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Basic Dimensions

A basic dimension is considered a theoretically exact dimension. All a basic dimension does is tell you where the geometric tolerance zone or datum target is located. Look for a geometric tolerance in a feature control frame related to the features being dimensioned.
Basic dimensions are used to establish the "true profile" which a profile tolerance will then control. So if a profile tolerance is applied to a hole, the diameter MUST be a basic dimension.

Dimensioning Methods

There are two methods of dimensioning described in Y14.5: rectangular coordinate dimensioning and geometric tolerancing. 
   Rectangular coordinated dimensioning is a simplistic method of dimensioning used to locate features. Liner dimensions specify distance in coordinate directions from two or three mutually perpendicular planes. Rectangular coordinate dimensioning must clearly indicate which features of the part establish these planes.

Geometric tolerancing is a comprehensive set of symbols used as a precise method to communicate engineering drawing requirements. Geometric tolerances are a category of tolerances used to control size, form, profile, orientation, location, and runout. They are the preferred method for locating features of features of size on a part. 


Datum Facts
· Datums are theoretically perfect points, lines, and planes. 
· Datums exist within a structure of three mutually perpendicular intersecting planes known as a datum reference frame. 
· A part is oriented and immobilized relative to the three mutually perpendicular planes of the datum reference frame in a selected order of precedence. 
· Since measurements cannot be made from theoretical surfaces, datums are assumed to exist in and be simulated by the processing equipment. 
· Datums are specified in order of precedence as they appear in the feature control frame. 
· Datum features are selected to meet design requirements. Functional surfaces, mating surfaces, readily accessible surfaces, and surfaces of sufficient size to allow repeatable measurements make good datum features. 
· A datum feature symbol is used to identify physical features of a part as datum features. Datum feature symbols should NOT be applied to centerlines, center planes, or axes. 
· Plane, flat-surface features not subject to size variations make the best datums. 
· When a cylinder is specified as a datum, the entire surface of the feature is considered to be the datum feature. 
· A Symbol Placement Tip
· A subtle difference in the placement of the datum triangle can drastically affect the drawing’s meaning. The first drawing illustrates establishing datum center planes for datums B and C. To do this, the triangles are placed inline with the size dimensions. This approach would be used if the pattern of holes should remain centered on the plate regardless of the actual length and width. 

· Elements on a rectangular, symmetrical part of feature can be located and dimensioned in relationship to a datum center plane. Axis and center plane datum feature symbols must align with or replace the dimension line arrowhead or be placed on the feature, leader shoulder, dimension line, or feature control frame. 
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· If the centering of the pattern of holes is not important, the datum triangles may be offset as shown in the following drawing. Datum planes are established by the sides of the part. Although, this approach is usually preferred by manufacturing, the symmetry of the part is lost and may cause confusion at inspection. Depending on the actual size of the part, the pattern will be controlled better to one side than the other. 
· 
[image: http://www.tec-ease.com/images/tips/october-98-2.gif]






Watch Where You Put That Triangle! 
Placement of the new datum feature symbol (triangle) can be critical. In the first three views below the datum feature symbol is associated with the size dimension of a feature of size. They indicate that a datum axis should be established using the feature indicated.
	[image: http://www.dimcax.com/gdt_web/september-99_files/september-99-1.gif]

	In the view below, the datum may be interpreted as a line lying in a plane tangent to the feature indicated. If line contact is desired a datum target line should be indicated.
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Watch the Placement of Datum Identification Symbols and the Feature Control Frames for Straightness, Perpendicularity, Parallelism and Angularity! 
When applying the above to features of size, the placement of the symbol or callout can greatly change the meaning. If the symbol or control is associated with the size dimension, the feature's axis or center plane is being identified or controlled. If the symbol or control is associated with the surface of the feature of size, it is identifying or controlling the surface - not the axis or center plane. In this example both the datum feature symbol and the perpendicularity apply to the feature's center plane. Notice that there are two center planes.
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	In the second example, both the datum feature symbol and the perpendicularity apply to the left surface of the slot.
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What is the diameter of the 15 +/- 0.1 hole at MMC, at LMC ?
Orientation Tolerances Do Not Locate.
Parallelism locates surfaces. Not True!
Profile locates. True


Often designers need to create symmetrically shaped parts. Symmetrical parts are usually easier to assemble, look better and help maintain balance in a design. Features shown symmetrical must be controlled to avoid incomplete drawing requirements (2.7.3 of ASME Y14.5M-1994). Symmetry is an option in these situations but it is difficult to measure since it requires deriving the features’ median points to determine if they are contained within the specified tolerance zone which is centered on the datum axis or datum center plane.
[image: ]
Position may also be used to assure a symmetrical relationship. The advantages of using Position include the ability to modify the tolerance and datum reference at RFS (implied in 1994 Standard), MMC or LMC. In addition, verification is usually easier for Position than that required for Symmetry since it is the center plane of the Actual Mating Envelope (simulated by the inspection equipment) that must be within the tolerance zone.
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No Need For Those “Half” Dimensions!

(In accordance with the ASME Y14.5-2009 standard)

The last Tip (Oct 2010) brought comments of concern because the drawing does not include "half" dimensions for 20 and 60 dimensions. Since the 60 is basic, adding a 30 would not change the meaning. The pattern of holes is implied centered on the datum center plane and there is a "zero" basic implied dimension. The 20 wide slot on these drawings is directly toleranced rather than controlled indirectly with a profile of a surface tolerance. A "half" dimension could not be used to locate the slot. If a 10±0.05 dimension is added to the drawing, it is not clear where the origin of the dimension is. It could be established by the two holes in the slot or the center plane of the width of the part. The slot is not related to the datum reference frame. Also, the right side of the slot has a tighter tolerance than the left side. The drawing on the right uses a position tolerance to control the location of the center plane of the slot relative to the datum reference frame established by datum features A and B which includes the datum B center plane.

[image: http://www.tec-ease.com/images/tips/nov-10.gif]

Implied Basic Zero Dimension - Where a centerline or center plane of a feature of size is shown in line with a datum axis or center plane, the distance between the centerlines or center planes is an implied basic zero.
When it is important to be certain that the tolerance is totally dependent on the actual size of the feature.
Since Datum B is a feature of size, the material boundary modifier must be used.
Use Position to control Symmetry.
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Composite Profile Tolerance

A composite profile tolerance provides for the location of a profiled feature
and, at the same time, the control of form and orientation. This is done by dotibli
the height of the feature control frame that points to the feature to be controlled. The
profile geometric characteristic symbol is placed in the first compartment. Thelap
halfof the feature control frame is called the locating tolerance zane, This i the
profile tolerance that locates the feature from datums, The related datum reference
s given in the order of precedence in the feature control frame and the feature
tobe controlled is located from datums with basic dimensions. The bottom half
O the feature control frame is called the profile form: and orientation tolerance
Zone. Datum referencing in the lower area establishes the limits of size, form, and
Crientation of the profile related to the locating tolerance zone. The actual feature
surface must be within both tolerance zones, as shown in Example 9-17.
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Example 9-17. A composite profile tolerance provides for the location of a profiled
feature and, at the same time, the control of form and orientation.
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Profile of a Surface All Around or All Over

Surface profile can also be applied to completely blanket objects that have a
constant uniform cross section by placing the all around symbol on the leader line.
When this is done, surfaces all around the object outline must lie between two
parallel boundaries equalin width to the given geometric tolerance. The tolerance
zone should also be perpendicular to a datum plane. Refer to Example 9-11. The
all over symbol, shown in Example 9-11, is used when it is necessary for the profile
tolerance zone to be all over the entire part,
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Example 9-11. Using a profile of a surface tolerance all around or all over.
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