Quality

M A G A ZI NE

Welcome

This event will begin shortly.

Music 1s now playing. If you are unable to hear the
audio, please take a moment to test your system by
clicking HELP in the resource box.

wIULTI METRICS, INC.
M Machine Part Geometry Management A banvzwr




/

\_

/\a MULTI METRICS, INC.
Machine Part Geometry Management

The New
ASME Y14.5 2009 Standard

A SmartGD&T™ Overview

IIIIIIII

Bill Tandler

™~

/

Copyright © 2004 - 2009 by IWulti Metrics, Inc. Menlo Park, C& All Rights Reserved



For an Effective Webinar Experience

Resources

| Enlarge Slides

Download Slides

[><] 1nvite a Friend
[><] Email BNP Media

Submit a Question

ubmit a B
vestion

Archive

www.qualitymag.com — Add to your favorites

» Technical Help link or email DX
webinars@bnpmedia.com

* Download & print slides

= Enlarge slides for better viewing

= Invite a friend to join us XX

Disable Pop-up Blocker

v

-

jorites | Tooks Heb

) g Mo and ows
" Pop-up Blocker

Synchronize...
Windows Update

or24.cc Manage Add-ons...

» |

catbae WA I, >
Turn Off Pop-up Blocker
Pop-up Blocker Settings...

kmarks~ | [ Popups okay |




/\NUI TI METRICS, INC.
Machine Part Goometry Managemoent

SmartGD&T™

Tutorial Overview

“What 1s GD&T?” - A Reminder

New Concepts

D9 D) =

New Tools Impacting Datums

=

New Tools Impacting Tolerance Zones
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What’s the purpose of
GD&T?

A reminder
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Purpose of GD&T

Most people would say . . .

The main purpose of GD&T i1s to communicate Design
intent unambiguously to manufacturing and mspection.
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Purpose of GD&T

but 1n fact . . .

The primary purpose of GD&T, 1s to ensure that what we
communicate to manufacturing and inspection 1s worth
communicating . . . . namely represents functional,
assemblable parts.
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GD&T

1s a tool for reducing risk i .
1. Design
2. Manufacturing
3. Inspection

4. Assembly
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Or, 1n greater detail . . .
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GD&T 1s a symbolic language for
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GD&T 1s a symbolic language for

1. researching
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GD&T 1s a symbolic language for

1. researching
2. refining and
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GD&T 1s a symbolic language for

1. researching
2. refining and
3. encoding
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GD&T 1s a symbolic language for
1. researching
2. refining and
3. encoding

the function of each feature of a part in Design,
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GD&T 1s a symbolic language for
1. researching
2. refining and

3. encoding

the function of each feature of a part in Design,
in order - through decoding - to
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GD&T 1s a symbolic language for
1. researching
2. refining and
3. encoding

the function of each feature of a part in Design,
in order - through decoding - to

1. maximize the fault tolerance of our designs
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GD&T 1s a symbolic language for
1. researching
2. refining and
3. encoding

the function of each feature of a part in Design,
in order - through decoding - to

1. maximize the fault tolerance of our designs
2. guarantee assemblability and operation prior
to drawing release
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GD&T 1s a symbolic language for

1. researching
2. refining and
3. encoding

the function of each feature of a part in Design,
in order - through decoding - to

1. maximize the fault tolerance of our designs

2. guarantee assemblability and operation prior
to drawing release

3. reduce manufacturing costs by setting

precise, achievable objectives
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GD&T 1s a symbolic language for
1. researching
2. refining and
3. encoding

the function of each feature of a part in Design,
in order - through decoding - to

1. maximize the fault tolerance of our designs

2. guarantee assemblability and operation prior
to drawing release

3. reduce manufacturing costs by setting
precise, achievable objectives

4. turn inspection into a truly scientific process

Copyright © 2004 - 2009 by IWulti Metrics, Inc. Menlo Park, C& All Rights Reserved
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GD&T consists of

1. Concepts
2. Tools
3. Rules
4. Processes

Best Practices

(N
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GD&T consists of
This review of the 1 @E@

2009 Standard

addresses these 2'®OIS )
three components 3. Rules D

4. Processes
5. Best Practices

Copyright © 2004 - 2009 by IWulti Metrics, Inc. Menlo Park, C& All Rights Reserved
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Overview of

ASME Y 14.5 2009
Changes
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Y14.5 2009 Changes and their Impact

[ New Concepts]

(a partial set)

New Names for Material Condition h[oclifiers@ @ ®
Loss of the RFS Modifier §)

Copyright © 2004 - 2009 by IWulti Metrics, Inc. Menlo Park, C& All Rights Reserved
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Y14.5 2009 Changes and their Impact

[ New Concepts]

(a partial set)

New Names for Material Condition 1\Iodifiers@ @ ®
Loss of the RFS Modifier §)
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Y14.5 2009 Changes and their Impact

[New Tools impacting Datums J

A more complete detinition of Datums

Applicability of the moditiers @ @ @ to Planar Datum Features
The new Datum (Feature Simulator) Translation Modifier: »
New Degrees of Constraint Moditiers: [u,v,w,x,v,z]

Expanded Composite Feature Control Frames — Up to four tiers.
New Datum Retference Frame Axis Labels: X[A,B,C], Y]...] etc.

Copyright © 2004 - 2009 by IWulti Metrics, Inc. Menlo Park, C& All Rights Reserved
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Y14.5 2009 Changes and their Impact

[New Tools impacting Datums J

1. Amore complete detinition ot Datums

2. Applicability of the moditiers @ @ @ to Planar Datum Features
3.  Thenew Datum (Feature Sumulator) Translation Modifier: P

4. New Degrees of Constraint Modifiers: [u,v,w,x,v,z]

5. Expanded Composite Feature Control Frames — Up to four tiers.

6. New Datum Reterence Frame Axis Labels: X[A,B,C], Y]...] etc.
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Machine Part Goometry Managemoent

Y14.5 2009 Changes and their Impact

[New Tools impacting Datums J

A more complete detinition of Datums

Applicability of the moditiers @ @ @ to Planar Datum Features
The new Datum (Feature Simulator) Translation Modifier: »
New Degrees of Constraint Moditiers: [u,v,w,x,v,z]

Expanded Composite Feature Control Frames — Up to four tiers.
New Datum Retference Frame Axis Labels: X[A,B,C], Y]...] etc.
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Y14.5 2009 Changes and their Impact

[New Tools impacting Datums J

A more complete detinition of Datums

Applicability of the moditiers @ @ @ to Planar Datum Features
The new Datum (Feature Simulator) Translation Modifier: »
New Degrees of Constraint Moditiers: [u,v,w,x,v,z]

Expanded Composite Feature Control Frames — Up to four tiers.
New Datum Retference Frame Axis Labels: X[A,B,C], Y]...] etc.
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Y14.5 2009 Changes and their Impact

[New Tools impacting Datums J

A more complete detinition of Datums

Applicability of the moditiers @ @ @ to Planar Datum Features
The new Datum (Feature Simulator) Translation Modifier: »
New Degrees of Constraint Moditiers: [u,v,w,x,v,z]

Expanded Composite Feature Control Frames — Up to four tiers.
New Datum Retference Frame Axis Labels: X[A,B,C], Y]...] etc.
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Y14.5 2009 Changes and their Impact

[New Tools impacting Datums J

A more complete detinition of Datums

Applicability of the moditiers @ @ @ to Planar Datum Features
The new Datum (Feature Simulator) Translation Modifier: »
New Degrees of Constraint Moditiers: [u,v,w,x,v,z]

Expanded Composite Feature Control Frames — Up to four tiers.
New Datum Retference Frame Axis Labels: X[A,B,C], Y]...] etc.
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Y14.5 2009 Changes and their Impact

[ New Tools impacting Tolerance Zones ]

(a partial set)

— |. UnequallyDisposed Profile Modifier: @
2. Non-Unitorm Modifier: [NON-UNIFORM]
3. ALL OVERModifier: Q)
4. Contiuous Feature Modifier: @
5. Independency Moditier: @

Copyright © 2004 - 2009 by IWulti Metrics, Inc. Menlo Park, C& All Rights Reserved
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Y14.5 2009 Changes and their Impact

[ New Tools impacting Tolerance Zones ]

(a partial set)

1. Unequally Disposed Protile Moditier: @
— 2 Non-Umform Modifier: [NON-UNIFORM]

3. ALL OVERModifier: Q)

4. Contiuous Feature Modifier: @

5. Independency Moditier: @
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Machine Part Goometry Managemoent ot —

Y14.5 2009 Changes and their Impact

[ New Tools impacting Tolerance Zones ]

£ S0 T 5 I

N .

(a partial set)

Unequally Disposed Profile Moditier: @
Non-Uniform Modifier: [NON-UNIFORM]
ALL OVER Modifier: Q)

Continuous Feature Moditier: @
Independency Modifier: @
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Y14.5 2009 Changes and their Impact

[ New Tools impacting Tolerance Zones ]

(a partial set)

1. Unequally Disposed Protile Moditier: @
2. Non-Unitorm Modifier: [NON-UNIFORM]
3. ALL OVERModifier: Q)
—» 4 Contmuous Feature Modifier: @
5. Independency Moditier: @
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Y14.5 2009 Changes and their Impact

[ New Tools impacting Tolerance Zones ]

(a partial set)

1. Unequally Disposed Protile Moditier: @
2. Non-Unitorm Modifier: [NON-UNIFORM]
3. ALL OVERModifier: Q)
4. Contiuous Feature Modifier: @
—» 5 Independency Moditier: @
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Y14.5 2009 Changes and their Impact

Here we go !

Copyright © 2004 - 2009 by IWulti Metrics, Inc. Menlo Park, C& All Rights Reserved
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Y14.5 2009 Changes and their Impact

New Concepts

(a partial set)

New Names for Material Condition h[oclifiers@ @ ®
Loss of the RFS Modifier §)
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Y14.5 2009 Changes and their Impact

New Concepts

(a partial set)

— ] [New Names tor Material C(_)ndition I\'Iodifiers@ @ ]
2. Loss of the RFS Modifier (S)

Copyright © 2004 - 2009 by IWulti Metrics, Inc. Menlo Park, C& All Rights Reserved
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[ New Names for Material Condition Modifiers ]

&2 0.5MIABS)|CM

It all these modifiers are called
“Material Condition” Modifiers

how can we differentiate between their effects?

Copyright © 2004 - 2009 by Ivlulti Metrics, Inc. Menlo Park, C4& All Rights Reserved
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[ New Names tor Material Condition Modifiers ]

The Great Divide

&2 0.5MIABS|CM

Copyright @ 2004 - 2009 by Iulti Metrcs, Inc. Menlo Park, C& A1l Rights Reserved
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[ New Names for Material Condition Modifiers ]

The Great Divide

These moditiers mmpact
Tolerance Zone

&2 0.5MIABS|CM

Copyright 2004 - 2009 by Multi Metrics, Inc. Menlo Park, C& All Rights Reserved
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[ New Names for Material Condition Modifiers ]

The Great Divide

These moditiers mmpact
Tolerance Zone SI1Z€

&2 0.5MIABS|CM

Copyright 2004 - 2009 by Multi Metrics, Inc. Menlo Park, C& All Rights Reserved
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[ New Names for Material Condition Modifiers ]

The Great Divide

These moditiers impact | These modifiers impact
Tolerance Zone SI1Z€ Tolerance Zone

&2 0.5MIABS|CM
N\

Copyright © 2004 - 2009 by Ivlulti Metrics, Inc. Menlo Park, C4& All Rights Reserved
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Machine Part Goometry Managemoent -

[ New Names for Material Condition Modifiers ]

The Great Divide

These moditiers impact | These modifiers impact
Tolerance Zone SIZe Tolerance Zone M()l)lllt}’

&2 0.5MIABS|CM
N\

Copyright 2004 - 2009 by Multi Metrics, Inc. Menlo Park, C& All Rights Reserved
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[ New Names for Material Condition Modifiers ]

The Great Divide

These moditiers impact | These modifiers impact
Tolerance Zone SIZe Tolerance Zone M()l)lllt}’

SB0.5Mm|AB

S|
New 2009 Name / \ \

Copyright © 2004 - 2009 by Ivlulti Metrics, Inc. Menlo Park, C4& All Rights Reserved



/\Num METRICS, INC. A5
Machine Part Goometry Managemoent -~

[ New Names for Material Condition Modifiers ]

The Great Divide

These moditiers impact | These modifiers impact
Tolerance Zone SIZe Tolerance Zone M()l)lllt}’

SB0.5Mm|AB

S|
New 2009 Name / \ \

“Tolerance Value”
Modifiers

Copyright © 2004 - 2009 by Ivlulti Metrics, Inc. Menlo Park, C4& All Rights Reserved
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[ New Names for Material Condition Modifiers ]

The Great Divide

These moditiers impact | These modifiers impact
Tolerance Zone SIZe Tolerance Zone M()l)lllt}’

SB0.5Mm|AB

S|
New 2009 Name / \ \

“Tolerance Value” New 2009 Name
Modifiers

Copyright © 2004 - 2009 by Ivlulti Metrics, Inc. Menlo Park, C4& All Rights Reserved
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[ New Names for Material Condition Modifiers ]

The Great Divide

These moditiers impact | These modifiers impact
Tolerance Zone SIZe Tolerance Zone M()l)lllt}’

|2 0.5M|AB

S|
New 2009 Name / \ \

“Tolerance Value” New 2009 Name
Modifiers

“Material Boundary”
Modifiers

Copyright 2004 - 2009 by Multi Metrics, Inc. Menlo Park, C& All Rights Reserved
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Y14.5 2009 Changes and their Impact

New Concepts

(a partial set)

1. New Names for Material Condition h[oclifiers@ @ ®
—_—p 2 [ Loss of the RFS l\'Iodifier@]

Copyright © 2004 - 2009 by IWulti Metrics, Inc. Menlo Park, C& All Rights Reserved
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[ Loss of the RFS Modifier(s) |

1982 &2 0.5(9)|ABG)|CM
T T required

Copyright @ 2004 - 2009 by Iulti Metrics, Inc. Menlo Park, C4& All Rights Reserved
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[ Loss of the RFS B'Iodifier@]

1982 &2 0.5(9)|ABG)|CM
T T required
1994 &2 0.5(9)|ABS)|CM

T T permitted

Copyright @ 2004 - 2009 by Iulti Metrics, Inc. Menlo Park, C4& All Rights Reserved
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Machine Part Goometry Managemoent

[ Loss of the RFS Modifier(s) |

1982 &2 0.5(9)|ABG)|CM
T T required
1994 B2 0.5(9)|ABS)|CM

T T permitted

2009 @ 0.5()|ABX)ICW
t 1 forbidden

Copyright @ 2004 - 2009 by Iulti Metrics, Inc. Menlo Park, C4& All Rights Reserved
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[ Loss of the RFS B'Iodifier@]

1982 &2 0.5(9)|ABG)|CM
T T required
1994 &2 0.5(9)|ABS)|CM

T T permitted

2009 @@o.ﬁqzxe@ C(M)
t 1 forbidden
Not good !

Copyright @ 2004 - 2009 by Iulti Metrics, Inc. Menlo Park, C4& All Rights Reserved
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[ Loss of the RFS B'Iodifier@]

2009 | @0.5§2§A BQZ C(M)
t 1 forbidden

Why not good ?

Copyright © 2004 - 2009 by Multi Metrics, Inc. Menlo Park, C& All Rights Reserved
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[ Loss of the RFS I\‘Iodifier@]

2009 @@os@w@ C(M)

Why not goo d 2 T T forbidden

1. Explicitmodifiers intorm us directly, and save time when
“decoding” Feature Control Frames. Time is money !

Copyright @ 2004 - 2009 by Iulti Metrcs, Inc. Menlo Park, C& A1l Rights Reserved
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[ Loss of the RFS 1\~Iodifier@]

2009 |4 @0.5@ A BQZ C(M)
T T forbidden

Why not good ?

1. Explicitmodifiers intorm us directly, and save time when
“decoding” Feature Control Frames. Time is money !

19

atter considering and@ rather than having overlookedthe
needto make a choice. Awarenessand certainty save money !

Copyright 2004 - 2009 by Multi Metrics, Inc. Menlo Park, C& All Rights Reserved
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[ Loss of the RFS I\‘Iodifier@]

2009 &2 0.5(9)|ABS)|ICM

P

Retaining an explicit (S) is therefore
highly recommended !

Copyright @ 2004 - 2009 by Iulti Metrcs, Inc. Menlo Park, C& A1l Rights Reserved
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[ Loss of the RFS I\-Iodifier@J

2009 B2 0.5(9)|ABS)|CM)
I

Retaining an explicit S is therefore
highly recommended !

You can do so with a corporate
document specifying it as a
corporate modification to the 2009
Standard, or with a note, both very
common practices in industry.

Copyright © 2004 - 2009 by IWulti Metrics, Inc. Menlo Park, C& All Rights Reserved
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Y14.5 2009 Changes and their Impact

[New Tools impacting Datums J

A more complete detinition of Datums

Applicability of the moditiers @ @ @ to Planar Datum Features
The new Datum (Feature Simulator) Translation Modifier: »
New Degrees of Constraint Moditiers: [u,v,w,x,v,z]

Expanded Composite Feature Control Frames — Up to four tiers.
New Datum Retference Frame Axis Labels: X[A,B,C], Y]...] etc.
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Y14.5 2009 Changes and their Impact

New Tools impacting Datums

. [A more complete detinition of Datums ]

Applicability of the moditiers @ @ @ to Planar Datum Features
The new Datum (Feature Simulator) Translation Modifier: »
New Degrees of Constraint Moditiers: [u,v,w,x,v,z]

Expanded Composite Feature Control Frames — Up to four tiers.
New Datum Retference Frame Axis Labels: X[A,B,C], Y]...] etc.

Copyright © 2004 - 2009 by IWulti Metrics, Inc. Menlo Park, C& All Rights Reserved
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[ A more complete detinitionof “Datums”™ ]

Definition:

Datums are the minimum set of one pertect imaginary
reference point, and/or straight line, and/or plane,
which together, fully characterize the orientation and
location of a datum feature simulator.

S LT

Copyright © 2004 - 2009 by IWulti Metrics, Inc. Menlo Park, C& All Rights Reserved
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[ A more complete detinitionof “Datums”™ ]

Definition:

Datums are the minimum set of one pertect imaginary
reference point, and/or straight line, and/or plane,
which together, fully characterize the orientation and
location of a datum feature simulator.

S LT

Datums serve to constrain the degrees of freedom of
starter coordinate systems and turn them into

Datum Reference Frames.

Copyright © 2004 - 2009 by IWulti Metrics, Inc. Menlo Park, C& All Rights Reserved
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Datum Feature Simulators & Datums

Degrees of Constraint Capability

Pitch Yaw:RoII Translation

|
Datum Feature Simulator

DFS + Datum

Datum

I
Datum Type

I
Rx Ry

1
Rz Tx

Ty

|
Tz

Sphere O Point e | s \/ \/ \/
Cylinder @ Line \/ \/ oz \/ \/ -
Planar Surface Slab
@ piane | | o [ = | == |/
Cone Torus
Cj Lo ot | o [ [ o | |
Wedge Cyl. Pattern
' wine [V |V [V |V V|~
Compound Curved
< i |V |V |V |V V|V
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Y14.5 2009 Changes and their Impact

New Tools impacting Datums

A more complete detinition of Datums
[Applicability of the moditiers @ @ @ to Planar Datum Features]
The new Datum (Feature Simulator) Translation Modifier: »

New Degrees of Constraint Moditiers: [u,v,w,x,v,z]
Expanded Composite Feature Control Frames — Up to four tiers.
New Datum Retference Frame Axis Labels: X[A,B,C], Y]...] etc.
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[ Applicability of the modifiers @ @ © to Planar Datum Features]

Prior to 2009, the Material Boundary modifiers

@ and @could not be applied to planar surtaces !

Copyright © 2004 - 2009 by IWulti Metrics, Inc. Menlo Park, C& All Rights Reserved
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[ Applicability of the modifiers @ @ © to Planar Datum Features]

Prior to 2009, the Material Boundary modifiers

@ and @oould not be applied to planar surtaces !

A1a:0.2

32540 05

D016

B®

CO

A @

@ =7

LL[@o.
/ / D 059@4
B

o=t

®

1

[

cl «—  surface.
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[ Applicability of the modifiers @ @ © to Planar Datum Features]

The 2009 Standard now makes Material Boundary moditiers
applicable to planar surtaces, but only those which are “location
constrained”, in other words, to those for which Maximum Material
and Least Material boundaries can be defined.

Copyright © 2004 - 2009 by IWulti Metrics, Inc. Menlo Park, C& All Rights Reserved
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[ Applicability of the modifiers @ @ © to Planar Datum Features]

The 2009 Standard now makes Material Boundary moditiers
applicable to planar surtaces, but only those which are “location
constrained”, in other words, to those for which Maximum Material
and Least Material boundaries can be defined.

£2540 05

P15+0.2

0. 16ABG|C B
B

g ®G< =%

Y

{50 |- Llalowla@)l
@ =1
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[ Applicability of the modifiers @ @ © to Planar Datum Features]

The 2009 Standard now makes Material Boundary moditiers
applicable to planar surtaces, but only those which are “location
constrained”, 1n other words, to those for which Maximum Material
and Least Material boundaries can be defined.

It C 18 a location

constrained planar
@15+0.2 I

Datum Feature,
$20.15)|A

<«— modifiers are
- D0.1(3)|A

UL

©| (@) @
©

now allowed
CO r
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[ Applicability of the moditiers @ @ @ to Planar Datum Features]

Examples
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[ Applicability of the moditiers @ @ © to Planar Datum Features]

#2540 05
L [0.050R
ED
®@ @Gg  —"Tep]
ﬁ) ‘ s | | Here’s the part drawing !
7[0.04 — ; “
5508 / = ELEE)
@ 915402
(1 [@g0.1@HGc®
(L2 ) [0 13ABGE)|ICE
(3 $lg0.16HBECO
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[ Applicability of the moditiers @ @ © to Planar Datum Features]

22540 05

L0000

DFS C = Plane

DFS A = Plane

DFSB =
Expanding Cylinder

ENEORIG L EC B And here are the

Datum Feature Simulators
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Machine Part Goometry Management !

[Applicability ofthe modifiers S M L toPlanar Datum Features]

22540 05

L0000

DFS C = Plane

Expanding Cylinder

ENEORIG L EC B And here are the

Datum Feature Simulators
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[ Applicability of the moditiers @ @ © to Planar Datum Features]

22540 05

L0000

DFS C = Plane

\_ / :
i‘ Emn Expanding Cy@
9

ENEORIG L EC B And here are the
Datum Feature Simulators
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[ Applicability of the moditiers @ @ © to Planar Datum Features]

DFS C = Plane

22540 05

L0000

DFS A = Plane

S

i \_ ; / DFSB =
Emn Expanding Cy@
9

ENEORIG L EC B And here are the
Datum Feature Simulators
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[ Applicability of the moditiers @ @ © to Planar Datum Features]

DFS C = Plane

DFS A = Plane

#2540 05
[ [F0.05G

DFSB =
Expanding Cylinder

The question 1s:

How should Simulator C

behave?
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[ Applicability of the modifiers @ @ © to Planar Datum Features]

DFS C = Plane

DFS A = Plane

#2540 05
0050

DFSB =
Expanding Cylinder

HAo.16Hedcw €«—— FEach alternative encodes a

S
(20 [¢#0.165HBEIcE] +— different function and
R T

HP0IONBOICE] *— requires different behavior
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[ Applicability of the moditiers @ @ © to Planar Datum Features]

If the planar surface 1s referenced at @

} Y[IA,B,C]

@154+0.2 X[A,B,C]
GB0.1(9 TR
007 /
Simlator C 1s fixed at the Virtual 50.025

Maximum Material Boundary. ..
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[ Applicability of the modifiers @ @ © to Planar Datum Features]

If the planar surface 1s referenced at @

“YMBC]

@154+0.2 X[A,B,C]
GB0.1(9 TR
007 /
Simlator C 1s fixed at the Virtual 50.025

Maximum Material Boundary. ..

— leading toresidual in-space roll mobility

Copyright © 2004 - 2009 by Ivlulti Metrics, Inc. Menlo Park, C4& All Rights Reserved
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[ Applicability of the moditiers @ @ © to Planar Datum Features]

If the planar surface 1s reterenced at@

} YIA,B.C]

l @

?1540.2 P [ xnB.C
HF010NBRICE O, @ ) —

vy @
4
—" v ]
Simlator C expands to consume w Ls

all the space available . . .
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30

[ Applicability of the moditiers @ @ © to Planar Datum Features]

If the planar surface 1s reterenced at@

X[A,B,C]

[ o

} Y[IA,B,C]
l ®
315+0.2 o\ [
$1Z0.104BOICE) @/
vy @
¥
— 7 2
P L % ) 2?7
Simlator C expands to consume w e
all the space available . . .
—_—

leading to in-space roll stability
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[ Applicability of the modifiers @ @ © to Planar Datum Features]

If the planar surface 1s referenced at@

f |

Y[A,B,C]

Siunlator C 1s fixed at the Virtual 49 975
Least Material Boundary. ..
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[ Applicability of the modifiers @ @ © to Planar Datum Features]

If the planar surface 1s referenced at@

Y[A,B,C]

Siunlator C 1s fixed at the Virtual 49 975
Least Material Boundary. ..

— leading toresidual in-material roll mobility
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[ Applicability of the modifiers @ @ © to Planar Datum Features]

How useful 1s this?
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[ Applicability of the moditiers @ @ @ to Planar Datum F eatures]

How useful 1s this?

very
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[ Applicability of the moditiers @ @ © to Planar Datum F eatures]

How useful 1s this?

very

encodes potential “mobility” (or play) between mating planar
features during asgembly, and permits taking advantage of 1t.
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[ Applicability of the moditiers @ @ © to Planar Datum F eatures]

How useful 1s this?

very

@ encodes potential “mobility” (or play) between mating planar
features during asgembly, and permits taking advantage of 1t.

@ encodes “stability’” between mating planar features during
asrembly, and forbids taking advantage of potential “play™.

Copyright © 2004 - 2009 by IWulti Metrics, Inc. Menlo Park, C& All Rights Reserved
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[ Applicability of the moditiers @ @ © to Planar Datum F eatures]

How useful 1s this?

very

@ encodes potential “mobility” (or play) between mating planar
features during asgembly, and permits taking advantage of 1t.

@ encodes “stability’” between mating planar features during
asrembly, and forbids taking advantage of potential “play™.

encodes potential “looseness™ between a planar Datum
Feature 1n 1tz cast versus 1ts machined condition, and
permits taking advantage of 1t during material removal.

Copyright © 2004 - 2009 by IWulti Metrics, Inc. Menlo Park, C& All Rights Reserved
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Y14.5 2009 Changes and their Impact

New Tools impacting Datums

A more complete detinition of Datums
Applicability of the moditiers @ M) to Planar Datum Features
[The new Datum (Feature Simulator) Translation Modifier: » ]

New Degrees of Constraint Moditiers: [u,v,w,x,y,z]

Expanded Composite Feature Control Frames — Up to four tiers.
New Datum Retference Frame Axis Labels: X[A,B,C], Y]...] etc.

Copyright © 2004 - 2009 by IWulti Metrics, Inc. Menlo Park, C& All Rights Reserved
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[ Datum (Feature Simulator) Translation Modifier: » ]

Whereas the Material Boundary modifiers @@ and @
require Datum Feature Simulators to expand, contract or be
fixed 1n size, addition of the translation modifier D frees
Datum Feature Simulators of size to also translate during
the DRF establishment process. l

SD0.19ABO)|IC D
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[ Datum (Feature Simulator) Translation Modifier: » ]

Whereas the Material Boundary modifiers @@ and @
require Datum Feature Simulators to expand, contract or be
fixed 1n size, addition of the translation modifier D frees
Datum Feature Simulators of size to also translate during
the DRF establishment process. l

SD0.19ABO)|IC D

Remember !

The translation modifier applies only to
“Datum Features of Size™.
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[ Datum (Feature Simulator) Translation Moditier: P ]

Examples

Copyright © 2004 - 2009 by IWulti Metrics, Inc. Menlo Park, C& All Rights Reserved
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[ Datum (Feature Simulator) Translation Modifier: » ]

P25+0.05

12+0.05
LLIZo. 05@;;] ¢> 0 OSMIABE)
T
o == . ,
Here’s a part drawing !

F-*!

A1540.2
@ €T () R
(2 ) [FEo i GHEIE
(3 ) BP0 GHEELK Ob)
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[ Datum (Feature Simulator) Translation Modifier: » ]

P25+0.05

12+0.05
LLIZo. 05@;;] ¢> 0 OSMIABE)
T
- =1 i :
Here’s a part drawing !

!*-*I

A1540.2
@ €T () R
(2 ) [FEo i GHEIE
(3 ) BP0 GHEELE O]

T Here’s the Translation modifier.
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[ Datum (Feature Sumulator) Translation Modifier: P ]

P25+0.05 12+0.05

LI 550 05@ fl} 0 OSMIABE)
DFS A = Plane I
\( i

DFSB=

’__-_,‘ Expanding Cylinder

A1540.2
@ €T () R
(2 ) [FEo i GHEIE
(3 ) BP0 GHEELK Ob)

Fixed or Expanding Slab

Here are the
Datum Feature Simulators
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[ Datum (Feature Sumulator) Translation Modifier: P ]

P25+0.05

12+0.05
J_¢O 05@ ¢>00 B®)

DFSB=

’__-_,‘ Expanding Cylinder

A1540.2
@ €T () R
(2 ) [FEo i GHEIE
(3 ) BP0 GHEELK Ob)

Fixed or Expanding Slab

Here are the
Datum Feature Simulators
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[ Datum (Feature Sumulator) Translation Modifier: P ]

P25+0.05

12+0.05
J_¢O 05@ ¢>00 B®)

DFSB=
’__-_,‘ Expanding Cylinder

A1540.2
@ €T () R
(2 ) [FEo i GHEIE
(3 ) BP0 GHEELK Ob)

Fixed or Expanding Slab

Here are the
Datum Feature Simulators
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[ Datum (Feature Sumulator) Translation Modifier: P ]

P25+0.05

12+0.05
J_¢O 05@ ¢>00 B®)

F-*!

A1540.2
@ €T () R
(2 ) [FEo i GHEIE
(3 ) BP0 GHEELK Ob)

Here are the
Datum Feature Simulators

Copyright @ 2004 - 2009 by Iulti Metrcs, Inc. Menlo Park, C& A1l Rights Reserved



MULTI T\IFTPICS INQ
M\\l chine Part ( \.n\ Management 98

[ Datum (Feature Sumulator) Translation Modifier: P ]

P25+0.05 12+0.05

IJ_|¢0 05®|ﬂ fl} 0 OSMIABE)
DFS A = Plane I

I ED 1
DFSB=

’_ - ,,| Expanding Cylinder Fixed orExpanc-ii@
A1510.2
@<F (O EHoCHED

(2) BEoiGHGIE The ques&on is: |
(3) PPLCHGK O How should Simulator C

behave?
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[ Datum (Feature Simulator) Translation Modifier: » ]

If the MMB modifier (M)

is used without [>

YABCTy 20
i, S N
l; @ . 1
215+0.2 f / === —
1501 GHERI0T | 7;) ;

2y ) X[A,B,C

...........

The simulatoris
fixed in location
and fixed 1n size.
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[ Datum (Feature Simulator) Translation Modifier: » ]

If the MMB modifier (M)

is used without [>

Y[A,B,C] 4 |20
Iryii;
215+0.2 5 ) ===
$1@0. 104Gl | 6@) b

2y ) X[A,B,C

...........

The simulatoris

— leading toresidual in-space roll mobility fixed in location
With C serving a “clocking™ function and fixed 1n size.
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[ Datum (Feature Simulator) Translation Modifier: » ]

If the RMB modifier (S)

is used without [>

YIA.B.C] 4 20
22
I ;
?15+0.2 Z :
HB0NGABBICE @ @ 3 -
& N([A,B,C]

The sumulatoris
fixed in location
but 1s required to

expand.
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[ Datum (Feature Simulator) Translation Modifier: » ]

If the RMB modifier (S)

is used without [>

Y[A,B,C] 4 20
??
o .
?15+0.2 I s
epo.oHels | D £ -
X[A,B,C]
®
The sumulatoris
— leading toresidual in-space roll stability fixed in location
With Cserving a “clocking” function. but 1s required to

expand.
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[ Datum (Feature Simulator) Translation Modifier: » ]

If the RMB modifier (S)
is used with [>

Y[A,B,C] 4 27
?7?
*
?15+0.2 :: E_
st 2 X[A,B,C]

The simulatoris
required to

expand and slide.

Copyright © 2004 - 2009 by IWulti Metrics, Inc. Menlo Park, C& All Rights Reserved

103



MULTI METRICS, INC.
M\\Luhm. i'.vlt Goone u\\ Managemoent ]- O"I'

[ Datum (Feature Simulator) Translation Modifier: » ]

If the RMB modifier (S)
is used with [>

Y[A.B.C] o
??
- —
215+0.2 ¥ ! -
0.1
Sl X[A,B,C]
The simulator1s
— leading toresidual in-space roll stability required to

With C serving an “aligning” function. expand and slide.
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[ Datum (Feature Simulator) Translation Modifier: » ]

Impact

@ + D encodes the potential “mobility”” and also the

“clocking” function.

Copyright © 2004 - 2009 by IWulti Metrics, Inc. Menlo Park, C& All Rights Reserved
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[ Datum (Feature Simulator) Translation Modifier: » ]

Impact

@ + D encodes the potential “mobility”” and also the

“clocking” function.

@ + D encodes the “stability” and the “aligning™ function.
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[ Datum (Feature Simulator) Translation Modifier: » ]

Impact

@ + D encodes the potential “mobility”” and also the

“clocking” function.

@ + D encodes the “stability” and the “aligning™ function.

@ " D encodes the potential “looseness™ and also the

“clocking” function.

Copyright © 2004 - 2009 by IWulti Metrics, Inc. Menlo Park, C& All Rights Reserved
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[ Datum (Feature Simulator) Translation Moditier: P ]

How usetul 1s the Translation moditier ?

Copyright © 2004 - 2009 by IWulti Metrics, Inc. Menlo Park, C& All Rights Reserved



/\NUI TI METRICS, INC.

[ Datum (Feature Sumulator) Translation Modifier: P ]

How usetul 1s the Translation moditier ?

very

But the number of usetul instances
will be small.
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Y14.5 2009 Changes and their Impact

New Tools impacting Datums

A more complete detinition of Datums
Applicability of the moditiers @ @ @ to Planar Datum Features
The new Datum (Feature Simulator) Translation Modifier: »

[NeWDegrees of Constraint Modifiers: [u,v,w,x,y,z] ]

Expanded Composite Feature Control Frames — Up to four tiers.
New Datum Retference Frame Axis Labels: X[A,B,C], Y]...] etc.
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Degrees of Constraint Moditiers: [u,v,w,x,y,z] ]

Let’s start with a question:

Copyright © 2004 - 2009 by IWulti Metrics, Inc. Menlo Park, C& All Rights Reserved
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[ Degrees of Constraint Moditiers: [u,v,w,x,y,z] ]

Let’s start with a question:

What's the purpose of Datum Features ?
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[ Degrees of Constraint Moditiers: [u,v,w,x,y,z] ]

Let’s start with a question:

What's the purpose of Datum Features ?

e N

To constrain
rotational and translational
degrees of freedom !
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Degrees of Constraint Moditiers: [u,v,w,x,y,z] ]

There are 6 degrees of
rotational and translational freedom:

Copyright © 2004 - 2009 by IWulti Metrics, Inc. Menlo Park, C& All Rights Reserved
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Degrees of Constraint Moditiers: [u,v,w,x,y,z]

There are 6 degrees of
rotational and translational freedom:

3 Rotational: 3 Translational:
1. Pitch 1. Tx
2. Yaw 2. Ty
3. Roll 3.1z

Copyright © 2004 - 2009 by IWulti Metrics, Inc. Menlo Park, C& All Rights Reserved
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[ Degrees of Constraint Moditiers: [u,v,w,x,y,z]

There are 6 degrees of
rotational and translational freedom:

3 Rotational: 3 Translational:
1. Pitch 1. Tx
2. Yaw 2. Ty
3. Roll 3.1z

and a set of six new tools for constraining them:

Copyright © 2004 - 2009 by IWulti Metrics, Inc. Menlo Park, C& All Rights Reserved
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[ Degrees of Constraint Moditiers: [u,v,w,x,y,z]

There are 6 degrees of
rotational and translational freedom:

3 Rotational: 3 Translational:
1. Pitch u 1. Tx x
2. Yaw v 2.Ty ¥y
3.Roll w 3.Tz 1z

and a set of six new tools for constraining them:

[U,V,W,X,Y,Z]
The Degrees of Constraint Modifiers

Copyright © 2004 - 2009 by IWulti Metrics, Inc. Menlo Park, C& All Rights Reserved

117



MULTI METRICS, INC.
M\\Luhm. i'.vlt Goone u\\ Managemoent ]- ]- 8

[ Degrees of Constraint Moditiers: [u,v,w,x,y,z] ]

Degrees of Constraintmodifiers are placed inside
brackets to the right ot the Material Boundary modifier
assoclated with a Datum Feature label, and serve to
specify the degrees of freedom that a particular Datum
Feature 1s required and permitted to constrain !
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[ Degrees of Constraint Moditiers: [u,v,w,x,y,z] ]

Degrees of Constraintmodifiers are placed inside
brackets to the right ot the Material Boundary modifier
assoclated with a Datum Feature label, and serve to
specity the degrees of freedom that a particular Datum
Feature 1s required and permitted to constrain !

025+0.05
&2 0.050)|Au, v,z PBCw,y DA x]
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[ Degrees of Constraint Moditiers: [u,v,w,x,y,z] ]

Degrees of Constraint moditiers are placed inside
brackets to the right ot the Material Boundary modifier
assoclated with a Datum Feature label, and serve to
specity the degrees of freedom that a particular Datum
Feature 1s required and permitted to constrain !

©025+0.05
&2 0.05)|A u,v,z DB(w,y )] x|

Degrees of Constraint modifiers make the
Can, May, Must rule explicit !
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[ Degrees of Constraint Moditiers: [u,v,w,x,y,z] ]

Example:

315+0.2

$1p01 O
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Degrees of Constraint Moditiers: [u,v,w,x,y,z] ]

Example:

&\
b
P

/@
4=
?

@ =%

315+0.2

<

20.1 &

5 g

Just tor tun, let’s try to control
the left hand bore relativetoa
Datum Reterence Frame
establishedusing . . .
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[ Degrees of Constraint Moditiers: [u,v,w,x,y,z] ]

Example:

‘ : Just tor tun, let’s try to control

G ) }B = the left hand bore relativeto a

- S—— Datum Reference Frame

/’ @? establishedusing . . .
five Datum Features.
& =1 @

315+0.2

$1p01 O
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Degrees of Constraint Moditiers: [u,v,w,x,y,z] ]

Example:

: : Tust tor tun, let’s trv to control

) }D ; the lett hand bore relativetoa

Datum Reference Frame
establishedusing . . .

T ‘ @ five Datum Features.
715+0.2

Allwe have to do 1s list them

<

20.1 &

i the Feature Control Frame
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[ Degrees of Constraint Moditiers: [u,v,w,x,y,z] ]

Example:

\ : Just for fun. let’s trv to control

Datum Reference Frame
establishedusing . . .

T ‘ @ five Datum Features.
715+0.2

D }9 ; the left hand bore relative toa

SE® Allwe have to do 1s list them
i the Feature Control Frame

Copyright © 2004 - 2009 by IWulti Metrics, Inc. Menlo Park, C& All Rights Reserved
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[ Degrees of Constraint Moditiers: [u,v,w,x,y,z] ]

Example:

O }B = But this doesn’t work, because
L A, B and C already constrain
/' @? all six degrees ot freedom !
@<=t X @
@ 1 5:|: 0.2 \ e el et
(1) |{p0.1 S AB|C ODIE
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[ Degrees of Constraint Moditiers: [u,v,w,x,y,z] ]

Example: l l
@\ However, 1t this 1s a real,

tunctional objective, which it
BN e 5 ‘

= could be, how can we encode 1t?

]315:!:0.2 \‘ PR
(1) |{p0.1 S AB|C ODIE

Copyright 2004 - 2009 by Multi Metrics, Inc. Menlo Park, C& All Rights Reserved



MIUITI METRICS, INC. 178
Mot rt Goometry Managemoent i

Degrees of Constraint Moditiers: [u,v,w,x,y,z] ]

Example:

/i However, if this 1s a real,

could be. how can we encode 1t?

}9 functional objective, whichit
| - = coule

GF Using

Degrees of Constraint
@& =7 @ 1f1

modifiers !

g

QP

Pl B2
20.1 OQTATBTE S-S

o

<

p0.1 @] Aluv] [Bw]|CO [z]| D@ [IIE@ [Y]

Copyright 2004 - 2009 by Multi Metrics, Inc. Menlo Park, C& All Rights Reserved
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Degrees of Constraint Moditiers: [u,v,w,x,y,z] ]

oy
91520.2

Example:

/E

E{

g

20.1©

Let'suse -

1. A toconstramn only pitch

and yaw.

o

<

g0.1 @

D ® [x]

EQ [y]

Copyright @ 2004 - 2009 by Iulti Metrcs, Inc. Menlo Park, C& A1l Rights Reserved
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Degrees of Constraint Moditiers: [u,v,w,x,y,z] ]

Example:

Let'suse -

1. A toconstramn only pitch
and yaw.
g== 2. Bto constramonly roll.

@GJE

Pl B2

g

20.1 QTABECE-CIES

o

<

701 O ALMECO 0O [EQ [Y]

Copyright @ 2004 - 2009 by Iulti Metrcs, Inc. Menlo Park, C& A1l Rights Reserved
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[ Degrees of Constraint Moditiers: [u,v,w,x,y,z] ]

Example:
Let'suse -
[©) D | |
o 1. A toconstramn only pitch
’ﬂf o }9 and yaw. |
g== 2. Bto constramonly roll.
e 3. Ctoconstramonly
? translationin Z

4
=
O
©
yi &
P
aPp
@
P
@
@

o

${00.1 @[ Aluv][Bw][CO(z])D O [XJ[EQ [v]

T

Copyright 2004 - 2009 by Multi Metrics, Inc. Menlo Park, C& All Rights Reserved




M.

TULTI METRICS, INC.

Machine Part Goometry Manag

et

Degrees of Constraint Moditiers: [u,v,w,x,y,z] ]

i o

Example:

oy
91520.2

g

QP
ap

20.1 O1k

Let’s use -

1. A toconstramn only pitch
and yaw.

2. Bto constramonly roll.

3. Ctoconstramonly
translationin Z

4. D toconstramn only
translationin X.

o

<

20.1 S| Alu.v]

P OGJED D]

T
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Degrees of Constraint Moditiers: [u,v,w,x,y,z] ]

i o

Example:

/ B i,

o 50
. —? 3.
i
@ @
B1540.2 5.
&00.1 O eahars

Let'suse -

A to constrain only pitch
and yaw.

B to constramnonly roll.
C to constrain only
translationin Z

D to constrain only
translationin X.

E to constrainonly
translationin Y.

o

<

701 O ALV [BW[C® 2] 00 IIEQ (Y]

T

Copyright © 2004 - 2009 by Ivlulti Metrics, Inc. Menlo Park, C4& All Rights Reserved
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134

Degrees of Constraint Moditiers: [u,v,w,x,y,z] ]

Z[A,B.C.D.E]

015+0.2

' Y[A.B.C.D.E]

1 ¥[A.B.C.D.E]

And here 1t 1s !
The

Datum Reference Frame
defined by our five

Datum Features !

?0.1 5

Alu.v]

T
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Degrees of Constraint Moditiers: [u,v,w,x,y,z]

Now for a much more
practical
Degrees of Constraint Modifiers

example.

Copyright © 2004 - 2009 by IWulti Metrics, Inc. Menlo Park, C& All Rights Reserved
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[ Degrees of Constraint Moditiers: [u,v,w,x,y,z] ]

Now for a much more
practical
Degrees of Constraint Modifiers
example.
But first, the 2009 change 1n

Composite Feature Control Frames

Copyright © 2004 - 2009 by IWulti Metrics, Inc. Menlo Park, C& All Rights Reserved
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Y14.5 2009 Changes and their Impact

New Tools impacting Datums

A more complete detinition of Datums
Applicability of the moditiers @ @ @ to Planar Datum Features
The new Datum (Feature Simulator) Translation Modifier: »
New Degrees of Constraint Moditiers: [u,v,w,x,y,z]

[Expanded Composite Feature Control Frames — Up to four tiers. ]
New Datum Retference Frame Axis Labels: X[A,B,C], Y]...] etc.

Copyright © 2004 - 2009 by IWulti Metrics, Inc. Menlo Park, C& All Rights Reserved
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[ Composite Feature Control Frames — Up to four tiers ]

Composite Feature Control Frames

can now have up to

four tiers !!!

Copyright © 2004 - 2009 by IWulti Metrics, Inc. Menlo Park, C& All Rights Reserved
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[ Composite Feature Control Frames — Up to four tiers ]

Composite Feature Control Frames

can now have up to

four tiers !!!

2X025+0.01

@

?0.20 )

>

00.10 )

>

$0.05 ()

>

00.01 S)

Copyright © 2004 - 2009 by Multi Metrics, Inc. Menlo Park, C& All Rights Reserved
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[ Composite Feature Control Frames — Up to four tiers ]

But, what’s so special about
Composite Feature Control Frames ?

2X025+0.01

@

?0.20 )

00.10 )

>

$0.05 ()

>

00.01 S)

Copyright @ 2004 - 2009 by Iulti Metrcs, Inc. Menlo Park, C& A1l Rights Reserved
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[ Composite Feature Control Frames — Up to four tiers ]

But, what’s so special about
Composite Feature Control Frames ?

They provide special
function encoding power.

2X025+0.01

@

?0.20 )

00.10 )

>

$0.05 ()

>

00.01 S)

Copyright @ 2004 - 2009 by Iulti Metrcs, Inc. Menlo Park, C& A1l Rights Reserved
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[ Composite Feature Control Frames — Up to four tiers ]

How?

2X025+0.01

€

?0.20 )

>

00.10 )

>

$0.05 ()

>

00.01 S)

Copyright © 2004 - 2009 by Multi Metrics, Inc. Menlo Park, C& All Rights Reserved
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[ Composite Feature Control Frames — Up to four tiers ]

How?

fby limiting the Datum Features in the second and all |
lower tiers to constraining only rotational degrees
of freedom !
\_ .
2X025+0.01
20.20 ©[A[B[C
& 20.10 S |A|B| <—
@0.05 )| A w—
00.01 S)

Copyright 2004 - 2009 by Multi Metrics, Inc. Menlo Park, C& All Rights Reserved
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[ Composite Feature Control Frames — Up to four tiers ]

Example

Copyright © 2004 - 2009 by IWulti Metrics, Inc. Menlo Park, C& All Rights Reserved
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[ Composite Feature Control Frames — Up to four tiers ]

e e R P o o S S o o e S S

T @)=

/)3/;;/ R R

Focusing on the two small bores on the left and the
long bore on the right . . . .

Copyright © 2004 - 2009 by IWulti Metrics, Inc. Menlo Park, C& All Rights Reserved
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[ Composite Feature Control Frames — Up to four tiers ]

e e R P o o S S o o e S S
—r—‘i\

MM =
¥

//Z// ZZ

The functional objectives we want to encode are:

Focusing on the two small bores on the left and the
long bore on the right . . . .

Copyright © 2004 - 2009 by IWulti Metrics, Inc. Menlo Park, C& All Rights Reserved
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[ Composite Feature Control Frames — Up to four tiers ]

Py S DA A A A
_‘4\44

e Re—r— L e

’/7//7// R R

The functional objectives we want to encode are:

1. the coaxiality of the two small bores shall be held
reasonably tightly relative to the long bore (Datum
Feature A ) on the right.

Copyright © 2004 - 2009 by IWulti Metrics, Inc. Menlo Park, C& All Rights Reserved
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[ Composite Feature Control Frames — Up to four tiers ]

Py S DA A A A
_‘4\44

e Re—r— L e

’/7//7// R R

The functional objectives we want to encode are:

1. the coaxiality of the two small bores shall be held
reasonably tightly relative to the long bore (Datum
Feature A ) on the right.

12

the combined parallelism of the two small bores shall
be held more tightly relative to the long bore.

Copyright © 2004 - 2009 by IWulti Metrics, Inc. Menlo Park, C& All Rights Reserved
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[ Composite Feature Control Frames — Up to four tiers ]

—

///fﬁ/ DA A A A

\

’/7//7// R R

The functional objectives we want to encode are:

L.

12

the coaxiality of the two small bores shall be held
reasonably tightly relative to the long bore (Datum
Feature A ) on the right.

the combined parallelism of the two small bores shall
be held more tightly relative to the long bore.

the mutual coaxiality of the two small bores shall be
held still more tightly.

Copyright © 2004 - 2009 by IWulti Metrics, Inc. Menlo Park, C& All Rights Reserved
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[ Composite Feature Control Frames — Up to four tiers ]

e e R P o o S S o o e S S

-

Ly “\_.___—’/-—- o3

/)3/;;/ R R

Here’s how we can do that using a
Composite Feature Control Frame!
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[ Composite Feature Control Frames — Up to four tiers ]

e e G S 0 o S S o o o S S
—— ]

— 2%p25+0.01
201005 AG) €—
4

Because A 1n the first tier constrains
pitch, vaw and both degrees of
translational freedom, the first tier
imposes global coaxiality relative to A.

- @ =3

| 4 *—
’/);/;;/ R R R ERRRRRRR i
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[ Composite Feature Control Frames — Up to four tiers ]

\ Y[A]

X[A]

=

e e G S 0 o S S o o o S S
—— ]

| 4 *—
’/);/;;/ R R R ERRRRRRR i

— 2%p25+0.01
201005 AG) €—
4

1. Because A 1n the first tier constrains
pitch, vaw and both degrees of
translational freedom, the first tier
imposes global coaxiality relative to A.
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[ Composite Feature Control Frames — Up to four tiers ]

\ Y[A]

X[A]

=

e e G S 0 o S S o o o S S
—— ]

¥ ®—
’/);/;;/ R R R ERRRRRRR i
— 2¥02540.01
20.1 O@ A @ <4+—
&
Datum A

The unfortunately slightly oftset,

1. Becauge A 1n the first tier constrains
skewed axeg of the small bores

pitch, vaw and both degrees of
translational freedom, the first tier
imposes global coaxiality relative to A.
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[ Composite Feature Control Frames — Up to four tiers ]

\ Y[A]

X[A]

=

e e G S 0 o S S o o o S S
—— ]

| 4 *—
’/);/;;/ R R R ERRRRRRR i

— Z¥@P25+0.01
20.10 @ A @ P S— ¢ First Tier Tolerance Zone 30.10

i \DatumA

The unfortunately slightly oftset,

1. Becauge A 1n the first tier constrains
skewed axeg of the small bores

pitch, vaw and both degrees of
translational freedom, the first tier
imposes global coaxiality relative to A.
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[ Composite Feature Control Frames — Up to four tiers ]

S gl sl e e A P G A P S P S
V4 B S

o_
’/);/;;/ R R R ERRRRRRR i

— 2%P25+0.01

2010 M| AG)

¢ First Tier Tolerance Zone 30.10

42005 A5

Datum A

— ]
)

!

Because A 1n the second tier constrains

only pitch and yvaw, the second tier
imposes refined mutual coaxiality and
refined parallelism relative to A.
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[ Composite Feature Control Frames — Up to four tiers ]

S gl sl e e A P G A P S P S
V4 B S

| 4 &—
’/);/;;/ R R R ERRRRRRR i

A
— 2XPp25+0.01
2010 B[ AG) ¢ First Tier Tolerance Zone 30.10
400,050 A0)| €—
+ ﬂ Datum A
s
L — =

1w
2. Because A 1n the second tier constrains
only pitch and yaw, the second tier Second Tier Tolerance Zone ©0.05

imposes refined mutual coaxiality and
refined parallelism relative to A.
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[ Composite Feature Control Frames — Up to four tiers ]

S gl sl e e A P G A P S P S
V4 B S

| 4 &—
’/);/;;/ R R R ERRRRRRR i

A
— 2Xp2540.01
20.10 W] AG) ¢ First Tier Tolerance Zone 0.10
42005 A0
20.01 Q)| ¢—— y M e

PREE QO
————
11

! "

Due to the absence ot all external
constraints, the third tier merely
further retines the mutual Second Tier Tolerance Zone @0.05
coaxiality of the two bores.
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[ Composite Feature Control Frames — Up to four tiers ]

S gl sl e e A P G A P S P S
V4 B S

= S - @7

| 4 &—
’/);/;;/ R R R ERRRRRRR i

A
— 2X%P2510.01
20.10M| AG) First Tier Tolerance Zone 030.10
${20.05[AE)

20.01 Q)| ¢———mv + ﬂ % l ) DaEnill_\

Third Tier Tolel ance Zone 20.01

. Due to the absence of all external

constraints, the third tier merely
turther retines the mutual
coaxiality of the two bores.

Second Tier Tolerance Zone J0.05
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[ Composite Feature Control Frames — Up to four tiers ]

This all makes functional sense. but could i1t
be made a little more explicit ?

Copyright © 2004 - 2009 by IWulti Metrics, Inc. Menlo Park, C& All Rights Reserved
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[ Composite Feature Control Frames — Up to four tiers ]

This all makes functional sense. but could i1t
be made a little more explicit ?

Yes. using

Degrees of Constraint Modifiers !

Copyright © 2004 - 2009 by IWulti Metrics, Inc. Menlo Park, C& All Rights Reserved

160



/\Num METRICS, INC.
Machine Part Goometry Managemoent

161

[ Composite Feature Control Frames — Up to four tiers ]

Y[A]
XA
FAR LIS PILLTT LT T T T T T T ITTT Bl
4 ]
k)
Z[A]
T - @7
¥ &—

’////7// P e R RR TR Al

1 — 2X02540.01
' 2010 M| AG) ¢ First Tier Tolerance Zone
${20.05[AE)
£0.01 Q) + ﬂ Datum A
2. L 2xp25£0.01
: A S ) :
igg g?g w) Third Tier Tolerance Zone

2

Degrees of Constraint Modifiers!

Second Tier Tolerance Zone
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[ Composite Feature Control Frames — Up to four tiers ]

Y[A]
X[A]
e e G P o o S S o o P S
=T=M T Z[A]
~ - - @7
| 4

’////7// ////////////7 Al

1 SR0P2540.01 4/

10
%% A% We no longer need
70.01(S)

o Loxprsioon Composite
4@ 0. 10(M|AS)
$150.0500A 6 {[o]) Feature Control Frames
HB0.015) et

2

Degrees of Constraint Modifiers!

Copyright © 2004 - 2009 by IWulti Metrics, Inc. Menlo Park, C& All Rights Reserved



/\Num METRICS, INC.
Machine Part Goometry Managemoent

[ Composite Feature Control Frames — Up to four tiers ]

How useful are
Degrees of Constraint Modifiers ?

Copyright © 2004 - 2009 by IWulti Metrics, Inc. Menlo Park, C& All Rights Reserved
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[ Composite Feature Control Frames — Up to four tiers ]

How useful are
Degrees of Constraint Modifiers ?

Very |

Copyright © 2004 - 2009 by IWulti Metrics, Inc. Menlo Park, C& All Rights Reserved
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[ Composite Feature Control Frames — Up to four tiers ]

How useful are
Degrees of Constraint Modifiers ?

Very |

They eliminate the need tor Composite Feature
Control Frames and provide even more
function encoding power
than we had betfore !
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Y14.5 2009 Changes and their Impact

New Tools impacting Datums

A more complete detinition of Datums

Applicability of the moditiers @ @ @ to Planar Datum Features
The new Datum (Feature Simulator) Translation Modifier: »
New Degrees of Constraint Moditiers: [u,v,w,x,y,z]

Expanded Composite Feature Control Frames — Up to four tiers.

. [New Datum Reterence Frame Axis Labels: X[A,B,C], Y][...] etc. ]
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[ Datum Reterence Frame Axis Labels: X[A,B,C], Y[...] etc. ]

As we know.

locating the axes of a Datum Reference
Frame 1sn’t so easy !
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[ Datum Reterence Frame Axis Labels: X[A,B,C], Y[...] etc. ]

16408 £25£0.1
170 5@ AECE]) -7 0. 208N B C
A D
é) Gé ==
T
30
v
»‘ ¥ 1 o.4
701 45 || B

@

— Can you figure out the locations of the

X. Y and Z axes of the DRF deftined here?
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[ Datum Reterence Frame Axis Labels: X[A,B,C], Y[...] etc. ]

DIBENE —mm—T £2540.1
170 5@ AECE]) [+ 0. 20m[ A B C
M @
@, L Gg |
T
30
7
»‘ ¥ 1 o.4
710,17 45 |the B

@

— Can you figure out the locations of the

X. Y and Z axes of the DRF deftined here?
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[ Datum Reference Frame Axis Labels: X[A,B,C], Y]...] etc. ]

AIBERE —mT £25+£0.1
170 5@ AECE]) [ 0. 200 (A B C
4? (_B
B é —
RN
30
!
0.1
/7|01 45 |- >‘ (@

@

— Can you figure out the locations of the

X. Y and Z axes of the DRF deftined here?
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[ Datum Reference Frame Axis Labels: X[A,B,C], Y]...] etc.

J

—

216+0.5

7 0.5@[AgCcE)|)

S

\
/

225+0.1

EXERREORE 2%

©

@GH
Téeﬁc

L7101 45

~4<

@

®

Can you figure out the locations of the

Q.1

X. Y and Z axes of the DRF deftined here?
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[ Datum Reference Frame Axis Labels: X[A,B,C], Y]...] etc.

J

?16+0.5 P2540.1
|70 5GAHCE]) |‘€15‘|5?’jO 20914
D
' =
ENE
30
= 5
e

45 it D‘
&<

— Here they are !

U4
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[ Datum Reference Frame Axis Labels: X[A,B,C], Y]...] etc.

J

! P1620.5 == p25+0.1
|70 5GAHCE]) [ 0. 200]A B C
A &) i
é ‘ ==
END
30
. = i &
“ ¥ | Jo.1]4
£ T 45 it R

@

— But which axis 18 X, which 1s Y and which 18 Z ?
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[ Datum Reterence Frame Axis Labels: X[A,B,C], Y[...] etc. ]

We now have

Datum Reference Frame Axis Labels

X[A,B,C]
Y[A,B,C]
Z[A B.,C]
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Part Goometry Managey

[ Datum Reference Frame Axis Labels: X[A,B,C], Y]...] etc. ]

——> YI[ABC]

?

= D

—_— Y[ABC]

?16+0.5 $25+0.1
|70 5GAHCE]) [+ 0. 20m[ A B C
' =

i /

30

i X [A.B,C]
T “ Y T

45 it F

/7101 Z[AB,C]

'

@

— Now everyone knows exactly what’s going on !

Copyright © 2004 - 2009 by IWulti Metrics, Inc. Menlo Park, C& All Rights Reserved



MULTI METRICS, INC. 2
M\\Imhm. 3'.|'ll.<_~-l!h|: Managemoent ]' £ 6

[ Datum Reference Frame Axis Labels: X[A,B,C], Y]...] etc. ]

How useful are
DRF Axis Labels ?
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[ Datum Reterence Frame Axis Labels: X[A,B,C], Y[...] etc.

How useful are
DRF Axis Labels ?

Very |
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[ Datum Reference Frame Axis Labels: X[A,B,C], Y]...] etc. ]

Benetits

1) DRF axis labels accelerate the decoding of
Feature Control Frames in the machine shop
and 1n mspection.
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[ Datum Reference Frame Axis Labels: X[A,B,C], Y]...] etc.

1)

Benetits

DRF axis labels accelerate the decoding of
Feature Control Frames in the machine shop
and 1n mspection.

DRF axis labels standardize coordinate
measuring machine data reporting.

Copyright © 2004 - 2009 by IWulti Metrics, Inc. Menlo Park, C& All Rights Reserved
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[ Datum Reference Frame Axis Labels: X[A,B,C], Y]...] etc. ]

1)

Benetits

DRF axis labels accelerate the decoding of
Feature Control Frames in the machine shop
and 1n mspection.

DRF axis labels standardize coordinate
measuring machine data reporting.

DRF axis labels are required when using

Degrees of Constraint moditiers, because the
axes are reterenced 1n the code.
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Y14.5 2009 Changes and their Impact

[ New Tools impacting Tolerance Zones ]

(a partial set)

1. Unequally Disposed Protile Moditier: @

2. Non-Unitorm Modifier: [NON-UNIFORM]
3. ALL OVERModifier: Q)

4. Contiuous Feature Modifier: @

5. Independency Moditier: @
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Y14.5 2009 Changes and their Impact

New Tools impacting Tolerance Zones

(a partial set)

It [ Unequally Disposed Profile Moditier: @ ]
2. Non-Unitorm Modifier: [NON-UNIFORM]
3. ALL OVERModifier: Q)

4. Contiuous Feature Modifier: @

5. Independency Moditier: @
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[ Unequally Disposed Protile Modifier: @

The Surface Profile tool specities Gymmetrical) skin-like
tolerance zones by default.

CNO.HABIC

Copyright @ 2004 - 2009 by Iulti Metrcs, Inc. Menlo Park, C& A1l Rights Reserved
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[ Unequally Disposed Protile Modifier: @

The Surtace Profile tool specifies Gymmetrical) skin-like
tolerance zones by default.

0 3 C0.5ABIC

The Tolerance Zone
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[ Unequally Disposed Protfile Moditier: @

The 1994 Standard specities tolerance zones graphically.
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[ Unequally Disposed Protile Moditier: @

The 1994 Standard specities tolerance zones graphically.

Y14.5M 1994

0. JABC
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[ Unequally Disposed Protile Moditier: @

The 1994 Standard specities tolerance zones graphically.

Y14.5M 1994

0. JABC

The Tolerance Zone
Boundaries
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[ Unequally Disposed Protile Moditier: @

The 1994 Standard specities tolerance zones graphically.

Y14.5M 1994

Slightly cumbersome,

0. JABC

but clear !

The Tolerance Zone
Boundaries
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[ Unequally Disposed Protfile Moditier: @

The 1994 Standard specities tolerance zones graphically.

Y14.5M 1994

0. 23AB|C However, a symbolic

tool might be better !

*

The Tolerance Zone
Boundaries
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[ Unequally Disposed Protile Moditier: @

olerance zones
isposed modifier @

The 2009 Standard specifies
symbolically using the unequally

Y14.5M 1994

0. JABC
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[ Unequally Disposed Protfile Moditier: @

olerance zones
isposed modifier @

The 2009 Standard specifies
symbolically using the unequally

Y14.5M 1994 CY1452009 >

Qo.zABc—\/ v@ 0.3 0.3ABC
// \
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AN

Machine Part Goone

TULTI METRICS, INC.

try Manag

192

[ Unequally Disposed Protile Moditier: @

olerance zones

symbolically using the unequally disposed modifier @

Y14.5M 1994

CY1452009 D

i[9

A

B

&

£

0.3{0) 0.3

A

B

b

N\

How does 1t
work?
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[ Unequally Disposed Protile Modifier: @

The value 1n tront of the
moditier specities the total
tolerance. and . . .

(N0.3 Q) 0.3ABIC
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[ Unequally Disposed Protile Modifier: @

.. the value behind the
The value in front of the moditier specities the in-space
modifier specifies the total portion of the tolerance.
tolerance, and . . .

(N0.3 Q) 0.3ABIC

Copyright @ 2004 - 2009 by Iulti Metrcs, Inc. Menlo Park, C& A1l Rights Reserved

194



/\Num METRICS, INC. 195
Machine Part Goometry Managemoent 7 o

[ Unequally Disposed Protfile Moditier: @

olerance zones
isposed modifier @

The 2009 Standard specifies
symbolically using the unequally

Y14.5M 1994 CY1452009 >

(N0.3ABIC 0.3 1) 0.3ABC

AN

The Tolerance Zone
Boundaries
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[ Unequally Disposed Protfile Moditier: @

olerance zones
isposed modifier @

The 2009 Standard specifies
symbolically using the unequally

Y14.5M 1994 CY1452009 > Once we latch,
(N0.JABC ™[0.3 1) 0.34B[C it seems to

\ work !

The Tolerance Zone
Boundaries
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[ Unequally Disposed Protfile Moditier: @

The 1994 Standard also specifiesCunequal bilateral > <
tolerance zones graphically:

Copyright 2004 - 2009 by Multi Metrics, Inc. Menlo Park, C& All Rights Reserved
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Machine Part Goometry Managemoent

[ Unequally Disposed Protile Moditier: @

The 1994 Standard also specifiesCunequal bilateral > <
tolerance zones graphically:

Y14.5M 1994

O JABIC

0.1
y

Copyright © 2004 - 2009 by IWulti Metrics, Inc. Menlo Park, C& All Rights Reserved

198



/\Num METRICS, INC.
Machine Part Goometry Managemoent

[ Unequally Disposed Protile Moditier: @

The 1994 Standard also specifiesCunequal bilateral > <
tolerance zones graphically:

Y14.5M 1994 Although somewhz.lt
more cumbersome, it’s
O JABC . _,
0.1 still clear !

-~

Copyright © 2004 - 2009 by IWulti Metrics, Inc. Menlo Park, C& All Rights Reserved
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[ Unequally Disposed Protile Moditier: @

The 2009 Standard also uses the symbol @ to specity
@equal bilateral D tolerance zones

Y14.5M 1994
O JABIC

0.1
y
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[ Unequally Disposed Protfile Moditier: @

The 2009 Standard also uses the symbol @ to specity
@lual bilateral D tolerance zones

Y14.5M 1994 CY1452009 >
N 0.3ABC (0.3 ) 0.1|AB|C

2,1

-~
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[ Unequally Disposed Protile Moditier: @

The 2009 Standard also uses the symbol @ to specity
@lual bilateral D tolerance zones

Y14.5M 1994

N

0.3

A

B

C

How does it

Copyright © 2004 - 2009 by IWulti Metrics, Inc. Menlo Park, C& All Rights Reserved
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[ Unequally Disposed Protile Modifier: @

(N

0.3 00 0.1

A

Same as before |

Copyright © 2004 - 2009 by Multi Metrics, Inc. Menlo Park, C& All Rights Reserved
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[ Unequally Disposed Protile Modifier: @

The value 1n front of the
moditier specities the total

tolerance. and . . .

(N

0.3 00 0.1

A

Same as before |

Copyright @ 2004 - 2009 by Iulti Metrcs, Inc. Menlo Park, C& A1l Rights Reserved
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[ Unequally Disposed Protfile Moditier: @

.. the value behind the
The value in front of the moditier specities the in-space
modifier specifies the total portion of the tolerance.
tolerance, and . . .

(N0.3 ) 0.1|AB|C

Same as before |
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le TI METRICS, INC.
Ml il wiry Mar

[ Unequally Disposed Protfile Moditier: @

unequal bilateral D tolerance zones

Y14.5M 1994

N

0.3

A

B

C

CY1452009 >

¢

0.3 W) 0.1|A

A B

\

The Tolerance Zone
Boundaries
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[ Unequally Disposed Protile Moditier: @

How useful 1s the
Modifier (U) ?
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[ Unequally Disposed Profile Moditier: @

How useful 1s the
Modifier (U) ?

Very |
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[ Unequally Disposed Profile Moditier: @

How useful 1s the
Modifier (U) ?

Very |

We have eliminated
dependence on visual cues !
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Y14.5 2009 Changes and their Impact

New Tools impacting Tolerance Zones

(a partial set)

1. Unequally Disposed Protile Moditier: @

2. (Non-Uniform Modifier: [NON-UNIFORM] |
3. ALL OVERModifier: Q)

4. Contiuous Feature Modifier: @

5. Independency Moditier: @
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[ Non-Uniform Modifier: [NON-UNIFORM] ]

} ziAa B /
COMNON—=UNIFORMAB(S)
S i

Z3

Where the thickness of a
Surtace Profile tolerance
zone 1s required to vary . . .
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19
[a—
19

[ Non-Uniform Modifier: [NON-UNIFORM] ]

} ziAa B /

CINON—=UNIFORM

A

o

Where the thickness of a
Surtace Profile tolerance
zone 1s required to vary, its
boundaries can be specitied
graphically mnthe CAD
model or drawing, and the
tolerance value specified as
[INON-UNIFORM].
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Y14.5 2009 Changes and their Impact

New Tools impacting Tolerance Zones

(a partial set)

1. Unequally Disposed Protile Moditier: @

2. Non-Unitorm Modifier: [NON-UNIFORM]
3. [ ALL OVER Modifier

4. Contiuous Feature Modifier: @

5. Independency Moditier: @
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[ ALL OVER Moditier: ~Q_ |

,@7QO.3ABC = []o.z3AHC
ALL OVER

The 2009 Standard provides a symbol as a
replacement for the note ALL OVER.
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| ALL OVER Moditier “Q_ |

,@7Q 0.3d80 = [~]o.3AHC
ALL OVER <«—
The 2009 Standard provides a symbol as a
replacement for the note ALL OVER.

But the note ALL OVER is

still permutted !
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Y14.5 2009 Changes and their Impact

New Tools impacting Tolerance Zones

(a partial set)

1. Unequally Disposed Protile Moditier: @

2. Non-Unitorm Modifier: [NON-UNIFORM]
3. ALL OVERModifier: Q)

4. [ Continuous Feature Moditier: @]

5. Independency Moditier: @
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[ Continuous Feature Modifier: @ ]

‘///’

— 25+0.1 <CP>

|1 [T I u

Apparently applicable only to Features ot Size, the
“Continuous Feature” moditier applies the selected size
toolto all the indicated, in-line teatures of the same size, and
imposes the Envelope Rule on the entire set as a group.
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Y14.5 2009 Changes and their Impact

New Tools impacting Tolerance Zones

(a partial set)

1. Unequally Disposed Protile Moditier: @

2. Non-Unitorm Modifier: [NON-UNIFORM]
3. ALL OVERModifier: Q)

4. Contiuous Feature Modifier: @

3. [ Independency Modifier: @T

Copyright © 2004 - 2009 by IWulti Metrics, Inc. Menlo Park, C& All Rights Reserved
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[ The Independency Moditier: @ ]

@ means: Independent of the Envelope Rule

Copyright © 2004 - 2009 by IWulti Metrics, Inc. Menlo Park, C& All Rights Reserved
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[ The Independency Moditier: @ ]

@ means: Independent of the Envelope Rule

D28+0,07 N This . . .
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[ The Independency Moditier: @ ]

@ means: Independent of the Envelope Rule

@ZSiO.(N « This . . .

Replaces this !
?25+0.0° —
< PERFECT FORM AT MMC NOT REQD >
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The Independency Moditier: @ ]

Example
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[ The Independency Moditier: @ ]

Example

?25+0.01

O ¢

- 1000+2 - ?
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[ The Independency Moditier: @ ]

Example

Is this a functional specification?

025+0.01

O ¢

- 1000+2 - 1
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[ The Independency Moditier: @ ]

Example

Is this a functional specification?

025+0.01

O ¢

- 1000+2 - ?

NO ! because the automatically imposed Envelope Rule requires
global Cylindricity of 0.02 mm, which 1s impossible in such a long shaft.
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The Independency Moditier: @ ]

Example

» Does this make sense?

?$25+0.01(D) i

O N ¢

P 100042 o |
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[ The Independency Moditier: @ ]

Example

» Does this make sense?

?$25+0.01(D) i

O N ¢

P 100042 o |

NO ! Becausewithout the Envelope Rule the shatt
could turn into a garden hose !
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[ The Independency Moditier: @ ]
Example
If we add 52540 01® i
Incremental e 5N youls 0-1 e
Cylindricity :
O / /
- 100042 TR

Copyright © 2004 - 2009 by Ivlulti Metrics, Inc. Menlo Park, C4& All Rights Reserved
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The Independency Moditier: @

It we add
Incremental
Cylindrieity

O

N

Example

?$25+0.01(D

Y

0.01/50

/

/

C

-

Does this make sense?
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The Independency Moditier: @

It we add
Incremental
Cylindrieity

O

Yes ! we have a thoroughly functional solution !

N

Example

?$25+0.01(D

Y

0.01/50

/

/

C

-

Does this make sense?
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Concluding Remarks
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Concluding Remarks

Mult1 Metrics, Inc.

1s the home of

SmartGD&T™

Copyright © 2004 - 2009 by IWulti Metrics, Inc. Menlo Park, C& All Rights Reserved
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Concluding Remarks

What is
SmartGD&T ?

SmartGD&T 1s a rule-based, process driven approach
to either the ASME Y14.5M 1994 or ISO 1101 standard.,
which makes it possible to ““encode’ and “decode”,
rather than “interpret” GD&T, and get it right the first
time.

Copyright © 2004 - 2009 by IWulti Metrics, Inc. Menlo Park, C& All Rights Reserved



/\Num METRICS, INC.
Machine Part Goometry Managemoent

Founded in 1975, Multi Metrics provides the following

Services

o SmartGD&T Technology Licensing
e Corporate GD&T Implementation Planning
e On-Site GD&T End—user and Tramer Training
e On-Site & Remote GD&T “Encoding™ & “Decoding™
Services
Products

o SmartGD&T Pseudo-Code

e Traming Manuals & Presentation Materials
e Traming Models

» Reference Books
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How can we help you

Copyright © 2004 - 2009 by IWulti Metrics, Inc. Menlo Park, C& All Rights Reserved
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Please visit
WWW. M / [ 1 mert I‘i cCS.com

and give us a call at
650-328-0200
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Thank you !

AAAAAAAA

Bill Tandler
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Please Submit Questions

Type question in box and hitsubmit.
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Thank you!



We apologize for this brief interruption but
we are experiencing technical difficulties
and will resume shortly.

Please stand by.



