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GD&T – What is it and why am I not using it?
Jim O’Flaherty
Owner – Celtic Design Services, LLC.

Learning Objectives





Understanding the basic concepts of GD&T
Understanding how to use GD&T
How GD&T will validate designs
How GD&T will help reduce waste and rejected parts

Description
This class will touch on the engineering/design practice of tolerancing parts/drawings using
Geometric Dimensioning & Tolerancing (GD&T). The practice has been used in the
manufacturing industry for generations, but people tend to shy away from it due to the confusion
and rumors that surround it. This class will discuss what GD&T really is and how it can greatly
help in making your designs more accurate—and, in turn, save on production waste by way of
rejection of far fewer parts that are actually within tolerance.

Speaker(s)
Jim has more than 37 years in the mechanical design field covering industries of automotive,
power generation, industrial, consumer goods, avionics, and hazardous waste removal. He has
been certified on Inventor software since Release 3 and he was the first commercial
implementation of Vault Workgroup software. Awarded Autodesk, Inc.'s, Expert Elite status in
2014, he is an Autodesk Inventor Certified Professional and an Autodesk Certified Instructor.
Jim O’Flaherty was also a speaker at Autodesk University 2015 & 2016 and is serving as a
AU2017 Speaker Mentor.
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Overview
Geometric Dimensioning & Tolerancing (GD&T), although being traced back to the
manufacturing of firearms by Eli Whitney, is still widely misunderstood and even feared. There
are many myths and a lot of confusion as to what GD&T is that leads to this. I’ve decided to
present this class in hopes of putting some of these issues to rest, having a round table
discussion on this subject, I feel, would be a great way to find out what your real-world issues
might be and with the participation od others at the table, resolving those issues and getting you
on your way to using or implementing GD&T once you get back to the office.
This handout will cover the topics we will discuss in this class as well as serve as a
resource/refresher of the topics with a bit more detail. Unfortunately, there’s nowhere near
enough time and space here to explain how to use GD&T. I strongly suggest finding a local
class or instructor to learn more. You can also always contact me directly for more info.

What is GD&T?
GD&T is an international engineering language that utilizes symbology to clearly define the
coordinates, features and design intent of the part. Just as in all common languages, GD&T has
a set of rules that need to be followed in order to form a clear and complete “sentence” of the
design you desire or need.

A quick back story of GD&T
GD&T’s development came from the need to make parts interchangeable in the field of
use. Consider a soldier in the midst of battle, his gun malfunctions or breaks, the only
other guns available to him are also broken in some fashion with the exception of the
part or parts he needs for his weapon. He should be able to simply swap his broken part
for another one that is in working order. Adding tolerances to all the dimensions worked
fine from the 1770’s to about the 1930’s when Stanley Parker of the Royal Torpedo
Factory of Scotland realized tolerances could be applied in a 3D realm as opposed to
that 2D realm and thus closing numerous gaps in the old system. This is the practice of
GD&T we still use today.

Why do I need GD&T?
In reality, no part is perfect, with the exception of the one you created in CAD (hopefully). Oh it
may look perfect all polished and shiny, but look at the part under a microscope or apply a
micrometer, you’ll see the imperfections. GD&T allows a specific amount of these imperfections
in the part to exist and still maintain the functionality of the part/assembly. But don’t limit your
thinking of imperfections just to the part’s materials, you’ll also have to consider imperfections
created during manufacturing, tooling, environmental conditions (cue the Tom Brady vs the NFL
arguments) and of course, human error.

What does GD&T do?
Whereas the standard practice of adding tolerances to your dimensions generates a square
tolerance zone, using GD&T generates a round tolerance zone, giving you 57% more tolerance
area. This extra “in tolerance” area allows for more “inter-changeability” of parts while
preserving functionality, less rejected parts, less scrap, and lower costs in machining and
inspection. Think about that, you ship out a unit that requires some set-up in the field. At some
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point during shipping or in the process of being installed, a part or assembly is damaged. Since
you use GD&T in the design of your parts, you can grab any one of that part you have in stock
and ship it to the job site, knowing it’ll fit perfectly.
As a rule of thumb, the Engineer/Designer should attempt to keep the tolerances as large as
possible while still preserving the functionality of the part. The tighter the tolerance, the higher
the manufacturing costs…aka, it’s cheaper maintaining a 0.1 tolerance than a 0.0001 tolerance.

Common Myths of GD&T
A lot of the myths surrounding GD&T are based on not knowing what the language is, what the
symbols mean, how are they applied, etc. This is pretty typical of anyone looking to learn a new
language and again, that’s basically what GD&T, an Engineering language. So let’s take a look
at a few or the more common myths concerning GD&T.

GD&T Myths
GD&T is too costly! Too Time Consuming!
The only cost GD&T will entail will be the training/learning of how to use it. Using GD&T on your
drawings actually saves a lot of time. Consider how long it takes you to type out a generalized
or localized note for a specific feature or dimension. Now consider that note may make perfect
sense to you, but is it clear enough that anyone who manufacture that part can also understand
it as well? Are you sure? What if you outsource the machining of these parts to a supplier
outside your country and the language you use is not their native language? Still confident your
note will be understood?
What’s costlier, using GD&T to clearly define your part’s design intent or the scrap caused by
attempting to hold a very tight tolerance within the square coordinate tolerance zone? See
below:
Square Coordinate Tolerance Zone:

GD&T’s Round Tolerance Zone:
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We don’t Need to use GD&T!
This myth is perpetuated by a preference for coordinate dimensioning, which most designers
have used since high school and have clung to it because they understand it better than GD&T.
The coordinate dimensioning system lacks clear rules and a quality-oriented design philosophy.
GD&T is used by about one-half of the world's manufacturers because it does have clear rules
and is quality-oriented. In addition, it allows clear communication among all levels and functions
within a company, as well as with their customers and suppliers.
GD&T is Only Needed on Critical Features!
This myth assumes that some part features are non-critical. The problem becomes, then, who
decides which features are critical and which are not. Sporadic use of GD&T may bring some
benefit, but a drawing that is partly coordinate dimensioning and partly GD&T may also be
confusing. However, when GD&T's philosophy and rules are applied to all part features, treating
all of them as critical and to the entire process of creating drawings, the benefit of GD&T
increases exponentially.
Rick’s Theory – “GD&T makes for sloppier parts!”
Rick was a student in a GD&T class who, based on the graphics shown in the instruction
manuals, insisted GD&T does nothing more than allow you to make sloppier parts.

As he stated, “If I draw the line straight, they need to produce the part straight”. As you can
guess, Rick never spent any time in a machine shop.
Now granted, to a point Rick is correct, GD&T does loosen up some aspects of the features, but
it by no means allows one to create parts like what you see in the above illustration, and THAT
is what he was claiming. Totally unwilling to understand and accept the extreme graphics are
simply for illustration purposes.
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Note: MMC/LMC/RFS
Maximum Material Condition (MMC) – The condition where the feature contains the maximum
material within the stated limits of size.
Ex: The largest bolt, largest pin, smallest hole.

Least Material Condition (LMC) – The condition where the feature contains the least material
within the stated limits of size.
Ex: The smallest bolt, smallest pin, largest hole.

Regardless of Feature Size (RFS) – This is the default material condition and thus does not
require a condition modifier since it is applied to all features of size by default, aka it is implied to
all geometric tolerances.
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GD&T Symbols
Quite possibly the biggest factor with GD&T is its use of symbols to convey design intent. Unlike
text notes and coordinate dimensioning GD&T’s symbols provide clear and concise meaning.
These symbols are used in place of text on the face of the drawing. Note: Those marked with an
“X” are new for the 2009 standard.

You will most likely find some of these symbols to be very familiar. The Diameter symbol (Ø),
Radius symbol (R), Number of Places (3X), etc. Chances are you’ve already used them in your
dimensions and/or in text notes.
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Typical example of applying these Symbols to your drawing:

Consider detailing this same drawing without GD&T. How many dimensional tolerances and
localized and/or generalized notes would you have to add in hopes of clearly explaining what is
needed?
Most CAD programs already offer these symbols within their out-of-the-box dimensioning styles
as well as the ability to add these into the 3D model data (Model Based Definition).

You may very well find yourself doing less and less detailing on drawings as they move to being
Inspection documents rather than Engineering documents.
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GD&T Tolerance Types
There are 5 Types of tolerance in GD&T. (Note: The following examples are very basic and
generalized in nature and do not cover all aspects of the tolerancing)

Form Type of Tolerance
There are 4 form tolerances shown in the chart above. These control the form of an individual
feature (no datum references are allowed). The size tolerance of an individual feature will
control how much the form varies.
Flatness and Straightness are identical with the exception that Flatness is a 3D control (a
tolerance zone of 2 parallel planes) and Straightness being a 2D control (a tolerance of 2
parallel lines)
Cylindricity and Circularity are also identical with the exception Cylindricity is a 3D control (a
tolerance zone of 2 concentric cylinders) and Circularity being a 2D control (a tolerance zone of
2 concentric circles).
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Flatness:
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Straightness:
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Cylindricity:
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Circularity (Roundness):
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Orientation Type of Tolerance
There are 3 orientation tolerances shown in the above chart, Perpendicularity, Parallelism, and
Angularity. These Orientation tolerances control the “tilt” of individual features. The orientation
control of a surface will also control the form of that surface if no form tolerance is called out.
These orientation tolerances are all 3D controls. If you need to control a feature in 2D, add a
note such as “EACH ELEMENT” or “EACH RADIAL ELEMENT” under the feature control frame.
Orientation tolerances do not locate features. These only control the angle of the orientation. If
you need to locate features, use a profile or position tolerance and then have the orientation
tolerances refine the orientation of the features.
Perpendicularity:
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Parallelism:
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Angularity:
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Location Type of Tolerance
There are 3 location tolerances shown in the chart above, Position, Profile of a Surface and
Profile of a Line. The position tolerance controls the location of a center point, axis, median
plane or boundary of a feature of size. Where the profile tolerances control the location, and/or
orientation, and/or form, and/or size of a feature.
Position tolerancing is used for locating features of size and defines the zone within which the
center point, axis, median plane or boundary of the feature is permitted to vary from a true
position (the true position is established by basic dimensions referenced to a datum).
Profile of a Surface is possibly the most powerful control in GD&T. Depending on the datum
feature references, Profile of a Surface can be used to control items such as size, form,
orientation and location of feature surfaces. For those of you that use Assembly Constraints in
Autodesk Inventor, think of the Insert constraint and how many degrees of freedom it eliminates
in one step.
Profile of a Line is most often used in conjunction with Profile of a Surface. Profile of a Line
refines the cross-sectional elements of a feature and is typically used on parts that are extruded
where controlling a specific direction is more critical than another. Considering this is a 2D
control, the tolerance applies to the element in the view where it is shown.
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Position:
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Profile of a Surface:
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Profile of a Line:
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Runout Type of Tolerance
Runout tolerances control the form, orientation and coaxiality of features to a datum axis.
Circular and Total Runout are identical controls except circular runout is a 2D control whereas
Total Runout is a 3D control. For example: On a surface of revolution, total runout controls the
taper and straightness of the feature, but circular does not.
Both runout controls are “surface to axis” controls and are typically used when a component
rides on a surface such as a wheel or pulley.
Total Runout:
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Circular Runout:
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Location of Derived Median Points Type of Tolerance
These tolerances are made up of Concentricity and Symmetry. They are used to control the
opposing median points of a feature. Both are 3D tolerances and define the zone in which the
opposing median points must lie. These are identical controls except concentricity is used to
control opposing median points on cylindrical features, whereas symmetry is used on noncylindrical features.
Both of these tolerances are typically misapplied and confused for or where the user would be
better suited to use Position, Runout, or Profile tolerances. Note the following graphics as they
show Concentricity and Symmetry require very detailed analysis of the opposing median points
of a feature to ensure conformance.
Concentricity:
The use of Concentricity is rare and typically misused. Irregularities in the form can make it
difficult to find the opposing median points. Unless you have a definite need to control the
opposing points, consider using the Position, Runout, or Profile tolerances instead.
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Symmetry:
The use of Symmetry is also rare and for the same type of reasons stated for Concentricity, but
for defining the median plane as opposed to the median points. So, again, unless you have a
definite need to control the opposing median plane, consider using the Position or Profile
tolerances instead.
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Free Stuff:
If you ever use fasteners in your assemblies, how are you sure they’ll fit or that the holes of the
mating parts will line up as required for the fastener to pass through? We have a formula for that
in GD&T.
Floating Fastener Formula:
A “floating fastener assembly” is when both parts have clearance holes, thus the fastener
“floats” around the holes and is not fixed to either part. The fasteners in this type of setup would
include the fastener itself along with nuts, or rivets.
Think of 2 flat plates that are fastened together with 4 bolts and nuts (as shown below). For this
type of floating fastener application, the engineer/design needs to decide the size of the bolt and
the number required.
In order to determine the position tolerances, the designer will calculate the difference between
the largest (Maximum Material Condition) size bolt and the smallest (MMC) size hole. The
difference between these two sizes is the allowable tolerance to be applied.
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Fixed Fastener Formula:
A “fixed fastener assembly” is where one hole in a component is a clearance hole, and the other
hole is a press fit or threaded hole, thus making the fastener “fixed” to the assembly.
To determine the positional tolerance between the parts, the engineer/designer will calculate the
difference between the largest (MMC) size fastener and the smallest (MMC) size hole. The
resultant difference is the allowable tolerance.
But please note – this tolerance must be divided between the two parts in any combination that
does not exceed the allowable tolerance.
The tapped hole usually is given the larger share of this tolerance, typically due to the tapped
hole being a two-step process and thus being a more difficult manufacturing operation, thus
allowing more tolerance for such.
The clearance hole typically has a large size tolerance with the addition of the MMC effect,
results in more positional tolerance at nominal and LMC sizes. As a general rule, split the
tolerance to 60/40. The tapped hole getting 60% of the calculated tolerance, the clearance hole
getting the remaining 40%.
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I’d like to take the moment to thank each and every one of you for attending this round table
discussion.
Learning GD&T takes a lot more than what can be explained here in this handout and in this 1.5
hour class. We only touched on generalities and the more common functions of GD&T. Just
learning the basics involves at least a 40 hour class.
My intention of the round table was to bring awareness of how GD&T can help you in your
designs, alleviate any fears or concerns and put to rest some of the more common myths
people use to avoid GD&T.
My hope from this discussion is you consider GD&T more and look into learning it from a
qualified instructor in your area (or you can always contact me directly). You may never use
everything GD&T covers, but what you do and can use will be of great value to you and your
company. Taking a GD&T course to cover those applications will easily pay for itself in
manufacturing savings.
Please, do not hesitate to reach out to me if you have any questions or concerns or even better,
if you’d like to discuss scheduling a training class.



Information and images provided here were referenced from the Autodesk Inventor on-line Help files and marketing web
pages, the GeoTol Pro – A Practical Guide to Geometric Tolerancing course book, Technical Consultants Inc, 2009 (used by
permission) and Celtic Design Services, LLC. (celticdesign01@yahoo.com).
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