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The Principles of
Standardization

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

Standards Should:
• Show relationship to Design for Manufacturability

(DFM) and Design for the Environment (DFE)
• Minimize time to market
• Contain simple (simplified) language
• Just include spec information
• Focus on end product performance
• Include a feedback system on use and

problems for future improvement

Standards Should Not:
• Inhibit innovation
• Increase time-to-market
• Keep people out
• Increase cycle time
• Tell you how to make something
• Contain anything that cannot

be defended with data

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
Statement on
Specification
Revision Change

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

Your purchase of this document contributes to the ongoing development of new and updated indus-
try standards and publications. Standards allow manufacturers, customers, and suppliers to under-
stand 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.

©Copyright 2018. IPC, Bannockburn, IL, USA. All rights reserved under both international and Pan-American copyright conventions. Any
copying, scanning or other reproduction of these materials without the prior written consent of the copyright holder is strictly prohibited and
constitutes infringement under the Copyright Law of the United States.
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IPC White Paper on Reliability and Washability of Smart
Textile Structures – Readiness for the Market

IPC D-70 E-Textiles Committee White Paper Introduction

This white paper focuses on e-textiles with conductive silver-coated polyamide yarns. The IPC D-70 E-Textiles Committee
IPC-WP-024 Review Team recognizes this white paper is a first in what could be several white papers or technical reports
on washability of e-textiles comprising many different conductive technologies. The goals of these white papers are to pro-
vide peer-reviewed resources for industry knowledge exchange and to set the stage for development of reliability standards
on washability through the D-70 Committee.

The D-70 Committee seeks your feedback on this white paper and your interest in writing similar white papers on your
research and activities involving washability of e-textiles or any other topics.

Email white paper proposals, feedback on this white paper or issues and questions about e-textiles standards to
etextiles@ipc.org.

Executive Summary

The notion of smart materials was defined in Japan in 1989. The first textile material that, in retroaction, was labelled as a
smart textile was silk thread having a shape memory. The discovery of shape memory materials in the 1960s and intelligent
polymeric gels in the 1970s was, however, generally accepted as the birth of real smart materials. It was not before the late
1990s that intelligent materials were introduced in textiles. First research related to communicative textiles was conducted
in different laboratories in the late 1990s, and the first textile electronic semiconductive components were realized in the
mid-1990s.

Smart textiles, encompassing electronics combined with textiles (e-textiles), have a very promising future in science and
technology, with an interdisciplinary approach (electronics, materials, data treatment, textile etc.), because of commercial
viability and public interests.[1], [2] E-textiles play a significant role in the European and U.S. textile sectors and can play an
important role for the overall textile industry to become more competitive and in reshoring some of its activities in its trans-
formation into a competitive knowledge-driven industry. These types of e-textiles combine knowledge from many disciplines
with the specific requirements of textiles. Various materials and systems are available, as well as devices for sensing and
actuation, but they are not compatible with a textile or with the textile production processes. Those materials could be trans-
formed into a textile-compatible structure or even in a full textile structure.

Smart textiles can be defined as textiles that are able to sense and respond to changes in their environment and/or to per-
form a change in environment according to user requirements. They may be divided into two classes:

1) Passive smart textiles

2) Active smart textiles

Passive smart textiles can change their properties according to an environmental stimulation. This category includes shape
memory materials with no electronic control devices, hydrophobic textiles, hydrophilic textiles, etc.

Active smart textiles are fitted with sensors and actuators to connect internal parameters to the transmitted message. They
can detect different signals from the environment (temperature, light intensity, pollution, etc.) to decide how to react and
finally to act using various textile-based systems or by being incorporated onto the textile substrates, flexible or miniatur-
ized actuators (textile displays, micro-vibrating devices, light-emitting diode (LED), organic LED (OLED), etc.). The deci-
sion can be made locally in cases of embedded electronic devices (textile electronics) to smart textile structures or remotely
when the smart textile is wirelessly connected to the cloud containing a database, servers with artificial intelligence soft-
ware, etc., or when used as a part of the Internet of Things (IoT) concept.

Even if smart textiles and their subclass e-textiles gain a certain level of maturity, they are not yet ready for the market at
large scale. The main issues for this are related to problems with reliability and the difficulties with laundering e-textile
structures. Specific to reliability, e-textile structures should be in good functioning condition over a period of at least several
years, if used in accordance with product guidelines. However, issues related to integration, connectorization and overall
supply chain integration are also very important and should not be neglected.

This white paper emphasizes all these problems, encompassing efforts that industry and research laboratories must under-
take to make e-textile structures more robust and able to be cleaned or washed similar to everyday textile products in the
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