MET 3410, Geometric Dimensioning and Tolerancing, Spring 2014
Metropolitan State University, Denver, Mechanical Engineering Technology
Prof. William J. (Jack) Rickard, CMQ/oe, Sen. GDTP, BSBA, MBA, 720-291-6736, wrickard@msudenver.edu

AS 2a  BASIC-DIMENSION WRITING ASSIGNMENT (due February 13, 2014)

ASSIGNMENT: Write a comprehensive paper at least 3 pages long on the application of BASIC DIMENSIONS—include illustrations.  This is a mandatory paper.  Below is a collection of information from Y14.5 and Y14.5.1 for your reference.  Also see the textbook index under ‘basic dimension’ and ‘point-of-origin symbol’.
These questions must be ADDRESSED in your paper:
· What is a ‘zero basic’ dimension?
· How much tolerance is a basic dimension allowed?
· Basic dimensions are used for three completely different purposes—what are they?
· Are basic dimensions always enclosed in a box?
· May an angle be a basic dimension?

Datums are the origins of basic dimensions.  A Datum exists only for the sake of the features related to it—features become Datums only when they are referenced in a Feature-Control Frame.  A Point of Origin symbol creates an origin plane (implied datum) established by the same rules provided for primary Datum features (see last section of this article from Y14.5.1 ‘Mathematical Definitions’).  Remember: when any feature is located from a datum plane the measurement is always made from the corresponding-feature plane, never from the part-plane alone.  The high points of the datum surface create a tangent plane designated as the origin plane for the measurement—note that this method excludes the flatness of the origin surface.  Another drawback of coordinate tolerancing is that it gives no indication about where the dimension originates, with Geometrics the dimension origin is clearly indicated by the datum or point-of-origin symbol.  (see page 30 in the textbook)
FORWARD from ASME Y14.5-2009:  The main object for this revision has been to rearrange the material to better direct the thought process of the user when applying Geometric Dimensioning and Tolerancing.  The subject matter has been rearranged to reflect the way GD&T is applied…  When applying GD&T the first consideration is, 1) to establish a datum reference frame based on the function of the part in the assembly with its mating parts. After the datum reference frame is established, 2) the form of the primary datum feature is controlled, 3) followed by the orientation and/or location of the secondary and tertiary datum features. After the datum features are related relative to each other, 4) the remaining features are controlled for orientation and location relative to the datum reference framework.  5) Further rearrangement has occurred within each section so that the basic concepts are presented first and then the material builds to the more complex. The subcommittee believes this will aid the user of the Standard to better understand the subject of Dimensioning and Tolerancing.

NOTE: The user’s attention is called to the possibility that compliance with this Standard may require use of an invention covered by patent rights.

1.1 SCOPE  This Standard establishes uniform practices for stating and interpreting dimensioning, tolerancing, and related requirements for use on engineering drawings and in related documents. For a mathematical explanation of many of the principles in this Standard, see ASME Y14.5.1. Practices unique to architectural and civil engineering and welding symbology are not included. 

1.4 Selected FUNDAMENTAL RULES  Dimensioning and tolerancing shall clearly define engineering intent and shall conform to the following.  (e) The drawing should define a part without specifying manufacturing methods. Thus, only the diameter of a hole is given without indicating whether it is to be drilled, reamed, punched, or made by any other operation.  (g) Dimensions should be arranged to provide required information for optimum readability.  Dimensions should be shown in true profile views and refer to visible outlines.  (k) A zero basic dimension applies where axes, center planes, or surfaces are shown coincident on a drawing, and geometric tolerances establish the relationship among the features. See para. 2.1.1.4.  (l) Unless otherwise specified, all dimensions and tolerances are applicable at 20°C (68°F) in accordance with ANSI/ASME B89.6.2. Compensation may be made for measurements made at other temperatures.

1.9 LOCATION OF FEATURES  Rectangular coordinate or polar coordinate dimensions locate features with respect to one another, and as a group or individually, from a datum or an origin.  The features that establish this datum or origin must be identified.  See para. 7.2.1.3. Round holes or other features of symmetrical contour are located by giving distances, or distances and directions, to the feature centers.

7.2.1.3 Identifying Features to Establish Datums. It is necessary to identify features or features of size on a part to establish datums for dimensions locating true positions except where the positioned features establish the primary datum.  (The exception is explained in para. 7.6.2.3.)

ASME Y14.5.1M-1994 MATHEMATICAL DEFINITION OF DIMENSIONING AND TOLERANCING PRINCIPLES

2.2 DIMENSION ORIGIN  When a dimension origin is specified for the distance between two features, the feature from which the dimension originates defines an origin plane for defining the tolerance zone. In such cases, the origin
plane shall be established using the same rules as provided for primary datum features. See Section 4,
Datum Referencing.
4.4.1 Degrees of Freedom. The tables in Subsection 4.7 tabulate invariants for all possible datum reference frames. These tables show the possible combinations of datum geometries that can be used to establish datum reference frames. A datum reference frame may not fully constrain the coordinate system for locating and orienting tolerance zones.  other words, a datum reference frame may leave certain translational or rotational transformations free.  An invariant in a datum reference framies a quantity (distance or angle) that does not change under free transformations allowed by that frame.  The location of a completely defined datum reference frame is restricted in three translational directions (x, y, and z) and in three rotational orientations (u, v, and w) where u is rotation around the x axis, v is rotation around the y axis and w is rotation around the z axis. Tables 4-2 through 4-4 show the various combinations of datums and, for each case, the free transformations (degrees of freedom) and the invariants. Depending on how a designated features toleranced from a datum reference frame, a partially constrained datum reference frame may be sufficient to evaluate the designated feature. For example, if the datum reference frame is defined by only a plane (case 3.1 in Table 4-4), which leaves one rotational
and two translational degrees of freedom, then it is sufficiently defined to evaluate the parallelism or perpendicularity of a designated feature with respect to the plane.

5.2.2 In Terms of the Resolved Geometry of a Feature.  (a) Definition For features within a pattern, a position tolerance specifies that the resolved geometry (center point, axis, or center plane, as applicable) of each actual mating envelope (for features at MMC or RFS) or actual minimum material envelope (for features at LMC) must lie within a corresponding positional tolerance zone. Each zone is bounded by a sphere, cylinder, or pair of parallel planes of size
equal to the total allowable tolerance for the corresponding feature. Each zone is located and oriented by the basic dimensions of the pattern. A position tolerance zone is a spherical, cylindrical, or parallel plane volume: defined by all points P that satisfy the equation r(P ) 5 b, where b is the radius or half width of the tolerance zone.
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The above diagram from ASME Y14.41-2003 Digital Definitions—however it is a BOGUS example because: 1) datums are not shown, 2) a feature-control-frame is not shown and, 3) the mating part is not shown.  As a learning exercise and based on what you know about GD&T, add appropriate FCFs and other necessary dimensions; in addition describe what the mating part might look like.
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GENERAL FACTS ABOUT BASIC DIMENSIONS
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DATUM TARGET AREAS: Basic Dimensions specifying gage-makers tolerance without FCF	s

[image: ]
[image: ]
[image: ]
[image: ]

PROFILE FCFs AND CORRESPONDING BASIC DIMENSIONS
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DIMENSION ORIGIN (DO) OR POINT OF ORIGIN (PoO) SYMBOL AND DEFINITION
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The following D.O. information is from ASME Y14.5.1M-1994 “Mathematical Definitions”…
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LAST NAME ________________________

MET 3410 Geometric Dimensioning & Tolera ncing
Fall Semester, 2013 William J (Jack) Rickard, CMQ/oe, Sen. GDTP, BSBA, MBA
email: wrickard@msudenver.edu cell: 720-291-6736

GD&T “Basic-Dimension Essay” Grading Criteria

1) Writing-Center formatting, 25%, 50 points out of 200
· Title Page
· Page Numbers
· Subject Section Headings
· References (ASME Y14.5-2009 must be referenced!), Bibliography; Footnotes and Illustrations are always numbered consecutively.
#1 TOTAL ___________

2) Were the specific exam questions answered correctly using logical sentence structure?
These five questions must be ADDRESSED in your paper!  50%, 100 points out of 200

· What is a ‘zero basic’ dimension?
· How much tolerance is a basic dimension allowed?
· Basic dimensions are used for three completely different purposes—what are they?
· Are basic dimensions always enclosed in a box?
· May an angle be a basic dimension?
· NOTE: in some cases the general concepts were addressed while the specific questions remained unanswered!		 #2 TOTAL ___________

3) How many general concepts were addressed cogently, simply and with originality and what was done to differentiate the paper?  25%, 50  points out of 200
· The importance of Profile
· Point-of-Origin symbol addressed
· degrees-of-freedom
· ‘sticky-not’ comments
· Folder or report-cover
· ASME or Writing-Center guideline attached or referenced
· History of GD&T
#2 TOTAL ___________
Class Questions: What is literacy? 
Is it use of vocabulary, spelling, word usage, pronunciation, and the ability to write or speak per standard methods?  How similar is literacy to professional credibility?  Note that ancient Greek was written in all caps without punctuation or paragraphs.

[bookmark: _GoBack]GRAND TOTAL ___________ out of 200 points
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MET 3410 - Assignment by Devi Kalla is licensed under a Creative Commons Attribution 4.0 International License.
Permissions beyond the scope of this license may be available at https://www.cccs.edu/partnering-for-success/trade-adjustment-assistance/taa-champ/.
This workforce product was funded by a grant awarded by the U.S. Department of Labor’s Employment and Training Administration. The product was created by the grantee and does not necessarily reflect the official position of the U.S. Department of Labor. The U.S. Department of Labor makes no guarantees, warranties, or assurances of any kind, express or implied, with respect to such information, including any information on linked sites and including, but not limited to, accuracy of the information or its completeness, timeliness, usefulness, adequacy, continued availability, or ownership.
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Fig.3-10 Basic Dimension Symbol Application
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1.3.23 Dimension, Basic

basic:a ically exact di

NOTE: A basic dimension is indicated by one of the methods
shown in Figs. 3-10 and 7-1.
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Fig.7-1 Identifying Basic Dimensions

(6) Baslc dimenslons In rectangular coordinates.
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(a) Each dimension shall have a tolerance, except for
those dimensions specifically identified as reference, max-
imum, minimum, or stock (commercial stock size). The
tolerance may be applied directly to the dimension (or
indirectly in the case of basig dimensions), indicated by
a general note, o located in a supplementary block of the
drawing format. See ASME Y14.1 and ASME Y14.1M.
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1.3.64 True Position

true position: the theoretically exact location of a fea-
ture of size, as established by basié dimensions.
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7.2 POSITIONAL TOLERANCING

Position is the location of one or more features of size
relative to one another or to one or more datums. A posi-
tional tolerance defines either of the following:

(@) a zone within which the center, axis, or center
plane of a feature of size is permitted to vary from a true
(theoretically exact) position

(b) (where specified on an MMC or LMC basis) a
boundary, defined as the virtual condition, located at the
true (theoretically exact) position, that may not be vio-
lated by the surface or surfaces of the considered feature
ofsi.

Basi¢ dimensions establish the true position from
specified datums and between interrelated features. A
positional tolerance is indicated by the position symbol,
a tolerance value, applicable material condition mod
fiers, and appropriate datum references placed in a fea-
ture control frame.

7.2.1 Components of Positional Tolerancing
The following subparagraphs describe the compo-
nents of positional tolerancing.

7.2.1.1 Dimensions for True Position. Dimensions
used to locate true position shall be basic and defined in
accordance with para. 2.1.1.2. See Fig, 7-1. For applicable
notes in digital data fles, see ASME Y14.41.
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2.1.1.2 Basi¢ Dimensions. Basic dimensions may be
indicated on the drawing in the following ways:

(@) applying the basic dimension symbol to each of the
basic dimensions. See Fig. 7-1,illustrations (a) and (b).

(b) specifying on the drawing (or in a docu-
ment referenced on the drawing) a general note
such UNTOLERANCED DIMENSIONS ARE BASIC. See
Fig.7-1, illustration (c).
NOTE: Where using this method a plus/ minus general tolerance
is not allowed.

() For specifying and querying basic dimensions
on models or digital drawings with models, see ASME
Y1441

2113 Implied 90°Angle. By convention, where center
lines and surfaces of features are depicted on 2D ortho-
graphic engineering drawings intersecting at right angles, a
90° angle is not specified. Implied 90° angles are understood
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to apply. The tolerance on these implied 90° angles is the
same as for all other angular features shown on the field of
the drawing governed by general angular tolerance notes
or general tolerance block values. See para 14(i)
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2.1.1.4 Implied 90° or 0° Basic Angle. Where center
lines and surfaces are depicted on 2D orthographic engi-
neering drawings intersecting at right angles or parallel
to each other and basic dimensions or geometric toler-
‘ances have been specified, implied 90° or 0° basic angles
are understood to apply. The tolerance on the feature
associated with these implied 90° or 0° basic angles is
provided by feature control frames that govern the
location, orientation, profile, or runout of features. See
paras. 1.4(j) and (k).
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ASME Y14.5-2009

Fig. 61 Specifying Angularity for a Plane Surface

Fig.6-2 Specifying Parallelism for a Plane Surface
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- (j) A90° basic angle applies where center lines of fea-
tures in a pattern or surfaces shown at right angles on a
2D orthographic drawing are located or defined by basic
dimensions and no angle is specified. See para. 2.1.1.4.
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(k) Azero basi€ dimension applies where axes, center
planes, or surfaces are shown coincident on a draw-
ing, and geometric tolerances establish the relationship
amone the features. See para. 2.1,
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(d) Where basi€ dimensions are used, associated tol-
erances contain the number of decimal places necessary
for control. The basic dimension value observes the
practices of para. 16.1.
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Fig.2-4 Tolerance Accumulation
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(@ Clain Dimensioning. The maximum  variation
between two features is equal to the sum of the tolerances
on the intermediate distances; this results in the greatest
tolerance accumulation. In Fig. 24 illustration (a), the tol-
erance accumulation between surfaces X and Y is =0.15.

(b) Base Line Dimensioning. The maximum vari
ation between two features is equal to the sum of the
tolerances on the two dimensions from their origin to
the features; this results in a reduction of the tolerance
accumulation. In Fig. 24, illustration (b), the tolerance
accumulation between surfaces X and Y is +0.1.

(©) Direct Dimensioning. The maximum variation
between two features is controlled by the tolerance on
the dimension between the features; this results in the
least tolerance. In Fig. 2-4, ilustration (c), the tolerance
between surfaces X and Y is +0.05.

NOTE: When basic dimensions are used, there is no accumula-
tion of tolerances. A geometric tolerance is required to create the
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baseline, direct) is up to the discretion of the user. Locating features
using directly toleranced dimensions is not recommended.
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1.9.5 Repetitive Features or Dimensions

Repetitive features or dimensions may be specified by
the use of an X in conjunction with a numeral to indicate
the “number of places” required. See Figs. 1-53 through
1-57. Where used with a basié dimension, the X may be
placed cither inside or outside the basic dimension frame.
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2.13 CONICAL TAPERS

Conical tapers include the category of standard
‘machine tapers used throughout the tooling indus-
try, classified as American Standard Self-Holding and
Steep Taper series. See ASME BS.10. American Standard
‘machine tapers are usually dimensioned by specifying
the taper name and number. See Fig. 2-19, illustration
(b). The diameter at the gage line and the length may
also be specified. The taper in inches per foot and the
diameter of the small end may be shown as reference. A
conical taper may also be specified by one of the follow-
ing methods:

(a) abasic taper and a basid diameter (see Fig. 2-21).

(b) asize tolerance combined with a profile of a sur-
face tolerance applied to the taper (see para. 8.42).

(© a toleranced diameter at both ends of a taper and
a toleranced length. See Fig. 2-19, illustration (a).
NOTE: The method described in subpara. (c) is applicable for
noneriical tapers, such as the transition between diameters of a
shaft

(@ a composite profile tolerance.

Conical taper is the ratio of the difference in the diam-
eters of two sections (perpendicular to the axis) of a cone
to the distance between these sections.
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Fig.2-21 Specifying a Basic Taper and a Basic Diameter
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Fig.3-5 Placement of Datum Feature Symbol in
Conjuction With a Feature Control Frame
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4.24.4 Datum TargetAreas

Where it is determined that an area is necessary to
assure establishment of the simulated datum (that is,
where spherical or pointed pins would be inadequate),
2 target area of the desired shape is specified. The datum
target area is indicated by section lines inside a phantom
outline of the desired shape, with controlling dimen-
sions added. The basid size of the area is given in the
upper half of the datum target symbol. See Figs. 3-9 and
448, Where it becomes impracticable to delineate a tar-
get area in the upper half of the datum target symbol,
the method of indication shown in Figs. 35, 4-42, and
447 or basic dimensions may be used to define the shape
and size of the datum target area.
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Fig. 4-48  Appli

tion of Datum Targets to Establish a Datum Reference Frame
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6.4.2 Orientation Tolerance

An orientation tolerance specifies one of the following:

(@ a tolerance zone defined by two parallel planes
at the specified basid angle from, parallel to, or perpen-
dicular to one or more datum planes or a datum axis,
within which the surface or center plane of the consid-
ered feature must lie. See Figs. 6-1 through 6-5.

(b) a tolerance zone defined by two parallel planes
at the specified basic angle from, parallel to, or perpen-
dicular to one or more datum planes or a datum axis,
within which the axis of the considered feature must lie.
See Figs. 66 and 6-7.

(© a cylindrical tolerance zone at the specified basic
angle from, parallel to, or perpendicular to one or more
datum planes or a datum axis, within which the axis of the
considered feature must li. See Figs. 68 through 6-15.

(@ a tolerance zone defined by two parallel lines at
the specified basic angle from, parallel to, or perpen-
dicular to a datum plane or axis, within which the line
element of the surface must lie. See Figs. 6-16 and 6-17.




image26.png
8.2 PROFILE

A profile is an outline of a surface, a shape made up
of one or more features, or a two-dimensional element
of one or more features. Profile tolerances are used to
define a tolerance zone to control form or combinations
of size, form, orientation, and location of a feature(s)
relative to a true profile. Depending upon the design
requirements, profile tolerance zones may or may not
be related to datums. A digital data file or an appropriate
view on a drawing shall define the true profile. A true
profile is a profile defined by basi€ radii, basic angular
dimensions, basic coordinate dimensions, basic size
dimensions, undimensioned drawings, formulas, or
‘mathematical data, including design models. Where
used as a refinement of a size tolerance created by
toleranced dimensions, the profile tolerance must be
contained within the size limits. For more information
on design models, see ASME Y14.41.




image27.png
.8-4  Application of Profile of a Surface Tolerance to a Basic Contour
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8.4.12 Offset Surfaces. A profile of a surface toler-
ance may be used where it is desired to control two or
‘more offset surfaces to each other. The feature control
frame is associated with the applicable surfaces. The
desired offset is shown with a dimension. See
Fig.8-16.
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Fig.8-16  Specifying Profile of a Surface for
Stepped Surfaces
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2.6.1 Dimensional Limits Related to an Origin

In certain cases, it is necessary to indicate thata dimen-
sion between two features shall originate from one of
these features and not the other. The high points of the
surface indicated as the origin define a plane for meas-
urement. The dimensions related to the origin are taken
from the plane or axis and define a zone within which
the other features must lie. This concept does not estab-
lish a datum reference frame as described in Section 4.
Such a case is illustrated in Fig. 2-5, where a part having
two parallel surfaces of unequal length s to be mounted
on the shorter surface. In this example, the dimension
origin symbol described in para. 3317 signifies that
the dimension originates from the plane established by
the shorter surface and dimensional limits apply to the
other surface. Without such indication, the longer sur-
face could have been selected as the origin, thus permit-
ting a greater angular variation between surfaces.
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2.2 DIMENSION ORIGIN

When a dimension origin is specified for the dis-
tance between two features, the feature from which
the dimension originates defines an origin plane for
defining the tolerance zone. In such cases, the origin
plane shall be established using the same rules as are
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provided for primary datum features. See Section 4,
Datum Referencing.
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Fig.C-7 Comparison of Other Symbols

SYMBOL FOR:

ASME Y145

150

DIMENSION ORIGIN

=





image35.png




image1.png
3.3.4 Basic Dimension Symbol
The symbolic means of indicating a basic dimension
shall be as shown in Fig. 3-10.
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