Geometric Tolerancing Explanations

(See also Kalpakjian pages 1057-1083)

FEATURE CONTROL FRAME
Gaometric
Charactaristic Tolerance
Symbol
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Cantrol frame with 3 datum referances
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DATUMS

A Datum is a theoraetically exact point, axis or plane derived from the true
geometnc counterpart of a specified datum feature. Adatum is the ongin from
which the location or geometnc charactenstics of features of a part are
established.

A Datum Feature is an actual feature of a par (for example a surface. nole.
orsiot) thatis used to establish a datum. Each datum requiring identification
is assigned a different letter (except |, O, or Q). Double letters (AA, AB. etc.)
may be used when singie letters are exhausted.
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the control frame and datum are combined.
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Flatness is the conaition of a surtace having ail points in one piane.
A flatness tolerance specifies a zone

defined by 2 parallel planes. In the /‘E 18]
exampie shown the surface must lie

between 2 parailel planes 0.18mm

aparn and the surface mustbe = L..—..2

within the specified size limits.

® Maximum Matenail Condition (MMC)

The conartion in which a feature of size contains the maximum amount
of matenal within the siated size imits (for example, minimum noie

diameter or maximum snaft giameter). A feature igenufied as MMC is
hpﬂeﬁ:arned greater posiional or torm toierance as its size gepans from

MMC MODIFIER USED
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I position tolerances are to be modified as teatures depart from maxi-
mum matenal condition, the MMC modifier must be specified on the

drawing.

A positional tolerance defines a zone within which the center, axis or
cemter plane of a feature of size 1s permitted te vary from the true (exact)
posiion, Basic aimensions establish the true position,

In the example shown, ax cm.zs*g-ﬁ
the centers of the holes ey -
must lie within circles EIZ oS WIATRIC]
of 0.5mm giameter when _GI | _
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As the diameters of the e

holes increase to E=3] L’__QJ |
10.5mm diameter, the ’ 1 [
tolerance zones increase \_(ﬂj-—. 9] [
proportionately to 0.75mm

diameter. = =
The tolerances. in this example, apply to the center distance between

holes as well as the location of these features as a group from the datum
planes (A-B-C).

CIRCULAR RUNOUT
Runout is a composite
tolerance used to

control the relation-

ship of one or mare z
features to a catum

axis. The illustration Faammads . N
shows the types of (estabisned from
features that can pe  caum feanre) —
controlled by runout

tolerances.

Circular runout provides control

of circular elements of a surface. ZI0 A

It can be used to control the 467
cumulative vanations of cir- g
cularity (roundness) and

coaxiality. T

In the e: .l_ll
xample shown, each 1

circular element of the surfaces —=]

lolerancea must fall within 0.04mm

(Full Indicator Movement) when

the part is rotated 360° about

the datum axis.




Geometric Tolerancing Explanations (cont.)
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Parallelism is the condition of a surface or /‘m
axis eguidistant at all points from a gatum

plane or axis. I

Parallelism tolerance specifies
one of the following:
1. A zone defined by 2 planes m
or lines parallel to a datum pr
plane or axis. e
: Possible onentanon
In this example, the surface y V., the surtace
of the feature must lie Oy aame e |
within 2 planes 0.25mm T e il
apart which are parallel
to datum A.
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2. A cylindncal tolerance zone wnose axis is parallel to a gatum axis.
In the first examoie the axis of the hale must lie within a cyindnical
zone of 0.2mm ciameter parallel to datum A.

in the secong exampie this tolerance applies at the minimum
diameter of 9.000 (MMC). As the feature size increases from MMC.
Ihe parallelism tolerance zone is increased a correspanding amount,

The feature axis must also be within the specified tolerance of
locanon.
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Perpendicularity is the condttion of a surface
or axis at a rigiit angle to a datum
plane or axis.

Perpendiculanty tolerance specifies
one of the following: A
1. A zone defined by 2 parallel

planes perpendicular to a
datum piane or axis. In the
example shown, the surface
of the feature must lie within
this zone which is 0.15mm
wide and at nght angles to
datum A.

2. A zone gefinea by 2 paraliel
clanes perpenaicular to the
gatum axis. in this examote.
the axis of the hole must ie
within the zone which is
0.3mm wide and at ngnt
angies to catum axis A.

The leature axis must aiso
be within the tolerance of

location.
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of the feane
alm (14m
3. A cyiindncal tolerance zone perpen- 14568
dicular to a datum plane. In this
exampie the axis of the part must lie
within a cylindrical zone of 0.05mm |
diameter at nght angles to datum A. I
This tolerance applies at the [ Ll
maximum giameter of 14.984mm

{MMC). As the feature size

decreases from MMC, the
perpendiculanty tolerance

zone is increased a corres- -| |
pomding amount. The I
feature axis must also be
within the tolerance of
location.

4. A zone defined by 2 parallel
lines perpendicular to a datum
plane or axis. in the example EACH FADIAL 1 EvechT
shown, each radial element
of the surface must lie within ¥

this zone 0.05mm wide and $
at right angles to datum A. Z l
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