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INTERNATIONAL ELECTROTECHNICAL COMMISSION

PHOTOVOLTAIC SYSTEMS - GUIDELINES FOR EFFECTIVE
QUALITY ASSURANCE OF POWER CONVERSION EQUIPMENT

FOREWORD

The International Electrotechnical Commission (IEC) is a worldwide organization for standardization comprising
all national electrotechnical committees (IEC National Committees). The object of IEC is to promote international

co-off
in ad
Publi
prep
may
with
Stan

The f
cons
interg

IEC

Com
Publi
misin
In orf
trans|
any |
IEC

asse
servi

Allu

No i
mem
other
expe
Atten
indis
Atten
right

the

eration on all questions concerning standardization in the electrical and electronic fields. To this
Hition to other activities, IEC publishes International Standards, Technical Specifications, Technical
cly Available Specifications (PAS) and Guides (hereafter referred to as “IEC Publication(s)
ration is entrusted to technical committees; any IEC National Committee interested in the subject d
barticipate in this preparatory work. International, governmental and non-governmental organization
he IEC also participate in this preparation. IEC collaborates closely with the Internatiohal Organiz
lardization (ISO) in accordance with conditions determined by agreement betweenthe two organiz

lormal decisions or agreements of IEC on technical matters express, as nearly as.possible, an inte
bnsus of opinion on the relevant subjects since each technical committee~has representation
sted IEC National Committees.

Publications have the form of recommendations for international use,and are accepted by IEC
mittees in that sense. While all reasonable efforts are made to ensure’ that the technical contern
cations is accurate, IEC cannot be held responsible for the way in which they are used or|
terpretation by any end user.

der to promote international uniformity, IEC National Committees undertake to apply IEC Pul
parently to the maximum extent possible in their national ahd regional publications. Any divergence
FC Publication and the corresponding national or regional publication shall be clearly indicated in t

tself does not provide any attestation of conformityt independent certification bodies provide cd
Esment services and, in some areas, access to |IEC marks of conformity. IEC is not responsiblg
Ces carried out by independent certification bodies®

ers should ensure that they have the latest edition of this publication.

bbility shall attach to IEC or its directors\ ‘employees, servants or agents including individual exg
bers of its technical committees and |IEC National Committees for any personal injury, property da

damage of any nature whatsoevern.whether direct or indirect, or for costs (including legal f¢
hses arising out of the publication,use of, or reliance upon, this IEC Publication or any other IEC Puj

tion is drawn to the Normative\references cited in this publication. Use of the referenced public]
bensable for the correct applieation of this publication.

tion is drawn to the possibility that some of the elements of this IEC Publication may be the subject
. IEC shall not be héldyresponsible for identifying any or all such patent rights.

in task of IEC\technical committees is to prepare International Standards. In excsd
stances, a‘fechnical committee may propose the publication of a technical speci
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despite‘repeated efforts, or

required support cannot be obtained for the publication of an International StTndard,

the subject is still under technical development or where, for any other reason, there is the
future but no immediate possibility of an agreement on an International Standard.

Technical specifications are subject to review within three years of publication to decide whether
they can be transformed into International Standards.

IEC TS 63157, which is a technical specification, has been prepared by IEC technical committee
82: Solar photovoltaic energy systems.
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The text of this technical specification is based on the following documents:

Enquiry draft Report on voting
82/1595/DTS 82/1625A/RVDTS

Full information on the voting for the approval of this technical specification can be found in the
report on voting indicated in the above table.

This document has been drafted in accordance with the ISO/IEC Directives, Part 2.

The co
stability
the spdgcific document. At this date, the document will be

e recpnfirmed,
e withdrawn,
o replaced by a revised edition, or

e ameénded.

A bilinqual version of this publication may be issued at a later, date.
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INTRODUCTION

The fundamentals of maintaining a quality assurance system are described in ISO 9001. The
IEC Technical Committee 82 has supplemented ISO 9001 with additional technical details for
guiding creation of quality assurance systems for the manufacture of photovoltaic (PV) modules
(IEC TS 62941) and for installation of photovoltaic systems (IEC TS 63049).

Failures of PV systems are often reported to be caused by failures of the power conversion
equipment, such as inverters and DC-DC converters. This document was developed to help the
industry reduce those failures in a standardized and cost-effective way. It builds on 1ISO 9001
by adding technical details to be included in a quality assurance system. To facilitate the
understanding—of—how 1S5S0 9001 complements—this—document—the—related IS0 9001
clausefsubclause numbers are noted in square brackets as part of each heading as)well as
being fabulated in Annex A. A few references are also made to the IATF (International

Automgtive Task Force) 16949 Quality Management Systems.



https://iecnorm.com/api/?name=2d08f7b7d85aa07a6e0e7b6aaeaae639

IEC TS 63157:2019 © IEC 2019 -7 -

PHOTOVOLTAIC SYSTEMS - GUIDELINES FOR EFFECTIVE
QUALITY ASSURANCE OF POWER CONVERSION EQUIPMENT

1 Scope

This document lays out recommendations for best practices for product realization,
customer satisfaction, and stakeholders' relationship used in the manufacture of
conversion equipment (PCE).

This dgcument captures key requirements customers would like to see completedto
high-qyality products, specifically, that the products have the documented properties, in
properties needed to give customer satisfaction with regard to the warranty.

The ohject of this document is to provide more confidence in the omgeing consiste
performance and reliability of certified power conversion equipment., The requirements
document are defined with the assumption that the quality management system
organigation has already fulfilled the requirements of ISO 9001 or equivalent
managgment system. These guidelines also form the basis for factory audit criteria of sug
by varipus certifying and auditory bodies.

This dqcument covers manufacture of electronic powerconversion equipment intended
in terrestrial PV applications. The term PCE refers tonequipment and components for elg
power fonversion of electric power into another kind'of electric power with respect to |
currenfl and frequency. This document applies o PCE in both indoor and outdoor o
climates as defined in IEC 60721-2-1 and IEC60721-3-3. Such equipment may include
not lim{ted to, DC-to-AC inverters, DC-to-DG\converters and battery charge converters.

This dqcument covers PCE that is used with PV arrays. The equipment may also be con
to other DC source or load circuits, such as batteries. All parts of the PCE are include
connegtors and software). This doCument may be used for accessories for use with PCE,
where more appropriate standards exist.

safety,
power

ensure
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h sites
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pen-air
, but is

nected

d (e.g.
except

The object of this document is to define steps for providing assurance that:

Thg customers’ «expectations are identified and the product is designed to meej those
expectations,

Thqg performance characteristics and method of meeting the customers’ expectations (e.g.
efficiengy).are identified,

Thq specifications are either in conformance with the related standards or mentioned by the
manufacturer on the data sheet or other product liierature,

The product has each of the properties described on the data sheet or other product
literature, and

The product has been designed and manufactured to retain those same properties after
normal and reasonable environmental stresses experienced in the field (including worst-
case typical temperatures, thermal cycling, corrosive conditions, over voltages/currents on
DC and AC lines, transportation and installation, etc.) as well as survive stresses coming
from the grid within the promise of the warranty.

To achieve these goals, this document requires:

Analysis to identify potential failure modes and creation of a plan to prevent these during
the time of the design lifetime,

A documented change management control process to address raw material or
manufacturing changes arising both internal and external to the organization,
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e A documented supplier quality management process with integrated performance standards
that uses continuous improvement to enhance overall product quality,

e A documented manufacturing process with workmanship standards that uses continuous

imp

rovement to enhance product quality,

e A documented manufacturing process that includes steps that identify when the process has
gone out of control and high-level measures to follow to bring the process back in control
as specified by an out-of-control action plan (OCAP). This includes measurements that
ensure that the products have the defined properties including test results expected for
certification, standards and warranty, and

e Tes

ting of software to ensure that it works in the anticipated situations.

2 No

The fol

constitlites requirements of this document. For dated references, only the edition cited &
dated references, the latest edition of the referenced document (including any

For un
amend

IEC 60

IEC 61
Immun

IEC 61
Immun

IEC 61
Emissi
IEC 61

IEC 61
Emissi

IECTS

IEC 61

Part 7-#20: Basic_ecemmunication structure — Distributed energy resources logical node

IEC 62
natura

rmative references

owing documents are referred to in the text in such a way that some or all of‘their

ments) applies.
B12, Failure modes and effects analysis (FMEA and FMECA)

000-6-1:2016, Electromagnetic compatibility (EMC) =\Part 6-1: Generic stang
ty standard for residential, commercial and light-industrial environments

000-6-2:2016, Electromagnetic compatibilitys(EMC) — Part 6-2: Generic stang
ty standard for industrial environments

000-6-3:2006, Electromagnetic compatibility (EMC) — Part 6-3: Generic stang
bn standard for residential, commercial and light-industrial environments
D00-6-3:2006/AMD1:2010

000-6-4:2018, Electromagnetic compatibility (EMC) — Part 6-4: Generic stang
bn standard for industriakenvironments

61836, Solar photovoltaic energy systems — Terms, definitions and symbols

B50-7-420:2009,)Communication networks and systems for power utility autom

D93, Balance-of-system components for photovoltaic systems — Design quali
envirohments

content
pplies.

ards

ards

ards

ards

ation

fication

IEC 62109-1, Safety of power converters for use in photovoltaic power systems — Part 1:
General requirements

IEC 62109-2, Safety of power converters for use in photovoltaic power systems — Part 2:

Particu

lar requirements for inverters

IEC 62443 (all parts), Industrial communication networks — Network and system security

IEC 62894:2014, Photovoltaic inverters — Data sheet and name plate

IEC 62920:2017, Photovoltaic power generating systems — EMC requirements and test methods
for power conversion equipment
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ISO/IEC Guide 98-3:2008, Uncertainty of measurement — Part 3: Guide to the expression of
uncertainty in measurement

ISO 4180, Packaging — Complete, filled transport packages — General rules for the compilation
of performance test schedules

ISO 9000:2015, Quality management systems — Fundamentals and vocabulary’
ISO 9001:2015, Quality management systems — Requirements

ISO 19011:2018, Guidelines for auditing management systems

IEEE 1p47, IEEE Standard for Interconnection and Interoperability of Distributed” [Energy
Resources with Associated Electric Power Systems Interfaces

FCC Title 47 CFR Part 15, Federal Communications Commission rules and“cegulationy, Code
of Fedegral Regulations, Title 47, Part 15

IPC-95P2B:2012, Requirements for Power Conversion Devices ‘for the Computer and
Telecoinmunications Industries

ANSI/ASQ Z1.4:2013, Sampling procedures and tables for,inspection by attributes

ANSI/ASQ Z1.9:2013, Sampling Procedures and Tablés for Inspection by Variables for Percent
Nonconfforming

ANSI/HSD S20.20-2014, Protection of Elegtrical and Electronic Parts, Assembligs and
Equipment (Excluding Electrically Initiated Explosive Devices)

IATF 16949:2016, Quality Management Systems

3 Terms, definitions and-acronyms

For the| purposes of this degument, the terms and definitions given in ISO 9000, IEC TS|61836,
and thg following apply.

ISO and IEC maintain terminological databases for use in standardization at the following
addrespes:

e |EQ Electropedia: available at http://www.electropedia.org/

o |SCLQnline hraning platfnrm' available at th'//www iso nrg/nhp

3.1

balance of system

BOS

parts of a PV system other than the PV array field, including switches, controls, meters, power
conditioning equipment, PV array support structure, and electricity storage components, if any

3.2

containment

action taken to protect the customer from the effect of a situation. Containment may include
correcting an existing situation or adding additional screening or retesting

Note 1 to entry: Containment may include correcting an existing situation or adding additional screening or retesting.
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3.3

control plan

documented description of the systems and processes required for controlling the product and
process quality by addressing the key characteristics and engineering requirements

3.4

cost of quality

cost of not creating a quality product or service, including the cost of reworking of product that
is found to be outside of tolerance

Note 1 to entry: The cost of quality may include the cost of reworking of product that is found to be outside of
tolerance.

3.5
critical item list
list of materials, components and software that have relatively high impact, in“detefmining
product reliability

3.6
customer
all of thle stakeholders and decision makers involved in the various stages of the system delivery
proces$, and including the end user

3.7
design for assembly, manufacturing and testing
design|technique for manufacturing ease of an assortment of parts to be assembled ipto the
final pfoduct, focusing on minimizing the complexity of the manufacturing and assembly
processes

3.8
design lifetime
designitarget period during which balance-of-system (BOS) components are expected tq safely
satisfy the specified performance under the specified conditions

Note 1 tp entry: Specified conditions\include application of use, installation environment configuratijons and
operatiop conditions of the BOS components in use. The design target period is set considering changes in
performgnce of BOS components,due to aging degradation of parts and materials used in the stated environment.

3.9
define] measure, analyze, improve, and control
DMAIC
data-driven quality strategy for improving processes and an integral part of a Six Sigma|quality
initiativie

3.10
electrostatic discharge

ESD

sudden flow of electricity between two electrically charged objects caused by contact, an
electrical short, or dielectric breakdown

Note 1 to entry: Electrostatic discharge events are known to damage semiconductor devices such as diodes.

3.1

Failure Modes and Effects Analysis

FMEA

document that defines the design, process, or solution with requirements and includes potential
modes, causes and severity of effects of failure, along with an evaluation of the likelihood of
their occurrence and ease of detection.

Note 1 to entry: The FMEA provides a mechanism to prioritize the risks and take appropriate mitigation steps.
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3.12

key design characteristics
characteristics of the final product that are important to customer satisfaction

3.13

organization
entity that supplies product to the customer and that has responsibility for design, production,
and after-service for the product

Note 1 to entry:

sales service.

The organization may subcontract some of its responsibilities for design, production, and the after-

3.14
out of
pre-sh

pbox audit
pment audit

simulation of what a customer would experience when they open the packing box

Note 1 t
for comg
Product
conform
conform

3.15

out of
OCAP
suppor

Note 1 td
to out-of
(which 3
conditior
availablg

3.16
Plan, [
PDCA

entry: Samples of crates or packing boxes are taken from the delivery waiting for shipment and

liance to packing, labeling instructions, documents along with the product, and~finally the prodd
is verified for compliance to customer requirements including visual, diménsion and function
nces from these audits are escapes from the processes and outgoing inspection controls. Th
nces are analyzed and fed back to improve the processes and controlsto prevent recurrence.

control action plan

ing document to an SPC (statistical process contral) chart

entry: An OCAP is typically presented as a flowchart\that guides manufacturing floor employees’
Lcontrol situations. An OCAP consists of activators (which define out-of-control conditions); chg
re likely causes for the conditions); and terminators (which contain the action that should res
s). OCAPs should be dynamic and updated continually as and when new knowledge and information
. A frequently occurring OCAP activator is @mindication of a systemic issue in the process.

o, Check, Act

four-ste¢p process for quality improvement. In the first step (Plan), a way to affect impro

is deve
the thir

loped. In the second step (Do), the plan is carried out, preferably on a small s
 step (Check), a study takes place between what was predicted and what was ob

audited
ct itself.
al. Non-
bse non-

eactions
ckpoints
olve the
become

ement
cale. In
served

in the previous step. Inlthe last step (Act), action is taken on the causal system to affect the

desired

change

3.17

perfornance-warranty
warranty provided by the party ensuring product liability to guarantee the specified perfo

of the

©@S/components over the specified period and under the specified conditions

mance

3.18

Process Failure Modes and Effects Analysis
PFMEA

quality

Note 1 to entry:

usage of

3.19

engineering approach focussed on the manufacturing process

the product.

Product Life-Cycle Management
process of managing the entire life cycle of a product from inception, through engineering

design

and manufacture, to service and disposal of manufactured products

PVMEA is to be compared to an FMEA, which is a reliability engineering approach focussed on
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3.20

prototype

early sample, model, or release of a product built to test a concept or process, but may not
have been produced with the intended future processes

3.21

Quality Management System

QMs

formalized system that documents the structure, responsibilities, and procedures required to
achieve effective quality management

3.22
qualitﬂ plan
documeént, or several documents, that together specify quality standards, practices;. respurces,
specifigations, and the sequence of activities relevant to a particular product, seryice, project,
or contfact

3.23
repeatability
variatign in measurements obtained when one measurement devicée"is used several times by
the same person to measure the same characteristic on the same\product

3.24
reproducibility
variatign in measurements made by different peopleyusing the same measuring deyice to
measufe the same characteristic on the same product

3.25
statistical capability
statisti¢al measure of the inherent process.variability of a given characteristic in compatison to
the spdcification limits

3.26
statistical process control
applicaltion of statistical techniques to control and monitor process

Note 1 tg entry: It is used to"determine the stability and predictability of a process.

3.27
supplier
providgr of materials to an organization building product manufacturing and assembly

3.28
system _delivery process

all stages of the system development beginning at concept and ending at site restoration

4 Documented information [7.5]

Records related to design, qualification, engineering changes, monitoring, and measurement of
manufacturing processes and products, final testing, and customer details that are necessary
to secure the warranty condition and that are defined by the organization, shall be retained for
a necessary period.

Records should also include Certificates of Conformity (CoC) and Certificates of Conformity
Analysis (CoA) of critical items identified by the organization.
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5 Planning [6.0]

5.1 Actions to address risks and opportunities [6.1]

5.1.1

Risk analysis [IATF 6.1.2.1]

The organization shall evaluate product risks and document in the appropriate FMEA as defined

in [IEC
minimu
returns

The or

60812 or equivalent. See 7.6.1. The organization shall include in its risk analysis, at a
m, lessons learned from prior product recalls, product audits, product stress testing, field
and repairs, complaints, scrap, and rework.

anization shall retain documented information of the results of risk analysis and any

preven

5.1.2

The or
noncon
the seV

The or

including the following:

a) det

b) evadluating the need for action to prevent occurrence of nonconformities,

c) det
d) doc
e) rev
f) utili

52 (

The org
establi
organiz

This s
quantif
demon

ive actions taken to address opportunities for improvement.

Preventive action [IATF 6.1.2.2]

janization shall determine and implement action(s) to eliminate the causes of pptential
formities in order to prevent their occurrence. Preventive actions shall be appropyriate to
erity of the potential issues.

janization shall establish a process to lessen the impact_of negative effects|of risk

brmining potential nonconformities and their causes,

brmining and implementing action needed,
Lmented information of action taken,
ewing the effectiveness of the preventive action taken,

zing lessons learned to prevent recirrence in similar processes.
Quality objectives and planning to achieve them [6.2 / IATF 6.2.2.1]

anization shall ensure that\quality objectives to meet customer requirements are gefined,
thed, and maintained (for relevant functions, processes, and levels throughout the
ation.

nould include (Cost of quality parameters. The parameters should be defingd and
ed for particular equipment/device. This factor will provide further impgtus to
strate that'quality impacts the bottom line significantly.

6 Su

sults” of the organization's review regarding interested parties and their rglevant
enfs shall be considered when the organization establishes its annual (at a mihimum)

pport [7.0]

6.1 Resources [7.1]

6.1.1
6.1.1.1

People [7.1.2]

Provision of resources for commissioning

The organization shall provide resources for training workers to inspect all aspects of the

system

and to record any issues during commissioning.
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6.1.1.2 Provision of resources for after sales services [IATF 10.2.5]

In addition to the basic QMS-required resource planning, the organization shall determine and
provide the resources needed to maintain the product warranty system, including provision of
after-sales service and for identifying cause of failure and any appropriate follow-up actions
such as adjustment to quality control plan or warranty recall. For repairable products, the
organization shall determine and include staffing and training of service personnel to do in-field
service and adequately plan for maintaining spare part depots and service centres to assure
the necessary quality of service for customers.

6.1.1.3 Succession planning

The orgamizatiomstrattptarmforsuccessiomfor key furnctions—that=affect coustomersatisfaction,
quality reliability, safety, and performance.

6.1.1.4 Training of workers

Workers responsible for tasks that are critical for the specified operationcof the PCE in either
the shqrt term or long term shall be appropriately trained and certified fophperformance|of that
task. These critical tasks (e.g. soldering and testing/verification) shali”be identified as|part of
the risj assessment or determination of product requirements.

NOTE [xamples of existing standards that may aid in establishing certification procedures include IPC{A-610E-
2010, EIA/J-STD-001, and IPC/WHMA-A-620. Requirements are specified(in the control plan as noted in 7.B.1.1.

6.1.2 Monitoring and measuring resources [7.1.5]
6.1.2.1 General

Monitofing and measurement equipment referenced in the control plan shall be charaqgterized
by melasurement system analysis to understand gauge capabilities (repeatability and
reprodicibility).

Softwafle shall be considered an integral part of monitoring and measuring equipment and shall
be apgropriately controlled and yalidated. For changes that affect configuration, influding
softwale, the organization shall'revalidate monitoring and measurement equipment.

For mgnitoring and measurement equipment determined to be out of tolerance at the ftime of
calibration, corrective actions shall be taken to determine impact to the product and documented
per Clduse 4.

6.1.2.2 Control of performance measurement equipment

For the|equipment used to measure critical performance metrics of the product, the organization
shall rr13intain a control program. Records of compliance shall be maintained.

The organization shall retain all calibration certificates for electrical meters used for the rating
or a report that can be traceable to international or national measurement standards. This
information shall be traceable for each product manufactured and made available to customers
upon request.

Electrical measuring devices and the methodology used for performance rating shall have an
initial estimate of the uncertainty according to ISO/IEC Guide 98-3. The uncertainty analysis
shall be re-evaluated at least annually.

Equipment accuracy and calibration shall be verified annually at a minimum, or more frequently
if needed to maintain calibration.

During construction all equipment used should be calibrated including torque wrenches with
torque marks clearly identified
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6.1.3

Organizational knowledge [7.1.6 ]

The organization shall determine necessary knowledge gained from experience, lessons
learned, success, failures, conferences, etc. and make this information available to the extent

necess

ary including when addressing changing needs and trends.

6.2 Competence [7.2 / IATF 7.2.1 8.5.1¢]

The organization shall establish and maintain a documented process(es) for identifying training
needs including awareness and achieving competence of all personnel performing activities
affecting conformity to product and process requirements including warranty and after-sales
service. Personnel performing specific assigned tasks shall be qualified, as required, with

particu

6.3 4

are aw
mainta
the cus

The orFanization shall maintain documented information that demonstrates, that all emg

7 Og

71

The or

requirements shall also apply.

7.2
In plan
a) Pro
b) Pro
fac
ang
res
con
spe
c) Deq
me
afte
d) Abi

arattentionmto thesatisfactiomof customer requirements:

Awareness [7.3 / IATF 7.3.1]

re of their impact on product quality and the importance of their activities in ach
ning, and improving quality, including customer requirements andhe risks invol
tomer with nonconforming product.

eration [8.0]

5eneral

hanization is required to implement a recognized basic QMS. In addition, the fo

Dperational planning and control [8.1]
hing, the organization shall also determine the following, as appropriate:

duct certification requirements.

duct properties that align-with customers’ expectations for performance includin
ors as power conversion ‘efficiency, defined DC input voltage window, output
frequency within specifications, ability to control operating state on comman
bonse to changing  conditions, availability, serviceability, reparability, ab
hmunicate current-operating conditions through common data interfaces if part of
cification, and other properties described or referenced below.

ign lifetime-aligned with the stated warranty under specific conditions and a docu
hod to.ensure compliance to stated warranty by a combination of product reliabi
r-sates services.

itydto tolerate typical variations within the operating environment.

loyees
ieving,
ved for

Ilowing

g such
boltage
d or in
lity to
broduct

mented
ity and

e) Recycling requirements at the end of the product’s lifetime.

f) Quality assurance and control measures to be applied to production to meet requirements
of the applicable component standards.

g) Electrostatic discharge (ESD) safe environmental area

The organization shall identify the ESD sensitive materials and components and shall
determine an ESD safe environmental area and maintain an ESD safe environment at the
raw material storage, processing, assembly areas, and all through packaging and shipping.

NOTE A process similar to that defined in IEC 61000-4-2, ANSI/ESD S20.20, or as appropriate.

h) Packaging, storage and transportation requirements.

i) Requirements for ensuring quality assurance of components received from suppliers.

Customer requirements and references to related technical specifications, as applicable, shall
be included in the planning of product realization as a component of the quality plan.
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With changing requirements from the market place and with emerging new technology in the
PV industry, the development and launch of new products should meet requirements of the
product warranty as well as customers’ needs. For products marketed to meet a local product
life-cycle management requirement, related aspects of the device manufacturing are controlled.

The product certification may depend on the application and geographies where the product will
be installed.

The recycling requirements should comply with the geographies where the product will be
installed.

7.3

The organization shall also determine and implement effective arrangements for commurjicating
with customers in relation to the following:

a) Safety, workmanship warranty, output power warranty, and installation guidelines ingluding
elegtrical and mechanical installation instruction.

b) Application notes detailing parameters and ranges of the Cdesigned-for operating
enVironment and the specific attention and care needed to secure product design [ifetime
of the installed configuration, including any exclusions or precenditions.

c) Relevant 3d-party qualifications and certification information:

d) Thdg definition of cosmetic defects and associated product categories due to downgrade
asspciated with cosmetic defects.

e) Thdg definition of a warrantable defect or safety-critical defect and the rules or progess to
mamnage stated defects.

f) Reg¢ommended spare parts inventory, and

g) Product recall notices with appropriate_report to the supervisory authorities based|on the
relgted law or regulations.

The idgntified design is summarized‘in-a data sheet that clearly communicates to the customer
using sftandard terminology such astdescribed in IEC 62894. The data sheet should identify the
relevar]t standards to which the-'eemponent is in compliance

NOTE fInformation” includesqs but is not limited to, specifications, drawings, and other material, Including
“installatjon” manuals.

7.4 Determining‘the requirements for the product [8.2.2]

The organizationy'shall determine product warranty requirement and its relationship to|design
lifetimg under=specified and intended use conditions, including temperature, humidity, dust,
voltagg (consistent with datasheet specification), conditions of the grid, and weather eX{posure
for all gomponents, as applicable. In addition, equipment interaction with flora, fauna,);iodents
and vermin in the applicafion environment shall be given due considerafion in the requirements
of the product. The analysis of the use environment shall include transportation, storage and
installation. The organization shall ensure that all products are qualified to all relevant
performance and safety type tests.

The organization shall incorporate requirements arising from applicable previous failure
information, customer complaints, competitive analysis, supplier feedback, stress testing
results and other internal inputs. The organization shall maintain traceability to these
requirements. The organization should periodically review requirements that arose from
previous failures that are not relevant due to design changes that may have addressed those.

The organization shall establish a method for specifying the characteristics of PCE in
accordance with IEC 62894, IEC 62109-2, or other specification, as applicable.
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The organization shall include an evaluation of considerations related to cyber security
including authentication of updated software, (IEC 62443 or other relevant standards may be

used).

The organization shall identify and document all known limitations on product application.

The organization shall identify critical areas for ESD control, where appropriate. ESD

require

ment should consider ANSI/ESD S20.20 or equivalent standard.

7.5 Review of the requirements for products [8.2.3]

7.5.1

The IS
the sp

requirements related to requests by the grid operator to curtail or otherwise adjust inte

with th¢

7.5.2

The o
manufa

applicaple.

The organization shall manage the risks prior to manufaeturing transfer.

7.6 |
7.6.1

The organization shall determine:

a) The
reld

b) Thg
reli

c) Ths
layq

7.6.2
The ing

a) Fun

b grid. The review shall include safety and any required safety certifications.

Organization manufacturing feasibility [IATF 8.2.3.1.3]

rganization shall investigate, conduct risk analysis, ,éonfirm and documg
cturing feasibility at the necessary scale of the proposed products in the contrac

Design and development [8.3]

Design and development planning*{8.3.2]

tionship with the quality assurance team,

process to conduct désign FMEAs (as defined in IEC 60812 or equivalent), g
hbility testing, assure design lifetime, and generation of product specification, an

requirements forprocess FMEAs (as defined in IEC 60812 or equivalent), specifi
uts, control plan,;-and work instructions.

Design_and development inputs [8.3.3]
uts shall-also include the following:

ctional, performance, and safety requirements including design lifetime,

—General
D 9001:2015, 8.2.3 review shall include review that the PCE can be configured fo meet
ecified grid frequency and voltage requirements and statutory and -regulatory

raction

nt the
where

responsibilities and authorities for a project design and development team, and

erform
d

cations,

power,

ma
req

Q O T

)
)
)
)

Les

]

||taE||a'ui“ty, u'wab”ity, tldllbpultdt;ull, t;lll;lly, dllul bubtb, dlluI ;Ilbiud;lly t;IU LLL!
uirements defined in IEC 62109-1 and any other product certifications.

The environmental and operational ranges and use profiles for the product.
Identification of product, traceability, and packaging requirements.
Requirements for proper handling of product and components for ESD, and

sons learned from previous designs.

aterials

The organization may consider application of standards on transportation testing such as
ISO 4180.


https://iecnorm.com/api/?name=2d08f7b7d85aa07a6e0e7b6aaeaae639

- 18 — IEC TS 63157:2019 © IEC 2019

7.6.3 Design and development controls [8.3.4]
7.6.3.1 Design and development validation [IATF 8.3.4.2]

The organization shall include standard requirements from applicable IEC and national
standards for validation of the design.

As a minimum, the design and development validation shall include testing according to
IEC 62093, IEC 62109 series, or equivalent.

Although services may be outsourced, the organization shall be responsible for the qualification
of subcontracted services, including ongoing technical oversight and confirmation of test results.

The organization shall develop and maintain (using emergent information) a CriticahIlteém List
(CIL) bpsed on information gathered during the development process such as:

a) High risk items (criticality) identified by an FMEA,

b) Single point failures in reliability models,

c) Tegting failures from design verification testing,

d) Field failures observed for prototypes and surrogate product,
e) Other design analysis including stress testing and derating,

f) Confirmation of patent clearance of design avoiding potential risks for delays related to
infringing other party’s industrial patents on safety and‘reliability, and

g) Crifical outsourced components and raw materials.

Design[and development validation shall include-yveérification of the manufacturing procgss and
verificgtion of product and processes of suppliers of critical items, as appropriate. The
organigation is recommended to perform as part of its new product introduction process [Design
for Assembly, Manufacturability and Testability activities. This can also include design for ease
of maintenance in the field.

Design|and development shall include assessment of the maximum operating temperature using
procedpres from IEC 62109-1:2010, 4.3 or the equivalent, as appropriate and with the following
modifigations.

While IEC 62109 evaluates the safety, the intent of the temperature evaluation here is to [dentify
appropfiate compongnt‘choice to gain confidence in successful operation (in addition o safe
operatipn). Thustemperatures are measured for all key components including trangistors,
circuit poards, «cifcuit boards, input-output ports, power supplies, buffer supplies, power and
electromagnetic”interference (EMI) filter circuit (e.g. capacitors, inductors, resistors), high-
power fisolation switches, contactors and breakers. The maximum operating tempergture is
measureddusing the approaches in IEC 62109 with respect to all design specifications, guch as
the highestambienmttemperature andighestenctosure or back-of-modute temperatdre and
also including external effects, such as heating from sunlight or nearby equipment.

Components shall be chosen using the measured maximum temperature of each component
and best-practice guidelines for derating such as those presented in IPC-9592B, section 4 and
Appendix A.

The organization shall evaluate the uncertainties of the temperature measurements and shall
account for design margins based on stringent operating conditions that the PCE’s will be
subjected to in the field.

The organization shall include protective derating based on the temperature of the critical
components, cabinet and operating temperatures.
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Based on the intended use, the operating voltage/current range and relevant utilization factors
shall be determined for each component. The maximum electrical stress conditions (including
voltage, current, and/or power, as is relevant to each component) are compared with the
specifications for each key electrical component (such as transistors, capacitors, etc.). The
designed/measured voltage or other electrical stress should be consistent with best-practice
derating guidelines such as those described in IPC-9592B:2012, section 4 and Appendix A.

The organization shall evaluate the uncertainties of the bias condition measurements and shall
account for design margins based on stringent operating conditions that the PCE’s will be
subjected to in the field.

NOTE Design and development reviews, verification and validation have distinct purposes. They can be conducted
separatefy or in any combination, as is suitable for the products and services of the organization.

Additiopally:

e Highly accelerated lifetime testing (HALT) or Highly Accelerated Stress~Screen (HASS)
tesfing of critical boards/component subassemblies shall be used for identifying prpducts’
possible points of failure and steps taken to address the identified deficiencies.

e Failure limited/Time limited Reliability Demonstration Tests (RDF) shall be used to |dentify
posisible issues with critical subassemblies such as liquid-cooled cooling systems.

e Sysgtem level testing shall be used to identify problems thatvare missed with comionent-
level tests. Typically, this is achieved by using completed-PV systems into which thg¢ newly
manufactured PCE is installed to verify system-level pérformance.

7.6.4 Design and development outputs [8.3.5]
Design[and development outputs shall also includé.the following:

a) A manual for safe and proper installation, operation, maintenance, and disnantling
(indtruction for use),

b) Design FMEAs as defined in IEC 60812, or equivalent, which are to be updated|during
deqgign reviews, and a related desigh qualification/verification and reliability test pla

=

c) Process FMEAs as defined in [EC 60812, or equivalent, which are to be updated|during
desfign reviews, and a related-incoming material and manufacturing quality control p|an,

d) Final bill of material including material/component designation, brief description, identified
soulrce/s of supply, predicted/expected failure rates, and method for confirming quality of
incgming materials"and components, and

e) Characteristicstof'the product that cannot be fully verified later by non-destructive nlethods
and the designated means to control those characteristics for adequate product
performanece.

The PQEdisplay panel should have the ability to indicate the exact cause when the PCE internal
compohents fail

When possible, the product should be designed to be quickly serviced for anticipated failure
mechanisms.

Product or internal components replacement should be possible even after long-term operation.

All software features shall be reviewed with regard to potential safety risks and device
functionality.

7.6.5 Design and development changes [8.3.6]

The organization shall implement a change management system for materials and processes
and ensure all changes impacting form, fit and function are controlled and adhere to product
requirements and defined internal/external qualification and certification requirements.
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Recertification shall be completed for changes related to anti-islanding performance and for
major changes in design. When a judgement of whether recertification is required, the decision
shall be made by the certifying organization.

The approval and traceability of changes shall be documented and maintained in the
organization’s QMS.

All design and development changes shall be evaluated for risks and documented in the

approp

riate FMEA as defined in IEC 60812 or equivalent.

Qualification, safety, compliance, and reliability tests shall be documented.

The ccinditions of qualification, safety and reliability tests should be defined by taki

consid
or equi

Such ¢
verified
custo

reliabil

7.6.6

ration the specified condition required by IEC 62093, IEC 62109-1, andAEC 62
valent.

hanges shall not be released to customers before applicable analysis and/or te

to be satisfactory. Certification of the change may be necessary-prior to relea
er. If the change has impact to form, fit, function, safety, pefformance, or decr
ty of the product, notification to the appropriate customer is'required.

Manufacturing process design inputs [IATF 8.3.3.2]

The or

anization shall identify, document, and review theymanufacturing process desig

requirements, including the following:

a) Product design output data.

b) Tangets for productivity, process capability<and cost.

c) Cusgtomers’ requirements, if any.

d) Lessons learned from previous developments, and

e) Op

NOTE
methods

7.6.7

The m
againsi
proces

ortunities to utilize lean manufacturing.

to a degree appropriate to the/magnitude of the problems and commensurate with the risks encou
Manufacturing-process design outputs [IATF 8.3.5.2 8.5.1a]

hnufacturing precess design output shall be expressed in terms that can be
manufacturing process design input requirements and validated. The manufg
5 design-edtput shall include data for quality, and reliability including the followin

a) Specifications and drawings.

ng into
P109-2,

sts are
se to a
pase in

n input

The manufacturing process design’includes the use of error-proofing methods and statistical procesjs control

htered.

erified
cturing
g:

b) Ma

nufacCturing process flow chart/layout.

c) Manufacturing process FMEAs as defined in IEC 60812 or equivalent risk management tool.
d) Control plan (see 7.8.1.1).
e) Work instructions.

f) Pro
g) An

cess approval acceptance criteria.

ESD protection plan.

h) Error-proofing methods, as appropriate.

i) Methods for product identification and traceability.

j) Methods for detection and feedback of product/manufacturing process nonconformities.

k) Safety programs to protect workers during manufacturing and associated posted metrics.

) Pro

cess for handling raw materials from the time of their receipt, and

m) Supplier control.
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Process FMEAs (PFMEAs), or equivalent, should cover the process from material receipt to
product delivery, and where appropriate, installation and maintenance.

The organization shall also document the key characteristics of the product.

The statement of key characteristics shall include specification of the environmental range over
which these properties are retained as well as the corresponding measurement tolerances.

This list shall include as a minimum:

Key properties on nameplate and data sheet such as (as applicable):

o Elegtrical parameters from IEC 62894:2014, 4.4;
e Opgrating performance from |IEC 62894:2014, 4.5.

Safety [requirements associated with compliance to IEC 62109 series and jahy other rglevant
safety fequirements.

Grid-inferaction requirements as defined and certified to local cod€ such as to IEEE 1547 or
other r¢levant local codes and remotely controlled by communication standards like IEC [61850-
7-420 ¢r others. These may include requirements for protectivé/functions such as infterface
protectjon and anti-islanding.

EMC requirements:

— Compliance with EMI standards so that the produet neither emits electromagnetic rgdiation
tha{ disturbs function of nearby electronic deyices, nor is it susceptible to common dources
of glectromagnetic radiation, for example,,dEC 62920 and IEC 61000-6-1, IEC 61000-6-2,
IEQ 61000-6-3, IEC 61000-6-4, IEEE 1547 and FCC Title 47 CFR Part 15.

Other groduct functions that may be included as key:

— Display functionality — as described in the operating instructions, if available,

— Usdr-interface functionality-including communications band width, for example — (ethernet,
wirg¢less communications), as appropriate,

— Software functionality.
7.7 Control of externally provided processes, products and services [8.4]

7.71 General([8.4.1]

Materigls, eomponents, and sub-assemblies that have a safety, performance, or refiability
implica[ion oh the finished product and that are purchased from or prepared by a ﬂupplier
require i ini

The organization shall define processes for the supplier’s notification of changes, ensure that
the suppliers maintain traceability of relevant changes and the organization maintains
traceability of those changes in its final products. It is the responsibility of the organization to
ensure that the components, sub-assemblies and assemblies completed by subcontractors
meet the quality plans, including relevant safety and certification requirements.

The organization shall complete the following actions to ensure their suppliers can meet product
requirements by doing the following:
a) Setupa QMS.

b) Evaluate the quality performance related to critical items (identified in 7.6.3.1) and audit the
suppliers of critical items on a regular basis.
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c) Ensure that materials and components used in the product conform with specifications

provided by the organization.
d) Periodically carry out onsite audits to check that:

e the material and component produced is conformal with applicable organ
specifications;

e the supplier has the capability to deliver the goods on time;

e the supplier maintains product quality consistently, notifies and seeks approva

ization

| when

there is any change of products, process, and manufacturing location, or significant

process excursion that may affect form, fit, function, reliability, or performance,
e) Urge the supplier to improve its quality performance if necessary,

f) Endure that training and validation for effectiveness of training is taking place, and

g) Apply methods for incoming inspections and preparation of raw materials.

QMS rgquirements for critical items may include 1ISO 9001 compliance.

7.7.2 Type and extent of control [8.4.2]

The organization shall have a consistent process to assure the_ quality of critical items and
components defined in 7.6.3. and control of key design characteristics defined in 7.6.F using

an appfopriate combination of the following methods:

a) Regeipt and review of certificate of conformance or analysis.

b) Ev43luation of statistical data of purchased product§’/and critical items.

c) Evaluation of data collected during manufacturing-.

d) Recgeiving inspection or testing such as statistical sampling based on performance.

e) Prdduct evaluation or material analysis by an independent laboratory or testing facility.

f) Evigdence of supplier inspections when'the supplier has been delegated inspection a
baged on the history of product conformance to requirements, and

g) When a deficiency is identified,(the organization shall take appropriate steps (for ex
outtof-control action plan <(©CAP)) until supplier performance meets the pu
requirements.

Statistipal sampling may-beisbased on ANSI/ASQ Z1.4, Z1.9 or equivalent national stang

7.7.3 Information for external providers [8.4.3]

ithority

ample,
rchase

ards.

Purchasing information shall also describe the requirements for materials/component

traceability.

7.8 ision [8.5]

7.8.1 Control of production and service provision [8.5.1] including (f)
7.8.1.1 Control plan [IATF 8.5.1.1]

The organization shall establish control plans for all appropriate processes, sub-asse
components, and materials for the final product. Control plans shall:

a) Be based on a risk analysis such as design or process FMEA outputs, or equivalent

mblies,

b) List the controls used for the manufacturing process control. Identify relevant metrics to be

tracked at each work station.

c) Include methods for monitoring of control exercised over special characteristics defined by

the organization such as illustrating defect rates and areas with improvement.

d) Include customer required information, if any.
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e)
f)

g)
h)

Initiate a specific out of control action plan (OCAP) when a process becomes unstable or
not statistically capable.

Identify and include areas of inspection using QC checklists prior to continuing through next
steps in production.

Develop a final quality control checklist to identify issues prior to testing.
Identify provisions for use of specific tools/equipment used and requiring calibration.

Identify required incoming inspections of parts and equipment from outside (37 party)
suppliers.

Identify training records that are needed to assure quality control.

Identify methods for validation of effectiveness of training

Ideptify written work instructions available on the work floor, including visual aids:

Identify measurement and calibrated tools and fixtures on which to maintain calibration “due”
labgls or equivalent system.

The organization shall review and update control plans when any changé-occurs that|affects

the product manufacturing process.

The organization shall periodically review control plans for effecfiveness of the contrgls and

take agpropriate corrective actions.

The onganization shall define and manage a process 4o disposition the affected product

impacted by an out-of-specification process.

The orpanization shall maintain data records in @ manner that allows detection of ppssible

tendenties.

For deJermination of extent of products’ failure in production period or serial number, tfacking

of pro

uction record is used to provide_the reason for the extent of product recall repgrted to

the customer. The organization shall~define items of tracking record in the productipn and

incoming component/material.

Examp|es of information the organization may choose to track:

Stalistical records of-defects/failures found in manufacturing process and final inspgction
Regords of incoming material or components (also refer to 7.7.2)

Perjodic autherized calibration or self-checking record of measuring instruments
Name of individual performing the task in work stations

Potling ‘'material injection check list including two-liquid mixture type for solidification

Screw: fighfﬂning torque or pnin’ring check list for structural construction

Shipping set points and their test records for utility-interaction protection level and delay
time before disconnection

Installed software name and identification of utility interaction functions that are specific for
countries or regions

Any change information of line configuration and operation method for improvement or
trouble shooting

Any manufacturing line trouble issues happened and actions taken including pass/fail
threshold change

The organization shall develop a control plan for all measurement devices used for key
measurements and tests (see 7.8.1.).
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7.8.1.2 Monitoring of product and processes during manufacturing and providing for
service [8.5.1(c)(f)]

The organization shall determine methods to monitor the performance and functionality of the
equipment used in the product realization process with focus on the key characteristics
identified in 7.6.7. These measurements and tests are completed on a statistically capable
fraction of manufactured product or components in order to provide the customer with
confidence that the product meets these key design specifications, including anticipated lifetime.
Measurement of product performance before shipment shall be consistent with the accuracy
promised to the customer. The organization shall determine parameter sets for the acceptance
tolerance for the product.

The stdfistical sample methods shall be disclosed.

The oiganization shall create definitions of product problems and determine-rulgs and
processes to minimize the impact of each problem.

The organization shall inspect the product in-process in addition to performing a final inspection
to ensyre that the requirements of the product specification are met and defective prodluct are
prevenfed from release. Tests performed on 100 % of the products for validation of safety shall
be carfied out at the final stage of production, and no further (operations except clganing,
labeling, and packaging may be carried out after these tests.

The following tests shall be performed on 100% of products:

e Surface mount technology (SMT) on printed circuit.boards (PCB) shall undergo AQI (AOI
=Aytomatic Optic Inspection, to ensure existence,of correct components and their pgsition),
where applicable.

e Pogt manual-insertion (MI) workmanship ofiboards shall also undergo quality inspegtion.

e PCB washing or the use of appropriaté€;no-clean solder pastes shall be part of profluction
flow to avoid dendrite growth.

e Product parametric testing shall be performed (In Circuit Test — ICT), where applicaple.

o Hi-pot testing (also known as-high voltage test) shall be performed to identify sites that could
short or arc in the future.

o Conformal coating coverage is checked

The organization shallkprovide technical support to customers on how to use the produci, guide
customers in troublesshooting where applicable, and prevent any safety risks.

Burn-in, if used, shall be disclosed along with the details.

a) Validation of processes for production and services provisions

The organization shall validate software used in the servicing of product. Software updates shall
be tested on all product models before updating the software or firmware. The process for
authorization of release of software updates shall be defined. Additionally, the process shall be
specified by which, before completing an upgrade, a PCE in the field authenticates the source
and identifies that the software has been authorized for release. The review of the software
release shall also consider whether the software update affects the PCE function, requiring a
design recertification and whether the update may affect compliance with the local grid
requirements.

Software applications throughout the life cycle that are important to ensuring product quality,
reliability, performance, or safety should be included.

Software may include firmware.
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The organization shall define a certification and periodic recertification process for qualified

person

nel.

The organization shall determine parameter sets for the acceptance tolerance for the product.

The organization shall validate the effectiveness of its ESD program, as required.

These
Use of
b) On
The or

program that uses appropriate tests for the known failure mechanisms of the product. Th

shall b
design

When fpilures from these activities are observed the implications shall b&analysed. Appr

correct
produc

Records of the results of any ongoing/periodic reliability testing/production monitoring p
activities and any necessary actions arising from such activities shall be maintained (see

4).

The du

e Retention of full functionality after aging in the relevant use environment in
confsideration of altitude and electromagnetic interference. Full functionality should
acceptably low emission of electromagnetic signals.

e Pro

These
IEC 62

organigation’s experience.with field returns and observed failure modes.

7.8.2

The organizationsshall document traceability of changes to the product and impact fron
changgs for previous and future product deliveries.

The orgpanization shall ensure traceability of the product, where appropriate, by

requirements are also applicable to critical items from suppliers.

statistical process control is recommended for these processes.

going retfabitity Tmonitoring

janization shall define an ongoing/periodic reliability monitoring/productiofymo

e conducted on the samples that are selected by an internal sampling{procedure
bd to be effective in providing quality assurance.

may not meet customer expectations.

rability of the product should be assessed.including:

duct resistance to grid stressés(e.g. voltage transients).

may be partially confirmed using tests such as those defined in IEC 621
D93, but the tests may vary from what is in standardized test sequences based

Identification-and traceability [8.5.2]

hitoring
e tests
that is

opriate

ve action to address the root cause shall be taken when the analysis identifies that the

rogram
Clause

cluding
nclude

9 and
on the

h those

a) Tracking product construction to the constituent critical materials and components used to
the lot/batch level that are traceable back to suppliers, dates, and locations of manufacture,
and,

b) Tracking the product through each process step to the specific machine and time of
processing. For manual process steps, traceability to the operator performing operation
shall be recorded.

7.8.3
7.8.3.1

Property protection [8.5.3]

Property belonging to the organization

The organization’s intellectual property may be protected during external party reviews through
non-disclosure agreements aided by on-site visual review of proprietary documents without
physical or electronic exchange of sensitive documents.
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7.8.3.2 Property belonging to customers or external providers

If required, the organization’s methods for controlling customer property can be audited by the
customer to ensure the customer’s confidence in these.

The organization shall be responsible for protecting customer intellectual property for
outsourced processes.

7.8.4 Preservation [8.5.4]

The packaging method of the product shall be tested and validated to meet customer
requirements and ensure that the product can be transported to customer sites properly.
Product traceability information should be easily identified from the outside of the packaging.

The regyclability of the packaging should be considered in the context of recycling-facilities in
the target market.

The or@anization shall also ensure the preservation of potential nonconferming produg¢ts and
critical [items under material review until disposition as not fit for use.

The organization shall use an inventory management system to©nsure stock rotation.

7.8.5 Post-delivery activities [8.5.5]
7.8.5.1 Feedback of information from service [IATF 8.5.5.1]

The organization shall ensure that a process for.communication of information on fervice
concerps to manufacturing, material handling, logistics, engineering, and design actiyities is
establighed, implemented, and maintained.

The intent of communicating "service concerns" is to ensure that the organization is ayare of
nonconfforming product(s) and material(s) that may be identified at the customer locatign or in
the field.

"Service concerns" should include the results of field failure test analysis, where applicable.

7.8.5.2 Service agréement with customer [IATF 8.5.5.2]

When there is a service agreement with the customer, the organization shall:

o verify that.the relevant service centers comply with applicable requirements

o verify the effectiveness of any special purpose tools or measurement equipment

e ensjurevthat all service personnel are trained in applicable requirements

7.8.5.3 Spare parts component and quantity recommendation

By attaining feedback information on failed and replaced components and their quantity in the
field, the organization shall recommend or revise annual spare parts list for continuous
operation of the product.

7.8.6 Control of changes [8.5.6 / IATF 8.5.6.1]

The organization shall have a documented process to control and react to changes that impact
product realization. The effects of any change, including those changes caused by the
organization, the customer, or any supplier, shall be assessed.
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The organization shall:

a) define verification and validation activities to ensure compliance with customer
requirements,

b) validate changes before implementation,

c) document the evidence of related risk analysis,

d) define who has the authority and responsibility for final approval of changes that affect form,
fit, function, reliability, or performance, and

e) retain records of verification and validation.
Changes, including those made at suppliers, should require a production trial run for verification

of changes (such as changes to part design, manufacturing location, or manufacturing-pfocess)
to validate the impact of any changes on the manufacturing process.

When required by the customer by contract, the organization shall:

f) notify the customer of any planned product realization changes after the most recent product
approval,

g) obtain documented approval, prior to implementation of the change,

h) complete additional verification or identification requirements; Such as production tfial run
and new product validation.

7.9 elease of products and services [8.6 / IATF 8:6<1]

7.91 General

The organization shall ensure that the planned-arrangements to verify that the prodyct and
serviceg requirements have been met encompass the control plan and are documernted as
specified in the control plan.

The organization shall ensure that the-planned arrangements for initial release of produgts and
servicegs encompass product or service approval.

The organization shall ensurelthat product or service approval is accomplished after changes
following initial release.

7.9.2 Statutory and regulatory conformity [IATF 8.6.5]

Prior tq release of.externally provided products into its production flow, the organizatign shall
confirm and bé able to provide evidence that externally provided processes, products, and
services conform to the latest applicable statutory, regulatory, certification, qualificatign, and
other requirements in the countries where they are manufactured and in the customer-identified
countries.and jurisdictions of destination, if provided.

7.9.3 Acceptance criteria [IATF 8.6.6]

Acceptance criteria shall be defined by the organization and, where appropriate or required,
approved by the customer. For attribute data sampling, the acceptance level shall be zero
defects.

7.10 Control of nonconforming outputs [8.7]

Organization shall conduct a systematic material review to disposition nonconforming products
and constituent raw materials. Product with unidentified or suspect status shall be identified as
potentially nonconforming product and subjected to a systematic review process.
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Customers shall, where appropriate, be informed promptly in the event that nonconforming
product has been shipped without customer approval. Records of customer notifications, where
appropriate, shall be maintained (see Clause 4).

The organization shall, where appropriate, obtain a customer concession or a deviation permit
prior to further processing whenever the product or manufacturing process is different from that
which is currently approved.

8 Performance evaluation [9.0]

8.1  Monitoring, measurement, analysis and evaluation [9.1]

8.1.1 Monitoring and measurement of a manufacturing process [IATF 9.1.11]

The organization shall perform process studies on all new manufacturing process€s (ingluding
assembly or sequencing) to verify process capability and to provide additionalinput for grocess
control|with focus on the key design characteristics identified in 7.6.7. The, results of grocess
and todl capability studies shall be documented with specifications, where@pplicable, formeans
of production, measurement and test, and maintenance instructions.“These documenis shall
include| objectives for manufacturing process capability, equipment* availability, as Well as
acceptance criteria.

The organization shall maintain manufacturing process and‘tool capability or performgnce as
specifigd by the customer’s part-approval criteria ,or\ organization-targeted level. The
organigation shall ensure that the control plan and grocess flow diagram are implemented,
includinmg adherence to the specified:

a) Megasurement techniques.

b) Sampling plans.

c) Acdeptance criteria.

d) Preyentive maintenance, and

e) Reaction plans when acceptance-criteria are not met.

The organization shall use appropriate statistical tools and statistically significant sample sizes
to make decisions that affect quality of process and products at all stages of manufactufing.

Signifigant process events, such as a tool change or machine repair, shall be recorded.

The ofganizatiof shall initiate an out-of-control action plan from the control plan for
characfteristics.that are either not statistically capable or are unstable. These plans shall jnclude
the containment of product and 100 % inspection, as appropriate. A corrective action plan shall
then bg campleted by the organization, indicating specific timing and assigned responsfbilities

to ensuretiratthreprocess becomes stabteandTapabte— T e ptansstattbeTeviewedwith and

approved by the customer when so required.

The organization shall maintain records of effective dates of process changes through a change
management system. A quality management representative of the QMS shall be empowered to
issue stop-work or stop-ship when nonconforming products are suspected to exceed specified
limits. Records of such events shall be maintained (see Clause 4).

8.1.2 Customer satisfaction [9.1.2]

The organization shall manage customer complaints in a controlled manner, log the issues, and
take corrective and preventive actions, as appropriate. The organization shall ensure that any
necessary corrections and corrective actions are taken without undue delay and communicated
to the customer, where appropriate.
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