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	1 SCOPE
	1.1 Purpose The purpose of this standard is to establish thresholds for minimum characteristic testing requirements for each  product classification defined in this standard.
	1.2 Classification IPC standards recognize that e-textile wearables are subject to classiﬁcations by intended end-item use. Three general end-product classes have been established to reﬂect differences in manufacturability, complexity, functional performa
	1.2.1 Single-Use / Short-Term Use This standard also recognizes Class 2 and Class 3 products that may be designed to be disposable after one-time or short-time use. Requirements specific to these product use cases are identified in this standard.
	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. 
	1.3.1 Shall Be Able to Withstand The phrase “shall be able to withstand,” as applies to this standard, implies that the parameter chosen to assess the reliability of an e-textile wearable and characteristic does not exceed the defined threshold condition 
	1.4 Process Control Requirements The primary goal of process control is to continually reduce variation in the processes, products, or services to provide products or processes meeting or exceeding user requirements. Process control tools such as IPC-9191
	1.5 Order of Precedence The contract shall take precedence over this standard, referenced standards and drawings.
	1.5.1 Conflict In the event of conﬂict between the requirements of this standard and the applicable drawing(s) and documentation, the applicable user-approved drawing(s) and documentation govern.
	1.5.2 Clause References When a clause in this document is referenced, its subordinate clauses apply, unless the requirement references speciﬁc subordinate clauses. 
	1.5.3 Procurement Documentation The procurement documentation shall provide sufficient information to the manufacturer so the manufacturer can produce the e-textile wearable and ensure the user receives the desired product. The procurement documentation s
	1.6 Terms and Definitions Other than those terms listed below, the definitions of terms used in this standard are in accordance with IPC-T-50.
	1.6.1 Abrasion Resistance The ability of an e-textile to withstand rubbing and frictional stress.
	1.6.2 Acid Resistance The ability of an e-textile to withstand exposure to acid.
	1.6.3 Alkali Resistance The ability of an e-textile to withstand exposure to alkali.
	1.6.4 Bending Durability The ability of an e-textile withstand a cyclic bending test.
	1.6.5 E-Textile A textile structure (fiber, yarn, fabric or finished product) permanently integrated with electrical and/or electronic functionality.
	1.6.6 E-Textile Wearable A fully functional, textile-based end product permanently integrated with electrical and/or electronic functionality and designed to be worn on the body.
	1.6.7 Flexing Durability The ability of an e-textile to withstand a cyclic flexing test. 
	1.6.8 Stretch Durability The ability of an e-textile to withstand cyclic stretching within the region of elastic deformation.
	1.6.9 Sweat/Perspiration Resistance The ability of an e-textile to withstand the exposure to alkaline or acid sweat and perspiration.
	1.6.10 Climate Resistance The ability of an e-textile to withstand climate exposures under various conditions.
	1.6.11 Torsion Durability The ability of an e-textile to withstand a cyclic torsion test. 
	1.6.12 UV Radiation Resistance The ability of an e-textile to withstand UV radiation exposure.
	1.6.13 Washing and Drying Resistance The ability of an e-textile to withstand household washing and drying procedures.
	1.6.14 Water / Saltwater Resistance The ability of an e-textile to withstand exposure to water or salt water.
	2 APPLICABLE DOCUMENTS
	2.1 IPC
	2.2 JEDEC JESD557 Statistical Process Control Systems
	3 GENERAL REQUIREMENTS 
	3.1 Visual Inspection E-textile wearables shall be visually examined before beginning testing. The visual inspection method (e.g., corrected 20/20 vision, microscope) shall be reported by the manufacturer. Accept/Reject criteria of visual defects shall be
	3.2.1 Localized Testing Localized testing refers to testing methods that cannot be used to test the e-textile wearable as a whole. This includes all test methods that require specimens to be cut from the e-textile wearable as well as test methods that can
	3.2.2 Affected and Critical Areas For characteristics that require localized testing, affected and critical areas on the e-textile wearable shall be identified (see Figure 3-1). The affected and critical area(s) of the e-textile wearable shall be marked o
	3.2.3 Affected Areas An affected area is a location on an e-textile wearable comprising functional properties (excludes areas of the e-textile wearable that are purely textile based) that could be affected during use by a particular characteristic identif
	3.2.4 Critical Areas An affected area for a particular characteristic may contain one or more critical areas. Those critical areas are especially susceptible to damages and/or vital for the function of the e-textile wearable (see Figure 3-1). Critical are
	3.2.5 Assessment of Reliability A suitable parameter and a test method to assess the reliability of the e-textile wearable for a specific characteristic shall be chosen. Possible parameters include but are not limited to a change in:
	3.3 Workmanship Requirements E-textile wearables shall be manufactured and processed in such a manner as to be uniform in quality and shall be free from defects (except as speciﬁed elsewhere in this speciﬁcation) that will affect processability, product l
	3.4 Storage Conditions Storage conditions (duration, temperature, humidity, gas, etc.) shall be provided per procurement documentation. 
	3.5 Chemical Compliance E-textile wearables shall meet the Restriction of Hazardous Substances Directive (RoHS) and the Waste Electrical and Electronic Equipment (WEEE) Directive and should comply with Registration, Evaluation, Authorization and Restricti
	4 RELIABILITY CLASSIFICATION
	4.1 Mechanical This section provides classification requirements for mechanical characteristics of an e-textile wearable. Note that the characteristics are application dependent and not all characteristics are applicable for all e-textile wearables. The c
	4.1.1 Abrasion Resistance Critical areas of the e-textile wearable that will experience abrasion during use shall be identified (see 3.2.4). Additional areas may be tested per procurement documentation. All identified critical areas (and if applicable add
	4.1.2 Bending Durability Critical areas of the e-textile wearable that will experience bending during use shall be identified (see 3.2.4). Additional areas may be tested per procurement documentation. All identified critical areas (and, if applicable, add
	4.1.3 Stretch Durability Critical areas of the e-textile wearable that will experience cyclic stretching during use shall be identified (see 3.2.4). Prior to stretch durability testing, to identify the region of purely elastic deformation, a tensile test 
	4.1.4 Torsion Durability 
	4.1.5 Flexing Durability Critical areas of the e-textile wearable that will experience flexing during use shall be identified (see 3.2.4). Additional areas may be tested per procurement documentation. Flexing parameters which reflect projected use-case-re
	4.2 Exposure This section provides classification requirements for exposure characteristics of an e-textile wearable. Note that the characteristics are application dependent and not all characteristics are applicable for all e-textile wearables. The chara
	4.2.1 Climate Resistance In case a large enough testing chamber is available, the e-textile wearable shall be tested. Otherwise, critical areas of the e-textile wearable that will experience cyclic climate condition changes or prolonged exposure at specif
	4.2.2 Acid Resistance Critical areas of the e-textile wearable that will experience acid exposure during use shall be identified (see 3.2.4). Additional areas may be tested per procurement documentation. Acid(s) with a suitable pH level that reflects proj
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	4.2.4 Water or Saltwater Resistance Critical areas of the e-textile wearable that will experience water and/or saltwater exposure during use shall be identified (see 3.2.4). Additional areas may be tested per procurement documentation. All identified crit
	4.2.5 Sweat/Perspiration Resistance Critical areas of the e-textile wearable that will experience sweat/perspiration exposure during use shall be identified (see 3.2.4). Additional areas may be tested per procurement documentation. All identified critical
	4.2.6 Washing and Drying Resistance The e-textile wearable shall be tested according to IPC-TM-650, Method 2.3.43. The selected washing and drying procedures shall reflect use-case-related values.
	4.2.7 UV Radiation Resistance The e-textile wearable shall be tested according to IPC-TM-650, Method 2.6.29.1. The selected exposure conditions shall reflect use-case-related values.
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