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Introduction

DML is an XML format definition tailored to the needs of dimensional results for discrete manufacturing.  The purpose is to haul the results between applications that generate or use dimensional information.  A typical scenario is where an inspection device collects dimensional data and sends the information to an SPC package for process analysis or a database for long term storage.

If properly used, DML can be extremely useful by enabling once disparate systems to work together easily.

This document describes the basic fundamentals of a well formatted DML data set.

Understanding the Scope of the DML Specification

The current mission statement for the DML specification committee is the following.

The mission of the DML specification committee is to define and document the data format and content requirements for dimensional inspection results for reporting and database applications.

What does this really mean?  On a practical side it helped the committee in making tough choices on what problems we were trying to solve.  Our main audience of DML generators was CMM vendors.  Our audience of the DML readers was SPC and Analysis packages.

Proper Use of XML Schemas

The definition for DML relies heavily on an XML schema.  A schema can verify the following:

1. The data is well formed.

2. The data must adhere to a defined structure.

3. The content of each element can be controlled by type, string, date, decimal or integers.

What it cannot do is determine if the number or string in the value in an element is correct.  For example if an application put the radius of a hole in the diameter element would not be detected.

Additionally it cannot determine if a device input “enough” information.  During the development of the specification, we had to make allowances for DMEs (dimensional measurements equipment) that only report partial coordinate data.  For example when reporting the location of a circle, only X and Y coordinates might be reported.  

The schema can also check to make sure that each direction component of an IJK vector is between –1.0 and 1.0.  It cannot verify that the vector is a unit vector (so –1.0, -1.0, -1.0 is a valid IJK vector according to the schema, but we know it is not a unit vector).

So the key concept to grasp is that even if a DML data stream validates against the schema does not necessarily mean the data is usable.

Process View of DML Usage

The biggest advantage to using DML is when the transmission of DML from one application to another requires as little transformation to the data as possible to make it useful.  To do this, one needs to understand how the data being gathered is going to be used later on.  You need to make sure that all applications and users of the data have a common understanding of any assumptions being made.

One very obvious assumption is to know the limitations of the machines that gather the data and the limitations or assumptions the applications that read the data.  For example a DME may only output X and Y for a circle and in their output they include the results of a position tolerance.  If that information is sent to another application to re-analyze the data, most likely omitting the Z component of the circle will limit the re-analysis software from redoing the position calculation.

Another area to consider is common naming of features and tolerances.  Common naming is required if you want to compare data gathered from two different DMEs measuring the same part.

Finally, DML data is typically output in one common space.  But what is the common space and how do you define it?  A software vendor could by default use machine 0 which would change with every part, or it could be the first alignment.  Whatever it is, you need to know what it is especially if you are going to compare feature coordinate information from two or more DML data sets.

Importance of Date Format

The intent of DML is to make moving data from place to place easier.  Since we are moving it electronically, it is very easy to move the data anywhere in the world, which implies that time zones will be crossed.  To make life easier for all, any date record in the dataset should be in GMT.  All computers can easily convert between GMT and the local time.  It is more difficult to convert one local time to another.

Considerations to Determine Common Space
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One of the biggest areas of concern when generating DML into a complete data process is making sure that the common space for the data in the DML data stream is consistent with the process it is being plugged into.  If two different DMEs measure the same part at different phases of the manufacturing process and the common space for the DML data generated from the two DMEs is different, a user of the data needs to know that the data cannot be compared at a coordinate level.  When generating the inspection programs it would be necessary to sync up the common spaces for the two programs.  Providing this information in the program is very easy and the down stream benefits are obvious.  It makes it a lot easier to compare the data from the two sources.

The same applies when talking about an assembly of parts.  If it is important to compare numbers from an inspection of part with the inspection of another part, representing the data in the same space makes it much easier.

Some industries have already addressed this.  For example most BIW data is setup relative to the car body coordinates.  This is the only coordinate system that data is output in.  This makes it very easy for users of the data to compate data from different sources and for different parts or sub assemblies.

How to Apply Tolerances Correctly

In the DML specification, there are two basic types of tolerance elements, nominal and actual.  Although one could output tolerance actuals without a corresponding tolerance nominal, the data in the actual record is next to useless without the nominal information being present as well.  However nominal tolerance information can exist without having any corresponding actual.

The paradigm used in DML follows the one in DMIS.  Nominal tolerance definitions exist independent of where they are applied.  The output or actual information is directly applied to the feature.  The benefits of this are the following:

1. Nominal tolerances can be part of the dataset without being output

2. The same nominal tolerances can be applied to one or more features

DML also allows for cross referencing the tolerances.  As part of the nominal definition, a list of features it is applied to can be stated.

<tolerance_nominal id="T7" name="DIA704_7  " features="F704" description="DIA+/- 0.1" reporting_transform="N_T7">




<tolerance_coordinate_system>





<transform_id id="S_T7"/>




</tolerance_coordinate_system>




<diameter_limit lower_limit="19.9" upper_limit="20.1" nominal="20." perfect_form_at_mmc="YES"/>



</tolerance_nominal>

The feature can have a list of applied tolerances.  This is very useful when a DME cannot perform the analysis, which implies there would be no tolerance actuals.  Another software package would use the applied tolerance element to know what to analyze.



<feature id="F704" name="HOLE704">




<applied_tolerances>





<tolerance_id id="T7"/>





<tolerance_id id="T8"/>




</applied_tolerances>

Proper Usage of Transforms

During the development of DML everyone agreed that the coordinate and vector information should be output in a common space.  This way applications that read that data could easily compare values without going through complicated calculations to put them into the same space and most DME software could output the data in one space very easily.  With that said users still want to view the result data relative to local coordinate systems.  This makes it easier to use the information to make process changes.  For example the drilling of a hole sets up on a corner of the part.  When the location of the hole is evaluated, it is out of position.  Viewing the coordinate information relative to the setup corner makes determining offset changes to the location of the hole much easier.

Besides reporting transforms there are transforms relative to tolerance actuals that give details on how the tolerance value was calculated.  For example when a position tolerance to three datums is calculated, according to the GD&T standard, the location of the zone is relative to the DRF.  Obviously the measured location of the DRF will be different than the design.  So outputting the tolerance DRF can help a user determine if the deviation is based on a hole that is out of position, or if one of the datums used to establish the DRF is out of position.

Another useful tolerance based transformation is when a DRF is based on one or more features of size reference at MMC or LMC.  Some make the mistake of taking the “bonus” tolerance on the datum and adding it to the tolerance zone.  Although this is a simple approximation to control location, it allows far too much orientation error.  Applying MMC or LMC to a datum of size in a DRF means changing the DOF (degrees of freedom) of the DRF allowing the tolerance zone to move in order to achieve a best fit.  Again knowing the amount of movement can be very helpful.  Using SPC tools to chart the movement over many parts can provide valuable insight into corrective actions. 

The standard has the following transform types

Drf_transform_nominal – The nominal location of the DRF relative to common space.  In the example above the intersection of the three planes completely defines the location of a DRF.  

Drf_transform_actual – The measured location of the DRF before any best fitting is performed.  The location of this differs from the nominal by the amount the datums moved from their nominal location.

Tolerance_transform_actual – The amount the tolerance moved from nominal to the final best fit location.

Reporting transform – The location of a local alignment system used for reporting which is applied to either the tolerance or the feature.

To explain the four different transforms a simple example is used.  The example consists of a box representing a motor in an assembly.
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The tolerances on the part define a position tolerance on the pin to datums A, B and C.  The three planes define a DRF on one corner.  
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Assuming the part is setup on the part’s global coordinate system, the actual location of the DRF might look something like the image above.  This implies that main body of the block is small both in height and thickness.

If the machine operation that locates the pin is done is a setup locating off the bottom plane and the two back planes, a result coordinate system relative to the “Machine Setup” in the diagram would be very useful.  Then any deviation from nominal could be directly applied to the setup fixture very easily.  For example to correct for any translational error, shims could be applied to the appropriate contact points.

DRF Definition

[image: image6.png]



To fully understand the transforms listed above it helps to have a good understanding of a DRF.  In it most fundamental form, a DRF is defined by the intersection of three mutually perpendicular planes.  In metrological terms this simplifies down to a plane, a line and a point.

Many different feature combinations can be used to establish this orientation, but the end result is always the same.
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The intersection of the three planes forms a point and this is the origin of the DRF.  The lines of intersection define the direction vectors of the DRF.  The direction of X, Y and Z would depend on the rules the particular application uses and cannot be assumed to be the same between two different systems.  In other words the orientation of the three planes should be the same, but the assignment of the axis identifiers is arbitrary.

Mathematics Behind Using Transforms

The basic equation is Ax + B = c where A is a 3x3 rotation matrix, x is a point in common space, B is the translation component of the transformation and c is the point in the transformed space.

To transform an IJK vector only the rotation is applied to the direction vector.

Av = v’

To keep the math simple, the direction of the transforms must be the same.  In other words, the transforms take you from common space to the result or local space.

In XML the layout of a transform is the following:




<transform_3d>





<vector i="1." j="0." k="0."/>





<vector i="0." j="1." k="0."/>





<vector i="0." j="0." k="1."/>





<point x="0." y="0." z="0."/>




</transform_3d>

maps to a matrix in a more traditional format,
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where a11 is the “i” attribute of the first “vector” element, a12 is the “j” attribute of the first “vector”, …, a23 is the “z” attribute of the second “vector” element, etc.

Roll, Pitch and Yaw Point of View

There are many ways to represent a transformation.  A fairly familiar way to represent the transformation in a non-matrix format is to record the amount of rotation about three fixed coordinate systems.  Roll, pitch and yaw are terms originating from naval architecture and are now commonly used in the automotive and aerospace industries.
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If given rotation in terms of the roll, pitch and yaw, implies that the rotations are done about a fixed axis system.  The order in which the rotations is done is very important.  Typically the roll, pitch and yaw are applied by performing the roll first, then pitch and finally yaw.  

In the “xyz” convention, [image: image10.png]


 is roll, [image: image11.png]


 is pitch and [image: image12.png]


 is yaw.  The elements of the rotation matrix map to the following equations.
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To go the reverse you would use the following equations.
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 = 0.0 when a21 = a11 = 0.0.
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If you have access the arctan2 function, you could replace the above calculations by putting the numerator as the first argument and the denominator as the second argument.  This works as long as a11 is not equal to zero.  The benefit is that arctan2 returns a value between –180 and 180, so the proper quadrant is determined for you.

Generating DML Transforms Given Euler Angles

Another common way to represent a transformation is to use Euler Angles.
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Where
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