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When presented with edge and surface finishing problems,
many manufacturers continue to reach for solutions that rely
on out-of-date, time-consuming and labor-intensive methods.
It is still not unusual to see precision parts and critical hard-
ware being manually handled and edge and surface finishing
operations being performed with abrasive hand tools, or
manually-controlled power tools that utilize coated abrasives
or abrasive filaments. This situation often arises from insuffi-
cient planning and a lack of understanding on what will be
required to render the manufactured part or component
acceptable for consumer use or end-user application. At the
root of the problem is a manufacturing and design engineer-
ing culture that considers its work done when the part comes
off the machining center or the fabricating machine. Too
often, part edge and surface condition is simply someone
elses problem. In many cases not much thought is given to
the problem until production is in full swing and parts start to
fail quality assurance standards because they have burrs or
undesirable surface conditions that not only affect function
and performance but send costs through the roof.

This is a situation that deserves and is getting an increas-
iNg amount of scrutiny. It is a subject repeatedly discussed at
the newly-formed “Deburring, Edge-Finish, and Surface
Conditioning Technical Group” sponsored by the Society of
Manufacturing Engineers in Dearborn, Michgan. At one of the
group’s monthly national teleconferences, Steven Alviti, a
deburring and surface finish expert, summarized his experience
this way:

“This group has been needed for a long time now. The senti-
ments expressed at the phone conference still hold true to
this day. | face the same scenario time after time. The company
develops a new product, they cost the product, they work
out the productivity to decide what machinery they need to
supply the demand, they spend $500,000.00 -$1,000,000.00
for CNC machinery, they get orders and start producing,
they now have product to ship — but it has a burrl Now we
get the call, after they have thrown five or six people at the
cell with microscopes, exact-o-knifes, files, sandpaper and
worse, and have figured out that they are in a jam. Now we
come up with a mechanical or automated solution, but it's
like pulling teeth to have them spend $10,000 or $20,000
on a solution that should have been part of the initial phase.
Whatever this group can do to bring mass finishing into the
initial stages of engineering will be a benefit to all involved.”

The costs of neglecting to consider deburring and surface
conditioning in production planning and engineering can be
— and often is — substantial. Frequently overlooked however,
are the potentially serious problems that can develop from the
ad hoc and interim solutions that are selected to deal with
what now has become a manufacturing crisis. The manufac-
turers who resort to hand or manual finishing do not do so
because of its cost. On a per piece basis, it is by far the most
costly method of handling the problem — but often it is the
most obvious solution and the easiest and the quickest to
implement. Hiring some less-skilled temporary employees, and
arming them with hand tools to attack the problem, may not
be very imaginative, but it is certainly much less strenuous
from an engineering perspective than approaching the
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Figure 1. (Before) This photograph was taken with an electron micro-
scope at 500x magnification. It shows the surface of a raw unfinished
“as cast” turbine blade. The rough initial surface finish as measured
by profilometer was in the 75 — 90 Ra (uin) range. As is typical of
most cast, ground, turned, milled, EDM and forged surfaces, this
surface shows a positive Rsk [Rsk — skewness — the measure of surface
symmetry about the mean line of a profilometer graph. Unfinished
parts usually display a heavy concentration of surface peaks above
this mean line, generally considered to be an undesirable surface finish
characteristic from a functional viewpoint. ]

Figure 2. (After) This SEM photomicrograph (500X magnification) was
taken after processing the same turbine blade in a multi-step procedure
utilizing centrifugal barrel methods with both grinding and polishing
free abrasive materials in sequence. The surface profile has been
reduced from the original 75 — 90 Ra (uin.) to a 5-9 Ra (uin.) range.
Additionally, there has been a plateauing of the surface and the
resultant smoother surface manifests a negative skew (Rsk) instead of a
positive skew. This type of surface is considered to be very “functional”
in both the fluid and aerodynamic sense. The smooth, less turbulent
flow created by this type of surface is preferred in many aerodynamic,
automotive and other high force loading applications. Another
important consideration the photomicrographs indicate is that surface
and sub-surface fractures seem to have been removed. Observations
with backscatter emission with a scanning electron microscope (SEM)
gave no indication of residual fractures.

budgetary, capital asset acquisition and purchasing processes
for something as mundane as deburring and surface finishing
equipment. The reason this problem persists into the 21st
century is that there is a very imperfect understanding of the
hidden and more serious cost this manual and uncontrolled
approach imposes.

The first casualty of this manual approach is the invest-
ment the manufacturer has made, often in the millions, for
precise and computer controlled manufacturing equipment.
The idea behind this investment was to have the ability to
produce parts that are uniformly and carefully manufactured to
exacting specifications and tolerances. At this point, in too
many cases, the parts are then handed off to manual debur-
ring and finishing procedures that will guarantee that no two

parts will ever be alike.
Continued on page 8
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Moreover, the increased complexity and precision require-
ments of mechanical products have reinforced the need for
accurately producing and controlling the surface finish of
manufactured parts. Variations in the surface texture can
influence a variety of performance characteristics. The surface
finish can affect the ability of the part to resist wear and
fatigue, to assist or destroy effective lubrication, to increase
or decrease friction and/or abrasion with cooperating parts,
and to resist corrosion. As these characteristics become critical
under certain operating conditions, the surface finish can
dictate the performance, integrity and service life of the
component.

The role of mass finishing processes (barrel, vibratory and
centrifugal finishing) as a method for removal of burrs, devel-
oping edge contour and smoothing and polishing parts, has
been well established and documented for many years. These
processes have been used in a wide variety of part applications
to promote safer part handling (by attenuation of sharp part
edges) improve the fit and function of parts when assembled,
and produce smooth, even micro-finished surfaces to meet
either functional or aesthetic criteria or specifications. Processes
for developing specific edge and/or surface profile conditions
on parts in bulk are used in industries as diverse as the jewelry,
dental and medical implant industries on up through the
automotive and aerospace industries. Less well known and
less clearly understood is the role specialized variants of these
types of processes can play in extending the service life and
performance of critical support components or tools in
demanding manufacturing or operational applications.

Industry has always been looking to improve surface
condition to enhance part performance, and this technology
has become much better understood in recent years.
Processes are routinely utilized to specifically improve life of
parts and tools subject to failure from fatigue and to improve
their performance. These improvements are mainly achieved
by enhancing part surface texture in a number of different,
and sometimes complimentary, ways.

To understand how micro-surface topography improvement
can impact part performance, some understanding is required
of how part surfaces developed from common machining,
grinding and other methods can negatively influence part
function over time. The following factors are involved.

Figure 3. These profilometer graphs graphically illustrate in 2-D the
difference between an as-cast positively skewed surface, and the same
typical surface processed with a sequence of high energy loose media
operations to produce an improved surface topology that that is potentially
very useful for mission critical components that require improved wear,
[racture or fatigue resistance.
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Figure 4. Edge and surface condition can produce dramatic improvements
in performance and service life as this comparison between manually
deburred and mechanically edge-contoured parts demonstrates.

The Turbo-Finish method also develops compressive stress and stress
equilibrium in large critical rotating components. Courtesy of
Turbo-Finish Corporation

Positive vs. Negative Surface Skewness. The skew of surface
profile symmetry can be an important surface attribute. Surfaces
are typically characterized as being either negatively or
positively skewed.

This surface characteristic is referred to as R« (R« — skew-
ness — the measure of surface symmetry about the mean line
of a profilometer graph). Unfinished parts usually display a
heavy concentration of surface peaks above this mean line (a
positive skew). It is axiomatic that almost all surfaces produced
by common machining and fabrication methods are positively
skewed. These positively skewed surfaces have an undesirable
effect on the bearing ratio of surfaces, negatively impacting
the performance of parts involved in applications where there
is substantial surface-to-surface contact. Specialized high energy
finishing procedures can truncate these surface profile peaks
and achieve negatively skewed surfaces that are plateaued,
presenting a much higher surface bearing contact area.
Anecdotal evidence confirms that surface finishing procedures
tailored to develop specific surface conditions with this in
mind can have a dramatic impact on part life. In one example
the life of tooling used in aluminum can stamping operations
was extended 1000% or more by improved surface textures
produced by mechanical surface treatment.

Directionalized vs. Random (Isotropic) Surface Texture
Patterns. Somewhat related to surface texture skewness in
importance is the directional nature of surface textures devel-
oped by typical machining and grinding methods. These
machined surfaces are characterized by tool marks or grinding
patterns that are aligned and directional in nature. It has been
established that tool or part life and performance can be sub-
stantially enhanced if these types of surface textures can be
altered into one that is more random in nature. Post-machin-
ing processes that utilize free or loose abrasive materials in a
high energy context can alter the machined surface texture
substantially, not only reducing surface peaks, but generating
a surface in which the positioning of the peaks has been
altered appreciably. These “isotropic” surface effects have been
demonstrated to improve part wear and fracture resistance,
bearing ratio and improve fatigue resistance.

Residual Tensile Stress vs. Residual Compressive Stress.

Many machining and grinding processes tend to develop
residual tensile stresses in the surface area of parts. These
residual tensile stresses make parts susceptible to premature
fracture and failure when repeatedly stressed. Certain high-
energy mass finishing processes can be implemented to modify
this surface stress condition, and replace it with uniform resid-
ual compressive stresses. Many manufacturers have discovered

that as mass finishing processes Continued on page 10
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have been adopted, put into service, and the parts involved
have developed a working track record, an unanticipated
development has taken place. Their parts are better—and not
just in the sense that they no longer have burrs, sharp edges
or that they have smoother surfaces. Depending on the
application, they last longer in service, are less prone to metal
fatigue failure, exhibit better tribological properties (translation:
less friction and better wear resistance) and from a quality assur-
ance perspective, are much more predictably consistent and
uniform. The guestion that comes up is why do commonly
used mass media finishing techniques produce this effect?
There are several reasons. The methods typically are non-
selective in nature. Edge and surface features of the part are
processed identically and simultaneously. Additionally, they
consistently develop beneficial compressive stress equilibriums.

These alterations in surface characteristics often improve part
performance, service life and functionality in ways not clearly
understood when the processes were adopted. In many appli-
cations, the uniformity and equilibrium of the edge and sur-
face effects obtained have produced quality and performance
advantages for critical parts that can far outweigh the sub-
stantial cost-reduction benefits that were the driving force
behind the initial process implementation.

This assertion has been affirmed by both practical produc-
tion experience and validation by experiment in laboratory
settings. David Gane and his colleagues at Boeing have been
studying the effects of using a combination of fixtured-part
vibratory deburring and vibratory burnishing (referred to by
them as “Vibro-peening” or “Vibro-strengthening”) processes
to produce (1) sophisticated edge and surface finish values
and (2) beneficial compressive stress to enhance metal fatigue
resistance. In life cycle fatigue testing on titanium test coupons,
it was determined that the vibro-deburring/burnishing

Continued on page 12

Figure 5. Centrifugal barrel
machines such as these can pro-
duce exceptional edge and surface
finishes in very short cycle times.
Accelerated process effects can be
developed because of the high
speed interaction between abrasive
media and part surfaces, and
because media interaction with
parts are characterized by high
pressure by virtue of the high cen-
trifugal forces developed in the processes. Smaller turbine blades can be
processed in the 5 x 8 inch compartments in the 12-liter capacity machine
shown to the right. Larger centrifugal machines such as the 220 liter or
330 liter capacity machine shown to the left can handle much larger parts
as the barrel compartments are as much as 42 inches in length. Larger
parts processed in this type of machinery can be processed one at a time
within the barrel compartment suspended within the media mass or be
fixtured. Barrel compartments can be divided into processing segments to
accommodate more than one part.

to characterize surface textures so that a more accurate correlation
between surface texture and its possible effect on ultimate part perform-
ance and longevity can be drawn. Especially useful is the 3-D surface tex-
ture characterization, such as the one shown in the upper right hand
graphic of this grouping. Optical interferometry and computer enhanced
graphics make it possible to visualize potentially detrimental surface char-

characterizations of a finely ground roller bearing. As the 3-D graphic
clearly shows this is a dysfunctional surface, from both a wear resistance
and a metal fatigue resistance perspective. In this case, both the predomi-

are going to contribute to premature part failure and suboptimal perform-

machining, grinding or fabrication methods produce surface characteris-
tics of this nature. When correctly implemented, mass finishing processes
are capable of correcting these inherent surface flaws by developing
plateaued isotropic surfaces while simultaneously developing beneficial
compressive stress and a stress equilibrium to the entire part. Graphic
courtesy of Jack Clark, Zygo Corporation.

Figure 6. Increasingly sophisticated measurement methods are now utilized

acteristics in ways not previously possible. The graphics shown are surface

nant surface peaks and lack of isotropicity (random surface texture pattern)

ance. It should be understood that these types of surface characteristics are
not necessarily the result of mistakes or errors, almost all common types of

Figure 7. The 3-D color characterization shown in the earlier graphic
in this series is based on a surface characterization of the “AS
GROUND” photo and microphotograph shown here. The graphics in
this set have been arranged for ease of comparison in terms of differen-
tiating surface characteristics produced by various manufacturing
methods. The lower left item of each set illustrates the type of surface
developed from mass finishing methods (in this case centrifugal barrel
finishing [CBF]) contrasted with grinding or machining methods.
Clearly evident in the SEM (scanning electron microscope) micropho-
tographs is the fact the centrifugal barrel process has been able to
create a surface that has been plateaued (surface peaks and asperities
have been leveled for much higher bearing load capabilities and
reduced crack propagation) and is isotropic in nature (a non-directional
surface pattern). These desirable surface characteristics have been
developed concurrently with a highly advantageous stress equilibrium
effect in a single process. Photos courtesy of Jack Clark, Zygo
Corporation.
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method produced metal fatigue resistance that was compara-
ble to high intensity peening that measured 17A with Alimen
strip measurements. The striking difference between the two
methods however, is that the vibratory burnishing method
produced the effect while retaining an overall surface rough-
ness average of 1 Im (R:), while surface finish values on the
test coupon that had been processed with the 17A high
intensity peening had climbed to values between 5-7 Im (R).
The conclusion the authors reached in the study was that the
practicality and economic feasibility of the vibro-deburring and
burnishing method increased with part size and complexity.

Dr. Michael Massarsky of the Turbo-Finish Corporation
was able to supply comparative measurements on parts
processed by his method for edge and surface finish improve-
ment. Utilizing this spindle oriented deburr and finish method
it is possible to produce compressive stresses in the MPa = 300
- 600 range that formed to a surface layer of metal to a depth
of 20 - 40 um. Spin pit tests on turbine disk components
processed with the method showed an improved cycle life of
13090 = 450 cycles when compared to the test results for
conventionally hand deburred disks of 5685 + 335 cycles, a
potential service life increase of 2 — 2.25 times, while reducing
the dispersion range of cycles at which actual failure
occurred. Vibratory tests on steel test coupons were also
performed to determine improvements in metal fatigue resist-
ance. The plate specimens were tested with vibratory ampli-
tude of 0.52 mm, and load stress of 90 MPa. The destruction
of specimens that had surface finishes developed by the
Turbo-Finish method took place after:

(3-3.75)*10% cycles
a significant improvement over tests performed on conven-
tionally ground plates that started to fail after:
(1.1 -1.5)*10* cycles.

SUMMARY:

Mass media finishing techniques (barrel, vibratory, centrifugal
and spindle finish) can be used to improve part performance
and service life, and these processes can be tailored or modi-
fied to amplify this effect. Although the ability of these
processes to drive down deburring and surface finishing costs
when compared to manual procedures is well known and
documented, their ability to dramatically effect part perform-
ance and service life are not. This facet of edge and surface
finish processing needs to be better understood and deserves
closer study and documentation. Industry and public needs
would be well served by consortium of partners at the industry,
university and governmental agency levels capable of
researching all aspects of surface texture and surface condi-
tioning related to part functionality, performance and service
life. At the time of this writing, possible FAA intervention bring-
ing the use of manual deburring techniques on commercial
aircraft engine components under closer control are apparently
being considered.

ACKNOWLEDGEMENTS: The author wishes to acknowledge the
technical assistance of the following members of the Society of
Manufacturing Engineers DESC Technical Group [Deburring, Edge-
Finish, Surface Conditioning]. Dr. Michael Massarsky, Turbo-Finish
Corporation; David H. Gane, Boeing, Edward F Rossman Ph. D.,
Boeing; Jack Clark, ZYGO Corporation; LaRoux Gillespie, PE, CMfgE,
Honeywell. Rodney Grover, Society of Manufacturing Engineers.

REFERENCES:

(1) Gane, David H., Rumyantsev, H.T., Diep, Bakow, L."Evaluation of
Vibrostrengthening for Fatigue Enhancement of Titanium Structural
Components on Commercial Aircraft”. Ti-2003 Science and Technology;
Proceedings of the 10th World Conference on Titanium, Hamburg Germany,
13-18 July 2003, Edited by G. Lutejering and J Albrecht. WILEY-VCH Vol 2.
pp 1053-1058

Massarsky, M. L., Davidson, D. A., “Turbo-Abrasive Machining, CODEF
PROCEEDINGS, 7th International Deburring Conference, Berkeley, CA.: CODEF

[Consortium on Deburring and Edge Finishing], University of California at
Berkeley, June 2004

Massarsky, M. L., Davidson, D. A.., “Turbo-Abrasive Machining - A New
Technology for Metal and Non-Metal Part Finishing”, THE FINISHING LINE, Vol.
18 No. 4, Dearborn MI: Association of Finishing Processes, Society of
Manufacturing Engineers, Oct. 30, 2002

Massarsky, M. L., Davidson, D. A., “Turbo-Abrasive Machining and Turbo-
Polishing in the Continuous Flow Manufacturing Environment”, SME Technical
Paper MR99-264, CONFERENCE PROCEEDINGS: 3rd International Machining
and Grinding Conference, Cincinnati, OH, Oct 4-7, 1999, Dearborn, MI:
Society of Manufacturing Engineers, 1999

Gillespie, LaRoux, Deburring and Edge Finishing Handbook, Dearborn, MI:
Society of Manufacturing Engineers, 1999

Davidson, D. A., “Mass Finishing Processes”, 2002 METAL FINISHING GUIDE
BOOK AND DIRECTORY, White Plains, NY: Elsevier Science, 2002

Figure 8. This large power generation turbine blade was made utilizing
6-axis machining technology. Centrifugal barrel finishing technology was
used to clear and blend in the milling cutter paths and then develop very
refined and burnished isotropic surfaces in the foil area.

Figure 9. This large aircraft engine turbine disk has been processed with
the Turbo-Finish method. This dry abrasive finishing method has been
successful in bringing mass media finish economies to large complex
rotationally oriented parts while simultaneously developing significant
compressive stress. In addition to the uniform and consistent edge contours
developed, the method also produces highly sophisticated isotropic surface
finishes by radically altering the character of the as- machined or
as-ground surface finish. PHOTO courtesy Dr. Michael L. Massarsky,
Turbo-Finish Corporation

Figure 10. These titanium test coupons show a before and after example of
mass finishing processes being used to blend in milling cutter paths.
Transforming the positively skewed surface profiles of machined parts into
parts with isotropic and negatively skewed surface characteristics can be
an important element in any program where surface improvements are
being developed to improve wear resistance and metal fatigue resistance
on critical parts.

Fall 2006 12 The Shot Peener





