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Foreword

ISO (the International Organization for Standardization) is a worldwide federation of national standards
bodies (ISO member bodies). The work of preparing International Standards is normally carried out
through ISO technical committees. Each member body interested in a subject for which a technical
committee has been established has the right to be represented on that committee. International
organizations, governmental and non-governmental, in liaison with ISO, also take part in the work.
ISO collaborates closely with the International Electrotechnical Commission (IEC) on all matters of
electrotechnical standardization.

The procedures used to develop this document and those intended for its further maintenance are
described in the ISO/IEC Directives, Part 1. In particular the different approval criteria needed for the
different types of ISO documents should be noted. This document was drafted in accordance with the
editorial rules of the ISO/IEC Directives, Part 2 (see www.iso.org/directives).

Attention is drawn to the possibility that some of the elements of this document may be the subject of
patent rights. ISO shall not be held responsible for identifying any or all such patent rights. Details of
any patent rights identified during the development of the document will be in the Introduction and/or
on the ISO list of patent declarations received (see www.iso.org/patents).

Any trade name used in this document is information given for the convenience of users and does not
constitute an endorsement.

For an explanation on the meaning of ISO specific terms and expressions related to conformity
assessment, as well as information about ISO’s adherence to the WTO principles in the Technical Barriers
to Trade (TBT) see the following URL: Foreword - Supplementary information

The committee responsible for this document is ISO/TC 108, Mechanical vibration, shock and condition
monitoring, Subcommittee SC 5, Condition monitoring and diagnostics of machine systems.

This second edition cancels and replaces the first edition (ISO 18436-2:2003), of which it is a minor
revision.

ISO 18436 consists of the following parts, under the general title Condition monitoring and diagnostics of
machines — Requirements for qualification and assessment of personnel:

— Part 1: Requirements for assessment bodies and the assessment process
— Part 2: Vibration condition monitoring and diagnostics

— Part 3: Requirements for training bodies and the training process

— Part 4: Field lubricant analysis

— Part 5: Lubricant laboratory technician/analyst

— Part 6: Acoustic emission

— Part 7: Thermography

— Part 8: Ultrasound

The following part is planned:

— Part 9: Condition monitoring specialists

iv © ISO 2014 - All rights reserved
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Introduction

Non-intrusive technologies used in condition monitoring and fault diagnosis include vibration, infrared
thermography, oil and wear debris analysis, acoustic and ultrasonic analysis, and electric signature
analysis.

Those in manufacturing industry who have diligently and consistently applied these techniques have
experienced areturn on investment far exceeding their expectations. However, the effectiveness of these
programmes depends on the capabilities of individuals who perform the measurements and analyse the
data.

A programme, specified in this part of ISO 18436, has been developed to train and assess the competence
of personnel whose duties require the appropriate theoretical and practical knowledge and relevant
experience in VA for machinery condition monitoring and diagnostics.

This part of ISO 18436 defines the requirements against which personnel associated with vibration
measurement and analysis for machinery condition monitoring and diagnostics are to be assessed, and
the methods of assessing such personnel. Applicants should be aware that employers and customers
are likely to have the greatest confidence in those vibration analysts certified by accredited bodies.
Alternately, applicants can choose to seek recognition from other party assessment bodies which may
provide the next lower level of confidence. Lastly, applicants may rely upon their own self-assessment
and declaration of competence but in doing so they should be aware that employers and customers are
likely to have the least confidence in this option.

© IS0 2014 - All rights reserved v
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Condition monitoring and diagnostics of machines —
Requirements for qualification and assessment of
personnel —

Part 2:
Vibration condition monitoring and diagnostics

1 Scope

This part of ISO 18436 specifies requirements for the training, relevant experience, and examination of
personnel performing condition monitoring and diagnostics of machines using vibration analysis (VA).

A certificate or declaration of conformity to the requirements of this part of ISO 18436 in accordance
with ISO 18436-1, provides recognition and evidence that individuals are able to perform vibration
measurements and analysis for machinery condition monitoring and diagnostics using a range of
vibration measurement equipment.

This part of ISO 18436 specifies a four-category classification programme that is based on the technical
areas delineated herein.

2 Normative references

The following documents, in whole or in part, are normatively referenced in this document and are
indispensable for its application. For dated references, only the edition cited applies. For undated
references, the latest edition of the referenced document (including any amendments) applies.

[SO 1925, Mechanical vibration — Balancing — Vocabulary
[SO 2041, Mechanical vibration, shock and condition monitoring — Vocabulary
[SO 13372, Condition monitoring and diagnostics of machines — Vocabulary

ISO 18436-1, Condition monitoring and diagnostics of machines — Requirements for qualification and
assessment of personnel — Part 1: Requirements for assessment bodies and the assessment process

3 Terms and definitions

For the purposes of this document, the terms and definitions given in [SO 1925, [SO 2041}, [SO 13372, ,
and ISO 18436-1 apply.

4 Classification of personnel

4.1 General

Depending upon their competence in VA, individuals meeting the requirements of this part of ISO 18436
shall be classified in one of four categories (4.2 to 4.5). They shall have demonstrated competence
appropriate to their classification category as indicated in Annex A, in the concepts of machine condition
monitoring using VA.

The classification of individuals at all categories shall be subject to the scope and any limitations of the
award issued by the assessing body. Authority to work shall be limited or specified by the employer or

© ISO 2014 - All rights reserved 1
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client. Individuals shall provide recommendations based on the limits of their training and experience.
This declaration shall not allow a practitioner to make recommendations or give advice that may affect
plant design, safety or operation without discussion with, and approval from, the appropriate plant
specialist, manager or operator. The limits of the practitioner are specified in this clause whereas the
limits of liability shall be agreed between the practitioner and their employer or client.

The classification category of the practitioner and any requirements for additional knowledge to work
with specific equipment shall be subject to agreement between the customer and service supplier. This
qualification shall provide the practitioner with sufficient knowledge to be able to make measurements
and interpret data as appropriate for their category. In addition, the applicability of the qualification
to a particular specialized machine type or types should be verified by the client through reference
to the previous experience and training of the practitioner. It is recognized that different industrial
applications require knowledge of varying aspects of VA. Using supporting documented evidence, the
supplier of the VA service shall be able to demonstrate to the employer or client, that staff carrying out
work has the appropriate machine knowledge and experience.

Where an individual has specialized knowledge in a particular concept of VA or in specific types of
machinery, they may be capable, when approved by the client or employer, of working beyond their
qualification classification category. Their certificate or declaration of conformity from the assessment
body shall remain as it was at the time it was issued.

In 4.2 to 4.5, an outline is given of the typical competencies and skills required in each category. Detailed
recommended topics and sub-topics are shown in Tables A.1 and A.2

4.2 Category I

Personnel classified to category I are able to perform a range of pre-defined, generally simple single-
channel, machinery vibration condition monitoringactivities in accordance with established procedures.
All activities shall be performed under direction.

Personnel classified to category I shall at least:

a) know of the basic principles of vibration and recognize the different units of measurement;
b) be able to collect reliable data ensuring appropriate standards of repeatability;

c) beable to identify errors in collected data;

d) be able to retrieve pre-defined measurement settings for use with VA equipment and transfer data
from an analysis system to a computer-based system;

e) be able to compare overall or single-value vibration measurements against pre-established alert
settings;

f) be able to identify deviations from the norm for single-value vibration values and trends;

g) reporton visual observations of equipment condition.

They shall not be responsible for:

— the choice of sensor, test method or technique or for any analysis or diagnosis to be conducted;

— the assessment of test results, other than identifying conditions against pre-established criteria,
such as acceptance, alert, alarm, shutdown, etc.

4.3 Category Il

Personnel classified to category Il are able to perform industrial machinery vibration measurements
and basic VA using single-channel measurements, with or without phase trigger signals, according to

2 © ISO 2014 - All rights reserved
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established and recognized procedures. They require all the knowledge, experience and skills expected
of category I, and in addition they shall at least:

a)

b)

A
d)

e)

)

be able to define the measurement activities to be undertaken by a category I individual in the
course of routine data collection;

be aware of and capable of using the basic principles of signal analysis and, as such, can define
acquisition and analysis settings to collect data appropriate to the machine(s) monitored;

be able to perform basic (single-channel) impact tests to determine natural frequencies;

beabletointerpretand evaluate testresults from routine analysisand acceptance testsinaccordance
with specifications and standards;

beable todiagnose common faultindications and recommend basic corrective actions commensurate
with their area of machinery experience including carrying out single-plane balancing of rigid rotors
with or without phase;

be able to provide technical guidance to and instruct category [ personnel.

4.4 Category III

Personnel classified to category Il require all the knowledge, experience and skills expected of personnel
classified to categories I and II, and in addition shall at least:

a)

b)

d)

f)
g)

h)

be able to design, direct and establish routine condition monitoring programmes and non-routine
investigations for the purpose of fault diagnosis;

be able to specify the appropriate vibration instrumentation hardware, software, and processing
for portable monitoring systems, permanently installed surveillance systems, and equipment
protection systems

have an in-depth knowledge of the principles and techniques of machinery VA and be able to make
initial diagnoses of suspected faults beyond the range of commonly encountered issues. This should
include, but not be limited to, the use of frequency spectra, time waveforms and orbits, transfer
functions, basic operating deflection shapes, and acceleration enveloping under both steady state
and transient conditions with or without a phase trigger;

be able to manage such condition-monitoring programmes, evaluate the alarm sets, write working
procedures and specify vibration acceptance testing procedures;

be able to initiate and validate machinery corrective actions including in situ two-plane rigid rotor
balancing;

be able to recommend restrictions to machine operation;

be able to understand and direct, when necessary, alternative condition monitoring technologies to
verify or investigate issues raised through routine data collection;

be able to provide technical guidance to and instruct category I and Il personnel, and, subject to
agreement with the employer or client, deem them competent to carry out certain duties which
would normally be outside the scope of those competencies.

It is the responsibility of the employer or client to ensure that category IlI personnel have the necessary
competency in the required management skills, e.g. creating budgets, preparing cost justifications, and
managing personnel development.

© ISO 2014 - All rights reserved 3
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4.5 CategorylV

Personnel classified to category IV require all the knowledge and skills expected of category I, category
II and category III personnel. In addition, they shall be able to direct and audit condition monitoring
strategies.

Employers should recognize that a category 1V individual is likely to have a broad technical knowledge
and experience of a range of machine situations and techniques, and an in-depth knowledge of a selection
of them.

In addition, personnel classified to category IV shall at least:

a) be able to apply vibration theory and techniques, including measurement and interpretation of
multi-channel spectral results such as frequency response functions, phase and coherence;

b) be able to understand and perform signal analysis, including understanding of frequency and time
domain processing, including orbits and their limitations;

c) be able to determine the natural frequencies, mode shapes and damping of systems, components
and assemblies;

d) be able to determine and assess the operating deflection shapes of machines and connected
structures and recommend means for correction;

e) be able to use generally recognized advanced techniques for VA, parameter identification, and fault
diagnosis;

f) be able to apply the basic principles of rotor-bearing dynamics to vibration diagnosis;

g) understand and apply advanced two-plane influence coefficient or static and couple balancing
theory;

h) be able to recommend corrective actions or design modifications, including component change or
repair, isolation, damping, change of stiffness and change of mass;

i) be able to interpret and evaluate codes of practice and specifications published in International
Standards and other documents;

j) be able to recognize vibration caused by gas pulsation in machines, such as reciprocating machines
and screw compressors, be able to measure the necessary parameters, and recommend means for
correction;

k) be able to recommend corrective actions for resilient mounting and other holding-down and
foundation problems.

5 Eligibility

5.1 General

In order to conform to the requirements of this part of ISO 18436, candidates shall have a combination
of education, training and experience sufficient to ensure that they understand the principles and
procedures consistent with Clause 4 and Annex A.

5.2 Education

Candidates seeking classification do not need to provide evidence of formal education to establish
eligibility. All candidates shall be able to use a basic scientific calculator and be familiar with the
operation of personal computers. Category IIl and IV candidates shall require familiarity with current
VA technology. Successful completion of two or more years of mechanical technology or mechanical
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engineering atan accredited college, university or technical school is highly recommended for candidates
seeking classification to categories Il and IV.

5.3 Training

5.3.1 Basic training

To be eligible to apply for assessment to the requirements of this part of ISO 18436, candidates shall
provide documentary evidence of successful completion of formal training based on the requirements
of Annex A. Training should take the form of formal lectures, demonstrations, trainer-specified practical
exercises or controlled self-study. Training should be assessed by the trainer for evidence of adequate
knowledge acquisition. Training time shall meet the minimum requirements given in Table 1 shall
include the topics identified in Annex A.

Table 1 — Minimum training durations

Durations in hours

Category I Category II Category III Category IV

30 Category [ + 38 Category Il + 38 Category III + 64

Training may be separated into subject areas, but shall comply with the requirements of Annex A.
Additional sources of technical information may be found in Annex B and the Bibliography. It is
recommended that the training includes examinations or written assessment to ensure that the subject
matter has been understood and to provide the required documentary evidence.

5.3.2 Additional training on machine knowledge

In addition to the training hours shown in Table 1 and detailed in Annex A, it is recommended that
candidates attend machinery and component training, or equivalent on-the-job training of at least one-
half the duration as specified in Table 1. Such training may be inclusive of any college or university
education, or provided as additional courses or on-the-job training by an employer to specific
requirements. Ifundertaken, the additional training should cover the design, manufacturing, installation,
operation, and maintenance principles of machines and components, the failure modes and mechanisms
associated with each principle, and the typical vibratory behaviours associated with each mechanism.
Such training shall be validated by verifiable records.

5.4 Experience

To be eligible for assessment to the requirements of this part of ISO 18436, candidates shall provide
evidence to the assessment body of experience in the field of machinery vibration condition monitoring
and diagnostics. For category IV candidates, validation may be acquired from another category IV
practitioner or their company manager.

The minimum experience requirements are shown in Table 2.

Table 2 — Minimum experience

Durations in months

Category I Category II Category III Category IV
6 18 36 60
NOTE  The figures shown represent the cumulative total months of experience to be held for each
classification.

© IS0 2014 - All rights reserved 5
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Designation of a person as category I is not a prerequisite for certification as category II. However,
certification of a person as category IIl and category IV requires previous certification at the lower
category. At each higher classification category, the breadth and depth of experience is expected to be
greater than at the previous lower category.

6 Examination

6.1 Content

For all categories, it is recommended that the candidate should answer a number of questions within a
specified duration similar to the examples shown in Table 3. The questions, covering the topics shown in
Annex A, should have been selected from a database of questions existing at the time of the examination.
These questions should be generated or approved by a technical committee or an appropriate assessment
body.

Table 3 — Example of examination content, duration and pass grade

Category Number of questions Examination duration Pass grade
%
| 60 2 70
I1 100 3 70
I11 100 4 70
1\Y% 60 5 70

Questions shall be of a practical nature, yet shall test the candidate regarding the concepts and principles
required to conduct machinery VA for condition monitoring of machines.

Some questions may involve the interpretation of charts and plots. Simple mathematical calculations
using a basic scientific calculator may be required. At the discretion of the assessment body, a summary
of common formulae may be provided with the examination questions.

Category IIl and IV examinations may include both short answer (narrative) and multiple choice
questions.

The examination content shall be consistent with the training syllabus contained in Annex A.

Assessment bodies may, at their discretion, make accommodation for candidates with conditions that
may require some form of compensation (e.g. dyslexia).

6.2 Examination conduct

In order to maintain confidentiality and integrity, all examinations shall be conducted in accordance
with the requirements of ISO 18436-1 and the procedures specified by the assessment body.

6 © ISO 2014 - All rights reserved
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Durations in hours

Subject I II S 11 IV
1. |Principles of vibration 6 3 1 4
2. |Dataacquisition 6 4 2 2
3. |Signal processing 2 4 4 8
4. |Condition monitoring 2 4 3 1
5. |Fault analysis 4 5 6 6
6. |Corrective action 2 4 6 16
7. |Equipment knowledge 6 4 4 —
8. |Acceptance testing 2 2 2 —
9. |Equipment testing and diagnostics — 2 4 4
10. |Reference standards — 2 2 2
11. |Reporting and documentation — 2 2 4
12. |Fault severity determination — 2 2 3
13. |Rotor and bearing dynamics — — — 14
Total hours per category of training 30 38 38 64

NOTE  The hours per subject are approximations to allow training bodies and assessment bodies to assess the relative

importance of subjects, and it is recognized that subject contents may overlap.
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Annex B
(normative)

Applicable International Standards

Table B.1 — Applicable standards by category

ISO reference Category
I II I | 1v

S0 1925, Mechanical vibration — Balancing — Vocabulary . . .

S0 1940-1, Mechanical vibration — Balance quality requirements for rotors in a con- . . .
stant (rigid) state — Part 1: Specification and verification of balance tolerances

SO 2017-1f, Mechanical vibration and shock — Resilient mounting systems — Part 1: .
Technical information to be exchanged for the application of isolation systems

SO 2041, Mechanical vibration, shock and condition monitoring — Vocabulary o o .

SO 2954|, Mechanical vibration of rotating and reciprocating machinery — Require- .
ments for instruments for measuring vibration severity

S0 5348, Mechanical vibration and shock — Mechanical mounting of accelerometers . . .
ISO 7919-1, Mechanical vibration of non-reciprocating machines — Measurements on . . . .

rotating shafts and evaluation criteria — Part 1: General guidelines

ISO 7919-2, Mechanical vibration — Evaluation of machine vibration by measure- . . .
ments on rotating shafts — Part 2: Land-based steam turbines and generators in excess
of 50 MW with normal operating speeds of 1 500 r/min, 1 800 r/min, 3 000 r/min and

3600 r/min

ISO 7919-3, Mechanical vibration — Evaluation of machine vibration by measurements . . .
on rotating shafts — Part 3: Coupled industrial machines

ISO 7919-4, Mechanical vibration — Evaluation of machine vibration by measurements . . .
on rotating shafts — Part 4: Gas turbine sets with fluid-film bearings

ISO 7919-5, Mechanical vibration — Evaluation of machine vibration by measurements . . .
on rotating shafts — Part 5: Machine sets in hydraulic power generating and pumping

plants

ISO 8528-9, Reciprocating internal combustion engine driven alternating current gener- . . .

ating sets — Part 9: Measurement and evaluation of mechanical vibrations

ISO 10816-1, Mechanical vibration — Evaluation of machine vibration by measurements| e . . .
on non-rotating parts — Part 1: General guidelines

ISO 10816-2, Mechanical vibration — Evaluation of machine vibration by measure- . . .
ments on non-rotating parts — Part 2: Land-based steam turbines and generators in
excess of 50 MW with normal operating speeds of 1 500 r/min, 1 800 r/min, 3 000 r/min
and 3 600 r/min

ISO 10816-3, Mechanical vibration — Evaluation of machine vibration by measure- . . .
ments on non-rotating parts — Part 3: Industrial machines with nominal power above
15 kW and nominal speeds between 120 r/min and 15 000 r/min when measured in situ

ISO 10816-4, Mechanical vibration — Evaluation of machine vibration by measure- . . .
ments on non-rotating parts — Part 4: Gas turbine sets with fluid-film bearings

ISO 10816-5, Mechanical vibration — Evaluation of machine vibration by measure- . . .
ments on non-rotating parts — Part 5: Machine sets in hydraulic power generating and

pumping plants
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ISO reference Category
I 11 I | 1v

ISO 10816-6, Mechanical vibration — Evaluation of machine vibration by measure- . . .
ments on non-rotating parts — Part 6: Reciprocating machines with power ratings

above 100 kW

ISO 10816-7, Mechanical vibration — Evaluation of machine vibration by measurements . . .
on non-rotating parts — Part 7: Rotodynamic pumps for industrial applications, includ-

ing measurements on rotating shafts

ISO 10816-8, Mechanical vibration — Evaluation of machine vibration by measure- .

ments on non-rotating parts — Part 8: Reciprocating compressor systems

ISO 10817-1, Rotating shaft vibration measuring systems — Part 1: Relative and abso- . .
lute sensing of radial vibration

[SO 11342, Mechanical vibration — Methods and criteria for the mechanical balancing .
of flexible rotors

[SO 13372, Condition monitoring and diagnostics of machines — Vocabulary . . . .
ISO 13373-1, Condition monitoring and diagnostics of machines — Vibration condition . . . .
monitoring — Part 1: General procedures

ISO 13373-2, Condition monitoring and diagnostics of machines — Vibration condition . . .
monitoring — Part 2: Processing, analysis and presentation of vibration data

ISO 13374-1, Condition monitoring and diagnostics of machines — Data processing, . . .
communication and presentation — Part 1: General guidelines

S0 13379-1|, Condition monitoring and diagnostics of machines — Data interpretation . .
and diagnostics techniques — Part 1: General guidelines

ISO 13381-1, Condition monitoring and diagnostics of machines — Prognostics — . . .
Part 1: General guidelines

SO 14694, Industrial fans — Specifications for balance quality and vibration levels . . . .

SO 146995, Industrial fans — Method of measurement of fan vibration . .

S0 17359, Condition monitoring and diagnostics of machines — General guidelines . . . .
ISO 18431-1, Mechanical vibration and shock — Signal processing — Part 1: General . . .
introduction

ISO 18431-2, Mechanical vibration and shock — Signal processing — Part 2: Time . . .
domain windows for Fourier Transform analysis

ISO 18436-1, Condition monitoring and diagnostics of machines — Requirements for .
qualification and assessment of personnel — Part 1: Requirements for assessment bodies

and the assessment process

ISO 18436-3, Condition monitoring and diagnostics of machines — Requirements for .
qualification and assessment of personnel — Part 3: Requirements for training bodies

and the training process

SO 19499, Mechanical vibration — Balancing — Guidance on the use and application of .
balancing standards

ISO 21940-13, Mechanical vibration — Rotor balancing — Part 13: Criteria and safe- .
guards for the in-situ balancing of medium and large rotors

ISO 21940-14, Mechanical vibration — Rotor balancing — Part 14: Procedures for . .
assessing balance errors
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