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(54) Drawing validation tool

(57) Methods and systems of validating the applica-
tion of geometric dimensioning and tolerancing ("GD&T")
in a drawing. In one embodiment, a method of validating
the application of GD&T in a drawing includes creating
a drawing having at least one drawing element. Next, a
geometric dimensioning and tolerancing rule is applied
to the at least one drawing element of the drawing. The
legality of the applied geometric dimensioning and toler-
ancing rule is then verified with a software validation tool.
Each illegal application of the geometric dimensioning
and tolerancing rule is indicated with the software vali-
dation tool. Finally, a report is generated with the software
validation tool, which contains each illegal application of
the geometric dimensioning and tolerancing rule.
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Description

[0001] Embodiments of the present invention relate to
a geometric dimension and tolerance checking and val-
idation tool. More specifically, certain embodiments re-
late to a geometric dimension and tolerance checking
and validation tool that identifies illegal geometric dimen-
sioning and tolerancing in computer aided design
("CAD") drawings.
[0002] CAD drawings have become increasingly pop-
ular due to the expanded capabilities and sophisticated
controls of CAD software applications. For example, CAD
programs are commonly implemented to produce CAD
drawings that are used by manufacturing companies to
build and inspect manufactured products. Some CAD
programs have the capability to apply or embed geomet-
ric dimensioning and tolerancing ("GD&T") to or in a CAD
drawing. GD&T is an international language that includes
a set of rules, which can be applied to elements of a CAD
drawing. GD&T provides a user with functional dimen-
sioning of the product or component illustrated in the CAD
drawing.

SUMMARY

[0003] Although GD&T can be very useful, applying
inaccurate or invalid GD&T can cause numerous prob-
lems. For example, if a drawing is used to manufacture
a component (for example, a valve for an internal com-
bustion engine), information derived from the GD&T
could cause the component to be manufactured improp-
erly (for example, the valve might be manufactured with
improper dimensions, locations, orientations, etc). Thus,
there is a need for a device or system whereby the validity
and accuracy of the application of GD&T can be checked.
[0004] In one embodiment, the invention takes the
form of a GD&T software validation tool that executes a
variety of processes which, among other things, can be
used to check and verify the application of GD&T in a
drawing. For example, in some embodiments, the GD&T
software validation tool
identifies illegal tolerance modifiers contained in a GD&T
feature control frame (as described, e.g., in process 150,
step 160, below);
identifies tolerance and datum modifiers that are illegally
used or improperly located within a profile feature control
frame (as described, e.g., in process 150, steps 172 and
174, below);
verifies that the GD&T feature control frame is linked to
a feature of size ("FOS") and not a feature (as described,
e.g., in process 200, step 202 below);
verifies it is a FOS or feature (as described, e.g., in proc-
ess 200, step 208 below);
verifies if an illegal datum modifier is specified for a fea-
ture (as described, e.g., in process 200, step 210 below);
verifies if an illegal datum modifier is specified for a FOS
(as described, e.g., in process 200, step 212 below);
verifies if basic dimensions are used to establish the true

position of the toleranced feature relative to the datums
referenced (as described, e.g., in process 200, step 214
below);
verifies when datum references are used, that basic di-
mensions are used to relate the toleranced feature to the
specified datums (as described, e.g., in process 150, step
168 below);
verifies that tolerances included in the flatness GD&T
feature control frames are refinements that are relative
to other GD&T feature control frames, or that are relative
to location or size tolerances (as described, e.g., in proc-
ess 250, step 260, below);
verifies that the methods used to attach the GD&T feature
control frames to the features/features of size are correct
(as described, e.g., in paragraph 64, below); and
verifies that all of the datums that are utilized in the feature
control frames of the drawing are actually applied to com-
ponents within the drawing, and that all of the datums
that are defined within the drawing are utilized in the
GD&T control frames (as described, e.g., in paragraph
64, below).
[0005] In another embodiment, the invention takes the
form of a method of validating dimensioning and toler-
ancing symbols, modifiers, and a feature control frame
of a drawing. The manner in which the feature control
frame is attached to a feature is also verified. Also, the
GD&T magnitude and shape are verified for correctness
along with the relationship between features/features of
size that are linked by the GD&T feature control frame.
The GD&T feature control frame, symbols, and modifiers
collectively form a dimensioning tool that controls the
shape, size, location, and orientation of the feature/fea-
ture of size and links the features/features of size to other
features/features of size and to datums. The software
validation tool ensures that all the GD&T dimensioning
tools define all these functions and relationships correct-
ly. The rules imbedded in the software validation tool help
to determine whether or not the rules of GD&T (e.g., see
Figs. 4-14) are being correctly defined on the CAD draw-
ing. Each GD&T rule error is numbered on the CAD draw-
ing and the number is included in a report to help the
operator locate the error on the drawing. The report de-
scribes why the symbol is illegal and provides a location
in a user manual, which provides an example of the error
along with examples on how to correct the error. The
example drawings may include one or more relatively
small drawings so as to fit on a single page of the user
manual (e.g., see Fig. 17).
[0006] In another embodiment, the invention includes
a method of validating applications of GD&T in a drawing.
This method includes creating a computer aided design
drawing having at least one drawing element. One or
more GD&T rules are applied to the at least one drawing
element of the drawing. The legality of the GD&T rules
are then verified with a software validation tool. Gener-
ally, verifying the legality of a GD&T rule includes verify-
ing that the application of the GD&T rule satisfies a certain
set of restrictions (described below). Each illegal appli-
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cation of the GD&T rule is also indicated with the software
validation tool.
[0007] In another embodiment, a method of validating
applications of GD&T in a drawing includes creating a
drawing having at least one drawing element. At least
one GD&T rule is applied to the at least one drawing
element of the drawing. The legality of the at least one
GD&T rule is then verified with a software validation tool.
Each illegal application of the GD&T rules is also indicat-
ed with the software validation tool. Finally, a report is
generated with the software validation tool, which con-
tains each illegal application of the GD&T rules.
[0008] In another embodiment, a drawing validation
tool comprises a process module, an identification mod-
ule, and a report module. The process module includes
at least one process for validating the application of one
or more GD&T rules in a CAD drawing. The identification
module identifies an illegal application of one or more
GD&T rules that are applied in the CAD drawing. The
application is illegal if it does not follow the rules, for ex-
ample, defined in Figs. 4-14. The report module produces
a report that contains information regarding the illegally
applied GD&T rules on the CAD drawing.
[0009] Other aspects of the invention will become ap-
parent by consideration of the detailed description and
accompanying drawings.

BRIEF DESCRIPTION OF THE DRAWINGS

[0010] Fig. 1 illustrates an exemplary computer system
according to one embodiment of the invention.
[0011] Fig. 2 illustrates an exemplary process which
can be used to identify an illegal GD&T symbol.
[0012] Fig. 3 illustrates an exemplary CAD drawing
having a plurality of GD&T symbols.
[0013] Fig. 4 illustrates an exemplary process that can
be used to verify a profile control.
[0014] Fig. 5 illustrates an exemplary process that can
be used to verify a TOP control.
[0015] Fig. 6 illustrates an exemplary process that can
be used to verify a flatness control.
[0016] Fig. 7 illustrates an exemplary process that can
be used to verify a runout callout.
[0017] Fig. 8 illustrates an exemplary process that can
be used to verify a concentricity control.
[0018] Fig. 9 illustrates an exemplary process that can
be used to verify a circularity control.
[0019] Fig. 10 illustrates an exemplary process that
can be used to verify a straightness control applied to a
surface element.
[0020] Fig. 11 illustrates another exemplary process
that can be used to verify a straightness control of a FOS.
[0021] Fig. 12 illustrates an exemplary process that
can be used to verify a cylindricity control.
[0022] Fig. 13 illustrates an exemplary process that
can be used to verify a symmetry control.
[0023] Fig. 14 illustrates an exemplary process that
can be used to verify a parallelism control.

[0024] Fig. 15 illustrates an exemplary CAD drawing
having an illegal symbol indicator.
[0025] Fig. 16 illustrates an exemplary error report.
[0026] Fig. 17 illustrates an exemplary portion of a help
or user manual.

DETAILED DESCRIPTION

[0027] Before any embodiments of the invention are
explained in detail, it is to be understood that the invention
is not limited in its application to the details of construction
and the arrangement of components set forth in the fol-
lowing description or illustrated in the following drawings.
The invention is capable of other embodiments and of
being practiced or of being carried out in various ways.
[0028] The term "illegal" (and variants thereof) is used
herein to describe certain aspects of embodiments of the
invention. The term "illegal" is used to broadly describe
elements and/or actions that are not allowed, or that lead
to invalid results, as should be apparent to one of ordinary
skill in the art. The use is not a special one, but one that
is consistent with the general definition of the term. For
example, as defined by the Microsoft Computer Diction-
ary, 4th Edition, an illegal character in a word processing
program would be one that the program cannot recog-
nize; and an illegal operation might be impossible for a
program or system to carry out because of built-in con-
straints. Thus, the term should be interpreted as it would
be by one of ordinary skill in the art.
[0029] In addition, before describing embodiments of
the invention a brief review of CAD software applications
that include GD&T functionality is provided. Nonetheless,
it is assumed that the reader is familiar with GD&T spec-
ifications.
[0030] Some CAD software applications (e.g., Uni-
graphics, CATIA, etc.) allow a user to apply GD&T to the
components that are modeled in CAD drawings. For ex-
ample, GD&T rules, which may be indicated in the draw-
ing using one or more GD&T symbols, are applied to the
components being modeled in the CAD drawings. The
GD&T rules are used to define the physical dimensions
(and tolerances) of the components in the drawings. As
such, a user can create an accurate component by fol-
lowing the GD&T rules applied in the drawings. Addition-
ally, a component that has been produced can be in-
spected (e.g., verified to determine whether the compo-
nent has been produced according to the specification
set forth in the drawing model) by comparing the pro-
duced component to the drawing model. Illegally applied
GD&T rules on a CAD drawing may cause manufacturing
problems, assembly problems, inspection problems and
loss of function.
[0031] In general, drawings that include GD&T also
include other standard symbols and information such as
dimensional values, which are often displayed in a stand-
ardized manner. For example, as should be recognized
by those skilled in the art, basic dimensions are numerical
values that represent a theoretical exact size, true profile,

3 4 



EP 2 336 917 A2

4

5

10

15

20

25

30

35

40

45

50

55

orientation, or location of a feature. Generally, basic di-
mensions are specified by enclosing a single numerical
value in a box. Alternatively, dimensions with tolerances
provide a range of acceptable dimension values. A datum
is a theoretically exact point, axis, or plane from which
the location or geometric characteristics of features of a
component are established or related. A datum feature
can be used to identify the same feature in multiple lo-
cations of a drawing.
[0032] Fig. 1 illustrates an exemplary computer system
20 that can be used, in some embodiments, to create a
CAD drawing with a CAD software application and vali-
date drawings and GD&T in the drawing (described be-
low). The exemplary computer 20 generally includes
components such as a monitor 24, a housing 28, a key-
board 32, and a mouse 36. It should be apparent to those
skilled in the art that the hardware housing 28 may con-
tain, for example, hardware components such as one or
more processors, random access memory, storage de-
vices (e.g., hard drives, CD-ROM disk drives, etc.), and
the like. Additionally, software applications executed by
the hardware can be used to produce CAD drawing im-
ages on the monitor 24. The images can be manipulated
by user input devices such as the keyboard 32 and the
mouse 36.
[0033] Fig. 2 illustrates an exemplary process 80 that
identifies GD&T that has been applied to a CAD drawing
incorrectly or illegally. For example, the process 80 can
be used to identify GD&T that is not applied to drawing
components of a CAD drawing according to a certain set
of rules or conditions. As described below, there are nu-
merous reasons that GD&T rules applied in a drawing
are identified as being illegal. In some embodiments, a
GD&T rule is identified as illegal if the GD&T rule is ap-
plied to a drawing component in an impossible or non-
sensical manner. In other embodiments, the application
of a GD&T rule is identified as illegal if the GD&T rule is
technically applied correctly, but is not applied according
to common or "good practice" standards.
[0034] The process 80 begins by creating a CAD draw-
ing (step 84). The CAD drawing can be created, for ex-
ample, using a CAD software application and the com-
puter 20 shown in Fig. 1. After and/or while the CAD
drawing is being created, GD&T is applied to components
of the CAD drawing (step 88). In some embodiments, a
modeled component can include multiple drawing views
that correspond to the same component (e.g., a top view,
a front view, an isometric view, etc.). As such, GD&T that
is applied to one drawing view must also be logical in
other views for a given component.
[0035] After completing the CAD drawing and applying
GD&T (steps 84 and 88, respectively), a GD&T validation
tool is initialized (step 92). In some embodiments, the
GD&T validation tool is a knowledge-based software tool
that is added onto (or integrated into) an independent
CAD software platform (e.g., Unigraphics). As such, it
should be appreciated that the GD&T validation tool is
capable of being applied to many different CAD software

platforms, and is not limited to any one platform. In some
embodiments, the GD&T validation tool is initialized by
a user while operating the CAD software application. For
example, a user can choose to initialize the GD&T vali-
dation tool by selecting a GD&T validation tool icon or
other user-selectable item (e.g., an item in a GD&T val-
idation tool pull-down menu) while constructing a CAD
drawing. In other embodiments, the GD&T validation tool
is automatically initialized, for example, prior to saving
the CAD drawing to disk. Other ways of initializing the
GD&T validation tool are also possible. For example, in
alternative embodiments, the GD&T validation tool may
be a software application that is separate from the CAD
software. In such embodiments, the GD&T validation tool
may validate a previously saved CAD drawing by initial-
izing the GD&T validation tool and selecting a saved CAD
drawing.
[0036] After initializing the GD&T validation tool, the
validation tool completes a plurality of validation proc-
esses (see, for example, Figs. 4-14) (step 94). The val-
idation processes are used to indicate GD&T that are
improperly or illegally applied (described below). In some
embodiments, a user selects which validation processes
that the validation tool completes. For example, a user
can select a subset of the processes shown in Figs. 4-14
for a particular drawing. As such, the validation tool need
not complete all of the processes each time the validation
tool is run. Additionally, the validation tool may include
alternative processes (or steps within the processes) that
are not specifically described herein with respect to Figs.
4-14. For example, in some embodiments only a subset
of the steps within each process is completed when the
validation tool is run.
[0037] Upon completion of the GD&T validation tool
processes (step 94), illegally and/or invalidly applied
GD&T is identified in the CAD drawing (step 96). As de-
scribed in greater detail with respect to Fig. 15, illegally
applied GD&T can be identified in a variety of manners.
In addition to indicating the illegally applied GD&T in the
CAD drawing, a GD&T validation tool report is created
(step 100). The GD&T validation tool report includes, for
example, information regarding each illegal application
of GD&T.
[0038] Fig. 3 illustrates an exemplary CAD drawing
120. The drawing 120 can be created, for example, during
step 84 of the process 80 (Fig. 2). The drawing 120 gen-
erally includes basic dimensions 124, as well as dimen-
sions with tolerances 128. The dimensions included in
the CAD drawing 120 are not necessarily representative
of an actual component, and are included for illustrative
purposes only. The drawing 120 also includes multiple
feature control frames ("control frames") 130, which are
divided into compartments containing a characteristic
symbol 132 (e.g., straightness, flatness, circularity, pro-
file of line, profile of surface, runout, position, etc.) fol-
lowed by a tolerance value 134. In some embodiments,
the tolerance value 134 is also preceded by a diameter
symbol 136 and/or followed by a datum reference 138
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and/or tolerance or datum modifiers 140. Additionally, in
some embodiments, control frames 130 are associated
with datum features 142. The completed drawing 120
can be checked for invalid or illegal applications of GD&T
using one or more processes (see Figs. 4-14). In other
embodiments, the drawing 120 may include more or few-
er dimensions 124, dimensions with tolerances 128, fea-
ture control frames 130, datum features 142, etc.
[0039] Fig. 4 is an exemplary process 150 that deter-
mines whether a GD&T profile of surface control is cor-
rectly applied in a CAD drawing. In some embodiments,
the process 150 is carried out by the validation tool during
step 94 of the process 80 (Fig. 2). The process begins
by determining whether the surface that the profile of
surface control is applied to (e.g., as indicated by a profile
of surface symbol on the drawing) is coplanar, a true
profile, or planar (step 154). A planar surface is a single,
continuous, and flat surface. A coplanar surface is two
or more surfaces that are on the same plane, or a phan-
tom line that joins multiple surfaces on the same plane.
A true profile surface is a circular or multifaceted surface
that is defined with basic dimensions (described above).
[0040] If the profile of surface is applied to a coplanar
surface, the next step is to check if any datum modifiers
are associated with the specification of the profile of sur-
face (step 156). If datum modifiers are used, the valida-
tion tool identifies an illegal specification of a profile con-
trol (step 158). In some embodiments, if an illegal control
is identified, an illegal control identification tag is applied
to the profile of surface symbol on the drawing, and a
report is generated that includes details regarding the
illegal control (as described in greater detail with respect
to Figs. 15 and 16). Next, the validation tool checks if
certain tolerance modifiers are associated with the spec-
ification of the profile of surface (step 160). In some em-
bodiments, illegal tolerance modifiers include diameter,
maximum material condition, least material condition,
projected tolerance zone, and tangential. If the tolerance
modifiers are used, an illegal specification of a profile
control is identified (step 158). If the tolerance modifiers
are not used, the validation tool identifies a legal speci-
fication of a profile control (step 162) and the process
150 ends.
[0041] If the profile of surface symbol is applied to a
true profile, the validation tool verifies that the profile of
the toleranced feature (e.g., the surface) is defined in
basic dimensions (step 164) (i.e., the toleranced feature
is not defined in toleranced dimensions). If basic dimen-
sions are not used to define the profile of the toleranced
feature, the validation tool identifies an illegal specifica-
tion of a profile control (step 158). Next, the validation
tool searches for a certain set of tolerance modifiers. In
some embodiments, the allowed tolerance modifiers for
a true profile are different than the allowed tolerance mod-
ifiers for a coplanar surface. For example, if the toler-
anced feature is a true profile, illegal modifiers include
least material condition, diameter, and maximum mate-
rial condition (step 166). If such modifiers are used, the

validation tool identifies an illegal specification of a profile
control (step 158). If the modifiers are not used, datum
references are verified. More specifically, datum refer-
ences are inspected to verify that basic dimensions are
used to relate the toleranced feature to the specified da-
tum (step 168). If basic dimensions are used to relate the
toleranced feature to the specified datum, a legal spec-
ification of a profile control is identified (step 162) and
the process 150 ends. If not, an illegal specification of a
profile control is identified (step 158).
[0042] If the profile of surface is applied to a planar
surface, the validation tool searches for datum referenc-
es (step 170). If no datum references are specified, the
profile of surface symbol is identified as being an illegal
specification of a profile control (step 158). Next, the val-
idation tool verifies that a certain illegal set of tolerance
modifiers are not specified (step 172). In some embodi-
ments, the validation tool checks for diameter, least ma-
terial condition, maximum material condition, and pro-
jected tolerance zone modifiers. In other embodiments,
a different set of modifiers may be illegal. If illegal mod-
ifiers are included, the validation tool identifies an illegal
specification of a profile control (step 158). Next the val-
idation tool checks a similar set of datum modifiers (step
174). If statistical tolerance, free state, projected toler-
ance zone, tangential, or diameter modifiers are included
in the profile of surface control frame, the profile control
is identified as being illegal (step 158). If the illegal datum
modifiers are not included, the validation tool verifies that
the profile of surface is dimensioned with respect to the
specified datum references (if included) using basic di-
mensions (step 176). The validation tool also checks if
the profile is located with toleranced dimensions (step
178). If the profile is not located with toleranced dimen-
sions, the profile control is legal (step 162).
[0043] If, however, the planar profile is located with
toleranced dimensions, the validation tool checks if the
tolerance value is a refinement of other geometric toler-
ances that control the profile of the planar surface (step
180). For example, in some embodiments, other geomet-
ric tolerances may be applied to the planar surface (i.e.,
the planar surface that the profile of surface symbol is
applied to). In such embodiments, the profile control
should be a refinement over the other geometric toler-
ance value, and the refinement should be seventy (70)
percent or less than the other geometric tolerance. As
such, if the profile tolerance is not a refinement of another
geometric tolerance, the validation tool identifies an ille-
gal profile of surface control (step 158). In other embod-
iments, the refinement requirement (step 180) is not in-
cluded in the process 150.
[0044] In some embodiments, the process 150 is used
to determine whether a GD&T profile of line control is
correctly applied. However, in the interest of brevity, the
process 150 is only described herein with respect to the
profile of surface control symbol. One of ordinary skill in
the art should realize that the rules described with respect
to validating a profile of surface control symbol can be
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similarly applied to a profile of line control symbol.
[0045] Fig. 5 is an exemplary process 200 that deter-
mines whether a GD&T tolerance of position control is
correctly applied in a CAD drawing. In some embodi-
ments, the process 200 is carried out by the validation
tool during step 94 of the process 80 (Fig. 2). The process
begins by determining if the TOP is applied to a feature
or a feature of size ("FOS") (step 202). A feature is a
general term that is applied to a physical portion of a
component, such as a surface, a pin, a tab, a hole, etc.
Additionally, an FOS generally refers to a cylindrical or
spherical surface, or a set of two opposed elements or
opposed parallel surfaces, associated with a size dimen-
sion. If the TOP is not applied to an FOS, the specification
of the TOP control is illegal (step 204).
[0046] If the TOP is applied to an FOS, the validation
tool checks if datum references are specified (step 206).
In some embodiments, a datum plane must be specified
in a TOP feature control frame, and the datum plane must
appear in the drawing. In other embodiments, datum ref-
erences for co-axial, non-opposed diameters need not
be specified in a feature control frame. If proper datum
references are not specified, the specification of a TOP
control is identified as being illegal (step 204). If datum
references are properly specified, the validation tool
checks if the datum references refer to a feature or an
FOS (described above) (step 208). In some embodi-
ments, allowable datum modifiers differ based on wheth-
er the modifier is applied to a feature or an FOS. For
example, if the datum reference(s) refer(s) to a feature,
there should not be any modifiers specified as datum
modifiers (step 210). If datum modifiers are included for
datum that refer to a feature, the specification of the TOP
control is identified as being illegal (step 204). Similarly,
only allowed datum modifiers, such as maximum material
condition and least material condition modifiers, can be
used for datum references that refer to an FOS (step
212). If illegal datum modifiers are used for datum that
refer to an FOS (e.g., a diameter modifier, a projected
tolerance zone modifier, a free state modifier, etc.), the
specification of the TOP control is identified as being il-
legal (step 204).
[0047] Next, the validation tool verifies that basic di-
mensions are used to establish the true position of the
toleranced feature relative to the datum references (step
214). If basic dimensions are not used, the specification
of the TOP control is identified as being illegal (step 204).
Next, the validation tool verifies that the tangential mod-
ifier is not used (step 216). If the tangential modifier is
used, the specification of the TOP control is identified as
being illegal (step 204). Next, the validation tool checks
if the TOP control is linked to a diametrical dimension
(step 218). If the control is linked to a diametrical dimen-
sion, the diameter must be specified (step 220) or the
TOP control is illegal (step 204). If the control is not linked
to a diametrical dimension, no diameter should be spec-
ified (step 222), or the TOP control is illegal (step 204).
As such, the specification is identified as being legal if

the control is linked to a diametrical dimension and the
diameter is specified, or the control is not linked to a di-
ametrical dimension and no diameter is specified (step
224).
[0048] Fig. 6 illustrates an exemplary process 250 that
determines whether a GD&T flatness control is correctly
applied in a CAD drawing. In some embodiments, the
process 250 is carried out by the validation tool during
step 94 of the process 80 (Fig. 2). The process begins
by determining if any datum references are specified
(step 252). In some embodiments, no datum references
are allowed when specifying a flatness control. As such,
if datum references are included in the control frame, the
specification of the flatness control is illegal (step 254).
Next, the validation tool checks for certain allowed toler-
ance modifiers (step 256). In some embodiments, the
only tolerance modifiers that are allowed are the free
state modifier and the statistical tolerance modifier. If oth-
er tolerance modifiers are included, the specification of
the flatness control is identified as being illegal (step 254).
The validation tool continues with the process 250 by
checking if the flatness control is applied to a planar sur-
face (step 258). A planar surface can refer to any surface
that is defined by a plane. If the flatness control is not
applied to a planar surface, the validation tool identifies
an illegal specification of flatness control (step 260).
[0049] Alternatively, if the flatness control is applied to
a planar surface, the validation tool checks if the toler-
ance value is a refinement of other geometric tolerances
that control the flatness of the surface (i.e., the surface
to which the flatness control symbol is applied) (step 260).
In some embodiments, as described above, the flatness
control must be a refinement over another geometric tol-
erance value (if included). For example, if a surface is
located with a tolerance range of 1.0 applied to it, a flat-
ness control value that is applied to the same surface
must be less than 0.7. If the tolerance value is not a re-
finement, it is identified as being an illegal specification
of a flatness control (step 254). If, however, the tolerance
is a refinement and is less than seventy (70) percent of
the other geometric tolerance, the specification of the
flatness control is identified as being legal (step 262).
[0050] Fig. 7 illustrates an exemplary process 300 that
determines whether a GD&T runout control is correctly
applied in a CAD drawing. In some embodiments, the
process 300 identifies the legality of both a circular runout
control as well as a total runout control. The process 300
begins by determining if any datum references are spec-
ified (step 302). In some embodiments, datum references
must be specified for a runout control. As such, if datum
references are not included in the control frame, the spec-
ification of the runout control is identified as being illegal
(step 304). Next, the validation tool verifies that the one
or more datums specify one of the three allowed datum
axes (i.e., centerline of the datum cylinder as established
by the extremities or contacting points of the actual cy-
lindrical component) (step 306). Utilizing datum axes that
are specified in accordance with the rules set forth below
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can improve repeatability of measurements.
[0051] In an embodiment, the first allowed datum axis
is a datum axis associated with a component that is of a
sufficient length. For example, a datum that is inline with
a dimension line of the component means that the datum
is applied to a feature of size. Additionally, the specified
datum represents the datum axis of the diameter of the
specified cylindrical component. As such, the length of
the component (along the datum axis) should be approx-
imately two times the diameter of the cylindrical compo-
nent. In other embodiments, the length to diameter ratio
may be different (e.g., 2.5 times, 3 times, etc.). The sec-
ond allowed datum axis is a datum axis associated with
two diameters of cylindrical components that are spaced
apart, where the space between the two diameters is
three times the larger diameter (of the two diameters).
The third allowed diameter axis is a datum axis that is
defined by two datums, where the first specified datum
(i.e., the primary datum) is applied to a feature and the
second specified datum (i.e., the secondary datum) is
applied to an FOS. If the allowed types of datum axes
are not specified, the validation tool identifies an illegal
specification of runout control (step 304).
[0052] If the datum specifies an allowed datum axis,
the validation tool verifies that the runout control is ap-
plied to a surface which surrounds or is intersected by
the datum axis (step 308). If the runout control is applied
to a valid surface, the validation tool checks for tolerance
modifiers included in the control frame (step 310). In
some embodiments, only free state and statistical toler-
ance modifiers are allowed to modify the runout control.
If the runout control is applied to an invalid surface, or
other tolerance modifiers are included, the validation tool
identifies an illegal specification of a runout callout (step
304). The next step of the process is to verify that no
datum modifiers are included (step 312). In some em-
bodiments, no datum modifiers are allowed. As such, if
any datum modifiers are included in the control frame,
the validation tool identifies an illegal specification of a
runout callout (step 304). Next, the validation tool verifies
that the tolerance value that is specified in the control
frame is less than the size tolerance (step 314). For ex-
ample, if a size tolerance for a given component is
(24.6-24.2), the tolerance value must be less than the
size tolerance dimension (i.e., less than 0.4). If the toler-
ance value is less than the size tolerance, the validation
tool identifies a legally specified runout callout (step 316).
If the tolerance value is greater than the size tolerance,
the validation tool identifies an illegal specification of a
runout callout (step 304).
[0053] Fig. 8 illustrates an exemplary process 350 that
determines whether a GD&T concentricity control is cor-
rectly applied in a CAD drawing. The process 350 begins
by determining if the concentricity control frame is applied
to a surface of revolution that is coaxial to a datum axis
(step 352). If the concentricity control is not applied to
such a surface, the validation tool indicates an illegal
specification of a concentricity control (step 354). Next,

the validation tool checks if the one or more datum ref-
erenced specify one of the three types of datum axes (as
described with respect to Fig. 7) (step 356). Next, the
validation tool checks if there is a diameter symbol in the
tolerance portion of the feature control frame (step 358).
In some embodiments, the diameter symbol must appear
in the tolerance portion of the control frame or the spec-
ification of a concentricity control is illegal. Next, the val-
idation tool checks for tolerance modifiers (step 360). Le-
gal tolerance modifiers include the diameter modifier, the
free state modifier, and the statistical tolerance modifier.
If other modifiers are included in the control frame, the
validation tool identifies an illegal specification of a con-
centricity control (step 354). Similarly, at least in some
embodiments, the validation tool checks for datum mod-
ifiers in the control frame (step 362), and if any datum
modifiers are included, the validation tool indicates an
illegal specification of a concentricity control (step 354).
If no datum modifiers are included, the validation tool
indicates that the specification of the concentricity control
is legal (step 364).
[0054] Fig. 9 illustrates an exemplary process 400 that
determines whether a GD&T circularity control is correct-
ly applied in a CAD drawing. In some embodiments, the
process 400 is carried out by the validation tool during
step 94 of the process 80 (Fig. 2). The process 400 begins
by determining if any datum references are specified
(step 402). In some embodiments, no datum references
are allowed when specifying a circularity control. As such,
if datum references are included in the circularity control
frame, the specification of the circularity control is iden-
tified as being illegal (step 404). Next, the validation tool
checks for certain allowed tolerance modifiers (step 406).
In some embodiments, the only tolerance modifiers that
are allowed are the free state modifier and the statistical
tolerance modifier. If other tolerance modifiers are includ-
ed, the specification of the flatness control is identified
as being illegal (step 404). The validation tool continues
with the process 400 by checking if the circularity control
is applied to a circular element (step 408) (i.e., the feature
on which the circularity symbol is applied is circular in
shape). If the circularity control is not applied to a circular
element, the specification of the circularity control is iden-
tified as being illegal (step 404).
[0055] Next, the validation tool verifies that the toler-
ance value is less than the diameter tolerance associated
with the toleranced element (step 410). For example, the
circularity tolerance value for a circle having a diameter
tolerance of (12.0 - 12.8) should be less than 0.8. If this
tolerance relationship is not maintained (e.g., the circu-
larity tolerance is larger than the diameter tolerance) the
validation tool indicates an illegal specification of a cir-
cularity control. Additionally, the validation tool may also
check if the circularity tolerance value is a refinement of
other geometric tolerances that control the circularity of
the toleranced element (step 412). In some embodi-
ments, that circularity control refinement must be less
than 70% of the geometric tolerance value. In other em-
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bodiments, an alternative refinement standard may be
used (e.g., less than 60%) If a valid circularity control
refinement is used, the validation tool identifies a legal
specification of circularity control (step 414).
[0056] Fig. 10 illustrates an exemplary process 450
that determines whether a GD&T straightness control
that is applied to a surface element is correctly applied
in a CAD drawing. As with other processes discussed
above, the process 450 can be carried out by the valida-
tion software tool during step 94 of the process 80 (Fig.
2). The process 450 begins by determining if any datum
references are specified (step 452). In some embodi-
ments, no datum references are allowed when specifying
a straightness control to a surface element. As such, if
datum references are included in the straightness control
frame, the specification of the straightness control is iden-
tified as illegal (step 454). If no datum references are
included, the validation tool verifies that the straightness
control is actually applied to a surface element (step 456).
In some embodiments, due to limited drafting views (e.g.,
limited viewing angles on the screen of the computer 20),
the GD&T control frame is attached to an edge of an
element instead of a surface of an element. As such, the
validation tool must verify that the straightness control is
applied to an edge that belongs to a surface. If the
straightness control is not applied to a surface element,
the specification of the straightness control is identified
as illegal (step 454).
[0057] Next, the validation tool verifies that the straight-
ness control is applied in a drafting view where the con-
trolled elements (i.e., the elements to which the straight-
ness control is applied) are shown as a straight line (step
458). If the controlled element is not shown as a generally
straight line, the validation tool indicates an illegal spec-
ification of a straightness control (step 454). The valida-
tion tool also checks the control frame for tolerance mod-
ifiers (step 460). In some embodiments, the validation
tool only allows free state and statistical tolerance mod-
ifiers in the control frame. As such, if other tolerance mod-
ifiers are included, the validation tool indicates an illegal
specification of a straightness control (step 454). Addi-
tionally, the validation tool verifies that the straightness
tolerance value is a refinement of another geometric tol-
erance that controls the straightness of the toleranced
element (as described above) (step 462). If a valid
straightness control refinement is used (e.g., a refine-
ment less than 70% of the other geometric tolerance),
the validation tool indicates that the straightness control
specification is legal (step 464).
[0058] Fig. 11 illustrates an exemplary process 500
that determines whether a GD&T straightness control
that is applied to an FOS is correctly applied in a CAD
drawing. In some embodiments, the process 500 is car-
ried out by the validation tool during step 94 of the process
80 (Fig. 2). The process 500 begins by determining if any
datum references are specified (step 502). In some em-
bodiments, no datum references are allowed when spec-
ifying a straightness control to an FOS. As such, if datum

references are included in the straightness control frame,
the specification of the straightness control of an FOS is
identified as illegal (step 504) by the validation tool. If no
datum references are included, the validation tool checks
if the straightness control is applied to a planar or cylin-
drical FOS (step 506). If the straightness control is ap-
plied to a planar FOS, the validation tool verifies that a
diameter symbol is not specified in the tolerance portion
of the straightness control frame (step 508). If a diameter
symbol is included in the tolerance portion of the control
frame, the validation tool identifies an illegal specification
of straightness control that is applied to an FOS (step
504). Alternatively, if the straightness control is applied
to a cylindrical FOS, the validation tool verifies that a
diameter symbol is included in the tolerance portion of
the control frame (step 510). If the diameter symbol is
not included, the validation tool identifies an illegal spec-
ification straightness control that is applied to a FOS (step
504).
[0059] After verifying that a diameter symbol is not in-
cluded in the planar frame (step 508) and a diameter is
included in the cylindrical frame (step 510), the validation
tool verifies that projected and tangential tolerance sym-
bols are not included in the control frame (step 512). If
projected and tangential tolerance symbols are included,
the validation tool identifies an illegal specification of a
straightness control that is applied to an FOS (step 504).
Finally, the validation tool verifies that the straightness
tolerance value for the FOS is a refinement of another
dimension tolerance (if included) that controls the
straightness of the toleranced FOS (as previously de-
scribed) (step 514). For example, in some embodiments,
the straightness tolerance must be less than 70% of di-
mension tolerances including position, total runout, pro-
file of surface, and cylindricity, if such dimension toler-
ances are applied to the controlled element. If a valid
refinement is included, the validation tool identifies that
the specification of straightness control for an FOS is
legal (step 516).
[0060] Fig. 12 illustrates an exemplary process 550
that determines whether a GD&T cylindricity control is
correctly applied in a CAD drawing. Similar to the process
500 (Fig. 11), the process 550 begins by determining if
any datum references are specified (step 552), and if
they are, the validation tool identifies an illegal specifica-
tion of a cylindricity control (step 554). If no datum refer-
ences are included, the validation tool verifies that illegal
tolerance modifiers are not specified (step 556). In some
embodiments, illegal tolerance modifiers include diame-
ter, maximum material condition, least material condition,
tangential, and projected modifiers. Next, the validation
tool verifies that the control is applied to a cylindrical fea-
ture (step 558), and that the tolerance value of the cylin-
dricity control is less than the diameter tolerance (step
560). If both of those steps (steps 558 and 560) are true,
the validation tool verifies that the value of the cylindricity
control is a refinement of another geometric tolerance (if
included) (step 562). In some embodiments, the refine-
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ment must be less than 70% of total runout and profile
of surface tolerances. If the cylindricity control is not ap-
plied to a cylindrical feature, the tolerance value of the
cylindricity control is less than the diameter tolerance, or
the refinement does not meet the refinement require-
ments, the validation tool identifies an illegal specification
of a cylindricity control (step 554). If such conditions are
met, the validation tool identifies that the specification of
cylindricity control is legal (step 564).
[0061] Fig. 13 illustrates an exemplary process 600
that determines whether a GD&T symmetry control is
correctly applied in a CAD drawing. In some embodi-
ments, the first step of the process 600 is verifying that
the referenced datum specify a datum center plane (step
602). For example, the validation tool verifies that the
datum are attached to an FOS and are also inline with a
dimension line (i.e., the datum are not offset). The next
step is verifying that the feature control frame is applied
to two or more surfaces that are symmetrical about the
datum center plane (step 604). If either step 602 or step
604 is not true, the validation tool identifies an illegal
specification of a symmetry control (step 606). The next
steps in the process 600 include verifying that illegal tol-
erance modifiers and datum modifiers are not included
in the control frame (steps 608 and 610, respectively). In
some embodiments, only free state and statistical toler-
ance modifiers are allowed, and no datum modifiers are
allowed. If illegal modifiers are used, the validation tool
indicates an illegal specification of a symmetry control
(step 606). If only the allowed tolerance modifiers are
included, and no datum modifiers are included, the vali-
dation tool identifies a legal specification of symmetry
control (step 612).
[0062] Fig. 14 illustrates a process 650 that determines
whether a GD&T parallelism control is correctly applied
in a CAD drawing. In some embodiments, the process
650 can also be used to determine whether a perpendic-
ularity control symbol and an angularity control symbol
are correctly applied. However, in the interest of brevity,
the process 650 will only be described with respect to a
parallelism control symbol. One of ordinary skill in the art
should realize that the rules described with respect to
validating a parallelism control symbol can be similarly
applied to perpendicularity and angularity control sym-
bols.
[0063] The process 650 begins by verifying that at least
one datum reference is specified (step 652), and that the
parallelism control is applied to an element that is parallel
to the datum(s) referenced (step 654). If the conditions
set forth in the first two steps (step 652 and step 654) of
the process 650 are not true, an illegal specification of a
parallelism control is identified (step 656). Next, the val-
idation tool checks if the parallelism control is applied to
a surface or an FOS (step 658). If the parallelism control
is applied to an FOS, the validation tool checks for illegal
tolerance modifiers such as the tangential modifier (step
660). Alternatively, if the parallelism control is applied to
a feature (e.g., a surface), the validation tool checks for

illegal tolerance modifiers including maximum material
condition, least material condition, tangential, diameter,
and projected tolerance (step 662). If any of the illegal
tolerance modifiers are specified, the validation tool iden-
tifies an illegal specification of parallelism control (step
656). The validation tool then checks for illegal datum
modifiers (step 664). In some embodiments, illegal datum
modifiers include free state, statistical tolerance, tangen-
tial, projected tolerance, and diameter modifiers. If illegal
datum modifiers are included, the validation tool identifies
an illegal specification of a parallelism control (step 656).
[0064] Next, the validation tool checks if the parallelism
control is linked to a diametrical dimension (step 666). If
there is a link to a diametrical dimension, the validation
tool verifies that a diameter symbol is included in the con-
trol frame (step 668). If the parallelism control is not linked
to a diametrical dimension, the validation tool verifies that
a diameter symbol is not included in the control frame
(step 670). If the diameter symbol is correctly applied,
the validation tool verifies that the parallelism control is
a refinement of other dimensional tolerances that control
the parallelism of the specified element (step 672) (as
previously described). In some embodiments, the paral-
lelism control value must be a refinement of geometric
tolerances including diameter, total runout, and profile of
surface tolerances, if such tolerances are specified. If the
tolerance value satisfies the refinement rule set forth in
step 672, the validation tool identifies a legal specification
of parallelism control (step 674). As described above, the
process 650 can be similarly applied to perpendicularity
and angularity control symbols. As such, the tolerance
values for such control symbols must be a refinement of
a flatness tolerance, if a flatness tolerance is applied to
the controlled element.
[0065] In some embodiments, each of the steps of the
processes shown in Figs. 4-14 are carried out by the
validation tool upon initialization, regardless of the out-
come of the steps. For example, in the process 150
shown in Fig. 4, steps 170, 172, 174, 176, 178, and 180
are all completed regardless of whether the evaluation
of any of the steps leads to step 158 (i.e. the specification
of profile control is illegal). As a result, multiple errors in
the drawing can be discovered with a single iteration of
the processes.
[0066] In addition to validating GD&T, the validation
tool can validate other elements of the drawing. For ex-
ample, the validation tool identifies entities that are not
attached to or incorporated with the component in the
drawing (e.g., "floating" or "fake" components that are
not associated with other components in the drawing).
Such components may be added to the drawing in an-
other view (e.g., expand view), but are not tied to other
drawing views and cannot be related to other drawing
components. Additionally, the validation tool identifies il-
legally specified datum. For example, if a datum feature
is included in a control frame, the validation tool verifies
that the datum feature is specified in the drawing. Alter-
natively, if a datum feature is included in the drawing, the
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validation tool verifies that the datum feature is included
in at least one feature control frame. The validation tool
can also verify that datums are correctly aligned with di-
mension lines. For example, if a datum is applied to a
feature of size, the validation tool verifies that the datum
is inline with the corresponding dimension line. Alterna-
tively, if a datum is applied to a feature, the validation
tool verifies that the datum is offset from the correspond-
ing dimension line. Additionally, the validation tool can
verify the presence of a drawing title block, and whether
the title block conforms to certain title block standards
(e.g., ASME title block standards). The validation tool
can also verify that GD&T symbols that are included in
the drawing are attached to a feature, an FOS, a feature
extension line, or a dimension line (i.e., the GD&T sym-
bols are not "floating" in the drawing).
[0067] Fig. 15 illustrates an embodiment of the drawing
120 (see Fig. 3) that includes illegal GD&T indicators
700. In some embodiments, the illegal indicators 700 in-
clude an error number that is enclosed by a circle. In
other embodiments, the illegal indicators 700 may be dis-
played differently (e.g., an error number enclosed by a
different shape, a colored error number, an alternative
indicator symbol, etc.). The illegal indicators 700 notify a
user that GD&T symbols, dimensions, and/or datum have
been illegally applied in the drawing 120 (step 96 of the
process 80 shown in Fig. 2). The illegal indicators 700
are added to the drawing 120 after the validation tool is
run. As such, each illegal indicator 700 refers to a step
or condition in one of the processes (see Figs. 4-14) that
was not satisfied.
[0068] In some embodiments, the illegal indicators 700
are interactive such that a user can select the illegal in-
dicator 700 using a user input device (see Fig. 1) while
the drawing 120 is displayed on the screen 24. Selecting
the illegal indicator 700 initializes an informational "win-
dow" to appear, which can provide the reason that the
symbol was identified as being illegally applied. Addition-
ally or alternatively, descriptive information regarding
each identified illegal symbol can be included in a sepa-
rate report (described below), as well as a help or user
manual (also described below). In some embodiments,
the user can remove the illegal indicators 700 from the
drawing 120 after the illegal indicators 700 have been
inspected. For example, the user may print a hard-copy
of the drawing 120 with the illegal indicators 700 after the
validation tool is run, and then return the drawing 120 to
its prior state (without the illegal indicators 700 being dis-
played) with a single actuation of one of the user input
devices (see Fig. 1).
[0069] Fig. 16 illustrates an exemplary report 750. In
some embodiments, the report 750 is created (e.g., in
step 100 of the process 80 shown in Fig. 2) by the vali-
dation tool after the validation tool has identified the illegal
GD&T in the drawing 120. As such, the report 750 can
be linked to the drawing 120 such that each illegal indi-
cator 700 included in the drawing 120 corresponds to a
portion of the report 750 (described below). The report

750 generally includes a drawing information portion 754
and an illegal indicator information portion 758. The draw-
ing information portion 754 recites information about the
drawing including the file name, the number of GD&T
applications (e.g., the application of GD&T rules or con-
trols) that were identified by the validation tool, the
number of datum symbols that were identified by the val-
idation tool, and the total number of errors or illegal GD&T
applications that were identified by the validation tool.
However, the drawing information portion 754 may in-
clude more or less information than that shown in Fig.
16. For example, in an alternative embodiment, the draw-
ing information portion 754 also includes information re-
garding the date of drawing creation, the drawing revi-
sion, etc.
[0070] The illegal indicator information portion 758 pro-
vides information about each illegal GD&T application.
In some embodiments, the information is grouped by il-
legal indicator (e.g., the error code of the illegal indicator)
768. Descriptive fields can be listed below each error
code 768 to provide a full description of the illegally ap-
plied GD&T application. For example, in the embodiment
shown in Fig. 16, the fields include type of error 770,
drawing sheet name 772, drawing view name 774, loca-
tion name 776, symbol identification ("ID") number 778,
and specification 780. Additionally, in some embodi-
ments, a user manual section field 782 is also included
(as described below).
[0071] The type of error field 770 indicates the type of
error that was identified by the validation tool. For exam-
ple, in the embodiment shown in Fig. 16, the type of error
field 770 indicates that a GD&T profile of surface control
has been used incorrectly. The drawing sheet name field
772 provides the assigned name of the drawing (e.g., a
name applied to the drawing when the drawing was
saved). If the drawing has not been assigned a name by
a user, the drawing sheet name field 772 may be blank.
Alternatively, if unnamed, the drawing sheet may be as-
signed a default name when the validation tool is run,
causing the drawing sheet name field 772 to include the
default name. In some embodiments, drawings can in-
clude more than one drawing view for the same modeled
component (described above). As such, the drawing view
name field 774 includes the name of the drawing view in
which the illegal GD&T application has been identified
on. The location name field 776 provides information re-
garding the on-screen or on-drawing location of the illegal
GD&T application. In the embodiment shown in Fig. 16,
the location is described with words (e.g., mid-bottom,
left-top, etc.). However, the location can be described
differently, for example, using a grid system.
[0072] The symbol ID number field 778 provides error
code information that corresponds to each indication of
illegal GD&T applications. For example, in some embod-
iments, each step of the processes (see Figs. 4-14) is
assigned an error number. If the validation tool identifies
an error while completing a step of the processes, the
validation tool associates the error number assigned to
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that step with the identified error. As such, the error
number provides a user with the precise step in the val-
idation tool processes that was identified by the validation
tool as being illegal. Additionally, the specification field
780 provides a short description of the error code. For
example, if the error code associated with step 154 of
the process 150 is flagged, the specification field indi-
cates that the type of profile (e.g., planar, coplanar, true
profile) was not known.
As noted, in some embodiments, a user or help manual
is included with the validation tool, which provides de-
tailed information about each step of the processes. In
such embodiments, the user manual section field 782
indicates a section of a user manual that corresponds to
the identified error. An exemplary portion of a user man-
ual 800 is shown in Fig. 17. A user can reference the
user manual 800 to obtain more details about each error,
as well as possible correction instructions or procedures
to remedy the error. For example, in the embodiment
shown in Fig. 16, the user manual section field 782 indi-
cates that section 01-1C provides information about the
GD&T profile of surface control. The user manual 800
provides a relatively simplified example 805, as well as
information regarding the improper GD&T application. In
some embodiments, the user manual 800 is electronic,
and is initialized by selecting one of the error indicators
700, as described with respect to Fig. 15. In other em-
bodiments, the user manual 800 is a hard-copy manual.
[0073] Referring again to Fig. 16, the validation tool
report 750 can also provide other details about the draw-
ing 120. For example, in the embodiment shown in Fig.
16, the validation tool report 750 includes a symbol in-
formation section 784 which lists the total number of times
each type of GD&T is used and how many times the type
of GD&T was identified as being illegal. Additionally, the
validation tool report 750 includes a datum information
section 786, which provides information about illegally
applied datum. For example, the datum information sec-
tion 786 includes information regarding datum features
that were applied in the drawing but not called out in any
feature control frames. Alternatively, the datum informa-
tion section 786 can also include information about datum
features that were included in feature control frames, but
not called out in the drawing. In other embodiments, the
validation tool report 750 can include more or less infor-
mation than shown in Fig. 16. For example, in an alter-
native embodiment, an abbreviated report can be created
that lists only error code and location information.
[0074] Thus, at least in one embodiment, a software
validation tool is used to validate a CAD drawing that
includes one or more dimensioning and tolerancing sym-
bols, modifiers, and/or feature control frames. The soft-
ware validation tool can also be used to verify the manner
in which the features are attached to the feature control
frames. Additionally, the GD&T magnitude and shape
are verified for correctness along with the relationship
between features/features of size that are linked by the
GD&T feature control frame. The GD&T feature control

frame, symbols, and modifiers are a dimensioning tool
that controls the shape, size, location, and orientation of
the feature/feature of size and links the features/features
of size to other features/features of size and to datums.
The software validation tool helps ensure that all the
GD&T dimensioning tools define all these functions and
relationships correctly. The rules that are imbedded in
the validation tool software determine if the GD&T dimen-
sioning tool is being correctly defined on the CAD drawing
and creates a report on each rule that is illegal or ques-
tionable. The error is numbered on the CAD drawing and
the number is used in the report to help the operator
locate the error on the drawing. The report describes why
it is illegal and provides the location in the user manual
where an example of the error is shown along with ex-
amples on how to correct the error (e.g,. see Fig. 17).
Various embodiments of the invention are set forth in the
following claims.
The following features, separately or in any combination,
may also constitute advantageous embodiments of the
described or claimed invention:

• A computer-implemented method of validating an
application of geometric
dimensioning and tolerancing ("GD&T") in a drawing,
the method comprising:

identifying illegal symbols, modifiers, or both
that are contained in a GD&T feature control
frame;
identifying symbols, modifiers, or both that are
illegally used or improperly located within a fea-
ture control frame;
verifying that links between features and the
GD&T feature control frames are correct;
verifying that tolerances included in the GD&T
feature control frames are related to features
that can be defined by magnitude and shape;
verifying that defined datums follow predeter-
mined design practices;
verifying that tolerances included in the GD&T
feature control frames are either 1) refinements
that are relative to other GD&T feature control
frames, or 2) refinements that are relative to lo-
cation or size tolerances;
verifying that methods used to attach the GD&T
feature control frames to the features are cor-
rect;
verifying that all of datums utilized in the feature
control frames of the drawing are actually ap-
plied to components within the drawing; and
verifying that datums that are defined within the
drawing are utilized in the GD&T control frames.

• A drawing validation tool comprising:

a process module, wherein the process module
includes at least one process for validating the
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specification of geometric dimensioning and tol-
erancing with a set of geometric dimensioning
and tolerancing rules;
an identification module, wherein the identifica-
tion module identifies an illegal specification of
geometric dimensioning and tolerancing,
wherein the illegal specification includes geo-
metric dimensioning and tolerancing that does
not satisfy the set of rules; and
a report module, wherein the report module pro-
duces a report that contains information regard-
ing the illegal specification of geometric dimen-
sioning and tolerancing.

• The claimed or described drawing validation tool,
wherein the process module includes a process for
validating the specification of at least one of a profile
control, a TOP control, a flatness control, a runout
callout, a concentricity control, a circularity control,
a straightness control, a cylindricity control, a sym-
metry control, a parallelism control, a perpendicular-
ity control, and an angularity control.

• The claimed or described drawing validation tool, fur-
ther comprising a datum module, wherein the datum
module compares datum in a drawing to datum in-
cluded in a feature control frame of the drawing.

• The claimed or described drawing validation tool, fur-
ther comprising a modifier module, wherein the mod-
ifier module evaluates at least one of a datum mod-
ifier and a tolerance modifier associated with the
specification of the geometric dimensioning and tol-
erancing rules.

• The claimed or described drawing validation tool, fur-
ther comprising a refinement module, wherein the
refinement module verifies the at least one datum
modifier and tolerance modifier are refinement tol-
erances less than 70 percent of another geometric
tolerance.

• The claimed or described drawing validation tool, fur-
ther comprising a user manual, wherein the user
manual provides correction instructions regarding
each illegal specification of geometric dimension and
tolerancing, and the report manual references the
user manual.

Claims

1. A computer-implemented method of validating an
application of geometric dimensioning and toleranc-
ing ("GD&T") in a drawing, the method comprising:

creating a drawing having at least one drawing
element;

applying geometric dimensioning and toleranc-
ing to the at least one drawing element of the
drawing;
verifying the legality of the applied geometric di-
mensioning and tolerancing with a software val-
idation tool; and
indicating an illegal application of geometric di-
mensioning and tolerancing with the software
validation tool.

2. The method of claim 1, further comprising generating
a report with the software validation tool, wherein the
report contains information regarding each indicated
illegal application of the geometric dimensioning and
tolerancing.

3. The method of claim 2, further comprising including
specification information regarding each illegal ap-
plication of geometric dimensioning and tolerancing
in the report.

4. The method of claim 2, further comprising providing
correction instructions regarding each indicated ille-
gal application of the geometric dimensioning and
tolerancing.

5. The method of claim 4, wherein providing correction
instructions includes providing a correction manual,
and wherein the report references the correction
manual.

6. The method of claim 4, wherein the correction in-
structions include one or more example drawings.

7. The method of claim 1, further comprising specifying
at least one datum feature in the drawing.

8. The method of claim 7, further comprising verifying
the at least one datum feature is included in at least
one feature control frame.

9. The method of claim 1, further comprising evaluating
at least one of a datum modifier and a tolerance mod-
ifier associated with the application of geometric di-
mensioning and tolerancing.

10. The method of claim 9, further comprising verifying
the at least one datum modifier and tolerance mod-
ifier are refinement tolerances less than 70 percent
of another geometric tolerance.

11. The method of claim 1, further comprising integrating
the software validation tool into an existing computer
aided design software application.

12. The method of claim 1, further comprising identifying
a drawing entity that is drawn using an expand view.
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13. The method of claim 1, further comprising verifying
the alignment of datum with respect to dimension
lines.

14. A computer-implemented method of validating geo-
metric dimensioning and tolerancing ("GD&T") in a
drawing having at least one application of GD&T to
a drawing element, the method comprising:

initializing a software validation tool, wherein the
software validation tool includes at least one
GD&T validating process, wherein the at least
one GD&T validating process includes a set of
rules defining the legality of applied GD&T; and
generating a report with the software validation
tool, wherein the report contains each applica-
tion of GD&T that does not satisfy the rules in-
cluded in the at least one GD&T validating proc-
ess.

15. The method of claim 14, further comprising specify-
ing at least one datum feature in a feature control
frame of the drawing.

16. The method of claim 15, further comprising verifying
that the at least one datum feature is included in the
drawing.

17. The method of claim 14, further comprising providing
correction instructions regarding each indicated ille-
gal application of the geometric dimensioning and
tolerancing.

18. The method of claim 17, wherein providing correction
instructions includes providing a correction manual,
and wherein the report references the correction
manual.

19. The method of claim 18, further comprising verifying
the at least one datum modifier and tolerance mod-
ifier are refinement tolerances less than 70 percent
of another geometric tolerance.

20. The method of claim 14, further comprising integrat-
ing the validation software tool into an existing com-
puter aided design software application.

21. A drawing validation tool comprising:

a processor and at least one memory, the at
least one memory having instructions that com-
prise:

a process module, wherein the process
module includes at least one process for
validating the specification of geometric di-
mensioning and tolerancing with a set of ge-
ometric dimensioning and tolerancing rules;

an identification module, wherein the iden-
tification module identifies an illegal speci-
fication of geometric dimensioning and tol-
erancing, wherein the illegal specification
includes geometric dimensioning and toler-
ancing that does not satisfy the set of rules;
and
a report module, wherein the report module
produces a report that contains information
regarding the illegal specification of geo-
metric dimensioning and tolerancing.

22. The drawing validation tool of claim 21, wherein the
process module includes a process for validating the
specification of at least one of a profile control, a
TOP control, a flatness control, a runout callout, a
concentricity control, a circularity control, a straight-
ness control, a cylindricity control, a symmetry con-
trol, a parallelism control, a perpendicularity control,
and an angularity control.

23. The drawing validation tool of claim 21, further com-
prising a datum module, wherein the datum module
compares datum in a drawing to datum included in
a feature control frame of the drawing.

24. The drawing validation tool of claim 21, further com-
prising a modifier module, wherein the modifier mod-
ule evaluates at least one of a datum modifier and a
tolerance modifier associated with the specification
of the geometric dimensioning and tolerancing rules.

25. The drawing validation tool of claim 24, further com-
prising a refinement module, wherein the refinement
module verifies the at least one datum modifier and
tolerance modifier are refinement tolerances less
than 70 percent of another geometric tolerance.

26. The drawing validation tool of claim 21, further com-
prising a user manual, wherein the user manual pro-
vides correction instructions regarding each illegal
specification of geometric dimension and toleranc-
ing, and the report manual references the user man-
ual.
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