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Directly compatible with over 65 measurement devices



Device Independent User Interface



Universal analysis engine
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Universal reporting & data sharing
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Consistent and device independant results
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Good with rework

GD&T is used to define:
Athe nominal geometry of parts and assemblies
Athe allowable variation in form and size of individual features
Athe allowable variation in orientation and location between features.

Inspection must naturally use the same rules as applied to the definition in
order to accurately determine the part status.

Lack of capability in the inspection analysis engine can lead to extremely
costly situations :

Aacceptance of a bad part ‘[

Arejection of a good part.
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GD&T analysis: key points

ADatum features
ATolerance zone
AStack up Analysis
AMaterial condition
ADegrees of freedom
AComposite tolerance

All these points can create errors if not understood and
Decoded/applied properly!



Let 0s consider 3 datum planes A,
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Let 0s t hen consi der a tolerance
How to construct the datum reference frame ABC?
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~ ~j |@0.015 A B|C
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Many applications always simplify the datum reference frame as
a np-linemei nt 0 model

AA is measured as a plane
AB is measured as a line

@
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Aper GD&T, datum B should also be measured as a plane fitting the
extreme point

.. 9 e e e

The datum computation is the foundation of the tolerance
analysis. It will have an impact on all related tolerances.
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A When evaluating a GD&T in Metrolog, the
DRF is automatically created, avoiding
possible user interpretation errors.

A At most, all the user may be responsible for
IS selecting the individual datum features:
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Tolerance zone

GD&T enables definition of tolerance zones of specific shapes and
sizes.

Lack of advanced analysis tools lead users to use plus/minus type of
tolerance zones. However this can lead to an incorrect evaluation of
the original engineering intent.

The +/- tool is essentially worthless for:
ADiametric tolerance zone
ATolerance stack up analysis

AApplying material condition
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A simple example of the lack of functionality in a +/- tolerance zone
when applied to the location of a hole.

XXX 0.XX

This +/- tolerance tool
defines a rectangular — -
tolerance zone

XXX 0.XX
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‘%" to a hole location:

oy s

(dark zone)
" hee (yellow zone).

|

.|sing +/-

Square tolerance zone Circular tolerance zone
formed by +/- method formed by GD&T method
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21 holes diam 0.2 +/- 0.010 equally spaced 1 inch

First scenario: tolerancing position using +/- tolerance

1.000 +/- 0.005 pitch

By stack up: Dim X could be at a maximum:
20 x (1+ 0.005) = 20.105
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Second scenario: Applying position tolerance using GD&T
21holesn 0.200 +/-0.010
Max. Tolerance zone

with MMC: J @O Olom A B C

0.010 + 0.020 = 0.030

0.210-0.190 = 0.020 bonus tolerance

The overall length or dimension X, is only

MMC explanation: affected by the position of the first and last
-- R holes.
Therefore the maximum allowable dimension X
0.190 |0.200l0.210 Is reached if both extreme holes have full MMC
v bonus and are displaced in opposite directions.
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Using +/- tolerance
1.000 +/- 0.005 pitch

By stack up: Dim X could
be as much as:
20.105

20+ (0.015x 2) =20.030

In practice using GD&T and MMC:
Dim X could be at a maximum of:
20.030.

GD&T eliminates tolerance stack up.
It provides a much more functional tolerance
that will predict failure in assembly.
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Tolerance zone

We just saw that using only +/- type of tolerance zones is very limited
and does not address the following cases:

ADiametric tolerance zone
AMaterial condition

ATolerance stack up analysis

The correct tolerance zones are necessary to guarantee assembly of
the components.

The analysis tool must be able to take full advantage of the allowable
part variation defined by the GD&T.
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Composite Tolerances

Another tolerance element that remains largely unsupported is the
composite tolerances.

They can be applied to surfaces or to patterns of geometric features
e.g. holes, pins, slots, etc.

There are many opportunities for an inadequate inspection to pass a
part with composite tolerance only to then have that part fail to
assemble.



#0.010 m

Bm

PLT Zphatzdi
- Controls individual hole

#0.002 m

-

positions
F RT ZfAtzon

Controls optimized position of the pattern

Composite tolerances are made of two components.



Using a software with advanced analysis capabilities like Metrolog we
can simply evaluate the tolerance by either selecting the tolerance
embedded in the CAD Model:
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or defining it so as to match the callout.
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Composite Position Tolerances
Sbesaia e i BEIE]
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& 0. 0280 A REICH|
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General | Parameters | References | |

Tolerance Type: | 4 True Position j a Composite tolerance
[ Bidirectional tolerance

Toleranced Feature(s): |4 Features j FF
Ao 0.0280in
it 0.0050in

/ d Advanced anatysis
This tolerance uses the standard ASME |

@ ok | @ canca

| R e |

The general tab of the
tolerance defines:

The type of tolerance

The toleranced features
The tolerance values

Enables creation of
optimized features

Standard chaice

The reference standard o s
is configurable: g

Analysis
/ 4 Advanced Analysis



-8 Ref |coMP_TPOS ] o0

Feniy [Fosmon - The Parameters tab of the

4x tolerance defines:
& @0. 62800 A|BELLEG |
@0 . 005 0MLATBIM

General Parameters | References | |

The material condition

Modifiers |
;cz-}:r;l;:i;aature(sj Matenal Condition: @ @

Tolerance zone J The Shape Of the t0|erance
Tolerance Zone: | Cylindrical j Z O n e

Projected tolerance zone

Projected Tolerance Zone; ®

Length of the Projected Tolerance Zone:

"

Pesition of the Projected Tolerance Zone:

@ ok | @ cancal
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Famiy: |POSITION.1 -

4
; @0.02800)| A|BG| CH
@0.00500)|A[BAY]

General | Parameters References | |

Primary Datum: |E j aee [® l
Secondary Datum: |E j 300
Tertiary Datum: |_E j 333

Modifiers

Datum Feature(s) Material Condition: @ ®
Size Defined b

Evaluation criteria
() As in standard @ | east square high point
Repeated Datum(s): @ a
B
Cc

@ ok | @ cancell
[

The references tab of the
tolerance defines:

The datum features

The possible material
condition on datums

The evaluation criteria

The repeated datums for
composite
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Composite Position Tolerances

4 holes
_ @0.028 m | AIBm |Cm |:PLTZF (individual hole locations)
J @0.005m |A|Bm :FRTZF (optimized pattern location)

i 0.005
0.028 |

’

The PLTZF passes for all 4 holes.

The analysis tool now computes the
FRTZF by allowing rotation around hole B.

/7N
@ Result: 3 holes are successully optimized
= but the FRTZF fails because of the 4t

hole.

+ Actual hole centers



i Ret|Posmons || 2] Famiy: | ~| o
| actusl [ Nominat  [1s0 | Tol.- Tol+ | Deviston | outof T. | !\IOte' final tOl?rance V_a_'lues
e o i | v include material condition
FRTZF  0.013 0.000 0.010 0.013 0.003 bOﬂUS:
REF
0.028 became 0.033
0.005 became 0.010
— _Cose_|

The failure on the FRTZF means that the part will not assemble.

Composite tolerances are often not understood. Without having an
analysis tool capable of computing composite tolerances, users either
Ignore them or attempt to emulate the intent of the tolerance by
performing a best fit on the pattern of holes.

However the best fit typically cal
optimize the tolerance correctly.
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Composite Position Tolerances

?0.028 m | A|Bm [Cm
@0.005m | A|Bm

As shown in this example, there are many opportunities for an

Inadequate inspection to pass a part with composite tolerance only
to then have that part fail to assemble.

The loss of production time in these instances can be extreme.

More time is then lost investigating why a part that passed
Inspection would not build, and QA loses credibility.
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Degrees of freedom (D.O.F.)

GD&T all ows 1 n certain cases tol er
condition.

This occurs when:
- when an incomplete DRF is used,

- or when material condition is used.

Advanced analysis takes full advantage of this optimization.
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If the analysis tool is not
capable of applying DOF, a
S’ good profile can fall

— CAD _ _ _ Surface Profile

— Real surface Tolerance zone
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Degrees of freedom (D.O.F.)

Modify Tolerance E'

==

S e PRES1 N degrees of freedom were all

Famiby: | j
disahled

£ 0020 /. oommmm-s =

|actisl [ Nominat  [1so [To- [ To+ | Devigh | outofT. |
: o [PRFs 01424 0.0000 00200  014ka 01224
Transiations (i
X /

Y , | The profile tolerance would fail

_Cose_|

'Rotaﬁons

L 1GE1 Int |
N 0K

@ ok | @ cancel
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Degrees of freedom (D.O.F.)
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Modify Tolerance E] rg|

7| 0.020

General | Parameters | References Degrees Of Freedom

Gage alignment|

[ Asscciate an other gage alignment

Translations 2 Rer [PRFSY =L Famiy: |
X | Actual | mominat [1so [ Tol- [ ToLs /| pevition

A PRFS 00193 0.0000 0.0200 0.0183 |
™ .
O 2 . :

e |

O vl

- Close

| o, L]

@ ok |[@ cance |
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# | | peviation .. | out | xqm ¥ {in) Z iin) | J K |

1 oom22 B} 350568 0477s 5.2664 0024 0000  1.000
2 v 0023 ) 349989 62446 5.2678 0023 0000  1.000
3 oooss B} 35172 6333 49449 D060 0000  0.098
4 0003 B} s3s047 0142 49517 D.061 0000 0998
5 00064 B} 513885 04877 43023 0120 0000 0993
&  -0009 B} 513331 65004 43062 0119 0000 0993
7 v o001 ) sss24  es962 28111 0332 0000  0.943
8 00081 B}  ss2055 04389 29231 0320 0000  0.947
s ' 00083 B} s37225 03266 0.3637 0520 0000  0.854
10 oo B} sa1707 61158 0.0854 0535 0000 0845
1 D008 B}  eo0433 62248 35388 D676 0000 0737

Use the probe point(s)

Den't use the probe point(s)

@ ok | @ cance

Ablility to remove points
from computation
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Degrees of freedom (D.O.F.)

Profile and position tolerances generate transformation matrices.
They can be used to facilitate or correct the manufacture of some
parts.

For example, if the evaluation of a composite tolerance applied to a
pattern of hol edatzbpi bst thas®e&3 ZFnh
( fiitzo )

?0.028 m |A|Bm [Cm
@0.005m | A|Bm




POSITIONA_PLTZF

Constraining Aligniment: Missing

|
i

Rotations

l
I
l

2 | @ JlJCanceII
B R e

s 1STOR
| lat tipnghip

Faniy [posrmion -] i roson KN | =l
:m TActua! T Nominal T Iso | Tol.- Tol. + T Deviation | Outof T.
4 % PLTZF 0.000 0.030 0.004 [
| T IQjo 02 3@| A | B@l c@l REF 0.006 0.000 0.006 0.006
FRTZF 0.000 0.007 0.002 [
REF 0.064 0.000 0.006 0.064
General | Parameters I References Degrees Of Freedom
Gage AIB(M)_POSITION.1 _GAGE L]
< Associate an other gage alignment
[] overtide the Degrees of Freedom __Close

and re
com

ﬁ%&&sﬁb‘?@&ﬁ ARRRYES OB Ao

fai |l @dtzoPLTZF ( f

-evaluate it with the transform
puted for the FRT

And verify that this transform applied as
a machine offset would correct the

pr o

bl em patzoh t he 0
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D.O.F. & Transform

Finally, the transfom feature computed by the analysis tool:

Results @

A Rer ENGESMEN ~| | L [uBtaic_pos | Famy: ~]

j Actual J Nominal J I504| Tol. - j Tol. + \ Dewviation j Out of T.J

Tx 0.001 0.000 0.001

Ty -0.032 0.000 -0.032

Tz

Rx

Ry 0.000 0.000 0.000

Rz 0.014 0.000 0.014

Close |

.

Can be sent out to manufacturing in order to rework the machining
program by moving the holes by the value of the transform (rotations,
translations), so that upcoming parts will make holes at a useable
location.

This assists QA in aiding manufacturing.



= ey @ 3D measurement software and solutions

Aid to manufacturing

When machining a part, removing too much material is irreversible and
can be extremely costly.

When performing NC probing or in-process inspection, it is important to
use a reliable analysis tool.

We have developed a solution called NCO (NC Orient) which allows us

to collect inspection data on a CNC milling machine and develop a
transformation matrix, through which we can then pass the NC media
effectively Afittingo the program t
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Aid to manufacturing

EXAMPLE

When making composite parts, lay up mandrels are used to form the
finished product. The mandrel material is generally expensive and the

rough form, prior to machining can be very unreliable. Therefore it is
Important to ensure, prior to machining the actual contour, that the
machining operation will not reduce the thickness of the tool beyond its
minimum. Once it is confirmed there is enough material to produce the
final pr of i | thereis(aipartén.theraoe) ,k ntohwe fANC pr
nfito to the raw tool and the part
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Aid to manufacturing

Actual Raw
stock

Nominal
profile

Data is collected and the profile of the raw part is analyzed.

If the profile deviation with all DOFs released, is greater than
a specified percentage of the raw thickness, the raw part is
sent back without being machined and is reworked to bring it
closer to the required raw profile. This prevents the tool being
scrapped due to an under minimum thickness condition.
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Aid to manufacturing

Results
A ret TSR - || 1 [PRFS1_ACTUAL | Famiy. | -]
| Actusl [ Nominat  |1so | Tol- | Tol+ | Dewiation | outofT. |
Tx 0095702  0.000000 -0.085702
Ty 0.000000  0.000000 0.000000
Tz 0000842  0.000000 -0.000842
Rx 0079895  0.000000 -0.079895
Ry 0005671  0.000000 -0.005671
Rz 0235629 0.000000 -0.235629
. —_—

PX

Once we know the final profile can be produced, the NC program
Is transformed through the matrix generated by the tolerance

analysis.



Nominal NC media

Fide Transform  Analysis Iterative Onient  Inspection Job  Dray

Yo

X

SNI

Name: C:\NCO\SNKtap tap
Created: 5/21/2004 5.07:26 FM

4

Input Media

e
01111

N10G17GS0GS4

N15G0G54

N20G40HO
(5HF74018-901,MSTA_70371)
N25T2

N30G28G91WO.
N35G28G91B0.C0.M19

Transform

1000

N40M6
N45G90GOWO.
N50M98P6002
N555650M3

0100
0010

N60M98P8061

N65G53B-90.C-90.

N70M98P8051

N75M98P8051

(ROUGH PROFILE OF LARGE FLANGE)

(POS Y SIDE OF BOOM)
N80GO0X68.8755Y27.354240.B-90.C-90.
N85Z31.B-90.C-90.
N90X68.972Y27.3341729.B-90.C-90.M8
N957226.5967B-90.C-90.
N100G94G1X68.3929Y27.4533726.4945B-90.C-90.F10.
N105X68.1373Y27.4968B-90.C-90.F10.
N110X68.1249Y27.4984726.4972B-90.C-90.F10.
N115X68.1146Y27.4987726.5047B-90.C-90.F10.
N120X67.7894Y27.4825726.8659B-90.C-90.F10.
N125X67.1167Y27.4529727.613B-90.C-90.F10.
N130X66.6022Y27.434228.1844B-90.C-90.F10.
N135G0X70.6945Y27.01457229.B-90.C-99.792

0001
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Transformed NC media

SNKitap.nct® |

Name: SNKiap nct
Created: 9/16/2008 1.02:37 PM

(

N10G17G90G94
N15G0G54

N20G40HO
(5HF74018-901,MSTA_70371)
N25T2
N30G28G91WO.
N35G28G91B0.C0.M19
N40M6

N45GS0GOWO.
N50M98P6002
N55S650M3

N ;‘,) Source Line:20

Se

ence Number

qu
sition: [ 37,9086,-36.5422, 12.0004] Onentation; [

o Y
O

(POJ A SIDE OF BOOM)
N80GO0X37.9086Y-36.5422712.0004B-90.008C-89.291
N8573.0006B-20.008C-89.291X37.9758Y-36.5426
N90X38.0875Y-36.561421.0014B-90.008C-89.291M8
N95Z-1.4018B-90.008C-89.291X38.1055Y-36.5616
N100G94G1X37.5257Y-36.44957-1.5084B-90.008C-89.291F10.
N105X37.2696Y-36.4092B-90.008C-89.291F10.Z-1.5103
N110X37.2572Y-36.40782-1.5077B-90.008C-89.291F10.
N115X37.2468Y-36.4076Z-1.5003B-90.008C-89.291F10.
N120X36.9191Y-36.42787-1.1415B-90.008C-89.291F10.
N125X36.2413Y-36.46572-0.3994B-90.008C-89.291F10.
N130X35.7228Y-36.490920.1681B-90.008C-89.291F10.
N135G0X39.8138Y-36.859771.0143B-89.935C-99.083
N140Z0.034B-89.935C-99.083X39.8211Y-36.8598
N145G1X39.3384Y-36.764Z-0.0549B-89.935C-99.083F10.
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Aid to manufacturing

This ensures the profile is produced with the least amount of material
removal possible.

Once the final profile is produced, it is inspected again. A new matrix Is
generated and the datum features are machined using this new
matrix, or in the case of tooling balls they are simply re-valued.
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Conclusion

Using and applying GD&T properly with a good analysis tool:

A Helps the inspectors to perform a complete and accurate job to the
full intent of the specified standard.

A Means the inspection process is no longer reduced to a pass/fail
tollgate: it gives intelligent and detailed feedback to the
manufacturing process.

A Allows QA tools to be used as part of the manufacturing process
and facilitates product and process improvement.

A Ensures all aspects of manufacturing from engineering to final
Inspection are performing to their full potential in producing good
parts quickly and inexpensively.

HANK YOU!



