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1.
GENERAL

The purpose of this Design Standard is to establish rules for implementation of embedded geometric dimensioning & tolerancing (eGDT).

GD&T practices cited in this document are from ASME Y14.5M-1994 Geometric Dimensioning & Tolerancing and from The GM Global Dimensioning & Tolerancing Addendum (where cited).

This document establishes guidelines and recommendations for the use of embedded geometric tolerances in NX. Embedded GD&T facilitates the definition of dimensional & tolerance information for a part within the three-dimensional master model.  

In NX data structure, most part data can now be stored in the master model file, where currently the data is entered in the drawing level (one step above). When this data is stored in the master model, “downstream” users, such as CMM machines and tolerance analysis tools, can directly read the part requirements without data reentry (which risks misinterpretation). Additionally, there is a GD&T checking tool within NX to help validate correct entry of tolerances, datums, feature control frames, etc.

There is a question within some companies who use CAD systems about whether the “real” (legal) part is the 3D model itself or the drawing created from it. This design standard will help Delphi prepare for the day when most OEMs designate the 3D solid model as the true part definition, and the drawing becomes a minimally-dimensioned reference document only. The advantages of such a practice will not be delineated here, but are substantial.

If the Delphi web sites named in following paragraphs are not accessible, the information may be obtained through a pertinent engineering contact at Delphi. 

2.
TERMINOLOGY 

Annotation – Dimensions, tolerances, notes, text or symbols visible without any manual or external manipulation (per ASME Y14.41)

Attribute – data stored in a digital data set or model that represents specific feature characteristics or properties

Digital Drawing – the CAD drawing file which contains the digital model as a component. All part dimensions are displayed in this file.

Digital Model – The CAD file in a product definition data set that contains master math model geometry

Display Instance – dimensions and/or tolerances shown in modeling space or on a drawing format and associated to the math model

eGDT –  the abbreviation for “embedded geometric dimensioning & tolerancing”

Embedded GD&T – geometric dimensioning & tolerancing information that is associated (like an attribute) to a feature 

Feature – Any CAD geometric element (e.g., face, hole, b-surface, boss, etc.)

Feature of Size – “One cylindrical or spherical surface, or a set of two opposed elements or opposed parallel surfaces, associated with a size dimension.” (ASME Y14.5M-1994)

Flowdown – the ability to export CAD GD&T data into “downstream” applications like Valisys/eMPower (CMM programming), VisVSA or 3DCS (tolerance analysis)

GD&T – Geometric dimensioning & tolerancing

Geometric Element – Basic geometric entities that combine to form a model (e.g., plane, radius, sphere, curves, etc.) See definition in ASME Y14.41.

MCAD Designer  - CAD resource or CAD-responsible individual (user of CAD tool and/or follows CAD processes), who creates the mechanical CAD documentation.

Product Definition Data Set – a set of independent but related computer files which combine to fully define a product. See definition in ASME Y14.41.

Query – Process in NX by which distances are measured, attributes are read, or the solid is interrogated for specific information

Retained feature – Tolerances may become retained due to model edits, or when retrieving parts from previous releases with less strict rules. A tolerance is placed in a retained state in the GD&T application for either of two reasons:

· When there are not enough valid faces for the tolerance feature, such as when a face that it references is suppressed

· When geometry to which a display instance is attached (like an edge) is deleted.
Supplemental Geometry – Geometric elements in a digital model that define design requirements but do not represent the manufactured part. See definition in ASME Y14.41.

(Also see ASME Y14.41-2003 for further clarification of definitions.)

3.
TRANSITION REQUIREMENTS

3.1
DRAWING/MODEL STRUCTURE

3.1.1

Before any eGDT is created, the NX  GD&T standard shall be set to “94 GM Addendum” (which applies the ASME Y14.5M-1994 standard as modified by the most recent GM Addendum), unless customer requests otherwise.
3.1.2

Before any eGDT is created, all display instances and auxiliary geometry shall be assigned to Layer 253 in a user-defined category to be named _GDT.
3.1.3


Before placing any display instances in the part, select “preferences>geometric tolerancing” and toggle-on “checking>verbose” and “Display with tolerance data”
3.1.4

Embedded GD&T (eGDT) shall be applied whenever possible to all new parts containing toleranced features (see http://us-team-eng.delphiauto.net/dim/GDT Embedding  Applications/Forms/AllItems.aspx for exceptions)
3.1.5 “Master Model Structure” shall be used. GD&T shall be embedded in the master part model as early in the design cycle as possible, preferably before requesting quotes for parts.

3.1.6
For all production-released parts, all embedded GD&T shall have a display instance on the master model and the drawing 
3.1.7
All embedded GDT shown on the drawing shall be inherited from the master model.
3.1.8
Dimensions not shown on drawing or master model shall be obtained by querying the master model.
3.1.9
Non-associated part annotation shall be shown on the drawing (only), and must not conflict with master model geometry.
3.1.10
All revisions to the part regarding feature tolerances and GD&T shall be executed on the master model. The drawing shall then be updated.

3.2 GENERAL GUIDELINES

3.2.1 Embedded GDT shall be applied in accordance with ASME Y14.5M-1994 as amended by GM Addendum 2004, unless customer requires otherwise.  
3.2.2 Embedded GDT shall be associated to actual features on the 3D model. Exceptions shall be as shown in http://us-team-eng.delphiauto.net/dim/GDT Embedding  Applications/Forms/AllItems.aspx
3.2.3 All functional features must carry eGDT except as specified in  http://us-team-eng.delphiauto.net/dim/GDT Embedding Applications/eGDT_Lesns.doc  (like features modeled with supplemental geometry)
3.2.4 Non-functional features require no specifications. By default, they will carry the largest general tolerance shown on the drawing, measured from primary, secondary & tertiary datums. Common options include incremental tolerances based on dimension size (e.g., 0-25 mm ±0.10; 25-50 mm ±0.14; etc.) and “customary workshop accuracy” as applied through ISO2768-1:1989 and ISO2768-2:1989.
3.3
GENERAL NOTES



The drawing shall carry the following general notes:
3.3.1 This drawing is in accordance with DELPHI ENGINEERING DESIGN STANDARD A4.
3.3.2 All non-reference dimensions are derived from the master model part
3.3.3 Dimensions not specified on the drawing shall be determined relative to the master model primary, secondary & tertiary datums (as applicable), and SHALL BE assigned the LARGEST general tolerance SPECIFIED ON THE DRAWING
3.4
GD&T FEATURES

3.4.1 Features dimensioned with target dimensions shall be modeled at the target (preferably mean) dimension. Those dimensioned with limit dimensions (not preferred) should be modeled at mean size.

3.4.2
Features dimensioned with MAX or MIN (not preferred) shall be modeled at the specified max or min size
3.4.3
Cylinders or holes must contain at least 180 degrees rotation to be dimensioned as features of size. Otherwise, they are to be modeled as general surfaces and located with profile of surface. (Beware that NX will assign a “feature of size” type to cylinders or holes <180 degrees. You must assign a “general surface” feature type before selecting the feature.)
3.4.4 To embed tolerances on threaded features, they must be modeled with NX symbolic thread feature
3.4.5 For threads, gears and splines, eGDT may be specified on simplified NX geometry
3.4.6 Embedded tolerances must accurately represent the 3D geometry. For example, a plane must be embedded as a plane (not a general surface).
3.5
MISCELLANEOUS
3.6.1
Teamcenter Engineering (iMAN) data structure is determined (see PDM Configuration Standards). Divisions or sites not using Teamcenter Engineering shall use a master model file structure.
3.6.2 Standard feature names will be established by each division, but recommendations will be posted at http://us-team-eng.delphiauto.net/dim/GDT Embedding  Applications/Std_Featnames2.doc
4. CURRENT SUPPORT INFORMATION
4.1 FAQs for GD&T  http://us-team-eng.delphiauto.net/dim/GDT Embedding  Applications/eGDT_FAQs.doc 
4.2 EGDT Problems & Lessons Learned  http://us-team-eng.delphiauto.net/dim/GDT Embedding  Applications/eGDT_Lesns.doc 
5.
GENERAL INFORMATION
This standard is controlled by the Delphi Design Standards Team (DDST).
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