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Unit1l Gedmetric Tolerancing and Metrology

Lesson 1 Geometric Dimensioning and Tolerancing

Introduction

What is Geometric Dimensioning and Tolerancing ( GD&T) ?

GD&T is a three dimensional international engineering language used on
mechanical drawings. This language consists mainly of symbols that are clearly
defined in ASME Y14.5M-1994 put out by the American Society of Mechanical
Engineers. This is the drawing standard used in North America and recognized
throughout the world. It replaces the earlier ANSI Y14.5M1982 standard and has
been expanded to be almost identical to its ISO counterpart. The standards are
complete in identifying ways of using the various geometric symbols and other
methods to clearly show the designer's intent.

Why Do We Need Geometric Dimensioning and Tolerancing?

Proper use of GD&T guarantees the form, fit and function that engineering
intended without assumptions in the shop or elaborate notes that everyone
interprets differently. GD&T will save your company money by providing
consistent interpretations, increasing manufacturing tolerances and promoting
efficiency and quality throughout the engineering, manufacturing and quality
functions. Our experience has revealed that many designers, shop and quality
control personnel, although working with GD&T over several years, do not fully
understand the requirements and/or do not utilize all the benefits of GD&T.

Design and production systems, complexity, computerization, and global
manufacturing have made exacting engineering drawing requirement mandatory.
Functional gaging, tools, components dimensions, and manufacturing benefit
with GD &T. The study of GD&T is important, because it is the communication
glue among design, manufacturing processes, and quality.

Manufacturing and engineering systems require ‘ a language that is
understandable; otherwise, it is not coherent and usable. A technical language is
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defined by a "standard”, and one that is widely used is ASME Y14.5M1994. Our
purpose is to harmonize GD & T with manufacturing process. You may have been
exposed to GD&T in a CAD or drafting class. This unit gives manufacturing

understanding to these symbols.

Dimension and Tolerance

Size and location of a feature are determined by a dimension. Dimensions
are seen in engineering drawings, which represent a number that is approximated
in actual manufacturing. A shaft may have a nominal size of 2 4 in. (63.5 mm) ,
but the exact decimal equivalent measurement is unobtainable in manufacturing.
Although fractional dimensions are found in older drawings, decimal equivalents
are preferred practice. Typically, it is unlikely that manufacturing is able to
produce parts to 2.500 in., becausé there is natural in manufacturing.

Tolerance is the amount of variation permitted in the dimension. All
dimensions have tolerance, either specific or general (which is stated in the title
box). A dimension is a joint number, which includes a basic dimension value
with its tolerance. A tolerance considers functional engineering and
manufacturing requirements. For example, a dimension could be 2.500£0.005,
or 2.510.0005. The dimension given in thousandths or tenththousandths implies
lesser or greater accuracy.

Tolerance is the range of allowable dimensions, knowing that a dimension is
never exact, such as 2.50000 in. A tolerance is similar to the term "significant
digits". It provides the machinist with a cutoff number that is achievable.
Tolerances may be "tight" or have too many significant digits. With a tight
tolerance, cost rapidly increases.

Dimensions are given as limit, unilateral, or bilateral. An example of limit

dimensioning is 3j0:. A limit dimension has the larger value on top, and the

fractional line is omitted between the two values. Limit methods of dimensioning
are preferred practice. Bilateral dimensioning form is 2.500+0.005, where both
tolerance values are equal in this case. Bilateral practice does not require both

tolerance values to be the same. A special case is unilateral, such as 3.495 jg'&‘)g,

where the lower value is zero. Unilateral tolerance means that any variation is
made in only one direction from the nominal dimension.
Manufacturing deals with fitting and mating parts, a shaft in a hole, for
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example. Allowance, which is sometimes confused with tolerance, is defined
differently. It is the minimum clearance space intended between mating parts and
represents the condition of tightest possible fit. Notice Figure 1.1a, where
unilateral tolerances are used. For the two cases in Figure 1.1a, the allowance is
0.001. Similarly in Figure 1.1b, the use of bilateral tolerances shows an allowance
of 0.001. An advantage of the unilateral tolerance permits changing the tolerance
while still retaining the same allowance. A force fit or an interference fit between

mating parts requires the tolerance to have a zero or negative allowance.

Hote tolerance Hole tolerance
2.002 2.002
2.000 %2 2.000 5500~
I o P 2.000%0.0015
2.000 2.000

Alowance 0.001

0.001

1.99710.001

shaft tolerance

1.998 1.999 "oon 1.998 0.001

1.996+0.0015

1.996 1.996

——shaft tolerance

a) b)
Figure 1.1 Tolerance and allowance

a) unilateral b) bilateral

Symbols

Geometric dimensioning and tolerancing symbols given by Figure 1.2. These
symbols replace many of the notes on engineering drawings. Advantages of
symbols over notes are given as:

® Uniform and defined meaning. A note may be stated inconsistently.

® Compactness.

® An international language. Notes may require translation between languages.

® Manufacturing clarity.

Some of these symbols are seen in Figure 1.3. Study this machined part,
where dimensions are in millimeters.

Maximum material condition (MMC) or @ deals with hole and shaft
diameters and similar features.
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Characteristic
Flatness

Straightness

Circularity (roundness)

Cylindricity

Profile of a line

Prafile of a surface

Perpendicularity
Angularity
Parallelism
Circular runout

Total runout

Position
Concentricity

Symmetry

Maximum material

(squareness)

condition MMC

Least material condition LMC

Diametrical (cylin

drical) tol zone or feature

Basic, or exact, dimension

Datum feature symbol

Feature control frame

Figure 1.2 Geometric characteristics and terms
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@ enclosed in the circle is the drawing symbol, although MMC is used in
discussion. A hole that is given as 2.500+0.005 in. ranges from a maximum hole
size of 2.505 to a minimum diameter of 2.495 in. The hole at its low limit
contains more material than its high limit.

Thinking for MMC is opposite for shafts. For example, if the shaft diameter
is 0.7501+0.004 in., the high limit of the tolerance, when applied to the shaft,
given 0.754 in., which is the MMC for the shaft, that having more material than
the Jow limit. Generally, MMC allows greater possible tolerances. It aids
interchangeability and permits functional gaging techniques. The MMC implies
worst condition or critical size, and relates mating part. The MMC principle
applies to features of size, such as a hole, slot, or pin with an axis or center plane.

Least material condition (LMC) or the drawing symbol @ is the condition
in which a feature of size contains the least amount of material within the stated
limits of size. It is the maximum hole diameter or minimum shaft diameter.

Regardless of feature size (RFS) indicates that geometric tolerance or datum
reference applies at any increment of size of the feature within its size tolerance.
It indicates tolerance apply to a geometric feature regardless of size, from MMC
to LMC. RFS permits no additional positional, form, or orientation tolerance. The
RFS applies only to features of size, such as a hole, slot, and pin with an axis or
center plane. The RFS is implied, unless otherwise specified under MMC rules.

The term basic is a numerical value and dimension that describe the exact
size, profile, orientation, or location of a feature or datum. It is the dimensional
value that requires dimension be enclosed in a feature control frame (Figure 1.2
and 1.3). It is emphasized that not all dimensions are enclosed in frames. Only
the important ones are framed and that depends on the engineering design
requirements.

A datum is the theoretically exact point, plane, or axis that is the origin from
which the location or geometric characteristics of features of a component are
established. Each datum is featured in a frame and is identified by capital
alphabetic letter.

For a tolerance of position, the datum reference letter is followed by the
appropriate modifying symbol in the feature control frame. For all other
geometrical symbols, RFS is implied, unless otherwise specified. Where a datum
feature of size is applied on an RFS basis, the datum is established by physical
contact between the feature surface or surfaces and surfaces of the processing
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equipment. Machine elements, which are variable in size (chuck, mandrel, or
centers), are used to simulate a true geometric counterpart of the feature to

establish the datum.

CAD and CAM

Computeraided design (CAD) and computeraided manufacturing (CAM)
are the systems that describe the part as a geometric model, and interactively
adding manufacturing data, deliver this information to a manufacturing system or
machine tool to complete the part. Geometrical dimensioning and tolerancing is
the practice that allows the dimensioning of the part into the manufacturiné of the
object.

The coordinate system is the same for the geometric model created by CAD
and the CAM system that produces the part. The rectangular or Cartesian
coordinates locate a point by its distance from each two or three mutually
perpendicular intersecting planes. Twodimensional coordinate (in X and Y
direction) locate a point on a plane. Three pointing the coordinate XYZ direction
locate a point in space. Once a point is defined, there is opportunity for
commands to the machine tool, which execute the required relative motion
between the cutting tool and the part. Linear, rotary and composite machine tool
motions are possible.

Appropriate Tolerances

When an engineer specifies dimensions for a part that is to be produced, it is
necessary to include the tolerance along with the dimension. Tolerances should
be specified from actual design requirements but with manufacturing capabilities
clearly in mind. They should not be specified more accurately, even though the
CAM equipment is capable of the greater accuracy. By knowing appropriate
tolerances, an engineer is able to design a costeffective part.

Tolerances may be expressed by general notes printed on the drawing
immediately with the dimension such as 2.50010.005, or in the title box, which
is applied to those dimensions. For example, if the dimension is 2.500 in., and
there is no specified tolerance with the dimension, then the tolerance that is
applied is based on the 0.xxx significant thirdplace digit, as given in the title box.
An illustrative example of general title block tolerances for customary



dimensions given in inch units is given as

2 places, 0.xx £0.010 in.
3 places, 0.xxx +0.005 in.
4 places, 0.xxXxx +0.0005 in.

For a 2.240in. dimension, the range of allowable dimensions is 2.235 to
2.245 in. Most dimensions on a drawing use the general title block tolerances.

The tolerance may be applied directly to the dimension and appears between
the dimensional arrows on the drawing. In this case the tolerance is not removed
from the title block, but is given with the dimension.

Companies will determine appropriate tolerances that are suitable for their
manufacturing equipment and product. An example of effective tolerances for a
college or school shop, where the equipment is maintained, is given by Tablel.1.

Table 1.1 Sample tolerance for traditional machine tools

Machine Condition Tolerance
Mill Minimum geometric 0.005 in.
Surface roughness (side cut) 32 inm
Surface roughness (end cut) 63 pin.
Straightness 0.005 in.
Flatness 0.005 in.
Parallelism (same side) 0.005 in.
Parallelism Copposite side) 0.015 in.
Angularity 0.1 ’
Perpendicularity 0.015 in.
Lathe Minimum geometric 0.002 in.
Surface roughness 16 pin.
Concentricitys 0.005 in.
Grinder Minimum geometric v 0.001 in.
Surface roughness 4  pin.
Flatness (plate>1 in. long) 0.002 in.
Flatness (plate <1 in. long) 0.001 in.

For example, the milling machine used for metal removal of parts that are
not a surface of revolution will have a standard of accuracy of 0.001 in. Rigid
machines may be capable of 0.0005 in. If deflection, heat expansion, nonrigid
part, tool wear, inadequate tooling, and the like, are significant, the rule of thumb
considers the appropriate tolerance as 0.005 in,

The lathe is the standard machine tool for surface of revolution. It has a
standard accuracy of 0.001 in. Rigid or new CNC lathes can achieve an accuracy
of 0.0005 in. Tighter tolerances are achieved more easily on the lathe than on the
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milling machine. But slender parts, interrupted cuts, hard metals, and other
practical conditions do influence this tolerance. A minimum tolerance of 0.005 in.
is frequently acceptable. Lathe surface roughness capability is superior to the
milling machine, ranging from 250 to 16 pin. Concentricity tolerances greater
than 0.005 in. are practical.

Grinders, as a family, may be rotational, planer, internal, or external. These
machines are able to give tighter tolerances than either the milling machine or the
lathe. Generally, accuracies ‘of 0.0005in. are achievable, although 0.001 in. is
preferred. A surface roughness range of 63 to 4 pin. is possible. Generally,
grinders are a more expensive way to remove metal as compared to turning or

milling,

New Words and Expressions

. geometric dimensioning and tolerancing  JL{a ¥§ B 1% i

bilateral a. XA bilateral tolerance XX [} 2%

unilateral a. B[ #Y unilateral tolerance BJ5 A&

interference fit T &AL &

counterpart n. BlA, RABLUHARY, XY

mandatory [‘'meendeteri] la. @4, J|EIH, BHMMEN, n. HLBA

glue [glu:]ln. B, Bk, vi. B4, BN, o

harmonize["haimonaiz] v. tif, ##, W, i\, v @8, 4. —

B

9. cutoff n. 1 H1E GF, Wi, &), 2) WiF 3) B|iE () 2RI, HRM

10. allowance [@’lauans] n. 1) fiF (&), W (BE), (BL) AL, (B8
DE, (M) KB, W, BE: 2) B, BA, R viEBEHEN

11. clarity [k’leeriti] n. W%, %8, BT

12. MMC #& k44

13. LMC & /P&y

14. RFS #srEm

15. mutually "mju:tfuslilad. Hiis, HHY

16. mandrel ['maendral] n. (E®) 14

17. the rule of thumb 283N (FiE), ERBHTE, L Al bl P S

18. slender ['slenda] a. 1) g&f, %, =8 2) IS, MM

19. title block TR EHH %

20. deflection [diflekfon] n. s, i, R, B

0 1 N bW N =



Exercises

1. Give an explanation of the following terms:
Feature Datum Straightness
Dimension Concentricity flatness
Discuss the advantage of GD&T symbols over drawing notes.
List the types of symbols for form.
List orientation symbols.

[V I LS

What is the difference between profile of a surface and profile of a line?



