a real time output power of the drive motor is detected. The output
power of the drive motor can indicate the induced residual compressive stress, so the
residual compressive stress can be controlled by controlling the output power of the drive
motor. There is a relation between the output power of the drive and the generated
residual compressive stress, wherein the relation can be represented by one or more

mathematical models.

[0033] In step 55, at least one of the pressing depth, the back pressure, the input current
and the feed rate is adjusted based on the expected residual compressive stress
determined in step 51 and the real time output power of the drive motor detected in step
54, in order to generate a residual compressive stress in the workpiece which is in an

expected range predetermined based on the expected residual compressive stress.

[0034] In some embodiments, the method further comprises calculating an expected
output power based on the expected residual compressive stress. The adjusting comprises
adjusting the at least one of the pressing depth, the back pressure, the input current and
the feed rate based on the expected output power and the real time output power.
Specifically, when the expected output power is higher than the real time output power,
the adjusting comprises increasing at least one of the pressing depth, the back pressure
and the input current, and/or decreasing the feed rate. When the expected output power is
lower than the real time output power, the adjusting comprises decreasing at least one of

the pressing depth, the back pressure and the input current, and/or increasing the feed rate.

[0035] In some embodiments, step 55 further comprises calculating at least one of an
expected pressing depth, an expected back pressure, an expected input current and an
expected feed rate based on the expected residual compressive stress and the real time
output power, and then adjusting the at least one of the pressing depth, the back pressure,
the input current and the feed rate according to the at least one of the expected pressing

depth, the expected back pressure, the expected input current and the expected feed rate.
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[0036] In some embodiments, the calculating of the at least one of the expected pressing
depth, the expected back pressure, the expected input current and the expected feed rate
comprises calculating an expected output power based on the expected residual
compressive stress; and calculating the at least one of the expected pressing depth, the
expected back pressure, the expected input current and the expected feed rate based on

the expected output power and the real time output power.

[0037] In some embodiments, all of the pressing depth, the back pressure, the input
current and the feed rate are adjusted based on the expected residual compressive stress
and the real time output power of the drive motor. Therefore, step 55 comprises
calculating the expected pressing depth, the expected back pressure, the expected input
current and the expected feed rate, and then adjusting the pressing depth, the back
pressure, the input current and the feed rate according to the expected pressing depth, the
expected back pressure, the expected input current and the expected feed rate. It’s worth
mentioning that a plurality of sets of the expected pressing depth, the expected back
pressure, the expected input current and the expected feed rate may be obtained based on
the expected residual compressive stress and the real time output power. The optimal set

of them can be selected as the adjusting basis, according to the practical needs.

[0038] In some embodiments, in order to improve response speed, only a part of the four
parameters, i.e., the pressing depth, the back pressure, the input current and the feed rate,

are selected to be adjusted.

[0039] Fig. 4 is a flowchart illustrating an ultrasonic roller burnishing method 60 in

accordance with another exemplary embodiment of the present disclosure.

[0040] Steps 61-64 are respectively similar with steps 51-54 of the method 50 illustrated

in Fig. 3, which will not be repeated here.

[0041] In step 65, at least one of the real time pressing depth, the real time back pressure,

the real time input current and the real time feed rate is detected. The detected real time

10
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parameter(s) will be used as the adjusting basis for other parameters, as well as the

expected residual compressive stress and the real time output power.

[0042] In step 66, at least one of the pressing depth, the back pressure, the input current
and the feed rate is adjusted based on the expected residual compressive stress, the real

time output power, and the real time parameter(s) obtained in step 65.

[0043] For example, the real time input current is detected in step 65. Then, in step 66,
the pressing depth, the back pressure, and the feed rate are adjusted based on the expected
residual compressive stress, the real time output power and the real time input current.
Specifically, an expected pressing depth, an expected back pressure and an expected feed
rate are calculated based on the expected residual compressive stress, the real time output
power and the real time input current, and then the pressing depth, the back pressure and
the feed rate are adjusted according to the expected pressing depth, the expected back

pressure and the expected feed rate.

[0044] Embodiments of the present disclosure also refer to a method for machining a
component, which can be widely applied in manufacture of turbine blade or aircraft blade.
The method comprises determining an expected distribution of residual compressive
stress of the component, wherein the expected distribution comprising location
information of at least one expected area on the component and an expected residual
compressive stress corresponding to the expected area. The method further comprises
processing the expected area with an ultrasonic roller burnishing device comprising a
roller, to generate a residual compressive stress in the expected area which is in an
expected range predetermined based on the corresponding expected residual compressive
stress, in such a manner that a desired distribution of residual compressive stress can be

induced in the component.

[0045] Fig. 5 is a flowchart illustrating a method 70 for machining a component in
accordance with an exemplary embodiment of the present disclosure. Referring to Fig. 5,

the method 70 comprises steps 71-73.

11
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[0046] In step 71, an expected distribution of residual compressive stress of the
component is determined. As shown in Fig. 6, the expected distribution comprises
location information of a first expected area 81 on the component, a first expected
residual compressive stress S; corresponding to the first expected area 81, location
information of a second expected area 82 on the component, and a second expected

residual compressive stress S, corresponding to the second expected area 82.

[0047] In step 72, the first expected area 81 is machined to generate a first residual
compressive stress in the first expected area which is in a first expected range

predetermined based on the first expected residual compressive stress Si.

[0048] In step 73, the second expected area 82 is machined to generate a second residual
compressive stress in the second expected area which is in a second expected range

predetermined based on the second expected residual compressive stress So.

[0049] Step 72 or 73 comprises pressing the roller against a surface of the expected area
to a pressing depth; driving the roller to roll on the surface at a feed rate by a motion unit
which is driven by a drive motor; vibrating the roller at an ultrasonic frequency under a
back pressure, wherein the vibrating of the roller is driven by an input current; and
adjusting at least one of the pressing depth, the back pressure, the input current and the
feed rate based on the expected residual compressive stress and a real time output power

of the drive motor.

[0050] As will be understood by those familiar with the art, the present disclosure may
be embodied in other specific forms without depending from the spirit or essential
characteristics thereof. Accordingly, the disclosures and descriptions herein are intended
to be illustrative, but not limiting, of the scope of the disclosure which is set forth in the

following claims.

12
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CLAIM:
1. An ultrasonic roller burnishing system, comprising:

a roller, configured to be pressed against a surface of a workpiece to a pressing
depth, roll on the surface at a feed rate, and vibrate at an ultrasonic frequency under a
back pressure, wherein the roller is pressed and rolled by a motion unit which is driven
by a drive motor, and the vibrating of the roller is driven by an ultrasonic vibration unit

with an input current inputted thereinto;

a controller, configured to adjust at least one of the pressing depth, the back
pressure, the input current and the feed rate based on an expected residual compressive
stress and a real time output power of the drive motor, to generate a residual compressive
stress in the workpiece which is in an expected range predetermined based on the

expected residual compressive stress.

2. The system according to claim 1, wherein the controller is configured to calculate
at least one of an expected pressing depth, an expected back pressure, an expected input
current and an expected feed rate, based on the expected residual compressive stress and
the real time output power, and adjust the at least one of the pressing depth, the back
pressure, the input current and the feed rate, according to the at least one of the expected
pressing depth, the expected back pressure, the expected input current and the expected

feed rate.
3. The system according to claim 2, wherein the controller comprises:

a first calculator, configured to calculate an expected output power based on the

expected residual compressive stress; and

a second calculator, configured to calculate the at least one of the expected
pressing depth, the expected back pressure, the expected input current and the expected

feed rate based on the expected output power and the real time output power.

4. An ultrasonic roller burnishing method, comprising:

13
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pressing a roller against a surface of a workpiece to a pressing depth and driving
the roller to roll on the surface at a feed rate by a motion unit which is driven by a drive

motor;

vibrating the roller at an ultrasonic frequency under a back pressure, wherein the
vibrating of the roller is driven by an ultrasonic vibration unit with an input current

inputted thereinto; and

adjusting at least one of the pressing depth, the back pressure, the input current
and the feed rate based on an expected residual compressive stress and a real time output
power of the drive motor, to generate a residual compressive stress in the workpiece
which is in an expected range predetermined based on the expected residual compressive

stress.
5. The method according to claim 4, wherein the adjusting comprises:

calculating at least one of an expected pressing depth, an expected back pressure,
an expected input current and an expected feed rate based on the expected residual

compressive stress and the real time output power; and

adjusting the at least one of the pressing depth, the back pressure, the input
current and the feed rate according to the at least one of the expected pressing depth, the

expected back pressure, the expected input current and the expected feed rate.
6. The method according to claim 5, wherein the calculating comprises:

calculating an expected output power based on the expected residual compressive

stress; and

calculating the at least one of the expected pressing depth, the expected back
pressure, the expected input current and the expected feed rate based on the expected

output power and the real time output power.

1. The method according to claim 4, wherein the adjusting comprises: adjusting at
least one of the pressing depth, the back pressure, the input current and the feed rate,

based on the expected residual compressive stress, the real time output power, and at least

14
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one of a real time pressing depth, a real time back pressure, a real time input current and a

real time feed rate.
8. The method according to claim 7, wherein the adjusting comprises:

calculating an expected pressing depth, an expected back pressure and an
expected feed rate based on the expected residual compressive stress, the real time output

power and the real time input current; and

adjusting the pressing depth, the back pressure and the feed rate according to the

expected pressing depth, the expected back pressure and the expected feed rate.
9. A method for machining a component, comprising:

determining an expected distribution of residual compressive stress of the
component, the expected distribution comprising location information of at least one
expected area on the component and an expected residual compressive stress

corresponding to the expected area; and

machining the expected area with an ultrasonic roller burnishing device
comprising a roller, to generate a residual compressive stress in the expected area which
is in an expected range predetermined based on the corresponding expected residual

compressive stress, comprising:

pressing the roller against a surface of the expected area to a pressing
depth and driving the roller to roll on the surface at a feed rate by a motion

unit which is driven by a drive motor,

vibrating the roller at an ultrasonic frequency under a back pressure,
wherein the vibrating of the roller is driven by an ultrasonic vibration unit

with an input current inputted thereinto, and

adjusting at least one of the pressing depth, the back pressure, the input
current and the feed rate based on the expected residual compressive stress

and a real time output power of the drive motor.
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10. The method according to claim 9, wherein the expected distribution comprises
location information of a first expected area and a first expected residual compressive
stress corresponding to the first expected area, and location information of a second
expected area and a second expected residual compressive stress corresponding to the

second expected area; and the generating of the residual compressive stress comprises:

machining the first expected area of the component to generate a first residual
compressive stress in the first expected area which is in a first expected range

predetermined based on the first expected residual compressive stress; and

machining the second expected area of the component to generate a second
residual compressive stress in the second expected area which is in a second expected

range predetermined based on the second expected residual compressive stress.
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