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Methods Convergence GD&T
Tools for Precision Machining

Success

Parts that fly and parts that are implanted in the human body have a number of things in common, one
being that failure is not an option. For critical parts on which lives depend, no expense can be spared
and no stone left unturned to ensure quality and reliability.

By Kenneth L. Sheehan
New Product Development Manager
Quality Vision International Inc.

Design standards such as ASME Y.14.5 provide
a universal language for designers, machinists
and inspectors to communicate. Virtually any part
designed to the standard can be manufactured and
inspected per print with no need for interpretation
of the design intent. Geometric dimensioning and
tolerancing (GD&T) conventions facilitate this com-
munication by making clear exactly when, where and
by how much each dimension is allowed to vary, with
particular emphasis on allowances for material to
material mating surfaces.

More important, GD:T conventions provide practi-
cal and actionable means of controlling complex
curves, shapes and forms, such as those found in
medical devices that must mimic parts of the human
body.

In short, GD&T provides all that tools design-
ers need to make perfect medical device parts, and
yet GDE&T is still not the universal convention in
precision machining, and particularly for medical
devices. Why? To understand the pr: actical issues in
1n'q'ﬂuﬂ*l‘l'l.uvnt|:|'t;|,1 GD&T in manufacturing, we can look
at where GDET first took root—in aeronautical and
-;tl."ﬂ'l!'rpuh.‘t" t'lTn'I]H'll'll.“'l'It:ﬁ |:u.lnufm;turing.

Aerospace components are designed to meet many,
often conflicting, requirements. Weight, strength, drag,
thrust, cost and lifetime all revolve in an endless opti-
mization. Designs using GD&T have become a practi-
cal necessily to manage the complexity of the tens of
thousands of parts that make up aerospace systems,

Likewise, implantable medical components also
must accommaodate many tradeoffs and nuances in
design to ensure proper fit and function

As the makers of CAD design software have
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integrated powerful GD&T functionality into their
programs, dimensioning and tolerancing of complex
part designs has become easier. Today, a single profile
tolerance call-out can replace an entire table full of
dimensions and tolerances, each dependent on the
material condition of one or more datums,

Yet as the part drawings have become simpler, the
dimensional analysis required to determine confor-
mance with the dt"-:;.,n requirements under GD&T

Fig. 1: Geometric dimensioning and tolerancing is
applied to a simple machined part.
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has actually gone up. The machinists and inspectors
who make and measure these parts need equally
powerful tools to confirm the design intent so easily
conveved by the CAD software,

A Familiar Story

Almost every precision manufacturer has experi-
enced the following scenano:

A master machinist with 20+ years experience
finishes making a part on a multi-million dollar CNC
machine tool. The inspection technician measures
the part on the CMM and says, “It's out of spec.”
The machimst knows this must be a mistake so he
manually inspects the part on a surface plate using a
combination of gage blocks, height gages, right angle
knees and other simple tools. The part measures in
spec on the surface plate, which in tumn, makes the
CMM'’s “calibration” suspect. After a thorough cali-
bration, the CMM still measures the part out of spec.

How does one account for the differences between
a high precision, automated machine tool, a preci-
sion CMM, and simple, well-proven hard-gaging
techniques—techniques that the Y.14.5 standard is
intended to reflect?

Methods Divergence
The answer lies in the different ways the CMM
software and the machine tool establish datum

Fig. 2: Datum A is established using a Least Squares
method. The feature tolerance is exceeded.

planes and features. The surface plate fits the plane
of the part to three seating points, which closely
mimic the way the part was fixtured on the machine
tool’s table. The CMM constructs a plane using “least
squares,” “best fit” or other means from the points
measured on the seating surface. Which method is
correct?

Fair to say, both methods are correct—up toa
point. The important question, though, is which
method best confirms the design intent?

The accuracy of the data points gathered by the
CMM is rarely in dispute, but the way those data
points are fitted to a plane, and in tum, used as a
datum reference, are very likely to be different from
the way the layout inspector would do it. So it is not
the measurements themselves that cause the discrep-
ancy, but rather the analysis of the measurements
compared with the design where the gap occurs.

How Many Good Parts Have Been
Thrown Away?

Imagine this same situation in a global medical
device maker with multiple suppliers around the
world, each with their own manufacturing processes
and inspection techniques. One can only imagine the
number of good parts that have been mw-:lﬁi or the
number of hours spent trying to recalibrate pro-
ceases that were never out of spec in the first place

Fig. 3: Dalum A is established using ASME Y.14.5 conven-
tion in SmartProfile. The feature is within tolerance.
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because manufacturers lacked the tools to properly

and easily evaluate parts to their design intent. Even
worse, consider the possibility that non-conforming

parts were passed because of metrological errors.

You're Not Alone

If all this sounds familiar, that's because the situ-
ation repeats itself many times daily in machine
shops around the world. And all too often, the
lament from the manufacturing engineer is “l wish
we'd never started using GD&T in the first place!”
As the difficulty of correlating data from multiple

suppliers and processes increases, the more difficult

it becomes for medical device makers to enjoy the
benefits of GDET.

There is Help

Just as ASME Y.14.5 GD&T is a common language

for designers, there is a common language tool for
analysis of measured data. Imagine a tool that can

evaluate measured datapoints from the CMM or any

source in ways that conform exactly to the ASME
Y.14.5 standards.

Well, such tools do exist, though they are not
common. One such tool is SmartProfile software by

Kotem. SmartProfile is a blend of CAD engine, data

Fig. 4: Datum A is established using a Translated Least

Squares method. This technique also produces an incor-

rect out of tolerance result.
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fitting and dimensional analysis software that can
evaluate data from any source and compare it with
a CAD model in accordance with the ASME Y.14.5
standards.

SmartProfile bridges that gap between CMM
software capability and the GD&T standards. Using
such a tool ensures the analysis is reliable, regard-
less of the source of the data points. Thus, data trom
multiple suppliers or processes can be compared
on an “apples to apples” basis to ensure parts are
in compliance or to show where opportunities for
process improvements exist.

An Example of Methods Divergence

Let’s look at an example where methods diverge
and how we can bring the result back on track using
better tools.

Figure | shows a simple cube with a hole bored
through the center of one face. The centerline of
this hole is required to be located within a eylindri-
cal tolerance zone having a diameter of (0,002 inch,
located from Datums A and B.

As in the scenario above, the hole is bored on a
precision machine tool and then checked using an
equally precise CMM. The CMM software establishes
Datum A by taking a number of points on the surface

Fig. 5: Graphical output from SmartProfile shows the
direction and magnitude of the actual vs. nominal fea-
ture characteristics.
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be unacceptable. A better solution is to leave the
flatness tolerance as the designer specified and use
GD&T evaluation software that properly simulates
the contact between the part and a datum simulator
such as a machine table or surface plate.

Some have proposed to shift the Least Squares
result so that it rests on the highest point of the
datum feature in an attempt to salvage Least
Squares as a solution to the problem. Figure 4 shows
the fallacy of this approach. When the part is ana-
lyzed using the Translated (shifted) Least Squares
algorithm, all points do lie above the imaginary
surface plate, but notice that the part is somehow
balanced on one corner (in the single yellow point)
with the rest of the part “floating” in air. This does
not match what will happen in the real world. And,
even with this attempt, we see that the result still
rejects what we know to be a good part.

Visual Reporting

The aphorism “A picture is worth a thousand
words” is equally true when it comes to geometric
dimensioning and tolerancing. One of the great-
est challenges of integrating measurement data and
GD&T analysis into a process control loop is under-
standing where and how the tolerances are being con-
sumed. This is best done visually, since the machinist’s
logical question if confronted with an out of tolerance
condition is “how much and which way?”

Using SmartProfile, we see a graphical output
that clearly shows the percentage of tolerance used
in each case, and the direction of deviation of the
measured data.

Figure 5 shows the nominal and actual measured
centerline positions of the hole. Notice the actual
centerline is offset down and to the left compared
with the designed nominal centerline. This infor-
mation could be used to make an effective process
adjustment. Current best practice would be to mea-
sure several parts and make the adjustment based
on the mean or average value so as to “factor out”
the process repeatability.

It Cuts Both Ways

[t is important to note that had the centerline of
the hole been mislocated above the nominal, the
Least Squares method would have allowed the part
to “sink” into the surface of the imaginary table or
surface plate and therefore showed a non-conform-
ing part to be in spec. Undetected, this error could
have dire consequences if the part were implanted
in a human body.
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Organic Parts Need GD&T

One segment of the medical device industry that is
beginning to make good use of GD&T are the ortho-
pedic implant makers. These organic parts, such as
knee and hip implants, embody forms and shapes
found in nature. They are almost impossible to make
or measure using traditional plus/minus toleranc-
ing. A CAD model with GD&T tolerances (such as
Surface Profile) is the best way for the designer to
specify the design requirements. Evaluating these
profile tolerances using layout techniques is difficult
and time consuming at best and impossible in many
cases. To properly measure these parts and provide
useful process control feedback to the machinist, a
high quality measuring system and powerful analy-
sis software capable of properly establishing datums
and applying geometric tolerances is needed.

The Bottom Line: Avoiding Methods
Divergence

To make effective use of geometric dimension-
ing and tolerancing—indeed to comply with the
requirements of ASME Y.14.5—it is critical that the
manufacturing and evaluation processes agree on
what it means to establish a datum. Manufacturing
processes, especially machine tools, use physical
locators. The evaluation software needs to simulate
these locators when the datums are established. If
this is not done, the resulting methods divergence
will generate rejections of conforming parts and
acceptance of non-conforming parts. Difficulties at
assembly, excessive material review costs and even
warranty or liability costs may all find their origins
in methods divergence.

Editors Note: Thanks to Joe Soistman of Quality Manufacturing
Solutions, LLC for his assistance in preparing this article.

The Illustrations are courtesy of Quality Manufacturing
Solutions, LLC.

Qualitymanufacturingsolutions.com
Joe@qualitymanufacturingsolutions.com
352-474-0998

LEARN MORE productionmachining.com

For more information on multi-sensor measuring
systems and GD&T analysis software from Quality
Vision International, call 585-544-0450 or search
productionmachining.com/suppliers.
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