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Introduction
This draft standard is based on national and international discussions. Y our comments on this draft are invited and will assist in
the preparation of the consegquent standard.

For international standards, comments will be reviewed by the relevant UK national committee before sending the consensus
UK vote and comments to the international committee, which will then decide appropriate action. If the international standard is
approved, it is usual for the text to be published as a British Standard.

For national standards, comments will be reviewed by the relevant UK national committee and the resulting standards published
as a British Standard.

UK Vote
Please indicate whether you consider the UK should submit a negative (with supporting technical reasons) or positive vote on
this draft. Pleaseindicate if you are aware of any reason why this draft standard should not be published as a British Standard.

Submission of Comments
Annotated drafts are not acceptable and will beregjected.

Template for comments and secr etariat observations

All comments should be submitted online at https.//standar dsdevelopment.bsigroup.com/. You will need to register in

order to comment.

Date; xx/xx/20xx

Document: 1SO/DIS xxxx

an alternative cannot be supported
as serious problems have been
lencountered in its use in the UK.

1 2 3 4 5 (6) 7
MB | Clause No./ Subclause| Paragraph/Figure/ Type of Commend (justification Proposed change by the MB Secretariat observations on
No./Annex (e.g. 3.1) Table/Note comment for change) by theMB each comment submitted
31 Definition 1 ed Definition is ambiguous and needs [JAmend to read '...so that the mains
clarifying. connector to which no connection...'
6.4 Paragraph 2 te The use of the UV photometer as  ||[Delete reference to UV photometer.
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114 INTERNATIONAL ELECTROTECHNICAL COMMISSION

115

116

117 DEPENDABILITY MANAGEMENT -

118

119 Part 3-10: Application guide —

120 Maintainability and maintenance

121

122

123 FOREWORD

124 1) The International Electrotechnical Commission (IEC) is a worldwide organization for standardization comprising
125 all national electrotechnical committees (IEC National Committees). The object of IEC is to promote
126 international co-operation on all questions concerning standardization in the electrical and electronic fields. To
127 this end and in addition to other activities, IEC publishes International Standards, Technical Specifications,
128 Technical Reports, Publicly Available Specifications (PAS) and Guides (hereafter referred to as “IEC
129 Publication(s)”). Their preparation is entrusted to technical committees; any IEC National Committee interested
130 in the subject dealt with may participate in this preparatory work. International, governmental and non-
131 governmental organizations liaising with the IEC also participate in this preparation. IEC collaborates closely
132 with the International Organization for Standardization (ISO) in accordance with conditions determined by
133 agreement between the two organizations.

134 2) The formal decisions or agreements of IEC on technical matters express, as nearly as possible, an international
135 consensus of opinion on the relevant subjects since each technical committee has representation from all
136 interested IEC National Committees.

137 3) IEC Publications have the form of recommendations for international use and are accepted by IEC National
138 Committees in that sense. While all reasonable efforts are made to ensure that the technical content of IEC
139 Publications is accurate, IEC cannot be held responsible for the way in which they are used or for any
140 misinterpretation by any end user.

141 4) In order to promote international uniformity, IEC National Committees undertake to apply IEC Publications
142 transparently to the maximum extent possible in their national and regional publications. Any divergence
143 between any IEC Publication and the corresponding national or regional publication shall be clearly indicated in
144 the latter.

145 5) IEC itself does not provide any attestation of conformity. Independent certification bodies provide conformity
146 assessment services and, in some areas, access to |IEC marks of conformity. IEC is not responsible for any
147 services carried out by independent certification bodies.

148 6) All users should ensure that they have the latest edition of this publication.
149 7) No liability shall attach to IEC or its directors, employees, servants or agents including individual experts and

150 members of its technical committees and IEC National Committees for any personal injury, property damage or
151 other damage of any nature whatsoever, whether direct or indirect, or for costs (including legal fees) and
152 expenses arising out of the publication, use of, or reliance upon, this IEC Publication or any other IEC
153 Publications.

154 8) Attention is drawn to the Normative references cited in this publication. Use of the referenced publications is
155 indispensable for the correct application of this publication.

156 9) Attention is drawn to the possibility that some of the elements of this IEC Publication may be the subject of
157 patent rights. IEC shall not be held responsible for identifying any or all such patent rights.

158 International Standard |JEC 60300-3-1( has been prepared by IEC technical committee
159 56:Dependability.

160  This second edition cancels and replaces the first edition published in 2001 This edition
161 constitutes a technical revision.

162  This edition includes the following significant technical changes with respect to the previous
163 edition:

164 a) This section shall be completed for CDV when the agreed changes are known.

165
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166  The text of this International Standard is based on the following documents:

FDIS Report on voting
XXIXX/FDIS XXIXX/RVD

167

168 Full information on the voting for the approval of this International Standard can be found in
169  the report on voting indicated in the above table.

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

171 The committee has decided that the contents of this document will remain unchanged until the
172 stability date indicated on the IEC website under "http://webstore.iec.ch" in the data related to
173 the specific document. At this date, the document will be

174  — reconfirmed,

175 — withdrawn,

176 — replaced by a revised edition, or

177  — amended.

178

179 The National Committees are requested to note that for this document the stability date

180 is 20XX.

181 THIS TEXT IS INCLUDED FOR THE INFORMATION OF THE NATIONAL COMMITTEES AND WILL BE
182 DELETED AT THE PUBLICATION STAGE.
183
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184 INTRODUCTION

185  This document is intended for those responsible for assuring that item design, and the
186  subsequent maintenance related actions, achieve and continue to deliver desired value during
187  use.

188 Maintainability is defined as the ability of an item to be retained in, or restored to a state to
189 perform as required, under given conditions of use and maintenance. IEV 192-01-27.
190 Maintainability is concerned with the relative ease and economy of time and resources to
191 undertake maintenance actions in a defined context. This context includes both operating and
192 maintenance actions performed by personnel having specified skill levels, using prescribed
193 procedures and resources. Knowledge of those operating and maintenance actions across the
194 item life cycle, is necessary to assure required levels of maintainability established during
195 design.

196 The relative ease and economy of time and resources relates to the total economic impact
197 resulting from the frequency, timing and duration of maintenance actions necessary to retain
198 inherent levels of safety and reliability and restore those levels when degradation occurs.
199 Such maintenance and associated maintainability characteristics are an inherent feature of
200 the item design within an organizational design context that achieves desired timeliness, cost
201 and quality of support for required operational and maintenance action.

202 As an inherent characteristic of design, maintainability has an impact throughout the item life
203 and requires trade-off with reliability and availability as well as balancing with other
204 stakeholder requirements such as cost and risk. An early focus on maintenance needs and
205 associated maintainability characteristics and its specification assists in establishing,
206  sustaining, and continually improving the ability of an item to deliver its design intent over its
207  expected life.

208 Realising the inherent capabilities of an item design requires that the necessary maintenance
209 and operations support capability also be designed, implemented, and continuously evolved
210  to align with external and internal change to the item’s configuration and context of use.
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211 DEPENDABILITY MANAGEMENT -
212

213 Part 3-10: Application guide —
214 Maintainability and maintenance
215

216

217 1 Scope

218 This document provides an introduction to maintainability and its relationship with other
219 dependability characteristics of reliability and supportability along with an enabling framework
220 of more detailed standards. The requirements of a maintainability program to achieve a
221 desired balance with other dependability characteristics are described.

222 This document can be used at any time during an item’s life to guide the planning and
223  implementing of a maintainability program focused on achieving an intended balance of
224 performance, cost, risk, and their associated levels of assurance. These outcomes can be
225  explicit in contractual agreements and statutory obligations or implicit in commitments to all
226 stakeholders. All such programs should be tailored to the characteristics of an item, its use
227 and the organizational context of that use.

228 Guidance is offered on how maintainability programs can be applied at any life cycle stage
229 from new items at the concept stage, to existing items available for commercial procurement,
230  or for items that are part of the way through their operational life.

231 These programs consider the life cycle implications of a design by formally assessing and
232 treating risks associated with the design and delivery of the maintenance function. Such risks
233 can adversely impact the ability of equipment to deliver value through unacceptable item
234 down time caused by poor design for the maintenance function and also design for its
235  delivery.

236 This document describes:

237 — the nature of maintenance and maintainability;

238 — the role of maintainability characteristics in achieving required item value;

239 — the potential trade-offs with related dependability characteristics of reliability and
240 supportability that can be made during the life cycle of an item;

241 — how those trade-offs can achieve a desired balance between required performance, whole
242 life cost, statutory requirements and assurance;

243 — the role of testability as a subset of maintainability.

244 Contracts between customer and supplier will vary widely according to conditions and
245 circumstances in different industries. This document is mainly focused on the premise that an
246 item is to be developed by a contractor from a basic concept for the particular requirements of
247 a user. However, in many instances, where an item already exists and needs little or no
248  development effort, the full maintainability programme as described in this document may not
249 be required.

250 The maintainability program content described in this document can be tailored to suit the
251 needs of the application.

252 2 Normative references

253  The following documents are referred to in the text in such a way that some or all of their

254  content constitutes requirements of this document. For dated references, only the edition

255  cited applies. For undated references, the latest edition of the referenced document (including

256 any amendments) applies.

257 EC 60300-1, Dependability management — Part 1. Guidance for management and application
Documents
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258 3 Terms, definitions and abbreviations

259 For the purposes of this document, the terms and definitions given in IEC 60050-192 and the
260  following apply.

261 ISO and IEC maintain terminological databases for use in standardization at the following
262  addresses:

263 — < |EC Electropedia: available at http://www.electropedia.org/

264 — <+ |SO Online browsing platform: available at http://www.iso.org/obp

265 3.1 Terms and definitions

266  3.1.1
267  item
268  subject being considered

269 Note 1 to entry: The item may be an individual part, component, device, functional unit, equipment, subsystem, or
270 system.

271 Note 2 to entry: The item may consist of hardware, software, people or any combination thereof.

272 Note 3 to entry: The item is often comprised of elements that may each be individually considered.

273 [SOURCE: IEC 60050-192:2014, definition 192-01-01]

274

275 3.1.2

276 maintenance plan

277 structured and documented set of tasks that include the activities, procedures, resources and
278 the time scale required to carry out maintenance

279 Note 1 to entry: See also ISO/TR 12489:2013, 3.4.6.
280 [SOURCE: EN 13306:201(, 2.5, modified — Note 1 to entry has been added.]

281 3.2 Abbreviations

282 ATE automatic test equipment

283 BIT built-in test

284 BITE built-in test equipment

285 COTS Commercial-off-the-shelf

286 FMEA failure modes and effects analysis

287 FMECA failure modes effects and criticality analysis

288 FTA fault tree analysis

289 ILS Integrated logistic support

290 ILSA Integrated logistic support analysis

291 ILSP integrated logistic support plan

292 LCC life cycle cost

293 LORA level of repair analysis

294 LRU line replaceable unit

295 MLDT mean logistic delay time

296 MOTS military off the shelf

297 MTTM mean time to maintain (preventive tasks)
298 MTTR mean time to restoration (or repair or recovery)
299 RCM reliability centred maintenance

300 TA task analysis
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301 4 Maintainability and maintenance overview

302 4.1 Description of dependability

303  Dependability is the ability to perform as and when required. A dependable item is one where
304 there is justifiable confidence (developed through analytical and risk based approaches) that
305 an item will operate as desired and satisfy agreed stakeholder expectations. Dependability
306 has many attributes but is usually characterised in terms of reliability, maintainability and
307 supportability (including maintenance, operations and support to both). These attributes may
308 be applied individually or combined into an availability performance measure.

309 4.2 Description of maintainability

310  All maintainable items have an inherent maintainability characteristic as a result of their
311 design. The ability of a system to be maintained, that is, retained in or returned to a
312 serviceable condition, is often as important to system dependability as is its ability to perform
313 its intended function reliably.

314  Maintainability, is thus a measure of the ease and speed with which an item can be restored
315  to operational status having reached a defined failure state. It is a characteristic of the
316 equipment design, construction, installation and commissioning. That maintainability
317 characteristic is influenced by the delivery of the actual operating and maintenance support
318 applied to undertake the restoration activity.

319 The maintainability measure of an item is the proportion of the maintenance actions
320 undertaken on that item and their time to restore given defined support arrangements. This
321 defined support may include personnel with defined competencies, spares, tools, information,
322 facilities, and logistics applied within a defined organizational context.

323 4.3 Description of maintenance

324 Maintenance tasks necessary to achieve the required availability of a system or item need to
325 be identified before a maintainability program can be fully defined and implemented. Not all
326 items are maintainable and are run to failure, many items are unmaintainable after failure by
327  design intent and others because possible maintenance action is not cost effective versus an
328 alternative.

329 Maintenance is described as the combination of all technical and administrative actions,
330 including supervisory actions, intended to retain an item in, or restore it to, a state in which it
331 can perform a required function. Thus maintenance is either preventive or corrective, meaning
332 retain in or restore to a serviceable condition. A comprehensive description of maintenance
333  and its planning are at Annex A.

334 Maintenance is most cost effectively achieved by limiting its adverse effects on service or
335 product delivery. This is achieved by:

336 — designing the item such that maintenance action can be taken while the item is operating
337 without adverse risk exposure;

338 — providing redundancy to allow for a known period of reduced redundancy when
339 maintenance both preventive and corrective can be done with the item shut down;

340 — defining shutdown arrangements that allow for efficient packaging of required maintenance
341 tasks for delivery in a defined period at a suitable time.

342 4.4 Principles

343 Evaluation and control of maintainability and maintenance is founded on a set of principles.
344 These principles should directly influence the intent, design for, and delivery of an
345 organization’s maintenance activity.

346 These principles are:

347 1) Maintenance tasks are inherent in a design solution.
348 e This principle requires that maintenance tasks are to:

349 a) be determined using risk based techniques; Documents
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350 b) be aligned to organizational intent;
351 c) demonstrate achievement of value.
352 2) Maintenance tasks and their delivery are to be determined in a structured manner.

353 All maintenance tasks exist to achieve value as identified by a risk based process. This
354 principle requires that all maintenance tasks:

355 a) are determined using a defensible process;

356 a) demonstrably achieve value;

357 b) account for human capability including physical, mental and behavioural,

358 c) are designed for efficient and effective delivery;

359 d) account for their impact on item functional requirements.

360 3) Maintainability can be measured as a probability distribution of defined maintenance task
361 times.

362 Maintainability typically requires a mathematical connection to Reliability, Supportability,
363 and subsequently Availability. This principle requires that when defining a maintenance
364 task the:

365 a) derivation of task duration is defensible;

366 b) task duration can be measured and verified.

367 4) Maintainability can be balanced against dependability characteristics of Reliability and
368 Supportability to achieve design assurance intent as measured by Availability.

369 Intended maintenance actions and tasks represent a balance between the cost of the
370 task, the assurance level desired and the risk reduction achieved. This principle requires
371 that for all maintenance tasks:

372 a) there is an understanding of other dependability and organizational objectives;

373 b) analyses and studies are tailored to context;

374 c) an understanding exists of the desired balance and how this is to be evaluated.

375  5) Maintainability requirements may evolve during use to ensure that the item continues to
376 meet stakeholder requirements.

377 During the use of an item the environment, stakeholder requirements and other factors
378 may change and thus continued achievement of maintainability will need to be re-
379 evaluated.

380 4.5 Benefits
381 Benefits from evaluating and controlling maintainability include:

382 — providing justifiable confidence that the maintainability of items will be as required, when
383 required;

384 — managing the risks of failure or degraded performance in a cost-effective way to achieve a
385 balance of cost, risk and performance;

386 — enabling design weaknesses to be identified and improved with consideration for
387 performance, risk and through life cost;

388 — providing information and data that support the continual improvement of maintainability
389 performance;

390 — establishing an appropriate and cost effective maintenance programme;

391 — reduced item down time resulting in improved availability;

392 — reduced maintenance effort;

393 — improved timeliness of maintenance delivery;

394 — improved quality of maintenance effort;

395 — improved reliability from quality maintenance; Documents
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396 — improved safety of maintenance personnel.
397 4.6 Interfaces
398 4.6.1 General

399 Reliability, maintainability and supportability each have influencing interfaces on the other.
400 The two interfaces that relate to maintainability are reliability and supportability.

401 4.6.2 Effect of maintenance on reliability

402 Maintenance is intended to manage the consequences of item failures. Maintenance cannot
403 change the inherent reliability or maintainability characteristics of the item but can influence
404 the operational outcomes.

405 Maintenance of a product will not influence its inherent reliability but it may influence its
406 operational reliability. Inherent reliability assumes the product receives perfect maintenance
407  and represents “a measure of reliability that includes only the effects of an item design and its
408  application, and does not account for effects of the operational and support environment”.
409  This is sometimes referred to as "intrinsic or inherent" reliability”.

410 Reliability block diagrams can be used to assess the impact of partial repair that result in
411 elements of the item having a lower reliability or the conduct of additional maintenance
412 actions that, while not cost effective, may achieve a target level of operational reliability that
413 is greater than the optimal design intent.

414 Repairs to items that have a random failure pattern failure characteristic will not influence the
415 operational performance of the item unless they introduce additional degradation or defects.

416 Any maintenance intervention brings the likelihood of reducing operational reliability through
417 either human error (task done incorrectly without intent) and or human violation (tasks not
418  done or not done as described). Such impacts may affect both preventive maintenance and
419 corrective maintenance outcomes.

420  Such effects may be quantified by such values as task effectiveness resulting from human
421 performance or again the likelihood of human violation resulting from organizational culture
422 issues. In these cases, the task effectiveness may relate to the either the likely success in
423  identifying that a conditional threshold measure has been exceeded or a repair task has been
424  effective in returning the item to its intrinsic reliability.

425 4.6.3 Effect of maintenance on supportability

426  The quantum of maintenance to be conducted on an item is determined by its failure modes
427 and the reliability and maintainability characteristics of those modes. This quantum of effort,
428 whether preventive or corrective in nature, will determine the supportability of the item in
429  terms of the following attributes for the defined maintenance support, being:

430 — quality of delivery;
431 — timeliness of delivery;
432  — cost of delivery.

433 Quality of delivery refers to the conduct of the task in accordance with authorised descriptive
434 media which may be words, video or some other equivalent information source. The potential
435 for either human error or human violation to vary the authorised task content should be known
436 so as to assess that quality. Quality relates not only to compliance with the task content but
437  the use of all integrated support defined for that task including spares, tools, facilities and
438 logistics such as warehousing, transport, packaging and handling.

439  Timeliness of delivery refers to the time delay between the identified failure event and the
440 completion of all preparatory activity necessary to the actual conduct of the maintenance task.
441 For unplanned repair tasks this period would include:

442 — notification of task;
443 — permit to work; D
444  — assembly of material, spares, tools and task information; ocuments
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445  — travel to site;
446 — unloading and transport to work position of any required support equipment such as tools
447 and plant.

448 Cost of delivery refers to the affordability of all actions defined for the maintenance task.
449 Imbalance between purchase price and ongoing cost of ownership can result in future costs of
450 maintenance being unaffordable and hence threaten achievement of inherent characteristics
451 of reliability and supportability through lack of proper funding.

452 5 Maintenance program

453 5.1 Overview
454 The purpose and key benefits of a maintenance program are to:

455  — ldentify what preventive and corrective maintenance is required to achieve the required
456 levels of reliability and availability specified for an item;

457  — Inform the maintainability program of what maintenance will be undertaken on which items
458 and how often;

459  — improve availability of items and hence potential value to stakeholders through balanced
460 maintenance programs;

461 — reduce maintenance effort and related human resources through the maintenance task
462 packaging for efficient delivery and reduced overheads;

463 — reduce life cycle cost;

464  — provide information necessary to ongoing maintenance management and continuous
465 improvement.

466 The core content of a maintenance program requires development of four key components
467 being:

468 — Failure mode and effects analysis (I[EC 60812) or equivalent risk based assessment of risk
469 exposure such as a HAZOP study (JEC _61882) to identify what failures can occur in the
470 use context of the item;

471 — Level of Repair Analysis (LORA) to determine what corrective maintenance actions are
472 necessary to return failed or degraded items to a serviceable status rather than replace
473 with new items;

474 - Reliability Centred Maintenance (JEC 60300-3-11) analysis and/or Risk Based Inspections
475 to manage the consequences of failures identified in the FMEA/FMECA,;

476  — task analysis to describe the task content, packaging requirements, and define the safety
477 and quality aspects of the task to assure cost effective delivery and satisfaction of a duty
478 of care.

479 5.2 Maintenance program management

480 In order to achieve a cost-effective maintenance outcome, the development program should
481 be implemented, in a planned and systematic manner, in conjunction with the maintainability
482  program and the reliability program. These item support aspects should be integrated with the
483 overall item design program. There are five basic components in such a program which are
484  described in the following clauses.

485 5.3  Specification of requirements

486  The maintenance program will need to be tailored for a specific item or project, giving
487 appropriate consideration to the relevant conditions, requirements and complexity. The full
488 maintenance requirements development program described in the following paragraphs,
489 would only be applied to a large and complex item being developed from the concept stage to
490 production. For less complex products, or the application of existing designs, a simpler
491 program can be achieved by using only those parts of the program, which are applicable to
492  the technical and business context.
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493 5.4 Maintenance framework

494 The maintenance policy and maintenance concept documents become the basis for
495 preparation of the maintenance requirements analysis and subsequent maintainability design
496  effort. The item specification, statement of work and supporting concept of operations, which
497 includes the maintenance concept, should capture the broad maintenance concept for the
498 item to be procured, such as:

499  — anticipated levels of maintenance support to inform the logistic support effort;

500 — assignment of responsibility for support functions;

501 — general repair policies and constraints such as engineering and design authorities;

502 — logistic support to be applied to the maintenance function such as use of existing plant or
503 test equipment and an associated test philosophy i.e. built in or manual,

504 — effectiveness measures associated with the support delivery such as supply chain
505 responsiveness, facility utilization, test equipment availability and reliability, human factors
506 such as error and violation rates.

507 A more detailed description of the maintenance framework is provided at Annex B
508 Maintenance Process.

509 5.5 Measures of maintenance

510 Maintenance can be measured in both qualitative and quantitative terms. Such measures
511 relate to compliance such as quality, cost and timeliness of completion. Other measures
512 relate to outcomes such as rate of conditional failures discovered and rate of operational
513  failures achieved.

514  Qualitative measures may relate to relative industry benchmarking and provide a comparison
515 in terms of quartile positioning by industry or technology. The measures may relate to effort,
516 cost or downtime and seek to provide evidence for improvement opportunities.

517 Quantitative measures are often required as part of such practices as performance based
518 contracting where actual measures of both inputs to, and outputs from, the maintenance
519 function are defined in quantitative terms. Examples include percentage of planned tasks
520 completed on time and to cost, and ratios of planned to unplanned maintenance tasks to
521 assess level of maintenance program effectiveness in managing failure consequences.

522 5.6 Maintenance in design

523 In achieving an operational outcome for a defined design solution, the maintenance program
524 is an essential input to achieving the operational intent of the design. Inability to manage the
525 consequences of failure by transforming potential functional failures into discovered or
526 eliminated failures will challenge achievement of required operational availability. Likewise,
527 failure to translate known maintenance effort into a suitable Supportability program will likely
528 prevent achievement of intended operational outcomes.

529 The maintenance program should develop progressively across the lifecycle using the FMECA
530 tailoring process (IEC 60812:2018) to determine the particular approach selected from the top
531 down/bottom up and qualitative/quantitative quadrant in Annex A. The FMECA outcomes can
532  then inform the LORA and RCM analyses defining a maintenance and operational commit
533  which becomes the basis of assessing the life cycle costing comparisons of alternate design
534 solutions.

535 5.7 Maintenance verification

536 Compliance with the specified maintenance requirements can be demonstrated through a
537 verification process that:

538 — verifies and updates the contractor's maintenance requirements model and associated
539 task decision algorithms,
540 — implements economical correction of design deficiencies to provide assurance that
541 maintenance requirements will be achieved and demonstrated, and
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542  — provides progressive assurance that the integrated support plan, which is directly related
543 to the maintenance remit, is valid.

544 This function as it relates to both maintenance and the subsequent maintainability design
545  solution is described in greater detail at Clause 8.

546 6 Maintainability program

547 6.1 Overview
548 The purpose and key benefits of a maintainability program are to:

549  — improve availability of items and hence potential value to stakeholders;

550 — reduce maintenance effort and related human resources;

551 — reduce life cycle cost;

552  — provide information necessary to ongoing maintenance management and continuous
553 improvement.

554 An effective maintainability program should be planned, integrated, and developed together
555 with other design, development and production functions to assure delivery of organizational
556 objectives. The program content and structure should be selected to match the constraints of
557 the application and the expected potential importance of maintenance in the item life cycle.

558 Only those tasks, which are expected to provide a positive return on investment, should be
559 included in the program. Such structuring should be consistent with the criticality of the
560  output, the complexity of the design, the level of technical innovation and the production
561 techniques to be applied.

562 Note 1: The full program described in this document would only be applied to a major complex product with the
563 potential for long- term usage. For less complex maintainable products, a simpler program should be adopted by
564 tailoring the program to suit the degree of complexity and the requirements of the customer

565 Note 2: Related IEC standards and guides, notably |[EC 60706-§, can be used as reference documents or tools to
566 provide more detail as to how a particular maintainability program task should be undertaken

567 Note 3: Existing items generally need little or no development effort, hence the full maintainability program as
568 described in this document should not be required.

569  The program should be integrated with related development tasks such as maintenance
570 requirements determination and support analysis to assure best use of resources. Typical
571 project resources would include:

572 — required managerial and technical capabilities to do defined tasks;

573 — plans that define those tasks, their durations and associated milestones to give clear
574 direction;

575 — processes necessary to guide the conduct of defined tasks;

576 — program governance to assure program delivery.

577 Note 1: Support analysis and maintenance requirements determination both require effort to identify maintenance
578 tasks and resource applications necessary to a maintainability program. Care should be taken that such
579 information is efficiently shared and not recreated unnecessarily.

580 6.2 Management

581 In order to achieve acceptable maintainability in a planned and systematic manner, a
582 maintainability program, in conjunction with a reliability program, should be integrated with the
583  overall project design process. There are six basic responsibilities in such a program
584 including:

585 — assigning responsibility for maintainability to a competent person;

586 — providing adequate resources, including analysis tools, to undertake the program;

587 — maintaining sound communication with internal and external stakeholders;

588 — integrating the program into overall product development or improvement;

589  — establishing controls for suppliers to the program;

590 — supporting continuous improvement. Documents

Document Sharing Hub

Full document details: 20/30398382 DC


https://doi.org/10.3403/30124399U?&urlappend=%26utm_campaign=pdfdoi%26utm_source=pdfdoi%26utm_medium=pdf
http://www.avadocuments.com/doc/20-30398382-dc
http://www.avadocuments.com/doc/20-30398382-dc

IEC CD 60300-3-10/Ed2 © IEC:2020 - 16 - 56/1884/CD

591 Such a maintainability program should at least have the following elements:

592 — management and organizational activities to ensure effective and efficient implementation
593 of the program;

594  — a set of maintainability analysis tasks to be performed during the design process;

595 — specialist support activities to provide the necessary information for the program;

506 — transitioning arrangements that allow application of continuous improvement actions
597 during item use.

598 The objectives of such a program should be to balance system effectiveness with respect to
599 the following constraints:

600 — trading product availability against possible LCC impacts;
601 — trading maintenance and support requirements against possible LCC impacts;
602 — eliminating safety hazards in accord with statutory direction.

603 6.3 Specification of program requirements

604 The maintainability program will need to be tailored for a specific item or project, giving
605 appropriate consideration to the relevant conditions, requirements and complexity. The full
606 maintainability program described in the following paragraphs would only be applied to a large
607 and complex item being developed from the concept stage to production. For less complex
608 products, or the application of existing designs, a simpler program can be achieved by using
609  only those parts of the program, which are applicable to the technical and business context.

610 Planning an effective maintainability program during any of the product life cycle stages
611 requires knowledge of maintainability principles, methods and techniques. It also requires an
612 understanding of the item itself and its technology, its intended use, its various related cost
613 factors, its design and customer expectations. In order to obtain effective results,
614 maintainability activities should be integrated with the other design and development activities
615  rather than managed separately.

616 Maintainability considerations depend on requirements such as item life, reliability, safety and
617  availability and on the financial considerations related to different market situations. For
618 example, flight systems and nuclear power plants require a high degree of safety, which drive
619 maintenance requirements. With other products, the cost of maintenance related to the
620 operating cost can be the significant factor, which determines the degree of maintainability
621 required.

622  All maintainability programs must be tailored to their context. This contextual tailoring can
623 require the following factors to be taken into account during the maintainability program
624 development:

625 — maintainability requirements: The level of maintainability performance;

626 — complexity: The complexity of an item will determine the complexity of the maintainability
627 program. For example, the degree of testability will depend on the level of diagnostic
628 capability required;

629 — maturity: Mature items such as COTS will have well-established maintenance procedures,
630 but for less mature products account has to be taken of the extent of unproven technology
631 and the need to develop and assess procedures appropriate to the design;

632 — technical constraints: When the design is constrained by technical or physical parameters
633 beyond the control of the designer, more complex maintenance action can be required;

634 — program constraints: Tight schedules or funding limitations can restrict freedom of design
635 when seeking balanced outcomes.

636 — maintenance support conditions: The maintenance plan and personnel skill levels of staff
637 available to the operator can influence task effectiveness and hence MTTR and MaxTTR;
638 — operational conditions: Environmental severity, time in use and operating cycles can
639 govern the frequency of maintenance action and hence the maintainability solution;
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