MARCH 2001/ VOLUME 53 / NUMBER 3
»BY MARK RICHARDSON

Quality"
Hidden Costs

. ore and more manufacturers are adding the “cost of poor quality” to the list of
Deburrmg and the business metricsthat they track. And when they examinetheindividual elements
cost of poor quality. that comprise COPQ, many are surprised to discover that the highest costs lie

outside the realm of traditional cutting, forming and joining operations. Debur-
ring is one of these frequently overlooked costs.
Poor deburring practices can be a major obstacle to improving a manufacturer’'s COPQ
performance. Therefore, it's critical to understand the impact deburring processes have on
COPQ and rework and scrap costs.

Hidden Costs

COPQ has been used as a business metric for awhile.
Historically, companies that crafted a basic COPQ model
tended to combine scrap, rework and warranty costs.
Some also added inspection costs.

Applying COPQ initsmost modern form requires|ook-
ing beyond the obvious costs to the hidden costs. Among
thelatter are extra setups, “expediting” activities, lost sales
and weakened customer loyalty, late deliveries, excessin-
ventory, long cycle times and engineering change-orders.

Let’'s examine some of these concealed costs in more
detail.

Repairing or replacing partsincreases direct |abor costs.
These activities also cause a business to fall chronically
behind on deliveries. This leads to an activity referred to
as expediting. Besides the indirect labor costs of the ex-
pediter, expediting forces a company to reschedule work
and, except for very lean operations, leadsto additional se-
tups. All of these steps generally drive overtime.

An organization can avoid late deliveries by carrying in-
ventory. However, inventory is a huge drag on profits. It
ties up cash and prevents those inventoried assets from
seeking areturn on investment. Furthermore, these assets
become worthless if an engineering change occurs.

In addition, significant space must be allocated for in-
ventory. This space is taxed, insured and, perhaps, even
climate-controlled. Labor is needed to moveinventory, or-
ganizeit, receive it and count it on an annual basis.

At a company that produces parts for the aerospace or
biomedical industries, defects are segregated, or quaran-
Manufacturers often overlook deburring when they try to improve  tined, in a special location. And at larger organizations
their COPQ performance. serving these industries, the manufacturing, engineering,
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purchasing and quality-control depart-
ments often debate the future of the de-
fective parts and what corrective ac-
tions are required.

All of these nonvalue-added actions
boost costs. And because they are the
outgrowth of activities that have be-
come accepted as normal business prac-
tice, they create what is often called the
“hidden factory.”

Assessing COPQ

The first step in improving a com-
pany’s COPQ performanceisto identify
what the defects are and rank them nu-
merically. Be sure to include rework as
well asscrap, and diligently seek out in-
stanceswhere rework hasbecome soin-
grained inthe processthat it has become
accepted and, therefore, invisible.

Once the defects are known, the next
step is to discover how many there are.
This often can be determined with a

A common deburring-related defect is a
burr left in a hole.

simple check-sheet at an inspection sta-
tion, machine tool or work cell.

With defects both identified and
quantified, most COPQ seekers com-
pile the data on a Pareto chart (Figure
1). Thisis abar chart on which opera-
tions are arranged according to the
costs of the defects they generate. The
farther to the left a process falls on the
chart, the higher the scrap rate. This
type of chart makesit easy to focustime
and effort on those defects that con-
sume the most resources.

Generally speaking, defects that are
evaluated subjectively—i.e., without
the benefit of qualifying instrumenta-
tion—top the list of what appears on
Pareto charts. This means, of course,
that thingslike surface-finish errors and
deburring-related defects (DRDs) are
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Figure 1: Many people charged with rooting out COPQ in the manufacturing environ-
ment compile the data on a Pareto chart. Operations are arranged according to the

costs of the defects they generate.

big contributors to scrap and rework
costs. Common DRDs include burrs
left in a hole, undersize or oversize
edge-breaks, deburring operations that
impact part dimensions and damage to
workpiece surfaces caused by a debur-
ring process.

Reducing DRDs has assumed an al-
most cult-like status among companies
serving the aerospace and biomedical
industries. The reason is because of the
high cost of deburring and customers
negative reaction to burrs.

Traditionally, DRDs have been the
source of bloated inventories and in-
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processes.
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Burrs are undesirable remnants and sharp edges produced by traditional machining

crediblerework loops. Moreover, DRDs
consume indirect labor resources, such
as quality and manufacturing engineer-
ing, to the point of diminishing a com-
pany’s ROI.

Better Deburring

Compared to COPQ, burrsareonly a
little easier to define. Basically, burrs
are undesirable remnants and sharp
edges produced by traditional machin-
ing processes. Often, plastic deforma
tion of the workpiece material at the
edge of the machined feature is defined
as a component of the burr.
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Soft deburring can be performed with
rubberized abrasive wheels like the ones
shown. A benefit of this type of wheel is
that it conforms to the workpiece shape
better than harder wheels.

If the definition of burrsis expanded,
edge-breaks become part of the overall
picture. An edge-break occurs when
workpiece material isremoved, in addi-
tionto what’s required to achieve athe-
oretically sharp corner at the intersec-
tion of adjacent features.

| say “theoretical” because most cor-
ners that appear burr-free to the naked
eye arerevealed to have burrs when ex-
amined under high enough magnifica-
tion. Video-measurement systems and
other optical tools enable the industry
to measure edge-breaks up to 0.0001".

The first thing needed when attack-
ing a COPQ problem that involves a
deburring processisto have acomplete
understanding of customer expecta-
tions. | use the word “expectations’ be-
cause drawings and other written spec-
ifications may not properly define what
the customer actually wants.

The human element should be con-
sidered, too. The goals of the current
quality movement in the U.S. center
around the concept of Six Sigma stan-
dards. The term, originaly coined by
engineersat Motorola, refersto the goal
of lowering the number of defectsper 1
million manufacturing-process oppor-
tunities to 3.4. To achieve Six Sigma,
key measurements of the process must
remain centered on their nominal val-
ues, the spread of measurements around
these values must be extremely narrow.

Reducing the variables that con-
tribute to human fatigue will help en-
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Deburring costs are rarely examined
closely to determine where savings

can be made or what new process may be
more economical. Equipment manufactur-
ers can provide good estimates for a po-
tential buyer, provided the user knows
enough to ask all the right questions.

The equations listed here (there are
more) provide an easy way to estimate
costs. Users can also see which cost ele-
ments have the most impact. The equa-
tions assume the user knows how long it
will take to deburr and radius edges. Not
all burrs will be removed at the same rate
because of part geometry or burr size.

Equations allow many variations to be
made quickly, but spreadsheets or tabled
data may be more useful for those who are
mathematically challenged. These sheets
are available for mass finishing, but, gen-
erally, not for other processes.

To illustrate the utility of these esti-
mating tools, let's take an in-depth look at
the constitutive elements of these equa-
tions. To calculate deburring costs per
part, there are two main parts: The first
comprises supplies, depreciation and
maintenance; the second is labor. For the
simplest applications, consider costs on an
annual basis. Depreciation is readily calcu-
lated, and reasonable estimates can be
made for maintenance. Power costs may be
more challenging, but they can be a sig-
nificant factor.

For this case, we explicitly separate de-
burring from cleaning costs, because auto-
mated equipment performs both functions.
This may not be the case for manual oper-
ations. It may be useful for companies to
evaluate cleaning as well as deburring
costs. The cost of the cleaning compound
and water used per hour can be estimated.

In electropolish deburring, it is useful
to remember that chemicals and waste re-
moval will generate higher costs. Waste re-
moval is not included in these equations,
yet every deburring process does create
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The economics of deburring

Vibratory Finishing:
C=[CD+CM+WCP+CB+CE+C(:+CW:|/N+[CL(1+D0)
(Ky+K)I/N

Electropolish Deburring:
C=[Cp+CytWCp+Cp+Cy (1+Dg) I /N+C /Ny+Co/Npyg

Variables:

C = Deburring cost per part.

Cp = Depreciation cost per hour.

Cw = Maintenance cost per hour.

C_ = Labor cost per hour to run machine.

Cp = Cost of power used ($ per kilowatt-
hour).

Ca = Cost of cleaning per hour after
deburring (labor and material).

Ce = Cost of media per hour.

Cc = Cost of compound per hour.

Cy = Cost of water per hour.

Dy = Overhead as percentage of labor rate.
N = Number of parts run per hour.

Cg = Cost of cleaning materials per hour.
N, = Total number of parts run.

N,; = Number of parts run for a given
quantity of solution or tool life.

C; = Total tool cost.
C; = Total cost of solution.
W = Power used, in kilowatts.

K; = Percentage of cycle time that operator
actually spends controlling deburring
operation.

= Percentage of cycle time that operator
spends cleaning parts.

=~
~

some waste. Equipment manufacturers typ-
ically do not provide estimates of waste
treatment, except in the chemical industry.

Overhead for labor is often expressed as
a multiple of direct costs. So if, for in-
stance, deburring workers are paid $12 per
hour, make certain that figure includes em-
ployee benefits and taxes.

For manual operations, the worker often
does more than deburr parts. He may mark
part numbers, inspect parts, do paperwork,
break off tabs or perform tasks that, while
needed for the product, really should not
be included in deburring costs.

These equations do not explicitly in-
clude the costs of floor space, area heat-
ing, lighting, insurance and supervision,
but these costs can be included in the
overhead factor.

LaRoux Gillespie, CMfgE, has written and published extensively in the area of burrs and
deburring. He lives in Kansas City. For a more complete treatment of the economics of
deburring, please refer to Gillespie’s textbook, Deburring and Edge Finishing Handbook,
published by the Society of Manufacturing Engineers and the American Society of Me-

chanical Engineers.



sure accuracy throughout the deburring
process. Owners of machine shops and
other manufacturing facilities that are
experiencing too many DRDsmight ex-
amine how much overtime their work-
ers have put in during the last 4 weeks,
the last 12 weeks and the last year.

Often, those in manufacturing can
guote what their overtime costs were for
agiven time period, yet they don’t know
what impact large amounts of overtime
have on human operators. Humans are
incapable of performing work that’s
highly dependent on hand-to-eye coor-
dinationfor overly long periods of times.

Deburring isan ingpection process, in
a certain sense, because the operator
cannot verify the success of an opera-
tion other than by viewing the part with
the naked eye or an optical aid, such as
a microscope or video camera. There-
fore, the quality of the lighting can
make all of the difference in the world
to the success of a deburring process.

Over the years, there have been many
attempts to improve, or render more
consistent, the lighting conditions in
manufacturing facilities. Fluorescent
lighting, for example, has been with us
for over 50 years. It was a big improve-
ment over the light sources that existed
at the time. But when inspecting small,
intricate parts under high magnifica-
tion, fluorescent light failsto deliver the
necessary illumination.

As optical magnification became
more commonplace, the quality of light-
ing grew in importance. The advent of
bifurcated illumination, following World
War |1, was another notable advance-
ment. Bifurcated illumination means
that a pair of light sources illuminate
from two discrete sources. This was an
improvement over both overhead ambi-
ent lighting and unidirectional light
sources. Today, bifurcated illumination
relies on fiber-optic technol ogy.

Microscopes work in unison with
bottom lighting, ring lighting or true
coaxial illumination. Bottom lighting
refers to alight source emanating from
beneath the viewed specimen. This
method is of limited use in most indus-
trial applications.

Ring lighting, which is usualy fluo-
rescent, illuminates from above the sub-
ject workpiece. It provides omnidirec-
tional, reduced-shadow lighting from a
direction closeto that of the optical axis.

True coaxial illumination, most often
generated by angled mirrors, will direct
light into the deepest of cavities and
holes up to 15 diameters deep. When
deburring or inspecting the intersec-
tions of deep holes, this type of light
usualy isthe best choice.

‘Predeburring’ Steps

There are a number of “predebur-
ring” stepsthat can be taken to improve
the deburring process. First are those
stepsthat can be taken during theinitial
machining operation. Through skillful
programming, informed cutting tool se-
lection and optimization of speeds and
feeds, burrs can be reduced in size
and/or be generated in a location opti-
mal for removal during a subsequent
deburring operation.

Over the last 5 years, | have seen
many machined parts that were cham-
fered, corner-rounding milled and coun-
tersunk on a CNC machining center so

that a downstream mass-finishing oper-
ation (tumbling or vibratory finishing)
delivered parts that were burr-free and
edge-broken to aerospace standards.
Minima human labor was involved.

Before such a downstream processis
adopted, it's advisable to first quantify
the operational costs for the additional
work on the CNC machine compared to
the highly manual, highly variable costs
associated with manual deburring.
(Spindle-use timeis asimple, effective
method for determining machining
costs.) If there’'sacost savings, the next
step is to determine if a downstream,
mass-finishing process can effectively
remove the burrs that develop during
the metal cutting process.

Life is especially good for those
chasing burr-related COPQ in theworld
of CNC lathes. Except for thetiniest in-
ternal features, a correctly configured
cutting tool can create true radii on
most corners. Modern programming

ECD: An ‘in-between’ deburring process

lectrochemical deburring is a

process that falls somewhere be-
tween the soft processes and mass
finishing. This is an electrolytic
process that erodes workpiece material
from burred areas in a fashion similar
to an electrical discharge machine.

With well-designed fixturing, this

process is suitable for deep-hole in-
tersections and offers good opportu-
nities for process control. This
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process’ strengths are its ability to
reach tight places and provide better
process control than hard processes.
Its weaknesses are that the requisite
fixturing can run into the thousands
of dollars and these fixtures are
sometimes fragile.

Naturally, the process also requires
an ECD machine, which is a sizable
capital expense.

—M. Richardson

The ECD process is ideal for parts that have hard-to-reach surfaces. This ECD ma-
chine is deburring automobile airbag parts.



aids and languages have further simpli-
fied the job.

Deburring Options

There are many types of deburring
systems. But they can be broken down
into three basic categories. hard, soft
and mass finishing.

Hard deburring includes most of the
time-honored cutting-type processes,
like filing, countersinking, scraping,
knifing and grinding. The advantages of
hard deburring are that these processes
are familiar and the tools required are
relatively inexpensive.

The disadvantages are that these de-
burring processes are highly dependent
on the operator’s manual dexterity, the
tools must be maintained and, ironi-
cally, the tools generate burrs them-
selves. Called secondary burrs, they are
visible with high-magnification inspec-
tion systems.

Soft deburring is performed with
compliant materials used in conjunc-

tion with abrasives. These include
woven abrasives, rubberized abrasives
and different types of air-blasting sys-
tems. With air blasting, abrasives in-
clude frozen water and CO,, which
eliminates the contamination risks in-
herent with conventional abrasives.

The strengths of soft deburring are
that all of these media conform—to a
certain degree—to the form of the
workpiece and exhibit somewhat of a
buffered cutting action. With a soft
process, the risk of secondary burrsis
greatly diminished.

The downside to these deburring
tools is that they contact areas of the
workpiece adjacent to the edges being
worked. This can cause dimensional
changes in the part, which proves prob-
lematic when tolerances are tight.

Mass finishing includes the batch
processes: e ectropolish, tumbling tanks,
vibratory tanks and thermal-energy de-
burring. In cases where size can be con-
trolled and the location of burrs can be

optimized, mass finishing is often the
low-cost choice. Thisis amost always
the case when the primary deburring
process is performed on the machine
tool.

Mass-finishing processes can address
secondary burrs when they are accessi-
ble to the deburring media and, for the
most part, are highly controllable
processes.

The downside of mass-finishing tech-
niques is that they require large batches
of partsto be efficient, and the fact that
all surfaces accessibleto the mediamay
be subject to dimensional change. This
is especidly true in the case of electro-
polish, where the mass process must be
part of an overall strategy, including
tightened machining tolerances
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