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INTRODUCTION TO GEOMETRIC
DIMENSIONING AND
TOLERANCING (GD&T)

In the world of precision engineering and
manufacturing, the difference between a
perfectly functioning assembly and a
costly scrap pile often comes down to
how well the design communicates its
requirements. This is exactly where

Geometric Dimensioning and
Tolerancing (GD&T) shines. Instead of
relying solely on traditional plus/minus
tolerances that can lead to ambiguity,
GD&T uses a symbolic language to
define the allowable variation in part
geometry. It ensures that every
engineer, machinist, and quality
inspector understands the exact
functional intent of a feature. To truly
appreciate its power, nothing beats
exploring real-world Geometric


https://web1.enteraskincare.com/

Dimensioning and Tolerancing
Examples. This article walks you
through practical applications, from
simple hole locations to complex profile
controls, all while explaining the
underlying principles in a clear, human-
friendly manner.

WHY GD&T MATTERS: MOVING
BEYOND COORDINATE
TOLERANCING

Before diving into examples, let’s briefly
revisit why GD&T became essential.
Traditional coordinate tolerancing (like
+0.1 mm on a hole center) creates a
square tolerance zone. This zone allows
larger variation at the corners than at
the center, which may unnecessarily
reject perfectly functional parts or
accept out-of-spec parts. GD&T, on the

other hand, uses cylindrical or shaped
tolerance zones that more accurately
reflect assembly requirements. For
instance, a positional tolerance for a
hole  defines a circular  zone,
guaranteeing a consistent fit regardless
of direction. This difference becomes
apparent when we look at specific
geometric dimensioning and tolerancing
examples.

EXAMPLE 1: TRUE POSITION OF A
HOLE PATTERN

Imagine you are designing a mounting
plate with four bolt holes that align with
a corresponding part. Using conventional
tolerances, you might call out the hole
centers as 100 mm =0.2 mm and 50 mm
+0.2 mm. But what happens if one hole
shifts diagonally? The assembly might
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still work, yet the part could be rejected
because each coordinate is out of
tolerance. With GD&T, you specify a
true position tolerance, such as:

e Feature: Four 10 mm diameter
holes

e Tolerance: Positional tolerance of
0.4 mm at MMC (Maximum
Material Condition)

e Datum references: A (primary),
B (secondary), C (tertiary)

Here, the tolerance zone is a cylinder of
0.4 mm diameter centered at the
theoretically exact location. The allowed
variation is equal in all directions.
Furthermore, the MMC modifier allows a
bonus tolerance if the hole is larger than
its minimum size (e.g., if the hole
diameter is 10.1 mm, the positional

tolerance increases to 0.5 mm). This is a
classic example from geometric
dimensioning and tolerancing examples
where GD&T saves money by accepting
more parts without compromising
function.

Practical
Interpretation

When a machinist sees this callout, they
know exactly what to inspect: the actual
hole center must lie within a 0.4 mm
diameter cylinder at the true position.
The bonus tolerance at MMC means they
can use functional gages—a simple pin
gage that checks both hole size and
location simultaneously. This avoids
complex coordinate measurements and



ensures the part will assemble correctly
every time.

EXAMPLE 2: PERPENDICULARITY
OF A PIN TO A BASE

Consider a precision guide pin that must
stand perfectly perpendicular to a
mounting surface. If the pin leans even
slightly, the moving carriage will bind or
wear unevenly. A simple
perpendicularity callout using GD&T
looks like this:

Callout: A perpendicularity symbol (1)
with a tolerance of 0.05 mm relative to
datum plane A.

This means the axis of the pin must be
contained within a cylindrical tolerance
zone of 0.05 mm diameter that is
perpendicular to datum A. In simpler

terms, the pin can tilt only as much as
allowed by that 0.05 mm cylinder. Unlike
an angle tolerance, this directly controls
the deviation from 90° in a way that
accounts for both direction and
magnitude. This is one of the geometric
dimensioning and tolerancing examples
that eliminates ambiguity: the inspector
measures the pin axis relative to the
datum and checks it lies within the
virtual condition.

Why Not Use an
Angle Tolerance?

An angular tolerance like 90° = 0.1°
does not directly control linear deviation
at the pin tip. A slight tilt might result in
a large displacement at the free end,
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causing misalignment with a bushing.
Perpendicularity with a tolerance zone
gives a clear physical limit. For example,
a perpendicularity tolerance of 0.05 mm
on a 100 mm long pin means the tip can
deviate by no more than 0.05 mm from
perfect perpendicularity. That's a more
functional requirement than an angular
degree limit.

EXAMPLE 3: FLATNESS OF A
SEALING SURFACE

Flatness is one of the simplest yet most
powerful GD&T controls. Suppose you
have a valve body where the sealing
surface must be perfectly flat to prevent
leaks. A flatness tolerance of 0.02 mm is
specified.

Callout: Flatness symbol (—) with
tolerance 0.02 mm.

This defines a zone defined by two
parallel planes 0.02 mm apart. Every
point on the surface must lie between
these planes. There is no reference to
any datum—flatness is a form control
that stands alone. In geometric
dimensioning and tolerancing examples,
flatness ensures that the surface is free
of waviness or warpage that would
compromise the seal. Unlike a
straightness tolerance on a line element,
flatness covers the entire surface,
providing a robust guarantee of contact.

Inspection



Methods

Inspectors typically use a surface plate
and a dial indicator. The part is placed
on the plate, and the indicator measures
variation as it moves across the surface.
The total variation must be less than
0.02 mm. This is straightforward and
leaves no room for interpretation. For
critical sealing surfaces, even a minor
flatness violation can cause failure,
making this example highly relevant in
automotive and hydraulic systems.

EXAMPLE 4: CONCENTRICITY OF
A SHAFT AND BORE

Concentricity ensures that the axis of
one feature coincides with the axis of
another. Consider a motor shaft that

must fit into a precisely machined bore.
If the shaft is not concentric, it will
wobble, causing vibration and premature
wear.

Callout: Concentricity symbol (@) with
tolerance 0.05 mm relative to datum
axis A.

This control creates a cylindrical
tolerance zone of 0.05 mm diameter
around the datum axis. The median
points of the shaft surface must all lie
within this zone. Concentricity is more
restrictive than runout because it checks
the median points, not just the surface
variation. In many geometric
dimensioning and tolerancing examples,
engineers prefer total runout over
concentricity because it is easier to
measure and still ensures functional
alignment. However, for high-speed
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rotating parts where balance is critical,
concentricity provides a tighter control.

A Better
Alternative: Total
Runout

For most applications, total runout (a
combination of circular runout along the
entire surface) is a practical substitute. It
simultaneously controls concentricity
and surface straightness. For instance, a
total runout of 0.05 mm on a shaft
relative to datum A ensures that the
entire surface rotates smoothly without
wobble. This is often easier to inspect
with a dial indicator and a rotating

chuck, making it more production-
friendly.

EXAMPLE 5: PROFILE OF A
SURFACE FOR A COMPLEX
CONTOUR

Modern parts often have freeform
surfaces, such as turbine blades or car
body panels. Traditional tolerancing
cannot define such shapes adequately.
That's where profile of a surface comes
in. A profile tolerance creates a 3D
tolerance zone that follows the nominal
surface shape.

Callout: Profile symbol () with
tolerance 0.2 mm relative to datum A, B,
and C.

This tolerance defines two surfaces
offset from the nominal by £0.1 mm



(total zone width of 0.2 mm). Every point
on the actual surface must lie between
these two offset surfaces. The profile
control can be used with or without
datums. In this geometric dimensioning
and tolerancing example, the part might
be an aerodynamic fairing where any
deviation affects performance. Profile
tolerancing allows the designer to
specify the allowable variation directly
on the shape, ensuring the part matches
the CAD model within strict limits.

Advantages Over
Coordinate

Tolerancing

Without profile tolerancing, engineers
would have to specify dozens of point-to-
point coordinates, each with its own
tolerance, leading to an over-constrained
or under-constrained part. Profile control
simplifies the drawing and reduces
ambiguity. It also allows for continuous
variation along the surface, which is
exactly what manufacturing processes
like CNC machining or injection molding
produce. Profile of a surface is widely
used in aerospace and automotive
design.

EXAMPLE 6: RUNOUT CONTROL
FOR ROTATING COMPONENTS

Runout tolerances are critical for parts
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like gears, pulleys, and brake rotors that
rotate about an axis. Consider a gear
that must mesh smoothly with its mate.
A specified circular runout of 0.05 mm
relative to datum axis A ensures that
when the gear rotates, the variation at
any cross-section does not exceed that
value. Similarly, total runout would
check the entire surface from one end to
the other.

Callout: Circular runout () 0.05 mm to
A; or Total runout (¢) 0.1 mm to A.

In practice, an inspector mounts the
gear on a precision arbor, places a dial
indicator against the tooth surface, and
rotates the gear. The indicator reading
must not fluctuate beyond the specified
tolerance. Runout tolerances integrate
both form and location errors. They are
easier to measure than concentricity,

which is why many geometric
dimensioning and tolerancing examples
recommend runout for rotational parts
unless balance is paramount.

IMPLEMENTING GD&T IN YOUR
DESIGNS: BEST PRACTICES

Drawing from these geometric
dimensioning and tolerancing examples,
here are actionable tips for using GD&T
effectively:

1. Start with function. Identify
critical features that affect
assembly, fit, or performance.
Apply GD&T only where needed to
avoid over-tolerancing.

2. Choose the right control. Use
positional tolerance for holes,
profile for contours,



perpendicularity for perpendicular
features, and runout for rotating
surfaces.

3. Leverage material condition
modifiers. MMC (Maximum
Material Condition) and LMC (Least
Material Condition) can give bonus
tolerances, reducing cost while
ensuring function.

4. Define datums logically.
Datums should correspond to
functional mounting surfaces or
assembly interfaces. Use a
hierarchy (primary, secondary,
tertiary) that reflects assembly
sequence.

5. Keep drawings readable. Avoid
cluttering the drawing with
symbols. Use feature control
frames consistently and add notes

where necessary.

6. Validate with inspection.
Ensure that the chosen tolerances
can be measured with available
equipment (CMM, gages,
indicators).

COMMON MISCONCEPTIONS
ABOUT GD&T

Many engineers new to GD&T worry that
it complicates drawings or increases
costs. In reality, as the geometric
dimensioning and tolerancing examples
above show, GD&T often simplifies
communication and reduces inspection
time. A common misconception is that
GD&T tolerances are tighter; in fact,
they are often looser because they allow
more variation in non-critical directions.
Another myth is that GD&T replaces all
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plus/minus tolerances. In practice, it
supplements them, with plus/minus still
used for simple dimensions like slot
widths or length. Understanding these
nuances helps you apply GD&T with
confidence.

CONCLUSION

Geometric Dimensioning and
Tolerancing is not just a set of
symbols—it is a powerful language that
bridges design intent and manufacturing
reality. Through the geometric
dimensioning and tolerancing examples
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covered here—from true position and
perpendicularity to profile and
runout—you have seen how each control
solves a specific functional problem.
Whether you are designing a precision
assembly, a sealing surface, or a
complex contour, GD&T gives you the
tools to specify exactly what you need
without ambiguity. Embrace this
language, and you will reduce scrap,
improve part interchangeability, and
accelerate production. Start applying
these principles today, and watch your
designs come to life with greater clarity
and reliability.



