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ABSTRACT

Formal training in deburring is significant because it is so
rare. This lack is particularly evident when one must obtain or
train individuals who can finish sophisticated parts to exacting
edge requirements. This paper describes the training program
developed by one large company. The program is based on the
production of sophisticated precision miniature parts requiring
high levels of precision and care. The format of the training
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ABSTRACT

Formal training in deburring is significant because it is so
rare. This lack is particularly evident when one must obtain or
train individuals who can finish sophisticated parts to exacting
edge requirements. This paper describes the training program
developed by one large company. The program is based on the
production of sophisticated precision miniature parts requiring

4     high levels of precision and care. The format of the training
program and considerations involved are described.

INTRODUCTION

One of the problems of today's technology is that skilled help is
often not available in the numbers and at the time required. The
problem is particularly evident in those areas not traditionally
known to need high levels of training. Searching the literature
for evidence of formal training programs in deburring and edge
finishing, one will find that there is no published literature
describing such programs. To these authors' knowledge, neither
published guidance, nor a single source that provides necessary
training for very high levels of precision, exists. The literature
is essentially devoid of any significant comments on hand deburring.

Because of the need to develop such expertise in a rather large
number of individuals, a training program to produce individuals
capable of precision deburring has been developed. The deburring
requirements were to provide burr free edges where edges were
inspected at up to 25 power magnification and to provide edges
which had, in many cases, no more than 0.003 in. break, radius,
or chamfer. The parts involved were miniature precision metal
parts required in small quantities but on a schedule. In addition
to preparing and presenting such a training program, formal
documentation of the program and training materials also was
accomplished.

NATURE OF DEBURRING NEEDS \4,

The training program was initiated at the Kansas City Division of
the Bendix Corporation. This Bendix division is a manufacturing
facility with more than 2,100 machine tools or workload centers.
Approximately 60 distinct departments comprise a self-contained
facility for the manufacture of miniature electromechanical
components; large housings; plastic parts; integrated circuits;
electrical, mechanical, and electromechanical assemblies; and a
variety of related components. This diversity of products, wide
yariance in lot sizes, state-of-the-art tolerances, and rigid
schedules necessitate some unique considerations when one implements
training for such sophisticated requirements.

The specific departments in which training was, required were
those manufacturing miniature mechanical and electromechanical

2



-

--*.          ..1

.

components. The following listing defines some of the character-
istics of this production area.

•    More than 350 three-dimensional parts typically are manu-
factured each year on 99 different machines with at least

-          120,000 pieces inspected each year.

•    In addition to the 350 parts, approximately 900 screw-
machine miniature parts also are fabricated, many of which
require some amount of hand deburring. Deburring is performed
on at least two shifts, and in some cases, all three shifts.

•    Many of the parts involved are so small they can be hidden
by a worker's fingernail.

Table 1 defines some of the basic manufacturing requirements for
some of these parts. The minute size of these parts is difficult
for many to comprehend: In some isolated instances as many as
6,000 to 12,000 parts can be placed in a single thimble. For-
tunately, however, most parts involve pins, shafts, or gears that
are 0.020 in. (0.5 mm) in diameter or larger. Although many
parts have quality requirements less rigid than those shown in
Table 1, it is essential that employees who perform the deburring
be trained and have the equipment capable of producing the finishing
operations required for those tolerances.

Figures 1 and 2 illustrate some of the general characteristics of
the parts involved.  The parts shown can be categorized into
seven different families:

•    Large turned parts,
. Small turned parts,
•    Gears,

Flat parts,
I    Box-shaped parts,

Non-symmetrical castings and forgings, and
•    Other configurations not easily categorizable.

In general, these parts are produced by conventional processes
using precision machines, high quality tools and, in many cases,
slower feeds than used for commercial parts. Because of the very
high quality demanded and the need to maintain rigid schedules,
many of these parts are not successfully or adequately deburred
by commercial mechanized deburring processes. Many parts, however,
do undergo such processes as centrifugal barrel tumbling, vibratory
deburring, electrochemical deburring, and in a.few cases,
;.electropolish deburring, if tolerances, surfacd finishes, and
iburr size are compatible with these processes. f A 10-year study
,of the mechanized processes has been conducted to define their
limitations and capabilities on these small parts. Some of the
problems involve several aspects: For example, conventional pin
vises can easily damage these miniature parts because the closing

;
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Table 1. Basic Characteristics of Electromechanical Products

Part Characteristics Values

Size 12,000 parts/in.3 (16.38 parts/cm3)*

Diameter < 0.280 in. (7.11 mm) 47 percent of total
< 0.500 in. (12.7 mm) 63 percent of total
3 1.000 in. (25.4 mm) 77 percent of total
1 4.000 in. (102 mm) 99 percent of total

Quality
Shaft Diameter £0.0001 in. (2.5 Bm)
Surface Finish 8 to 32 Bin. (0.203 to 0.813 Bm)
Edges Near Sharp 0.003 in. (76 Bm) maximum radius

Material Stainless steel 300 series and
precipitation hardened series

Beryllium copper

6061-T6 and 7075-T6 aluminum

Production Quantities 25 each year, 300 every three months,
and 2000 every 3 years

Machine/Finishing Average 10 operationsGper part and
Operations maximum 50 per part

Setup Time 22 percent of total shop hours

Typical Bar stock-Point bar end-Grind bar
Fabrication diameter-Automatic screw machine-Lathe-
Sequence Lathe-Mill-Mill-Drill-Deburr-Inspect-

Passivate-Inspect

*Size of smallest part.  Most are significant12 larger.

0
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Figure 1. Variety of Sizes and Shapes of Precision Miniature
Parts.
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on the paperwork. They are expected to use microscopes to view

pressures necessary to hold the parts also can indent the precision
surfaces.

Bendix is a very large, sophisticated job shop.  Small quantities
of parts normally are produced. Quantities may be as small as
50 parts per setup. In many cases, the time required to develop
familiarity with one part and the techniques for dealing with it
are lost since that part may not appear again in the queue of
parts for another three to six months and sometimes even a year
or two. This time lapse, combined with the unique requirements
of the parts, demands a very wide range of skills on the part of
those employees performing the deburring. Some parts require no
magnification; others require 7, 10, 20, 30, and, even in some
isolated instances, up to 50 power magnification to verify that
edge quality is satisfactory.

EXPECTATIONS OF THE DEBURRING TRAINING PROGRAM

The training program was designed so that individuals knowing
ibsolutely nothing about deburring or machining would, within
approximately three months, be able to finish most of the parts
which must be deburred. Each individual was expected to know
which tools are most applicable to individual parts or areas
being deburred.  Each individual also was expected to know the
inherent limitations and capabilities of these &ools.

Usually, the instructions provided to employees who perform
production deburring are merely written instructions and sketches
illustrating the edge break requirements and specific areas of
concern on parts. Written instructions for production parts do
not usually specify which deburring tools to use. Figures 3
and  4 are representative· of production instructions. Workers  are
expected to know the in-house inspection standards in general and
standards for a few specific parts. They are expected to be able
to deburr any part given them under the magnification indicated

the work that they deburr. They are expected'to know the differ-
ences of various workpiece materials and to request special
design tools where appropriate. As a result of these expectations,
detailed training is necessary.

FORMAT OF THE TRAINING

Figure 5 illustrates the time sequence of material presented in
the three-month training program. The figure ilso shows an
additional three months in which workers performed production
deburring before they entered the specific departments in which
they would work.  The implementation of the program varied somewhat
among specific classes: The first two groups each consisted of
25 people and subsequent groups consisted of approximately
15 people.  As indicated in Figure 5, training began with an
orientation. During the first week, workers Fere introduced to

7
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general plant procedures, safety practices, benefits, and worker
expectations and received an overview of manufacturing requirements
and facilities at this plant.  Individuals also performed some
rough or finish deburring for at least two hours a day, and
sometimes for six hours a day. During the second and third
weeks, individuals received two hours of instruction in blue
print reading every day. During the fourth through tenth weeks,
concepts of deburring were presented for 32 days. During the

'     tenth through twelfth weeks, true position dimensioning was
presented. Whenever possible, each day's formal classroom instruc-
tion was limited to a two-hour session. During orientation,
however, individuals were in a classroom environment for at least
four hours a day.

Classroom and hands-on training involved several "teachers."
Each group of people was supervised by an experienced supervisor
and a setup person or similar experienced individual. These two
individuals monitored the progress and conducted some classroom
discussions. Classroom instruction also was provided by the
technical training staff or engineers who had as many as 10 years
of engineering experience in deburring techniques and product
needs.

Table 2 lists subjects covered in the 32-day section titled
Concepts of Deburring.  Some 50 aspects of deburring and a wide
variety of deburring equipment were presented. Extensive discus-
sions of deburring tools and approaches for specific parts,
inspection requirements, cleaning requirements, and capabilities
of mechanized processes also took place. A detailed list of the
material presented covers nine single-spaced pages of copy. The
following list describes the material presented,in just one two-
hour session.

Material Presented in Brush Deburring Lesson

•    Types of brushes available
•    Sizes of brushes available
•    Brush filament materials                  c
I    Variables in brush aggressiveness
•    Side effects of brush deburring

Comparisons between brush capabilities
I    Safety precautions in the use of brushes
     Specific approaches to brush usage

At the conclusion of each session, such as the brush deburring
lesson, each individual was required to perform some experiment
using some of the materials or concepts covered in that lesson.
For example, three individuals might be require,d to use 1 in.
diameter abrasive-filled nylon bristle brushes. Another three
individuals might be required to use stainless steel brushes.
Yet another group might be required to use all brushes on identical
parts. Each individual or group reported their observations at

11



Table 2. Subjects Covered In Concepts In Deburring

1.  Economic Impact of Burrs
2.  Technical Impact of Burrs
3.  Schedule Impact of Burrs
4.  How to Look for Burrs
5.  The 16 Basic Categories of Deburring Tools
6.  The 54 Sub-Categories of Deburring Tools
7.  How to Use Deburring Knives
8.  How to Use Motorized Tools
9.  The Use and Care of Microscopes

10. Basic Deburring Needs
11. Review of Decimal Numbers
12. Deburring Holes
13. Deburring Threaded Features
14. Deburring Turned Parts
15. Deburring Flat Parts
16. Inspection Standards for Burrs
17. Standards for Surface Finish
18. Written Deburring Instructions
19. Research on Hand Deburring
20. Assembly Requirements
21. Brush Deburring
22. Files for Deburring
23. Rotary Burs and Countersink Tools
24. Mounted Stones
25. Scrapers and Related Tools
26. Hand Stones
27. Abrasive-Filled Rubber Tools
28. Abrasive-Filled Cotton Tools
29. Abrasive Paper Products
30. Felt Bobs and Lapping Compounds
31. Mandrels and Holding Devices
32. Miscellaneous Tools
33. Personal Techniques for Assuring Quality
34. Cleaning Parts
35. Deburring Gears
36. Deburring Plastic Parts
37. Barrel Tumbling
38. Vibratory Deburring
39. Centrifugal Barrel Tumbling
40. Abrasive Blast Deburring
41. Electropolish Deburring
42. Electrochemical Deburring
43. Time Studies and Methods Engineering
44. Deburring Large Parts
45.  The Burr and the Machining Process
46. Finding the Best Deburring Method

12
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the next session. Individuals frequently were required to com-
pletely deburr a part using only the tool covered in that lesson.
This requirement provided some experience in using specific tools
which might not otherwise have been selected by those who might
have preferred to use other tools.

In addition to lectures, case histories and some role playing
were used as teaching aids. Students each received their own
guides to deburring requirements at Bendix. This 100-page guide
describes the requirements at Bendix and many of the tool capabil-
ities. It does not, however, indicate how to use specific tools.
Participants received another book, which illustrates and defines
the 250 different tools most commonly used for deburring at
Bendix.

A comprehensive test was given every fifth day. The test covered
all of that week's material as well as significant points from
previous weeks' instruction. These tests not only provided an
indicator of comprehension, but also indicated the weak points in
presentations. The tests stimulated extensive note taking, which
further improved studying.

TRAINING FACILITIES

Since this was a new program, a facility had to be established
and deburring equipment provided to perform the, deburring. Many
new deburring products suitable for use with precision miniature
parts had been located commercially just before training began.
These new products were introduced into production deburring
through the newly-trained employees.

Motors and other permanent devices also were provided (Table 3).
With the exception of dental air motors, each individual had
direct access to all equipment listed.

TRAINING AIDS

To teach deburring of such minute precision parts requires special
visual aids. For example, it is difficult to explain to a class
of 25 people the impact that minute burrs can have when the partsthemselves are so small that they can barely be seen. The only
suitable way of photographing many of these miniature parts or
the burr-laden edges is to use scanning electron microscopes
(SEM) with magnifications of 100 to 200 power.  Scanning electron
microscopes provide tremendous depth of field as well as the
clarity necessary to show all portions of threerdimensional
parts.

In addition to showing actual parts and photographs of parts,
effective training requires the use of 35 mm slides, movies, and
overhead transparencies. These aids, however,.are often still
not adequate for showing individuals how to handle each tool or

13
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the motions involved in working with very delicate and minute
parts. In these situations, one must use one-on-one training or
videotapes showing close-up action. Videotapes have additional
advantages: They can be shown at any time and repeated many
times, if necessary, to provide the necessary information.

One of the problems in providing adequate visual aids on hand
deburring tools is that there are at least 10,000 different
products commercially available which are and can be used for
deburring. With this many products, it is difficult to have
enough visual aids to show not only what is available in-plant,
but also what is available commercially when specific problems
arise. There is no simple solution to this problem, but having a
great many catalogs is helpful when questions arise. At least
500 pounds of catalog material on deburring tools is now available.

In addition to videotapes, transparencies, 35 mm slides, and
actual tools and parts, employees in training need formal descrip-
tions of capabilities and limitations. Insofar as possible, the
requirements for deburring within an individual company should be
written. This documentation often is difficult because of the
number of individuals and products involved. Many companies,
some in more detail than others, have documented deburring require-
ments. That it took more than 100 pages to illustrate and document
common approaches, problems, tools, and inspection requirements
at Bendix indicates the magnitude of the problem.

WHO SHOULD RECEIVE TRAINING FOR DEBURRING?

After many years of trying to minimize deburring problems and
costs, these authors believe that those performing deburring as a
full-time occupation are not the only people who need training.

General machinists and machine operators should receive some
training in deburring. Many deburring problems arise from improper
machining practices, which are controlled by these machinists.
Training should help make these people more effective on their
machines, and if they are required to provide final deburring,
they will be able to meet quality requirements.

In addition, supervisors, assemblers, engineers, and many others
in any plant often are uninformed about this complex and hitherto
not well-defined area -- hand deburring. Some. 200 people at
'Bendix have received some deburring training, and even more
:people will receive training during the next two years.  Some
deburring problems are first observed by those assembling the

i parts. For this reason, many of the recently-hired people involved
in assembly have received this training. At Bendix, assembly is
performed in clean room environments. Although the training is

. primarily designed for those actually performing deburring full-
time, it has been gratifying to see the impact of training on
those engineers who specify machining and blanking operations.

14
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After 32 sessions of seeing, hearing, feeling, and being a part
of the deburring problems, these individuals have a better apprecia-
tion of and concern for the employees performing deburring and
for the problems burrs present.

-     Engineers may get one or two additional sessions highlighting the
design factors which can influence burr size or burr removal
difficulties.

DIFFICULT ASPECTS OF DEBURRING PRECISION MINIATURE PARTS

There are several problems in initiating a new training program
for deburring precision miniature parts:

•    Having enough parts or samples available for learning and
experimenting on.

•    Showing people how small such edge breaks as 0.003 in.
really are and how difficult they are to maintain.

•    Defining how best to select the best tools for deburring.
•    Showing people how best to use deburring knives.
•    Defining the types of problems typically faced on the floor.

In a class of 15 to 25 people who are in training for several
weeks, several hundred parts are needed to practice on. Many
more of the small parts, which have only a small amount of edge
length, are needed. Large parts provide the necessary number of
inches per part, but frequently are not representative of the
problems fully-trained workers will face on the job. Showing
individuals how to maintain the 0.003 in. edge breaks can be a
very time-consuming and difficult task. The instructor must
measure these edge breaks to convince people that their breaks
are above the allowable tolerance. Measurement of such small
edge breaks is difficult for many shapes and sizes of parts.

In spite of classroom instruction on the capabilities and limita-
tions of many of these tools, students still have difficulty
assimilating which of these 250 tools should be used for specific
applications. Each part is different. Each part has different
tolerance requirements, is of a different material, or has different
burr sizes. Lectures alone cannot provide all the necessary
knowledge. Training must include experienced teachers, demon-
strating some of the best approaches in a one-on-one situation.
And finally, people learn from experience that comes with practice.

Using deburring knives is an art in itself. This teaching, too,
must be done on a one-on-one basis. Learning, however, may be
accelerated by using videotapes. For example, every person in
the class might be photographed as they use a knife. The photo-
graphs can help the instructor to point out to each person exactly
what they are doing, both right and wrong. For successful and
efficient training, videotape is an indispensable tool. Its
capability for immediate feedback is one of its most useful

15
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assets. Although initial training at Bendix did not use videotape
feedback, the technique will be available in future classes.

There are usually two or three problem areas in deburring: for
example, the deburring of gears, the deburring of flat parts, or
the deburring of holes. In a small job shop, every part presents
its own problem. It is helpful to classify the various types of
problems expected to occur in deburring. One approach for listing

.    problems is to use a group technology classification or coding
system. 1  These sorting or grouping techniques do not have to
involve computers or be very sophisticated. They do require
classifying the types of parts and types of features on each
part. This classification, then, allows effective teaching on
deburring specific features to begin quickly.

For example, assume one has a variety of parts. Some parts have
hole diameters of 0.250 in., others 0.125 in., others 0.063 in.,
and others 0.020 in. Each of these holes may require different
treatments. For example, to deburr a hole 0.500 in. in diameter,
one probably will use different tools than will be used in a
0.020 in. hole. Size of the features alone may.necessitate the
use of different tools. On a large hole, a commercial abrasive-
filled rubber product or scraper may be best. On a miniature
hole, the dental or miniature abrasive-filled rubber products may
be necessary. Similarly, features can be classified as through
holes and blind holes, threaded externally or internally.  A
variety of similar classifications can be used.

ATTITUDE

One of the interesting observations made during.this particular
endeavor was the positive attitudes shown by all those involved
in the training. In many places in the world, deburring is
looked upon as a very mundane and simple task. However, on
sophisticated parts where very precision tolerances exist on
miniature features, deburring can be one of the most exacting
tasks in the manufacture of the entire part. Deburring is, after
all, a skill-dependent operation. After weeks of training, it
becomes apparent to many people receiving the training that they
are indeed being trained for a very difficult task, which many
others in the world may not be capable of doing,. This realization
brings about a special pride in workmanship. This pride in
workmanship is not automatic. It results from a combination of
many factors, including the comments of the individuals working
around and with the students.

Another aspect of attitude, which has been observed time and time
again in many other situations, is that individuals new to a job
or task are willing to accept and try many things that "seasoned"
workers would not. In this training, every effort was made to
use the most modern, up-to-date, and fast equipment. Dental
motors, dental stones, burs, and abrasive-filled rubber products

16
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were obtained for the students because these tools are very
effective on many miniature parts. In addition, high-resolution
surgical microscopes, special fiberoptic lights, and a variety of
other hand motors and bench motors were purchased. Much of this
equipment was entirely different than that used on the production

- floor. These tools were introduced both in training classes and
-     on the production floor among experienced workers.

-     Many experienced workers, however, even though they were encouraged
to use the new tools, did not feel that their efforts would be
successful and did not wish to damage any parts in an attempt to
use the new items.  Those in training, however, accepted the fact
that those tools would be acceptable, spent the time practicing
their use, and used them as daily routine for sample parts and
for production parts. As the trainees entered the main workstream,
other workers noticed the effectiveness of these tools and began
to request them.

There is something about two people using two different approaches
to a task that piques the interest of at least one. When a
younger compatriot is using a precision instrument or a motor and
producing good results without causing damage to the parts, an
older worker may realize that perhaps there are. alternative and
sometimes better ways to approach a problem. Those individuals
who have graduated from deburring training helped bring to the
production floor new techniques that might not otherwise have
been accepted so readily.

RESULTS

The training program was implemented in January 1978 for general
machinists and significantly expanded in September 1978 for new
deburring recruits. For each class, training was slightly different.
The results have been impressive for those individuals who attended
all of the 32 training sessions. Their productivity, as a group,
after a total of six months is not significantly different from a
similar size group which has been performing the same work for 10
to 20 years. Although some burrs are missed by people new to
deburring, many of the burrs are so minute that they are difficult
for anyone to see. Without special lighting, even at 30 power
magnification, some burrs are almost impossible to see. Some are
only 0.0001 in. thick, but they are still not allowable.

Observation of parts rejected by inspection and· comments made by
fellow workers and supervisors indicate that the training program
has worked. There are individual differences, but as a group the
trainees have shown that they are interested. They have shown
that they can maintain the desired or close to the desired pro-
ductive rates and recognize the general quality levels required
on many parts. In addition, many of these people are more receptive
to bringing problem situations to the attention of their supervisors
for immediate solution. In the past, many individuals solved
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problems themselves as best they could, but the next person who
worked on the same part had to re-solve the problem because
nothing was documented from the earlier solution.

FUTURE EFFORTS

-     We have studied deburring intently for the past 10 years and have
learned something new practically every day. There really is no

•     end to what we need to know and can learn about deburring. There
appears to be no end to questions about how to determine which is
the most effective tool for specific situations. As a result,
continued research is in progress and will probably continue for
many years.  The cost of not using the most efficient approaches,
of not being aware of the available tooling, and of not knowing
what others are doing in the same field is just too expensive to
ignore.

We are currently preparing a 42-chapter handbook on manual
deburring, which will provide many more illustrations than are
shown in the simple 100-page guide to hand deburring currently
being used. In addition, we are planning videotapes to illustrate
the use of various tools and the solutions to specific deburring
problems.

This effort has shown that individuals with no industrial training
can be trained to do precision deburring on extremely miniature
complex parts. The training can be accomplished in a reasonable
amount of time, and the individuals can become productive in a
very short period of time. All this, however, takes a commitment.
It takes a commitment on the part of supervision to provide
individuals knowledgeable about deburring for guidance and super-
vision. It requires a commitment to find the best tools and
equipment to do the job. It requires the commitment of a daily
teacher working with these individuals, solving the problems, and
obtaining the proper tools.  Efficient hand deburring can be
taught.

=
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