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3D Master
New strategy @Bosch for engineering documents
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Bosch is moving to Model Based Definition
with 3D Master.
Pilot Projects began in 2023.

This flyer provides background information
about 3D Master and Model Based Definition,
as well as upcoming changes for supplier to
Bosch.
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Bosch central management has approved this
strategy, with all Bosch divisions agreeing to
follow.

3D Master is at the core of the Bosch
digitization strategy, with the goal of speeding
up development with machine readability and
automated processes




3D Master
Overview

Model Based Definition
Model Based Definition (MBD) refers to defining human and machine-readable
characteristics as Product and Manufacturing Information (PMI) in the 3D CAD model.
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Product Manufacturing Information (PMI)

PMI is defined in 1ISO/DIS 16792:2020":

“Annotations and attributes that are associated with a 3D CAD model and its geometry
features, is software interpretable and can be displayed for human interpretation.”

PMI includes dimensioning and tolerancing of the product, and in the future will include
non-geometric information.
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3D Master

The 3D CAD model with PMI is the 3D Master.

In addition to the nominal geometry of the component, the following information is also
included:

* Metadata

 Title block

« Supplementary fields

« PMI

« Characteristic identification (stamping)

1 Norm deprecated as draft. Further definitions cf. SAP, CAx Interoperability Forum
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https://help.sap.com/docs/SAP_3D_VISUAL_ENTERPRISE_AUTHOR/8e4c65bb3a6c4ef6b56dc27d1d95cde6/d29e4122b90f440e80b8d6c3208b7955.html?locale=de-DE
https://www.mbx-if.org/home/wp-content/uploads/2024/06/rec_pracs_pmi_v41.pdf
https://www.mbx-if.org/home/wp-content/uploads/2024/06/rec_pracs_pmi_v41.pdf

3D Master
Benefits and motivation

More effective communication
between suppliers and Bosch due to fully defined 3D model

Unique source of information High level of digitalization

like machining, tooling, assembly etc.
Transfer of information to automated systems

Error reduction

Standard (ISO GPS) driven dimensioning of components
means of semantic data

Single reference model for mechanical engineering

Less effort

PMI are machine readable and directly usable for subsequent processes

through clearer dimensioning and tolerancing by

Higher focus on function by e.g. using digital twin software of measurement machines

Better understanding due to functional elements
Suspended geometries are clustered by function and provided as views
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3D Master
Example use case: Semi-automated measurement program

Automated transfer of
machine readable design data

= Mitutoyo predicts up to 95% time saving in the /\’ p .
creation of a measurement program | [ : |
= PTC predicts the same potential by using machine Digital Twin of ”
3D Master Measurement ‘
readable 3D data i 4
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L > '15.5 days 2.75 . . . .
) | . = Bosch is implementing semi-automated

15 — 20 minutes ; . .
measurement program creation as a new standard

45 — 60 minutes . o . . .
- . = Bosch predicts up to 50% time saving dependlng
on measurement program and product complexity

= Future solutions of direct measurement program
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3D Master
Classification codes at Bosch

Code 1 Code 2 Code 3 Code 4 Code 5
2D drawing only Drawing + 3D model Transition step MOd?I !ogsed SO ba.sed
definition enterprise
3D 2D & PMI 2D & PMI & PMI
2 || + | I B +
, Drawing is th Drawing is the 3D model is the
Drawing only rawing Is the master master 3D model only
master .
3D model can be valid Only simplified drawing
as standalone

Codes 3 and 4 currently in roll out depending on division
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3D Master
Functional elements

PMI in a 3D model shall be structured according to functions

Structuring by functional elements supports the focus
on the properties critical to the function

It also supports the navigation, mapping,
interchangeability, and traceability of information in the
3D model as well as in the downstream processes.

Every functional element in the 3D model must be
represented through a separate 3D model view*, in
which all the necessary specifications (tolerances,
annotation, etc.) are represented collectively.

*In Creo, a 3D model view is described as "combined view", and as “model view” in NX.
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3D Master
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3D Master
Current and future target state
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3D Master
What is needed from suppliers?

@ Skills development
* ISO GPS and GD&T

« Model Based Definition

3 Software enabling

I—Tl@ * To be able to open and visualize PMls
standard neutral formats (JT, STEP)

« Optional use of 3D master model to e.g.
create measurement program

Change process

* Model based thinking instead of drawing
based

» Approach regarding measurement program
creation, machining, tooling, assembly etc.

« Change management based on comparison
of 3D models and PMI characteristics

« Use of CAQ software
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3D Master
FAQ

What is the content of a 3D Master model?

In order to be used as master, the 3D model must contain all the information necessary for the product definition.
These are...

 a complete representation of the geometry

» metadata according to Bosch norms

« functional structure (or description of the functional elements)

« complete tolerance specifications (size, form and location, surface, edges) as semantic objects (PMI)

« if required, additional text entries

The 3D model must contain the product in its ideal geometric form with nominal dimensions in the scale 1:1. The modelling accuracy for the calculation
of the CAD features must be at least 0,01 mm (standard).

In the standard, 3 post decimal positions are relevant for the accuracy of modelled dimensions or dimensions measured in the 3D model. Deviations
must be indicated in the 3D model/data set.
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3D Master
FAQ

What is Product Manufacturing Information (PMI)?

PMI definition according to ISO/DIS 16792:2020":
Annotations and attributes that are associated with a 3D CAD model and its geometry features, is software interpretable and can be displayed for
human interpretation. PMI are always assigned to 3D model views.

PMI for tolerances and surface specifications:

To ensure processability, PMI must be referenced on surfaces. Exceptions are pure edge-related information, such as, e.g. distances in a defined
measuring plane. Due to the restricted further usability, such edge-related information shall be avoided. A PMI can refer to several geometrical features.
In this case, all necessary geometries must be selected as references and allocated to the PMI.

Indicators from ISO GPS must be used (CZ, SZ, UF, CT, ...) for an unambiguous interpretation of related geometries.

A geometrical feature can contain several PMI. These PMI shall be stacked for a better overview. A PMI is connected by a leader line with the
geometrical feature. An arrowhead can be used - deviating from ISO 1101:2017-02. For tolerancing tasks, an advisor tool shall be used.

This way, unsuitable tolerance specifications can be avoided. The responsibility for the function-adapted tolerancing always lies with the designer.

Edge specifications:

For edge definition, it is recommended to create one or several independent 3D model views (similar to those for functional elements).

Reason: Edge definitions as per ISO 13715:2017-03 do not have any references to surfaces and can therefore currently not be processed in an
automated manner. They can also not be clearly allocated to a functional element since edges are formed from the intersection of two surfaces.

1) Norm deprecated as draft. Further definitions cf. SAP, CAx Interoperability Forum

Public C-SCO0 | Electrified Motion | 2026-02

BOSCH


https://help.sap.com/docs/SAP_3D_VISUAL_ENTERPRISE_AUTHOR/8e4c65bb3a6c4ef6b56dc27d1d95cde6/d29e4122b90f440e80b8d6c3208b7955.html?locale=de-DE
https://www.mbx-if.org/home/wp-content/uploads/2024/06/rec_pracs_pmi_v41.pdf
https://www.mbx-if.org/home/wp-content/uploads/2024/06/rec_pracs_pmi_v41.pdf

3D Master
FAQ

What are functional elements (3D model views)?

A functional element is the smallest unit of geometric elements for fulfilling a function; it can consist of one or several geometrical features. Examples:
valve seat, ball bearing intake, hole pattern. A functional element is not necessarily identical with the geometry of the design element. Functional
elements are defined in 3D model views.

Structuring PMI by functional elements supports the focus on the properties critical to the function.

It also supports the navigation, mapping, interchangeability, and traceability of information in the 3D model as well as in the following processes.

Every functional element in the 3D model must be represented through a separate 3D model view, in which all the necessary specifications (tolerances,
annotation, etc.) are represented collectively.

The 3D model view is oriented in such a way that the described functional geometry is easily visible; sectional views are also possible.

Each 3D model view carries a function-specifical, unique name, which shall be unambiguous for the product family.

The rules for naming 3D model views are described in the PMI guidelines of the respective CAD system.

The functional elements can be structured through the naming of the 3D model views. All the PMI belonging to a geometrical feature must be stored in
the 3D model of the associated functional element. The structured storage of information increases the clarity for the developer and enables the simple
usage of data in consuming processes.

Usually, each PMI shall be available only in one view. Exceptions are specially marked views for possibly necessary drawing generation. There, PMI
from several functional element views can be summarized in a drawing view. Specifications without allocation to a functional element shall be avoided;
they must be allocated to exactly one functional element only; multiple allocations are not permissible.
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3D Master
FAQ

What is a simplified drawing?

If the 3D model is used as master (classification code 4), then the simplified drawing serves as an unchanged visualization of the information from the
3D model; these are...
« the representation of the geometry incl. all tolerance specifications (dimension, shape and location, surfaces, edges) from the 3D model
» metadata from the 3D model
« tables, whose content is automatically generated from the 3D model information
« additional notations, e.g. annotations...
Only information from the 3D model is to be represented; further information must not be defined on the drawing!
For the identification of a simplified drawing, a supplementary field includes the reference to the 3D master model.

What is Metadata?

All metadata for this document is stored as attributes in the 3D model. These attributes must follow Bosch norms.

Relevant metadata (attribute contents) for the identification, use and further automated processing must also be represented visually (human-readable)
in the 3D model. Their representation is found in a title block and as supplementary fields which are defined in Bosch norms.

They are shown in a specific 3D model view, in which the contents are represented parallel to the screen.

This 3D model view has the name “010_Header”.

Public C-SCO | Electrified Motion | 2026-02
BOSCH



3D Master
FAQ

What is GPS and how is it related to 3D Master?

The geometric product specification (GPS) enables a complete and unambiguous description of the product through geometry with additional
information (symbols with corresponding norms). This is the general way to define tolerances, and it is the industry standard. The norms are
continuously adapted to meet the latest requirements. However, we often work according to old norms that do not allow for a complete and
unambiguous description and thus hinders the digital transformation. Since the work according to the current norms corresponds to the state of the art,
we should follow their rules. The digitalization initiative 3D Master benefits from the complete and unambiguous product description of the latest norms.

How can everyone (e.g. employee on the machine) access the tolerance information in the 3D model, when there is no printed 2D

drawing?

There will be an interim phase in which 2D drawings will also be derived. In future, the employees on the machine (e.g. sample shop) will need access
to devices with a CAD viewer (e.g. Teamcenter Visualization).

Possible solution are central computers, the production machine itself (if 3D model capable) or mobile devices like tablets.

PMiIs are created only for tolerances and not for nominal values, because nominal values are contained in the 3D geometry

already. However, how can the nominal values be accessed by people that operate manufacturing machines manually?

PMI are part of model-based definition and usage of data. With PMI the allowed deviations are defined. The geometry itself contains the nominal
dimensions. If the model with the complete information is not used, then this information must be read from a drawing as before.

For this purpose, the TED must be displayed on the drawing. Because this is usually not possible in full for complicated geometries, it has been state of
the art to refer to the 3D model in the process. If a user cannot read the model directly into their programming software, they can use a 3D viewer (like
Siemens Teamcenter Visualization or the freeware JT2go) to check the detail they need and measure other dimensions which are important to them.
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