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The Principles of In May 1995 the IPC’s Technical Activities Executive Committee (TAEC) adopted Principles of
Standardization Standardization as a guiding principle of IPC’s standardization efforts.

Standards Should: Standards Should Not:
« Show relationship to Design for Manufacturability « Inhibit innovation
(DFM) and Design for the Environment (DFE) * Increase time-to-market
e Minimize time to market  Keep people out
« Contain simple (simplified) language * Increase cycle time
« Just include spec information * Tell you how to make something
* Focus on end product performance * Contain anything that cannot
¢ Include a feedback system on use and be defended with data

problems for future improvement

Notice IPC Standards and Publications are designed to serve the public interest through eliminating mis-
understandings between manufacturers and purchasers, facilitating interchangeability and improve-
ment of products, and assisting the purchaser in selecting and obtaining with minimum delay the
proper product for his particular need. Existence of such Standards and Publications shall not in
any respect preclude any member or nonmember of IPC from manufacturing or selling products
not conforming to such Standards and Publication, nor shall the existence of such Standards and
Publications preclude their voluntary use by those other than IPC members, whether the standard
is to be used either domestically or internationally.

Recommended Standards and Publications are adopted by IPC without regard to whether their adop-
tion may involve patents on articles, materials, or processes. By such action, IPC does not assume
any liability to any patent owner, nor do they assume any obligation whatever to parties adopting
the Recommended Standard or Publication. Users are also wholly responsible for protecting them-
selves against all claims of liabilities for patent infringement.

IPC Position It is the position of IPC’s Technical Activities Executive Committee that the use and implementation
Statement on of IPC publications is voluntary and is part of a relationship entered into by customer and supplier.
Specification When an IPC publication is updated and a new revision is published, it is the opinion of the TAEC

Revision Change  that the use of the new revision as part of an existing relationship is not automatic unless required
by the contract. The TAEC recommends the use of the latest revision. Adopted October 6, 1998

Why is there Your purchase of this document contributes to the ongoing development of new and updated industry

a charge for standards and publications. Standards allow manufacturers, customers, and suppliers to understand

this document? one another better. Standards allow manufacturers greater efficiencies when they can set up their
processes to meet industry standards, allowing them to offer their customers lower costs.

IPC spends hundreds of thousands of dollars annually to support IPC’s volunteers in the standards
and publications development process. There are many rounds of drafts sent out for review and
the committees spend hundreds of hours in review and development. IPC’s staff attends and par-
ticipates in committee activities, typesets and circulates document drafts, and follows all necessary
procedures to qualify for ANSI approval.

IPC’s membership dues have been kept low to allow as many companies as possible to participate.
Therefore, the standards and publications revenue is necessary to complement dues revenue. The
price schedule offers a 50% discount to IPC members. If your company buys IPC standards and
publications, why not take advantage of this and the many other benefits of IPC membership as
well? For more information on membership in IPC, please visit www.ipc.org or call 847/597-2809.

Thank you for your continued support.
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International Standard for Digital Twins

1 SCOPE

This standard establishes the IPC Digital Twin, which is comprised of the Digital Twin Product, Digital Twin Manufacturing
and Digital Twin Lifecycle frameworks. Within the Digital Twin Architecture, this standard stipulates and defines Digital
Twin properties, types, complexities and readiness levels. The IPC Digital Twin includes historical information about a prod-
uct, including the history of design in terms of revision and engineering changes, and manufacturing information, that many
refer to as the Digital Thread.

This standard enables any manufacturer, design organization or solution provider to initiate application interoperability to
create smart value chains, as well as the mechanism to assess their current IPC Digital Twin readiness level.

This standard provides the information and guidance necessary to understand a full IPC Digital Twin, Digital Twin Product,
Digital Twin Manufacturing and Digital Twin Lifecycle. This standard also provides information and guidance on how orga-
nizations benefit from the IPC Digital Twin, how to assess IPC Digital Twin readiness level and how to prepare an organi-
zation of any size or production volume to implement a full IPC Digital Twin approach to its organization and/or products.

1.1 Purpose The purpose of the standard is to enable interoperability of all forms of processing of digital data related to
a product, that precisely match and represents the physical capabilities. In this way, any manufacturer is able to create and
utilize the IPC Digital Twin to represent every process and possible actions taken on a product within the manufacturing and
lifecycle environment, for engineering, modelling, planning, quality and reliability analysis, simulations, etc. Critical deci-
sions for product, process and material design can be optimized within the digital realm with the certainty that the expected
performance and benefits will exist in the physical world. The effect is that physical prototypes of any description can be
avoided, including trial and error, resulting in vastly reduced lead-time and costs, as well as elimination of mistakes.

1.2 Application of This Standard This standard is applicable to all aspects of the product lifecycle, from initial design
concept, through the final end of life. All associated physical and transactional operations are included. There are no restric-
tions in terms of product classification sector, size of operation or location. SMT production is not required to be a part of the
factory. Though intended to support all aspects of printed board production, the use of IPC CFX can be extended down-
stream to include, for example, mechanical assembly, personalization, packing and shipping, as well as up-stream to include,
for example, electrical and mechanical subassemblies.

1.3 Definition of Requirements The words shall or shall not are used in the text of this document wherever there is a
requirement for materials, preparation, process control or acceptance.

The word ““should” reflects recommendations and is used to reflect general industry practices and procedures for guidance
only.

Line drawings and illustrations are depicted herein to assist in the interpretation of the written requirements of this Standard.
The text takes precedence over the figures.
1.4 Order of Precedence The contract shall take precedence over this Standard, referenced standards and drawings.

In the event of conflict, the following order of precedence applies:

1. Procurement as agreed and documented between customer and supplier.

2. Master drawing reflecting the customer’s detailed requirements.

3. When invoked by the customer or per contractual agreement, this standard.

When documents other than this standard are cited, the order of precedence shall be defined in the procurement documents.

The User has the opportunity to specify alternate acceptance criteria.
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1.4.1 Conflict In the event of conflict between the requirements of this standard and the applicable drawing(s) and docu-
mentation, the applicable user-approved drawing(s) and documentation govern.

Some examples of documentation include the contract, purchase order, technical data package, engineering specification or
performance specification. In the event of a conflict between the text of this standard and the applicable documents cited
herein, the text of this standard takes precedence. In the event of conflict between the requirements of this standard and
drawing(s) and documentation that has not been user approved, this standard governs.

1.4.2 Clause References When a clause in this document is referenced its subordinate clauses apply unless the require-
ment references specific subordinate clauses.

1.4.3 Appendices Appendices to this standard are not binding requirements unless separately and specifically required by
this standard, the applicable contracts, assembly drawing(s), documentation or purchase orders.

1.5 Abbreviations and Acronyms Periodic table elements are abbreviated in the standard. See Appendix A for full spell-
ings of abbreviations (including elements) and acronyms used in this standard.

1.6 Benefits of Establishing a Digital Twin As the introduction of digital systems has grown, respective computerized
tools have been developed and applied to different areas within the complete lifecycle of the product, without inter-
operability in mind. Since many domains of expertise, technologies, product and solution groups are traversed by the Digital
Twin, the ability to effectively utilize all available data has been very limited. Connection and interoperability of the different
types of data from the different areas, in a way that does not involve proprietary knowledge or specialist know-how of that
area means that many providers of hardware and software can each contribute within their own area of expertise with the
benefit of openly shared information from other areas that they can freely utilize.

The expected tools that will benefit from the Digital Twin include all forms of design, production engineering, manufacturing
execution system (MES), supply-chain management, quality management, product lifecycle management (PLM), etc.

The benefits from such tools, working together in the Digital Twin framework, include:

« Visibility of the physical attributes and motion of all elements of operations, so as to ensure the physical expectation will
be met without the need for physical prototyping.

« Ability to assess “what if” scenarios for variances in design, manufacturing, material selection as applied to the intended
lifecycle of the product.

« Optimization of processes for reduction of losses associated with manufacturing and logistics, increasing productivity and
efficiency

* Improved process and machine design for flexibility, performance and cost effectiveness
« Virtual advanced diagnostics and condition monitoring given various circumstances

1.7 Hierarchy of a Digital Twin The full Digital Twin is made up from a cellular hierarchy of information definitions, each
linked by a common exchange language that allows information from each cell to be interoperable with any other. The high-
level architecture of the Digital Twin is as shown in Figure 1-1.

Each cell contains defined properties and data content, which may include subsequent hierarchical levels of information,
where each successive level represents a breakdown of the previous, to provide a greater degree of detail. In most cases,
instances of Digital Twins may not include all cells. Different Digital Twin entities will often be used together by Digital
Twin-based solutions, process multiple instances with differing contents to create and represent the complete data model to
be processed. An example would be the combination of a digital twin instance representing a product design, being applied
to a digital twin instance of production, to which software tools would create information and simulations of how the product
would perform if made by such configuration, including for example, capability, throughput, setup time, tool usage, expected
yield, etc. Multiple Product cells from multiple Digital Twins would be used to process mixed production, or, to represent
production within a site for example.
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Figure 1-1 High-Level Hierarchy of the Digital Twin

The contents of the high-level cells of the Digital Twin are as follows:

« |PC Digital Twin: Represents the ultimate collective of all the sub-elements of the Digital Twin. The main role is to iden-
tify the Digital Twin Instance together with the description of the contents.

— Product: Digital Twin related to a specific physical product. This can be an end product or a subassembly to an end
product. Digital Twins of multiple subassemblies can be inherited by the Digital Twin of the end product.

« Design Intent: A statement about the intention and requirements of the product, design rules and guides, intended per-
formance and specifications of the product, including duty cycle.

* Product Structure: Defines the levels of subassemblies which constitute the completed/assembled product.

* Mechanical Design: The detail of the mechanical design, including physical and material attributes, subassemblies,
etc.

« Electronic Design: The detail of the electronic design, including schematic, printed board, physical and material attri-
butes of electronics components, subassemblies, etc.

* Design BOM: A historical parts selection record of all design-specified and associated materials and subassemblies,
including design variants.

« Design Traceability: A record of key actions and events performed as part of the design process, including timeline,
revision control listings and variant reports.
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