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Principal Changes & Improvements

= Figures reprinted from ASME Y14.5-2009, by permission of
The American Society of Mechanical Engineers. All rights
reserved. No further copies can be made without written
permission.

= Figures reprinted from “The GD&T Hierarchy Y14.5-2009” by
permission of Tec-Ease, Inc. All rights reserved.

= See Appendix for approval authorization from ASME and Tec-Ease.




ASME Y14.5-2009
Principal Changes & Improvements

Released March 2009

Two draft reviews made in
2008.
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ASME Y14,5-2009

[Revision of ASME ¥ 14.5M-1994 (R2004)]

Dimensioning
and Tolerancing

Engineering Drawing and Related
Documentation Practices
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New Symbols

Y14.5-2009

Symbol for Symbol Section #
Independency ® 27.3
All Over ,@— 83.1.6
Continuous Feature @ 275
Movable Datum Target @ 4.24.6
Spotface ISF 1.8.14
Datum Translation D 4.11.10
Unequally Disposed Profile @ 8.3.1.2
At Maximum Material Condition
(when applied to a tolerance value) 1339
At Maximum Material Boundary @ 134
(when applied to a datum reference)
At Least Material Condition
(when applied to a tolerance value) 1.3.38
At Least Material Boundary ® 1.3.3 r—
(when applied to a datum reference) T s g
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Principal Changes & Improvements

* Independency Fig. 2-7 Independency and Flatness Application

— Used when
perfect form 76,5
at MMC not T 78.0 ]

required 705
| a

 Should have 10.8
10.7 ©
supplementary
form control f

2.7.1
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Principal Changes & Improvements

» Tolerance applies “all over” a three dimensional

surface

Fig. 3-20 All Over and All Around Symbols
Applications
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, . . Sandia
This on the drawing: Means this: II'I National _
(The tolerance
zones are shown in red.)

An individual feature controlled by
profile.

04
F—
T— —3

Profile applied to a region.
p—{o4]

Profile applied “all around”.

Hlx

Profile applied “all over’, unless
otherwise specified.

The same tolerance zone would
result if a general profile tolerance is
specified in the title block.
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Principal Changes & Improvements

=  Continuous Feature

= |dentifies group of features of size to be treated as a

single feature

Fig. 2-8 Continuous Feature, External Cylindrical

This on the drawing

222
—@ 22.1

3.3.23

275

Means this

— Envelope of perfect form at MMC,
Mo portion of the continuous feature
shall extend outslde thls envelope.

|
Lozt Lghzan

\f Each cross sectlon shall be

within the limits of slze.
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Principal Changes & Improvements

Fig. 2-10 Continuous Feature, External Width

This on the drawing Means thls

Envalope of perfect form at MMC,
Mo portlon of the continuous feature
shall extend outside this envelope.

28,63 28,52
e (ch 2863 |28.52

Each cross section shall be
3.3.23 within the limits of slze,
2756
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MMC — Condition & Boundary Term
© | Q05| A BM™

Means: maximum Means: maximum
material condition material boundary
© | 9050 | A|BO

Means: least Means: least
material condition material boundary
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Former Practice

The default RFS condition, MMC and LMC have
been revised to RMB, MMB and LMB respectively when
they are applied to datum references. This change was
made to help clear up confusion between the MMC, LMC
and virtual condition This also enabled the modifiers to
be applied to surfaces that are not features of size.

Former Practice
Rather than use the term virtual condition, the
2009 Standard uses the terms MMB and LMB.
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Revision of the Standard = 1994 2009
Type of Datum Datum Virtual Boundary

Feature Reference Condition Controlled
4 Modified { 4

Internal @ Inner

(hole or slot) Boundary
Quter LMB

@ Boundary
External @ Outer MMB

(shaft, tab or Boundary
pin) Inner LMB

@ Boundary
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Readability [1.7.5.4 and 1.7.5.5]

Feature control frames and datum feature symbols should be
placed to read from the bottom of the drawing. This was and
is true for notes and dimensions (except for baseline
dimensions which may also be read from the right side of the
drawing). This clarifies the requirement for feature control
frames and datum feature symbols.
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=  Envelope Terms
= Related
= Unrelated

Fig. 1-1 Related and Unrelated Actual Mating Envelope

0

T r___+_gmﬂ%

= True
Geometric @10 £0,25 | | @005 A
Counterpart & [B05M|A B v
(TGC) B
removed T

= Feature Axis 21 [26
= unrelated A

- — 1.3.54
1.3.25
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Fig. 1-1 Related and Unrelated Actual Mating Envelope (Cont'd)

FIG, 1=1(a] I

{external) perpendlcular fo datum
plane A [Datum feature s|molabo
of datum feature B)

Datum axls 8 (RMB} and
axls of related actusl
mafing envelope resulting
from the datum reference
Unrelated actual malng
the feature
portlon of the envelope [external)

f
control frame controlling !
posllen (Datum featne 1
slmulater axls) ———— | i Axls of unrelated actual mating

emvelope (axls of fealure of slee}
' |r usied to verfy the perpendlcularty
wantrol

‘ Related schual matlng envelope
|
I

Derlved medlan line

Actual local slzes
1
L
I I Datum plane A
i (Datum feature sloolater
] ol daturm feafure A)
7___L - — g 1 _
-l T
=— @ 0,05 perpendloularlly tolerance zone 15

13,25




Actual Mating Envelope (AME)

Unrelated actual mating
envelope (UAME)

|

| 7 Unrelated actual
| | mating envelope
v (UAME)

The position tolerance applies to the
axis of the UAME of the feature.




Related Actual Mating Envelope
(RAME) [1.3.25.2]

Axis of RAME
of boss

EﬂME of boss
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datum plane :
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Irregular Features of Size

= The irregular features of size have some but not all
of the attributes of a regular feature of size.

" |rregular features of size do not rely on Rule #1 to
define the meaning of size.

= The feature’s size might be controlled by profile of
a surface or a combination of size and position.

= Some irregular features of size do not have a clearly
defined or reproducible center, axis or center plane.
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Irregular Features of Size

= |rregular features of size are features or collections
of features that may either contain or be contained
by an actual mating envelope.

= If the irregular feature actual mating envelope is a
sphere, cylinder or pair of parallel planes, a center,
axis or center plane respectively will be obvious.
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Irregular feature

i i i of size defined by
size and position

3X ©140.2
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Principal Changes & Improvements

 Translation modifier allows simulator to translate within

2009

tolerance zone

Fig. 4-19 Development of a Datum Reference Frame With Translation Modifier

Thls on the drawing
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Principal Changes & Improvements

Means thls Datum feature slmulator of

Secondary dalumn datum feature B (expanding
feature B cylinder perpendicular lo
datum plane A) T

— Primary datum
/  feature A Adjustable location

(far slde)

Datum feature
s|mulator of
datum featura A

Datum feature simulator
of datum feature C (expanding
cylinder perpendicular to daturm

Tertiary datum plane A =|ocatlon distance
featura C adjustable from datum axls B)
(o) Datum features {c) Dalum feature simulators

Datum plana A

Datum axis B

(d) Datum planes and axes
establlshed from the
datum feature slmulator

Datum axis C (g) Datum reference frame
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Related AME Constrained
in orientation but not loca

tion
to datum axjs A E
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Datum planes of
datum reference
frame established
by datum feature A Yy
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Datum feature simulator progresses
from MMB towards LMB to optimize
contact with datum feature B
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B[RSC]
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! £ - _
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_/ 0.
5 15+0. 1
osA i Y
B
A Y - The hole may
B float within the

Bo’rum planes of
atum reference frame

Low point must
remain in contact with
LMB
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&2 050 |AM|BM)

R14

7.3 virtual condition
of hole

R13.8 MMB

?19.9 MMC of
datum feature A
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« Datum target is not fixed at basic location and is free to
translate

Fig.3-22 Movable Datum Target Symbol Application

Movable datum
target symbol
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Principal Changes & Improvements

Fig.4-11  Establishment of Datums — For External Cylindrical Feature — RMB Fig. 4-14 Establishment of Datums — For Internal Datum Width — RMB

This on the drawlng

This on the drawlng

. ]

[XIK] -
4,103
4] EX;
M
Means ths - 1.
" Physlcal datum feature slmulator : :;1 4

Theoretlcal datum featurs simulstor (Hard or soft processing Physlcal datum Datum Feature Slmulator
Actual mating envelope of or Inspection equipment Theoretical datum Actual mating envelope feature simulator (Hard or soft processing

" that contacts the feature simulator or Inspection equipment
datum feature A (smallest of datum feature A that contacts the
highest polnts)

Datum feature simulator = Means this

highest palnts)

clreumseribed cylinder) (parallel planes at

maximum separation)

& Simulated
datum axls datum plane A
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Fig. 4-31 Datum Modifier Effects — Plane Surface

This on the drawing Means this
Datum axis A
Datum
reference
@ 4001 frame

—

Parallel ]

3\
2X P6+0.2

0.3 AlE

[ 1g03@]Ale] 8.5 Datum feature simulator of datum feature B
4,16.5 progresses from 5.1-4.8 nomal from the MMB to
4.16 make maximum contact with datum feature B.

{a) Offset unopposed plane surface, secondary 4,114 Mo translation or rotatlon of datum feature Is allowed.

datum feature applied at RMB 4,.10,4
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This on the drawing

C‘SX t
2X P6+0.2 85
[ 4 [do3m|a[BIBSC]]| 4.16.6
4.16
(b) Offset unopposed plane surface, secondary 411,63
datum feature applied at basic 4104

Means thls
Datum axls A

Flxed at

5 basic —1

Datum feature B - Daturmn feature
simulator Is flxed at baslc. Mo translation
or rotatlon of datum feature |s allowed.
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This on the drawlng Means thls

Datum axls A

Fixed at
MME

of 5.1

@ 40+01
- &
v\

A - - _r
x 2 [02]A]

2X (1 6+0.2

8]
03M|A|B 8.5
| 'El} |§25 ®I | ®| 4.16.7 Datum feature B - Datum feature simulator
4,18 established at MMB of 5.1, Datum feature B
(c) Offset unopposed plane surface, secondary 4119 must remaln In contact at a minimum of one polnt.
datum feature applled at MMB 4104
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Fig. 4-32 Datum Modifier Effects — Size Feature

This on the drawing Means thls

Datum axls A —_iiiisshuiin, Center plane of
o = datum feature

2X P6£02 slmulatlor B

EJEEEIDINE

@ 40 £0.1

|
A

5\ i

| _ = Flxed at
_G;_ 5 baslc
5:[}.1]
(4 [0.2]A]
E 2168 Datum feature B - Center plane of
4'1 E. datum feature simulator (parallel
' planes at maxlmum separation) |s

(a) Fealure of slze, secondary datum feature 4,11.4 flxed relative to datum axls A,
applled al RMB 4,52
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Thils on the drawlng

2X P02

\%l
74001 -

K EEEICIENEDS

4,169

4,16
41110

(b) Feature of slze, secondary datum feature 4.52
applied at RME with translation modifier 3.3.26

Means thls

Center plane of
datum feature
slmulator B —\

Datum axis A

Parallel \

NWAW
_ R
musmble

locatlon
wlthin
locatlon
tolerance

Daturm fealure B - Cenler plane of dalum
feature slmulator (parallel planes at
maximum separation) is free to translate.

Sandia
National
Laboratories



Customized Datum Reference Frame Construction [4.@

/ Degrees of
freedom are
indicated by

appear in the
feature control

K frame.

lower case letters

/Coordinate axis\

labels are upper
case and do
y appear on the

Y drawing to label
the axes of the

NV coordinate

/ system.
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 (Customized Datum Reference Frame

— Allow degrees of freedom constrained to be
overridden

Fig. 4-44 Conical Datum Feature Fig. 4-45 Conical Datum Feature
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Y AMERICAN STANDARD #30
M8x1

DD 0.1 |A

What degrees of freedom are
constrained by datum feature A?

uvX,y Z

Everything except w
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Fig. 446 Customized Datum Reference Frame

Thls on the drawlng

I PEL0
[ 4 [@os@|AlzuM [B Lyl [C W]
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Means this

Second anc third
datum planes

Orlgln of measurement
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Fig. 5-8 Specifying Flatness of a Derived Median
Plane — RFS

This on the drawlng

16.00
— 158 (16011

Means thls

I ]

L W
----- {A;—;\_L

0,04 wide tolerance zone
— 16.04 outer boundary

The derlved medlan plane of the fealure's actual
local slze must lle between two parallel planes
0.04 apart, regardless of the feature size. Each
element of the surface must be within the lmits
of slze,
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Fig. 7-44 Positional Tolerancing for Coancial Holes of Same Size, Partial (Parallelism) Refine ment of
Feature-Relating Axis Relative to Datums A and B With Further Refinement of Parallelism to Datum A

This on the drawing

4% @510.15 'g'“'

Fgoxma|ale
4 [Fossmale
@ 0.08 0| A

7518

i T
@0.08 at MMC, four coaxlal
tolerance rones, constralned |n
rotatjon relatve to the speciled
* datum, within which the axes

of the holes must |le,

== == == sSS __j_
) e WA | bz
@015 at MMC, four coaxlal tolerance 0,25 at MMC, four coaxjal tojerance zones |ocatsd
zones constralned In rotation relative to at true posllon relatlve to the specifled datums wikhin
the speclfled datums within which the which the axes of the holes, as a group, must |k

axes of the holes, as a group, must [k,




National

- m Sandia
Former Practice labraores
They have the same meaning.

T

25+0.2
g.12

QE&D 2

1994 x 2009
(Not allowed -
in 2009) £\

Hﬂ‘rness




Sandia
m National
Laboratories

ASME Y14.5-2009
Principal Changes & Improvements

Fig.7-45 Three Segment Composite Tolerance
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Fig. 8-1 Profile of a Surface Application (Unilaterally Outside)

Thls on the drawing

5

¢ 3

Screen image of digital data
flle with datum feature symbols
and feature control frames applled,

Means thls

Profile of a surface tolerance applies unilaterally away from the
part when |located on datum planes A, B, and C, The 0.3
followlng the unequally-disposed symbol Indicates the amount
of tolerance zone outside of the true profile.

True Profile ( 0.3 outslde

Datum Plane C

/ Datum plane B

8312

3.3.22
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Fig. 8-2 3D Profile of a Surface Application (Unilaterally Inside)

Thls on the drawlng

Screen Image of digltal data
flle wlth daturmn feature symbols
and feature control frames applied.

Means thls

Proflle of a surface tolerance applles unllaterally Into the part
when located on datum planes A, B, and C, The D following
the unequally=disposed symbol Indlcates the amount of
tolerance zone outslde of the true proflle,

0.3 inside

True Proflle

Datum plane C
— Datum plane B

Sandia
m National
Laboratories

8312

3.3.22
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Fig.8-3 3D Profile of a Surface Application (Unequally Disposed)

This on the drawing Means this
Profile of a surface tolerance applies unequally, The 01

followlng the unequally-disposed symbol Indicates the amount
of tolerance zone outside of the true pmﬁla./

0.1 Qutside

True Proflle

Datum plane C

Datum plane B

0.2 Inslde

Screen Image of digltal data

flle with datum fealure symbaols
and feature control frames applied, 8312
3322
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Fig.8-4 Application of Profile of a Surface Tolerance to a Basic Contour

This on the drawlng

(a) Ellateral tolerance

o los@os|al
Alternate
Practice

() Unllateral tolerance {outslde)

(b} Unllateral tolerance (Inslda)

S fos@oz]a]

Practice

(d) Bllateral tolerance (unegual dlstribution)

8.3.1.3
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SECTION A-A

N ) Second datum plane

I

/ -5~ B

86+0.02 |——
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(a) | <> 2 8';‘% A[s@[c®) Perpendicularity to the first datum plane
' (c) Location of the holes to each other
(o) [ 304@|A[B@|Cc®)] Perpendicularity to the first datum plane
®01M|A Orientation to the second datum plane
(d) Location of the holes to each other
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' Orientation to the second datum plane
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Mr. E.A. "Tony" Bryce

Technical Team Leader — Mechanical Calibration (2542-2)
Sandia National Laboratories

P.0O. Box 5800

Mail Stop 0616

Albuguerque, NM 87185

Subject: Copyrighted Material
Dear Mr. Bryce:

In response to your e-mail dated December 23, 2011, ASME will grant you
permission to reproduce the material listed below:

ASME Y14.5-2009
Figures: 1-1, 1-1(a), 2-7, 2-8, 2-10, 3-20, 3-22, 4-11, 4-14, 4-19, 4-31, 4-32, 4-44 4-
45, 4-46, 5-8, 7-44, 7-45, 8-1, 8-2, 8-3 and 8-4

as requested in your letter to be used in a PowerPoint Presentation for a group of
Sandia Laboratories employees attending a United States Department of Energy (DOE)
National Nuclear Security Administration (NNSA) training session at Sandia National
Laboratories on May 13, 2012. As is customary we ask that ASME be fully
acknowledged, “Reprinted from ASME Y14.5-2009, by permission of The American
Society of Mechanical Engineers. All rights reserved”. No further copies can be
made without written permission. If you have any questions do not hesitate to
contact.

Sincerely,
st 50 3
Ivette Rodriguez
Systems Administrator
(212) 591-8482

NR

B Tec-Ease, Inc. B dn &L

January 9, 2012

Mr E. A "Tony" Bryce

Technical Team Leader — Mechanical Calibration
Sandia National Laborataories

P. 0. Box 5800

Mail Stop: D616

Albuguergue, NM 87185

Dear Mr. Bryce,

Tec-Ease grants you permission to use selected material from our Fundamentals of GD&T course —
"The GD&T Higrarchy" PowerPoint presentation. We understand this material will be used as part of
another PowerPaoint presentation to be presented at the United State Departm ent of Energy (DOE)

National Muclear Secunty Administration (NNSA) training session at Sandia N ational Laboratories on
May 13, 2012, We ask that you give us credit for ourworks in the presentation

Please contact us if you need any additional information. | hope your presentation goes well

Sincerely,
! P
Akid t‘gfﬁ Moo

Wendy L Patterson
Executive vice President

Fredonia, MY 14063
Fax: T16-785-6126

[Lec-Ease, Inc POBox 28
www tec-gase com

Phone: 888-832-3273




