TECHNICALLY
speaking

BY ANTHONY F. KENTON, NOVA FINISHING SYSTEMS,

HUNTINGDON VALLEY, PA

Exploring Options and Alternatives for
Material Removal and Surface Finishing

A useful method to aid finishers in evaluating the advantages
and disadvantages of various systems.

Some time ago, I wrote an article
for this publication called, “How
to choose Mass  Finishing
Equipment for Surface Profile
Improvement” (MF, Volume 101,
No. 4, April 2003, pp 22-26). This
can be considered Part II. The first
article covered everything readers
wanted and needed to know about
how to select mass finishing equip-
ment. However, it did not offer any
alternative options, and there are no
organizations that recognize or rec-
ommend systems for material
removal or surface modifications.
That option is left up the end user.

Now, even though I am an advo-
cate of mass finishing systems, I
think readers should be aware of
alternatives, because time is money;
equipment is money; and knowledge
is money. So how much time and
money do you want to save? Again,
unless you know what you are look-
ing for, how do you investigate your
options and alternatives?

Also, before we proceed with alter-
natives, let us discuss options.
Basically, anyone interested in sur-
face finishing applications may be
considering one of three types or
options. Type 1 is to prepare a rough
surface finish to accept a heavy thick-
ness coating, such as paint. Type 2 is
to prepare a relatively smooth and
uniform surface finish to accept a
thin coating, such as a plating of
some kind. Type 3 is to produce the
smoothest finish possible or a reflec-
tive finish with or without a protec-
tive coating. The option one chooses
depends mostly on how the part is to

be used, or the environment in which
it will be utilized. Once the surface
finish requirement is determined,
the method to achieve that surface
preparation needs to be selected.

In mechanical finishing, the con-
cept of energy and force uniformly
applied to abrasive particles is an
important factor both in surface fin-
ishing quality and the speed or rate
of the material removal process. In
addition to speed, one has to consid-
er the factors of consistency and
repeatability, and the economics that
can be achieved using these forces.
Other factors to consider are the lim-
itations of the part size, shape, and
quantity of parts, as well as the abra-
sive used and the finishing character-
istics in relation to the equipment.

In all material removal systems,
there is the factor of energy and
resistance, and in the case of materi-
al removal, resistance of the part.
How much material removal occurs
—and what kind of surface profile is
achieved—depends on how that ener-
gy or force is applied. In my book,
Understanding Deburring Polishing and
Mass Finishing Systems, 1 proposed a
classification system based on a
series of four digit sequences for all
material removal systems. This is an
unofficial system, similar to the old
library Dewey Decimal system.

In mechanical systems, there are at
least two elements or forms of energy
that are used for material removal.
As mentioned, energy is related to
movement, speed, or velocity.
Resistance is related to pressure, fric-
tion, compression, or contact. In

simple terms, you need to use one
force to overcome another force. The
greater the amount of energy or force
directed to the part, the greater the
material removal up to the point
where resistance overcomes energy.

How energy or processing equip-
ment uses energy is critical to a finish-
ing system, and each system has its
own unique characteristics. I have
proposed a classification system
based on six groups determined by
the energy system application, of
which five are processing or equip-
ment systems.' The reason for the five
vs. six classifications is that I have pur-
posely called the first system a Type O,
also shown as 00, to indicate that this
is designated for manual, hand-work-
ing tools where the energy or system is
not of a consistent or constant force.
Types 1, 2, and 3 are mechanical sys-
tems that use abrasives in the process.
Type 4 systems are used primarily in
the plating industry, and Type 5 sys-
tems use temperature to achieve
material removal.

To make this presentation as short
and simple as possible, a lot of techni-
cal data have been left out. The pro-
posed numbering system is composed
of two digits for the type of processing
equipment, followed immediately by
one digit for the amount of material
removal and one digit to indicate how
these systems work either the outside,
inside dimensions, or both. Some
equipment systems use more than
one energy system, and that is the rea-
son for the first two digits. The first
number is the dominate characteristic
of the energy system, followed by a
second number or 0 for no other ener-
gy force. These groups are noted in
Table 1.
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Equipment Classification (first two numerical digits)

Class 0

Type O This system is for manual hand working of parts only. Energy is directed downward in a back and forward or circular pattern with an
abrasive medium. The greater the force downward, the greater the abrasion.

Type 1 This system is used on relatively flat materials where the energy forces are directed down and parallel to the material being worked,
via a wheel, disc, or belt. The results of action create a horizontal wiping action and the smoothing of surface features.

Type 2 This system is used primarily for surface preparation for heavy thickness coatings. This uses the abrasive blast method where the
energy force is transmitted to a solid particle, which is directed perpendicular or downward at a slight angle to the work piece. The
results of the action are a rough textured surface finish.

Type 3 This system is used in mass finishing—type equipment. This uses abrasive particles or preform shapes in a random combination or
mixed-energy forces or patterns that occur in all directions relative to the part. The results produced are modified blended surfaces
and uniformly worked parts.

Type 4 This system, used in the plating industry, is primarily an electrical current directed through a liquid medium-type energy force sys-
tem. The results produced are both surface and sub-surface molecular changes to parts.

Type 5 This system is an air-based, high-temperature heat method. This is a very selective material removal system that works primarily on

surface irregularities or burrs. The results of this process vaporize and melt thin surface protrusions.

Burr Classification (third digit)

Burrs or material irregularities do not exist, but surface modification is required.

Class 1 Burrs are sharp edges that can cut one's finger or cut wire or tubing over a period of time and/or vibration.

Class 2 Burrs are thin irregularities that can be removed from part with one's fingernail. Material thickness approximately O to 0.010.

Class 3 Burrs or material irregularities require greater pressure to remove than by the unaided hand alone. Material thickness approximately
0.010 to 0.020.

Class 4 Burrs or material irregularities require a lot of pressure and force on media and part. Material thickness over 0.020.

Burr Location (fourth digit)

0 Location For surface modification only.

1 Location For easy-to-reach outside dimensions.

2 Location For difficult-to-reach inside or internal dimensions.

3 Location For all burrs, inside and out, and surface modifications.

Table 1: Classification System

System Range Option
Wheel and Belt Systems 1000-1051 3-2-1
Abrasive Blasting 2500-2503 1-2
Cryogenic Blasting 5200-5233 2
Wheel Blasting 2500-2501 1
Wet Blasting 4200-4233 2
Water Jet 4200-4211 2
Ultrasonic 4200-4211 2-3
Abrasive Extrusion 4200-4243 213
Thermal 5000-5303 2
Chemical 4000-4303 2-3-1
Mass Finishing Systems 3000-3501 2-3-41
Spindle/Drag Systems 3000-3501 3-2-1
Turbo-Abrasive 3000-3301 2-3-1
Orbital 3000-3301 3-2
Magnetic 3000-3201 3

Table 2: Most Common Material Removal Systems: Classification Chart for Surface Finishing Options
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Equipment Burr Class Location
System 1 2 3 4 5 (0] 1 2 3 4 5 0 1 2 3
Wheel and Belt G VG G G G G G VG G P
Abrasive Blasting* G VG G S P P VG G p S
Cryogenic Blasting G G S G S P S G P S
Wheel Blasting G VG VG G S S S S G P
Wet Blasting G G VG G S S P G G S G
Water Jet G G G G S S P G G P
Ultrasonic G VG G S P G G
Abrasive Extrusion p G S G G G G S S G VG G
Thermal G S G G S S S G G
Chemical G G G S P P G G G
Mass Finishing VG G VG VG G S S G VG S S
Spindle VG G G G G G G G G P
Turbo-Abrasive VG G G G S S G P
Orbital G G G S S G S S
Magnetic G G G S G
Explanation of letter symbols: VG = very good; G = good; S = some; P = poor; blank = not recommended for application or classification.
* Rating based upon material removal, not surface finish.

Table 3: Equipment Classification Evaluation by Category

Classification of Part Sizes

Letter Measurement Description

A 1/2" or smaller parts Can't be seen in closed hand

B 1/2" up to 12" length Can be held in one hand

C weight Need 2 hands, or over 2 |bs.

D weight Need material handling assistance

Equipment Classification Evaluation by Part Size

A B C
Wheel and Belt S VG G
Abrasive Blasting S VG G G
Cryogenic Blasting G G P
Wheel Blasting S VG VG
Wet Blasting S VG S
Water Jet S G G
Ultrasonic S G
Abrasive Extrusion S G G S
Thermal G G S
Chemical G G S
Mass Finishing VG VG G G
Spindle G G
Turbo-Abrasive @ S
Orbital VG G S
Magnetic VG S
Explanation of letter symbols: VG = very good; G = good; S = some; P = poor; blank = not recommended for application.

Table 4: Equipment Classification by Part Size
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Based upon the classification sys-
tem listed in Table 1, T have created a
revised chart for the major material
removal systems. They are listed in
Table 2.

Now, based upon the information
in Table 2 and overall knowledge of
the systems noted therein, the chart
in Table 3 has been created to give
you an overall view of the advantages
and disadvantages of the major
machine systems in relation to mate-
rial removal, the amount of material
being removed, and its location. The
numbers in this chart show the pri-
ority fo what location is worked best.
It should be also mentioned that as
the surface of a part gets smoother,
the more difficult it is to remove or
improve the surface profile of the
material/part being worked.

As previously noted here and in
other numerous articles, part size
plays an important factor in equip-

ment system selection and the materi-
al removal process. Therefore, the set
of guidelines listed in Table 4 have
been used to compose the equipment
classification chart that is also shown
in this table.

Energy can be transferred through
solids, liquids, or air. The greater the
weight or mass, the greater the
amount of energy transfer and the
greater the amount of surface modifi-
cation that can be accomplished in
the shortest period of time. The more
rigid the transfer media or device, the
greater the energy transfer. Liquid and
air transfer systems can transfer ener-
gy into small locations and are less
aggressive on material surfaces.

All mechanical abrasive systems are
energy transfer devices designed to
increase the speed and pressure of an
abrasive media. How these energy
forces are applied is also important.
Linear, straight-line energy differs
from rotational energy systems, and
fixed rigid parts behave differently
from free-floating parts.

All systems have advantages and
disadvantages. That is the reason
why there are so many different ener-
gy transfer systems. However, hope-
fully you will now have a better idea
of your options and alternative
methods for producing the results
you are looking for.
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NOTE
1. This system was first presented at the
2000 AESF conference in Chicago.

“Vertrel" is a registered
trademark of DuPont
Corp. “VersaTrans” is

aregistered trademark

of PPG Industries.
“Solkane” is a registered
trademark of Solvay
Chemicals.
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