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metrologic group: a universal software for any devices

Directly compatible with over 65 measurement devices

Universal 
metrology 
application

Metrolog
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Universal 
metrology 
application

Device Independent User Interface

metrologic group: a universal User Interface
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Universal 
metrology 
application

Universal analysis engine

metrologic group: a common Kernel
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Universal 
metrology 
application

Universal reporting & data sharing

metrologic group: an commmon reporting
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CONSISTENCY 
throughout the 

process

Consistent and device independant results

metrologic group: consistent approach
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Importance of GD&T & Analysis

GD&T is used to define:

Åthe nominal geometry of parts and assemblies

Åthe allowable variation in form and size of individual features

Åthe allowable variation in orientation and location between features.

manufacturing inspection

GD&T

Analysis

Good part

Bad part

Good with rework

Design

GD&T

Definition

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 :

Åacceptance of a bad part

Årejection of a good part.

Inspection department 

may lose credibility

http://images.google.com/imgres?imgurl=http://readbangkokpost.com/images/verdict.jpg&imgrefurl=http://www.indiesolo.com/artists/A_Moment%27s_Worth/Comments.htm&usg=__PR9QcgZNzsoj4yIxq2fOrMO128w=&h=226&w=289&sz=18&hl=en&start=5&tbnid=1qR8swxNz99ohM:&tbnh=90&tbnw=115&prev=/images%3Fq%3Dverdict%26gbv%3D2%26ndsp%3D21%26hl%3Den%26sa%3DN
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GD&T analysis: key points

ÅDatum features

ÅTolerance zone

ÅStack up Analysis

ÅMaterial condition

ÅDegrees of freedom

ÅComposite tolerance

All these points can create errors if not understood and 

Decoded/applied  properly!
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Datums

A

B

Letôs consider 3 datum planes A, B and C.

C
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Datums

A

5x

Letôs then consider a tolerance in reference to A|B|C.

How to construct the datum reference frame ABC?

j Ø0.015 A B C
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Datums

Many applications always simplify the datum reference frame as 

a ñplane-line-pointò model:

ÅA is measured as a plane

ÅB is measured as a line

wrong

!

ABC: resulting Datum Reference Frame
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Datums

Åper GD&T, datum B should also be measured as a plane fitting the 

extreme point

The datum computation is the foundation of the tolerance 

analysis.  It will have an impact on all related tolerances.
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Datums

ÅWhen evaluating a GD&T in Metrolog, the 

DRF is automatically created, avoiding 

possible user interpretation errors.

ÅAt most, all the user may be responsible for 

is selecting the individual datum features:
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Automated creation of DRF
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Datums

Metrolog also supports Datum target points: 

sometimes a datum plane is defined by 

one or multiple target points that can be 

offset or coplanar.
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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:

ÅDiametric tolerance zone

ÅTolerance stack up analysis

ÅApplying material condition
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Diametric Tolerance Zone

A simple example of the lack of functionality in a +/- tolerance zone 

when applied to the location of a hole.

This +/- tolerance tool 

defines a rectangular 

tolerance zone 

X.XX ̀ 0.XX

X.XX ̀ 0.XX
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Diametric Tolerance Zone

This +/- tolerance zone when applied to a hole location:

Example : rejecting a good hole position using +/-

+/-

Åeither allows extra illegal tolerance (dark zone)

Åor ignores usable tolerance allowance (yellow zone).
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Stack up Analysis

By stack up: Dim X could be at a maximum:

20 x (1+ 0.005) = 20.105 

Dim X

21 holes diam 0.2 +/- 0.010 equally spaced 1 inch

First scenario: tolerancing position using +/- tolerance

1.000 +/- 0.005 pitch
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j Ø0.010m A B C

21holes n  0.200 +/- 0.010

MMC explanation:

0.2000.190 0.210

Material condition

0.010

0.210-0.190 = 0.020 bonus tolerance

Max. Tolerance zone

with MMC:

0.010 + 0.020 = 0.030

é é

The overall length or dimension X, is only 

affected by the position of the first and last 

holes.

Therefore the maximum allowable dimension X 

is reached if both extreme holes have full MMC 

bonus and are displaced in opposite directions.

Second scenario:  Applying position tolerance using GD&T
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Dim X

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.

By stack up: Dim X could 

be as much as:

20.105

Using +/- tolerance

1.000 +/- 0.005 pitch

20 + (0.015 x 2)  = 20.030

Material condition
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We just saw that using only +/- type of tolerance zones is very limited 

and does not address the following cases:

ÅDiametric tolerance zone

ÅMaterial condition 

ÅTolerance 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.

Tolerance zone
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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.
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Composite Position Tolerances

Composite tolerances are made of two components.

PLTZF ñplatzò
Controls individual hole 

positions

FRTZF ñfritzò
Controls optimized position of the patternØ0.002 m A

j
Ø0.010 m A  Bm Cm
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Composite Position Tolerances

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:

or defining it so as to match the callout.
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Composite Position Tolerances
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Composite Position Tolerances

The general tab of the 

tolerance defines:

The type of tolerance

The toleranced features

The tolerance values

The reference standard

is configurable:

Enables creation of 

optimized features
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The Parameters tab of the 

tolerance defines:

The material condition

The shape of the tolerance 

zone

Composite Position Tolerances
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The references tab of the 

tolerance defines:

Composite Position Tolerances

The datum features

The possible material 

condition on datums

The evaluation criteria

The repeated datums for 

composite
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Composite Position Tolerances

Ø0.028 m A Bm Cm

Ø0.005 m A Bm
j

4 x
Ø0.500 ` 0.008

Ø1.200 ̀ 0.005
Ø1.200 ̀ 0.005
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0.005

0.028

Actual hole centers

Ø0.028 m A Bm Cm

Ø0.005 m A Bm
j

4 holes

Composite Position Tolerances

:PLTZF (individual hole locations)

:FRTZF (optimized pattern location)

The PLTZF passes for all 4 holes.

The analysis tool now computes the 

FRTZF by allowing rotation around hole B.

Result: 3 holes are successully optimized 

but the FRTZF fails because of the 4th

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

Note: final tolerance values 

include material condition 

bonus:

0.028 became 0.033

0.005 became 0.010

Composite Position Tolerances

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 canôt account for MMC and therefore canôt 

optimize the tolerance correctly.
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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.

Ø0.028 m A Bm Cm

Ø0.005 m A Bm
j

Composite Position Tolerances
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Degrees of freedom (D.O.F.)

GD&T allows in certain cases tolerances to ñfloatò in order to optimize their 

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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Degrees of freedom (D.O.F.)

CAD

Real surface

(-)

(+)

Surface Profile 

Tolerance zone

If the analysis tool is not 

capable of applying DOF, a 

good profile can fail

d 0.005
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Degrees of freedom (D.O.F.)

If degrees of freedom were all 

disabled

The profile tolerance would fail
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Degrees of freedom (D.O.F.)
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Degrees of freedom (D.O.F.)

Ability 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.

Ø0.028 m A Bm Cm

Ø0.005 m A Bm
j

For example, if the evaluation of a composite tolerance applied to a 

pattern of holes fails the PLTZF (ñplatzò) but passes the FRTZF 

(ñfritzò): 
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Ø0.028 m A Bm Cm

Ø0.005 m A Bm
j

This means that there is a transform that can place the holes within 0.005 

inches from their  designed relationship.
With a capable analysis tool, we can edit 

the failed PLTZF (ñplatzò) 

and re-evaluate it with the transform 

computed for the FRTZF (ñfritzò)

And verify that this transform applied as 

a machine offset would correct the 

problem with the ñplatzò.

D.O.F. & Transform
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D.O.F. & Transform

Finally, the transfom feature computed by the analysis tool:

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.
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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 ñfittingò the program to the part.

Aid to manufacturing
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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 profile  (i.e. we know ñthere is a part in thereò), the NC program is 

ñfitò to the raw tool and the part is machined.

Aid to manufacturing
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Aid to manufacturing

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

Nominal 

profile

Actual Raw 

stock

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

Once we know the final profile can be produced, the NC program 

is transformed through the matrix generated by the tolerance 

analysis.
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Aid to manufacturing

Nominal NC media Transformed NC media

1 0 0 0

0 1 0 0

0 0 1 0

0 0 0 1
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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.

B

A
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Conclusion

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

Å Helps the inspectors to perform a complete and accurate job to the 

full intent of the specified standard.

Å Means the inspection process is no longer reduced to a pass/fail 

tollgate: it gives intelligent and detailed feedback to the 

manufacturing process.

Å Allows QA tools to be used as part of the manufacturing process 

and facilitates product and process improvement.

Å Ensures all aspects of manufacturing from engineering to final 

inspection are performing to their full potential in producing good 

parts quickly and inexpensively.

THANK YOU!


