JULY 2004 / VOLUME 56 / NUMBER 7

»BY SUSAN WOODS, ASSOCIATE EDITOR

Bored

properly functioning
A bore gageiskey to pro-

ducing bores within
tolerance, especialy as parts
become more complex and
tolerances become tighter.
Although bore gages come in
an almost endless array of
styles, there are two basic
types: hard, or limit, gages
and variable-reading gages.

Hard and Variable

Hard bore gages are GO/
NO-GO plugs—a machined
cylinder of a known size,
usually made out of hard-
ened steel, that fits into a
bore of a specific size. The
GO plug end isground to the
low-tolerance limit of the
bore to be checked. The NO-
GO plug end isground to the
high-tolerance limit. A hole
that accepts the GO end, but
does not accept the NO-GO
end is good.

These basic tools don’t
have any moving parts. They can tell
the operator if a hole is good or bad,
but provide no other information.

Variable-reading bore gages incor-
porate some kind of display, such as a
dial or digital indicator, and some
physical means to detect variation in
bore size. This is most commonly ac-

A variety of tipping bore gages.

complished with mechanical contacts,
but other methods, such asair pressure
or lasers, are also used. A transducer
that feeds areading to a digital ampli-
fier can also be used.

“You can expand on the accuracy
and resolution by substituting an ana-
log-style indicator with a transducer

Fundamentals of bore gages and
choosing the best one for the job.

and an amplifier,” said David DiBiasio,
national sales manager for Brown &
Sharpe Inc., North Kingstown, R.I.
“That can bring your resolutions down
to amillionth of aninch.”

One of the advantages of variable-
reading gaging over hard gaging isthe
ability to send datato a data-collection
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system. A variable-reading gage can
help an operator reach a certain size
hole in efficient stages.

Dedicated and Adjustable

Variable-reading bore gages can be
further divided into dedicated and ad-
justable types. Dedicated bore gages
measure variation of one specific bore
diameter.

Indicating plug gages are agood ex-
ample. These are similar to the GO/
NO-GO gagesin that they have a cen-
ter sleeve that either fits or doesn't fit
into the hole. But they also have two or
three movable contacts that provide a
reading. These are the most accurate

Clean and clear

N

must.

“One of the big problems with ad-
justable or dedicated gaging is peo-
ple don't tend to clean the hole out
during the machining process,” said
Stephen Forschler, product manager
for Dorsey Metrology International.
“You have to have a fairly clean part
to get an accurate reading. Dirty
parts also tend to increase the
amount of maintenance that has to
be performed on the bore gages to
keep them working.”

Caution also needs to be used to
ensure the bore gage doesn't scratch
or deform the part. One thing to do
is use different styles of contacts.

“If you use a bore gage, you can
put ruby ball contacts on it,” said
Michael Scott, CEO of Dyer Precision
Measuring Instruments. “Ruby balls
and aluminum—they get along.” For
a GO/NO-GO gage, a coating, such as
titanium nitride, can be put on. This
helps the gage slide easily into the
bore.

For a thin-walled part, like a
bushing, a noncontact method, such
as air gaging, won't deform the part.
Air gaging also doesn’t mar the sur-
face. And, always, the gage should
be the same temperature as the part
being measured to ensure accuracy.

—S. Woods

0 matter which type of gage
is used, a clean bore is a

and repeatable type, but they have a
limited range. Because they remain
centralized at all times, plug gages can
be rotated in the bore, or dlid length-
wise, which is good for finding irregu-
larities such as out-of-roundness.

Adjustable bore gages can beusedin
arange of hole sizes. They incorporate
measuring contacts that are assembled
to the approximate size of the bore. A
tipping bore gage is an example of an
adjustable bore gage. Like the plug
gage, it also findsirregularities.

A basic tipping bore gage has two
measuring contacts—one sensitive,
movable contact that takes the reading
and transmitsit to the indicator, and an
opposing reference contact that is al-
ways stationary. The reference contact
can be adjusted to any position within
therange of the gage. Once adjusted, it
is locked in place. The reference con-
tact often has different lengths avail-
ablefor different size holes.

“Say an adjustable gage can measure
al" range, say 1" to 2", said Michael
Scott, CEO of Dyer Precision Measur-
ing Instruments, Lancaster, Pa. “1n that
one set, you may have 12 or 14 sta
tionary contacts, or rods. You take one
off and put a new one on and measure
your next step bore. The sensitive con-
tact has enough travel to compensate
for everything in between 1" and 2".

Most tipping gages have some way
to centralize the measuring tool when
it is in the bore. This feature ensures
that the gage is checking the diameter
and not asmaller chord (astraight line
joining two points on a curve).

When the gage is inserted into the
part, the movable contact is depressed.
Keeping the stationary contact hard
against one side of the hole, the opera-
tor “rocks’ the gage back and forth,
causing the sensitive contact to actuate
the indicator as it extends or retracts.
When the contacts are oriented exactly
perpendicular to the bore's axis, the
sensitive contact is depressed further,
indicating the true diameter.

Another type of adjustable bore gage
isthe 3-point contact gage. Thisis used
for many of the same applicationsasa2-
point gage. The 3-point gage isthe only
type of gage that can find trilobing ir-
regularities. However, it is not possible

An example of a GO/NO-GO gage.
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Indicating plug gages are similar to
GO/NO-GO gages but they have contacts
that provide a reading.

to find out-of-round conditionswith it. A
3-point gage only gives an average read-
ing; it cannot capture the absol ute maxi-
mum and minimum of the diameter.

“There is a misconception that 3-
point gages are better or more accurate
than 2-point gages because when oper-
ators rotate a part with a 3-point gage,
the reading stays the same,” said Scott.
“They think they have perfectly round
parts, when, in fact, the gage is dis-
playing an average diameter reading,
and not the true diameter of the part at
a specific location.”

Adjustable bore gages are usually set
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The centering base for a tipping bore gage.

A tipping bore gage with two measuring
contacts and two centralizing plungers.
Inset: Diagram of the tipping bore head.

to amaster ring. A master ring, or ring
gage, isbasically abore of known size.
It is typically made out of steel and
might be chrome-plated.

Accurate Bores

Several factors should be considered
when choosing abore gage. Thefirstis
the accuracy, or tolerance, range. For
open tolerances, operatorstypically use
hard gaging.

Generally, the tighter the tolerance,
the more apt a person is to go with a
dedicated bore gage.

“1 would tend to use dedicated gag-

A 3-point gage can detect lobing in bores.

ing for tolerances of lessthan 0.001",
said Stephen Forschler, product man-
ager for Dorsey Metrology Interna-
tional, Poughkeepsie, N.Y.

Adjustable bore gages can typically
measure tolerances from 0.005" on up.

The size of the bore also affectsgage
choice. The larger the bore, the less
practical hard gaging becomes. “If you
get up to an 8" or 10" hole with a hard
gage, it is like swinging a dumbbell
around al day,” said Forschler. “It is
big and heavy and pretty expensive to
make. It is probably easier to do the
big holes with adjustable gages.”

The range for indicating plug gages
is anywhere from %" to 9". The stan-
dard range for adjustable bore gagesis
2" to 12". Specialstend to be used for
bores with diameters larger than 12".

Small bores are a consideration as
well. “The smallest hole we measure is
0.0018" indiameter,” said Scott. “Weuse
agplit probe that is a tipping plug gage.
We can't get an indicating plug gage in
there because you can't get the deeve,
contacts, etc. in aholethat small.”

Other Factors

When production runs are short or
inspection speed is not an issue, ad-
justable gaging may be the best choice
because the gage can accommodate a
greater number of bore sizes. It rarely
makes economic sense to purchase a
fixed-size gageif only afew boresof a
given size are to be inspected.

However, for high-volume produc-
tion runs, where thousands of identical

parts must be inspected rapidly, or for
runsthat arelikely tolast for monthsor
years, indicating plug gages are the
way to go. The plug gage promotes
much higher throughput.

The more flexible abore gageis, the
more skill required to use it. GO/NO-
GO and indicating plug gagestake alot
less operator skill than adjustable
gages. Only the gage itself needsto be
inserted in the bore—no rocking is re-
quired, and reading is simple.

Tipping bore gages, on the other hand,
requireafair amount of skill to obtainan
accurate reading. “Adjustable gaging is
probably not as easy to use and set up
and, therefore, people tend to draw the
assumption that it is not as accurate,”
said Forschler. “With the decrease in
skills out there, especialy in machining
industries, thereis probably abit of truth
to that. With aredlly tight toleranceon a
bore and an operator of limited skill, the
dedicated gage is probably the quickest,
easiest and mogt accurate way to go.”

Pricing for both types of gages de-
pends on the style, size and accuracy.
For a small a bore with an open toler-
ance, a GO/NO-GO gage can be had
for under $100. For alarge or compli-
cated bore, it can be in the thousands.
High-end bore gages with accuracy in
the millionths can cost up to $5,000.

Common Mistakes

The biggest mistake operators make
isusing abore gage that isn't accurate
enough. They have a tendency to look
at only the resolution of the gageto de-
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termineif the gageis OK, but they also
need to look at the overall accuracy of
the gage.

The way to qualify the gage, and
make sure that it is good for a particu-
lar part, is to do a gage R&R study,
where in the reproducibility and re-
peatability are rated.

Scott explained how it works: “You
take the gage and you have 10 sample
parts and three sample operators. Each
operator measures each part two times

S0 you get 60 different measurements.
You do the math and come out with a
percentage of error with respect to the
tolerance of the part. Say your toler-
ance is 0.001", and your gage R&R
number comes out to be 10 percent.
This means that the gage has a 10 per-
cent uncertainty, or 10 percent error
(0.0001"), no matter who usesit.”

A second common mistake is only
taking one measurement. “In some in-
stances, people take a single measure-

ment as opposed to multiple measure-
ments,” said DiBiasio. “They don’t
bother to move the gage, say 40°, just
to check for ovality.”

Another mistake people make is
thinking of bore gages as acommodity
item. “ You can use standard bore gages
if your tolerance allowsiit,” said Scott.
“But, most bore gages should be tai-
lored for the application to make sure
that the operator can get the most reli-
able reading possible”
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