
Lecturer introduction

Lecturer, affiliationLecturer, affiliation

Dr. Bojan Acko, assistant professor

University of Maribor
Faculty of Mechanical Engineering
SI-2000 Maribor, Smetanova 17
Slovenia

Laboratory for Production Measurement
http://www.ltm.fs.uni-mb.si/
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Lecturer introduction

EducationEducation

1986 - Diploma at FS MB
1990 - Master of Science at FS MB

1997 - Doctor of Science at FS MB

1991 – 1992: Postmaster study at Virginia Tech, VA USA

1994 – 2006:  6 international and national courses on accreditation

1999:  special education in legal metrology at NMi Delft, NL
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Lecturer introduction

Professional recordProfessional record

1986 – 1989: young researcher
1989 – 1998: assistant

1998 - ..: assistant professor

1996 – 2001: quality manager of an accredited calibration 
laboratory - LTM
2001 - ..: head of LTM
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Lecturer introduction

Education activityEducation activity

Graduate and postgraduate study
Metrology
Production measurements

Quality management

Co-ordinate measuring systems

Standardisation and quality

Metrology and measurements in tool production

Calibration, documentation and laboratory managementPoMaCoM, Zenica 2006/07



Lecturer introduction

Other activitiesOther activities
External lead and technical assessor for Slovenian Accreditation (SA) 
- from 1997 (more than 50 assessments performed)
Member of Expert Metrology Council at SA – from 2000

Member of Accreditation Committee at SA – from 2006

Member of SIST/TC UGA – Conformity assessment – from 2001

Representative of Slovenia in Euromet TCL – from 1998

Member of SIST/TC STM - Statistical methods – from 2001
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Lecturer introduction

Experience in assignments related to European ResearchExperience in assignments related to European Research

Partner in PRAQIII programme (Regional Programme on QA) –
Intercomparison of Length Measurements of Gauge blocks, 1998

Cooperation in 10 Euromet projects (co-ordinator for Slovenia) 

Key expert for accreditation in EU EAR project in SCG, 2004 - 2006

Partner in the 5th EU framework project INITIATION 
(Interpretation and implementation of the standard ISO 17025 by 
national metrology institutes in Europe), 2001-2002

Partner in Copernicus project Model Based Quality Control for 
Precision Gearings and Couplings, 2002 - 2003

Metrology expert in EU CARDS project i Albania; 2005 - 2007

Tempus project PoMaCoM
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Laboratory introduction

AccreditationAccreditation

National Accreditation 

International Accreditation: RvA The Netherlands

National Metrology Laboratory for quantity LengthNational Metrology Laboratory for quantity Length

Holder of the national standard for LENGTH

Associated laboratory of the National Metrology Institute

Nominated Conformity Assessment Body in Legal MetrologyNominated Conformity Assessment Body in Legal Metrology
Inspection and verification of length measuring instruments used
for legal metrology purposes
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Course introduction

Calibration, documentation and laboratory managementCalibration, documentation and laboratory management
Contents

Quality of a measurement result

Definition of calibration and traceability

Principles of calibration

Role and importance of calibration 

Traceability to national and international standards of measurement

Accreditation and ISO/IEC 17025

Metrology system in an enterprise

Quality system in a calibration laboratory
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Course introduction

Literature

Fluke: Calibration: Philosophy and Practice, 1994
B. Ačko: Course materials

C.W. Kenedy. Inspection and gaging, 1987
F.T. Farago, M.A. Curtis: Handbook of Dimensional Measurements, 1994.

EN ISO 10012: 2003 "Measurement management systems …
EN/ISO/IEC 17025-2000: General requirements ..

EA-2/03 EAL Interlaboratory Comparisons
EA-2/07 EAL Strategy to Achieve Comparability of Results in Calibration 
and Testing
EA-4/02 Expression of the Uncertainty of Measurement in Calibration
EA-4/07 Traceability of Measuring and Test Equipment to National Stand.
ILAC-G2 Traceability of Measurements
ILAC-G2 Guidance for Accreditation to ISO/IEC 17025
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Course introduction

Seminar work

Written report on chosen topic; discussion

Exam

Written exam – 5 questions

Oral exam
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Quality of measurement result

IMPORTANCE OF MEASUREMENT 
RESULT

MEASUREMENT RESULT

Statistical process controlWorkpiece properties

Input for researchDecision about quality
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Quality of measurement result

QUALITY OF MEASUREMENT RESULT

reliability accuracy availability

influences

operator

measuring method and 
procedure measuring device

environment
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Quality of measurement result
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Quality of measurement result

Measuring procedureMeasuring procedure
Number of measurements 
Measurement time
Method selection

Filter (for results) 

Selection of a reference / standard of measurement
Selection of measurement instrument(s)
Number of operators 

Calibration, documentation and laboratory managementPoMaCoM, Zenica 2006/07



Quality of measurement result

Measuring instrumentMeasuring instrument

Temperature 
Measuring and evaluating software 

Repeatability (scattering)

Repeatability

Reference 
value

Mean
value

Calibration uncertainty
Measured 

value

U U

Time from the last calibration 

t

c1 c2

R1

R2
Materialization of measuring axes
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Quality of measurement result

EnvironmentEnvironment
Temperature 
Humidity
Vibrations 

Gravitation 

Air pressure
Dirt 
Magnetism 

Radiation / light 
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Quality of measurement result

Measuring objectMeasuring object
Temperature 
Surface
Material 

Position in the measuring space 

Dimensions / mass
Dirt
Form deviations 

Vibrations 
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Quality of measurement result

OperatorOperator
Measuring force
Experiences
Selection of instrument(s)

Manipulation 

Education
Parallax 
Care 
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Quality of measurement result

Unceratinty of measurement can be simply expressed as an interval 
around the measured value, in which would with certain probability 
(usually 95 %) lie the true value of the measured quantity (which is not 
known)

U U

1vp 2vp 3vp4vp5vp6vp

Measured value
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Quality of measurement result

lower tolerance 
limit

upper tolerance 
limit

specified 
dimension

deviation

measured 
value

true value

tolerance

meas. uncertainty
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Quality of measurement result

lower tolerance 
limit

upper tolerance 
limit

specified 
dimension

deviation

measured 
value

true value

tolerance

meas. uncertainty

Calibration, documentation and laboratory managementPoMaCoM, Zenica 2006/07



Quality of measurement result

lower tolerance 
limit

upper tolerance 
limit

specified 
dimension

deviation

measured 
value

true value

tolerance

measuring 
uncertainty
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Quality of measurement result

lower 
limit on 
drawing

Un
Un

client’s lower 
acceptance limit

supplier’s production tolerance in case 
of unknown functional limits

specificirana mera

Ud
Ud

supplier’s lower 
acceptance limit if only 
limit on drawing is known

Ud Ud

supplier’s production tolerance in case of known 
functional limits

supplier’s lower 
acceptance limit if 
functional limits are 
known

UkUk

defined lower 
functional limit

best estimate of 
lower functional 

limit Desingner’s interval of 
confidence (2Uk)
Client’s interval of 
confidence (2Un)
Supplier’s half interval of 
confidence (Ud)
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Definition of calibration and traceability

What is calibration?What is calibration?
Definition according to VIM: Calibration is a set of operations that 
establish, under specified conditions, the relationship between values of 
quantities indicated by a measuring instrument or system and the
corresponding values realised by standards

Establishing relation between the instrument indication and the true 
value of a measuring object, which is realized by a standard of 
measurement or by an instrument of higher accuracy

25

Conventional true value – gauge block, weight

Instrument indication
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Definition of calibration and traceability

Standard of measurement (VIM): material measure, measuring instrument, 
reference material or measuring system intended to define,
realize, conserve or reproduce a unit or one
or more values of a quantity to serve as a 
reference.

The whole measuring range of the instrument shall be covered by 
calibration
Number of calibration points is chosen in accordance with the 
measuring range and the precision level of the instrument
Periodical establishment of metrological properties of a measuring 
instrument / standard
Calibration result is reported in a document “Calibration certificate”
or “calibration report”
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Definition of calibration and traceability

What is verification?What is verification?

Verification is conformity assessment of a measurement 
instrument   with national or international regulation

Difference between calibration and verificationDifference between calibration and verification

Verification
Legal metrology - regulated by a 

state or a region

(customer protection, health, 
environment)

Calibration
Industrial metrology – free 

market

(reliable monitoring of product 
quality)
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Definition of calibration and traceability

Verification
Product: conformity attestation

(statement of conformity 
with regulations)
label 
(for legal monitoring 
purposes)

Calibration
Product: calibration certificate 

(metrological data: 
deviations, …)
label 
(for indicating the 
calibration status)
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Definition of calibration and traceability

Traceability is a property of the result of a measurement or a 
value of the standard whereby it can be related to stated 
references, usually national or international standards, 
through an unbroken chain of comparisons all having stated 
uncertainties

(the unbroken chain of comparisons is called a traceability chain)
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Role and importance of calibration

!To get an information about the measurement instrument status
Why to calibrate?

To get information about deviations and accuracy

To fulfil internal quality system requirements

To fulfil external requirements (clients, certification bodies, 
accreditation bodies…)

Lack of basic metrology knowledge
Why is (in many cases) calibration not performed?

Company management doesn’t assign proper finances for this activity

Lack of finances

No external requirements (clients, certification bodies, accreditation 
bodies…)
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Principles of calibration

What shall be taken into account when calibrating?What shall be taken into account when calibrating?
-- Important for defining calibration intervals and pointsImportant for defining calibration intervals and points

Type and design properties of the instrument to be calibrated
Frequency of use
Working conditions
Costs

Who can calibrate?
Company (owner of instruments) – in-house calibrations

Calibration laboratories (offering services on market)

National laboratory (nominated by state authorities)
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Principles of calibration

How to establish in-house calibration system?

Availability of reference and working standards

Proper traceability of standards used for calibration (calibration in 
appropriate institutions)

Availability and training of calibration personnel

Availability of premises assuring proper environmental conditions

Availability of validated calibration procedures, including evaluation of 
measuring uncertainty

Availability of operating quality management system
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Principles of calibration

How to evaluate potential calibration laboratories?

Accreditation (accreditation scope shall be considered!)
- national 
- international –MLA signatories

National laboratories (published CMCs shall be considered!)
- home country
- Europe 
- other regions

Audit (own facilities are necessary!) 
- conformity assessment (with our own requirements or e.g. ISO/IEC 17025

Calibration, documentation and laboratory managementPoMaCoM, Zenica 2006/07



Principles of calibration

National metrology institutes

Germany

United Kingdom

The Netherlands

France

Austria

Slovenia

USA
……..

● National Metrology Institutes maintain 
primary standards that realise the SI 
units directly from their definition 
based upon the fundamental physical 
principles.

● The standards are compared at key 
comparisons arranged by BIPM or 
Euromet.

● If an NMI does not have a primary 
standard it should provide a national 
reference standard traceable directly to 
another NMI´s primary standard.
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Principles of calibration

Published on BIPM web site
CMC – calibration and measurement capability

LTM-sample
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Principles of calibration

Important backgrounds for calibration

Internal calibrations shall be introduced whenever possible (especially
for simple and frequent measuring instruments)

Calibration laboratories shall be chosen by checking their quality res. 
competence

Recalibration intervals shall be defined very carefully

Calibration points shall be defined very carefully

Calibration results shall be checked and analysed
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Principles of calibration

Recalibration intervals

Re-calibration intervals shall be established based on experience, 
metrological knowledge, instrument history, advises… Indicators are:

● Which accuracy is required in measurements?
● How often is the standard/instrument used? (Is it exposed to wear?)
● How stable is the standard/instrument (history of calibration results)? 
● Environment where the standard /instrument is used?
● How is the standard /instrument stored? 
● Has the standard /instrument been subject to overload or mishandling? 

(calibrate immediately!)
● Are work and reference standards /instruments compared frequently 

(intermediate controls)? 
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Principles of calibration

Selection of calibration points
Number and position of calibration points on a measuring instrument are 
chosen according to:

● Measuring range
● Accuracy of instrument
● Measurements, for which the instrument will be used (allowed 

maximum uncertainty, measuring range)
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Principles of calibration

Contents of a calibration report (certificate) Contents of a calibration report (certificate) 
Title “Calibration report (certificate)
Name and address of the performer of calibration (lab, company)
Unique report (certificate) number
Dates of calibration and issuing the report (certificate)
Page number and total number of pages on each page
Identification of the client
Data of the instrument that was calibrated
Environmental conditions (if important for the measuring result)
Identification of the calibration method 
General statement about traceability of the measurement
Way of expressing uncertainty of measurement
Calibration result (results of all performed measurements)
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Principles of calibration

Contents of a calibration report Contents of a calibration report -- continued continued 
Signature of the calibration performer (not obligatory)
Signature of the person who approved the report and stamp
Uncertainty of measurement
Standards and instruments used for calibration (not obligatory)

Additional possible contents of a calibration reportAdditional possible contents of a calibration report
Remarks (e.g. detected damages on the calibrated instrument)
Date of the next calibration (but only as an information, not as
suggestion or recommendation; it should be avoided if possible!)
Explanation of the results (deviation or correction)
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Traceability to national and international standards

Traceability
International level

company 2 company 3 company 4company 1
internal calib.

calibration 
laboratory 1

calibration 
laboratory 2

national 
laboratory

- through calibrations
- through intercomparisons

Unbroken chain 
of calibrations
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Traceability to national and international standards

National laboratory

Calibration laboratory

Enterprise
(user of instruments)Calibration with 

setting rings
U =1 µm + 5⋅10-6⋅L

Calibration with 
working standards 
(GB) up to 100 mm
U =0,1 µm + 10-6⋅L Calibration with a 

dial gauge 
U =1 µm

Calibration with 
reference gauge 

blocks 100-1000 mm
U =0,3 µm + 10-6⋅L

Calibration with 1D 
measuring machine 
U =0,1 µm + 2⋅10-6⋅L

Calibration with 
reference gauge blocks 

up to 100 mm
U=0,05 µm+0,5⋅10-6⋅L

Calibration with 
primary standard

U=0,02 µm+0,2⋅10-6⋅l

Calibration with 
working standards 
(GB) up to 100 mm
U =0,1 µm + 10-6⋅L

4kU

2
2kp

2
3k2k UUU +=

2
3kp

2
4k3k UUU +=

2
1kp

2
2k1k UUU +=

Measurement of 
internal diameter 
U =5 µm + 10-5⋅L

Digital micrometer for 
internal measurements

Measurement of 
external diameter 

U = 50 µm + 5⋅10-5⋅L
Digital vernier calliper 

0 - 150 mm

Measurement of 
element positions 

U = 2 µm + 3⋅10-6⋅L
Co-ordinate measuring 

device 
(1000X800X600) mm

Gauging of a hole
φ30 H7 

U = 2 µm
Plug gauge

2
mp

2
1km UUU +=
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Traceability to national and international standards

Interlaboratory comparisons (intercomparisons)

What is an intercomparison?

Two or more parties (laboratories) measure the same measurand
(distance, diameter, mass, resistance, temperature, …) and 
compare their results.

Why to perform an intercomparison?

To get information on comparability of measurement results.

Who are typical participants?

National metrology laboratories / institutes

Accredited calibration laboratories
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Traceability to national and international standards

Interlaboratory comparisons (intercomparisons)

What should be considered?

• Measurement / calibration in each participant laboratory is 
performed under typical conditions for this laboratory

• Measurement uncertainty shall be evaluated and stated with 
the results

• A pilot laboratory responsible for organising the comparison 
and for evaluating the results is normally appointed (not in 
case of bilateral intercomparison)

• Acceptance criteria shall be defined
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Traceability to national and international standards

Interpretation of results

Interlaboratory comparisons (intercomparisons)
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Traceability to national and international standards

MRA and BIPM key and supplementary comparisons
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Traceability to national and international standards

MRA and BIPM key and supplementary comparisons
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Traceability to national and international standards

MRA and BIPM key and supplementary comparisons
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Traceability to national and international standards

MRA and BIPM key and supplementary comparisons
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Traceability to national and international standards

MRA and BIPM key and supplementary comparisons

Calibration, documentation and laboratory managementPoMaCoM, Zenica 2006/07



Metrology system in an enterprise

Operation and responsibilityOperation and responsibility

Quality department, directly supported by the executive management

PlanningPlanning

Involvement into enterprise investment plans based on the quality costs 
(quality assurance costs: costs of improper quality)

Systematic planning in parallel to production system planning, in 
accordance with the quality demands of the enterprise

All quality system elements shall be covered
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Metrology system in an enterprise

Metrology system elementsMetrology system elements

Personnel

Equipment
Metrology rooms assuring proper measuring conditions
Measurement methods and procedures
Cost management

Records

Quality system documentation
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Metrology system in an enterprise

PersonnelPersonnel

Selection (knowledge, experiences, psychophysical qualities, skills, 
concentration)
Training for specific tasks
Systematic monitoring
Periodical training
Authorisation and responsibilities
Stimulation and motivation
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Metrology system in an enterprise

Measuring equipmentMeasuring equipment

Selection (purpose, measuring range, accuracy, level of automation, 
economical parameters)
Labeling (unique recognition, status)
Proper use (instructions, authorisation, responsibilities)
Maintenance
Metrological checks and calibration
Storage
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Metrology system in an enterprise

PremisesPremises

Selection (regarding the metrology supervision needs – machine, 
workshop, measuring room, laboratory )
Determining necessary conditions (cleanness, temperature, humidity, 
…)
Installations (electricity, air condition, computer network, ….)
Maintenance
Monitoring conditions (e.g. temperature measurements)
Protection of special rooms (equipment storage, rooms with special 
conditions, rooms for records, rooms for special equipment, …)
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Metrology system in an enterprise

Measurement methods and proceduresMeasurement methods and procedures

Selection (regarding the type of measurement, necessary accuracy,
result form, frequency of measurements, necessary measurement 
speed)
Creation or acquisition of procedures (e.g. standard procedure)
Distribution on working places
Education of users 
Principles for creation: easy use, clearness, unambiguously defined 
measurement records, accommodation to users
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Cost managementCost management

Quality assurance costs 
- Quality planning
- Quality department management
- Monitoring competence for quality
- Auditing suppliers
- Inspection planning
- Quality audits
- Quality improvements
- Performing quality inspection
- Equipment costs (purchasing, calibra-
tion, maintenance)

- Documentation, …

Costs of improper quality
- Scrap
- Additional treatment and repairs
- Sorting
- Repeated check of repaired parts
- Detecting faults causes
- Value reduction
- Warranties
- Market share decrease, …

:

Metrology system in an enterprise
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Metrology system in an enterprise

RecordsRecords

Standard quality system element

In accordance with system procedures for creation, filing, …

Simple, unambiguous, clear

Short and to the point

Possibly on the pre-prepared forms or templates
Transparent
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Accreditation

What is accreditation?

● Accreditation is official recognition of competence of a conformity 
assessment body for performing specific activities. Basic condition for 
accreditation is active quality system

● Conformity assessment bodies are testing and calibration 
laboratories, certification bodies and inspection bodies

● Accreditation is performed by bodies that are nominated by state 
authorities
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Accreditation

Why to become an accredited laboratory?

● Accreditation is a signal to customers that the laboratory has
competence and quality in its services

● Accreditation is mandatory in certain sectors (defined by 
authorities, regulations, …) 

● Certificates issued by accredited laboratories can be recognised 
across borders (not only by other Accreditation Bodies but also 
customers and regulatory authorities)
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Accreditation

Laboratories can be accredited for:

● Environmental testing
● Food testing
● Mechanical and electrical testing
● Calibration
● Health sector (also ISO 15189)

Accreditation of laboratories is performed in accordance with
ISO/IEC 17025
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Accreditation

Accreditation of a laboratory

Accreditation body
(ie. SA)

Laboratory

Customer

Accreditation of a laboratory
against ISO/IEC 17025

ISO/IEC 17011

ISO/IEC 17025
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Accreditation

Accreditation in Europe

EA (European Accreditation) aims:

● to promote accreditation as a service for European trade and 
industry by facilitating cross border trade.

● to exchange technical knowledge between accreditation bodies and 
other relevant organisations (i.e. EU and ISO).

● to support the mutual recognition of test and calibration 
certificates. EA has an MLA (Multi Lateral Agreement) for 
calibration and testing that is maintained by peer evaluation of the 
accreditation bodies who has joined the MLA.
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History of the European accreditation

WECC
1976

WELAC
1987

EAL
1994

EAC
1991

EA
European co-operation for Accreditation 

1997

Western European Laboratory 
Accreditation Cooperation

Western European 
Calibration Cooperation

European Accreditation 
Cooperation for Laboratories

European Accreditation 
Cooperation for Cert. bodies

Accreditation

Calibration, documentation and laboratory managementPoMaCoM, Zenica 2006/07



Accreditation

The whole world: ILAC
The International Laboratory Accreditation Cooperation

IAF

APLAC
(Asian Pacific

Laboratory Acc.)

RvA DAR UKAS SA etc.

EA
(European Acc.)

SANAS IAAC

ILAC International Accreditation Forum

(South African..) (Inter American..)
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Accreditation

MLA for calibration
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Accreditation
MLA for testing
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Accreditation

MLA for QMS
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Accreditation

MLA for EMS
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Accreditation

MLA for product certification
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Accreditation

MLA for certification of persons
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Accreditation
MLA for inspection
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Accreditation

Accreditation and certification

Accreditation:
● In Latin accredere means: To 

give confidence

● Third party recognition of 
competence

Certification:
● In Latin certifiere means: 

Testify, confirm

● Third party assessment that a 
product, a system or a person 
conforms with specified 
requirements.
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Accreditation

Accreditation

Quality system Technical competence

personnel equipment

premisesprocedures

organizationmanagement

authorisations responsibility

procedures resources

Constant quality Appropriate quality
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Accreditation
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Standards, guidelines, laws etc.
● ISO/IEC 17011: Conformity assessment - General requirements for accreditation 

bodies accrediting conformity assessment bodies (the last issue in 2004)

● ISO/IEC 17025: General requirements for the competence of testing and 
calibration laboratories (the last issue in 2005)

● ISO/IEC 17020: General criteria for the operation of various types of bodies 
performing inspection (the last issue in 1998)

● ISO/IEC 17021: Conformity assessment - Requirements for bodies providing audit 
and certification of management systems (the last issue in 2006)

● ISO/IEC 17024: Conformity assessment - General requirements for bodies operating 
certification of persons (the last issue in 2003)

● ISO/IEC 17040: Conformity assessment - General requirements for peer assessment 
of conformity assessment bodies and accreditation bodies (the last issue in 2005)



Accreditation

Calibration, documentation and laboratory management

Standards, guidelines, laws etc.

● EN 45011: General criteria for certification bodies operating product certification 
systems (the last issue in 2005)

● Guidelines by EA and ILAC

● Requirements put on accredited laboratories by regulatory authorities
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Accreditation

EA documents/guidelines
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Accreditation

EA documents/guidelines
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Accreditation

EA documents/guidelines
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Calibration, documentation and laboratory management

EA documents/guidelines

Accreditation
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Accreditation

EA documents/guidelines
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EA documents/guidelines

CEC – Coordinating European Council

OMCL-Official Medicines Control Laboratories

EWDTS – European Workplace Drug Testing S.

Accreditation
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Accreditation

EA documents/guidelines
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Accreditation

EA documents/guidelines
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Accreditation

EA documents/guidelines
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Accreditation

EA documents/guidelines
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Accreditation

EA documents/guidelines
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Accreditation

Accreditation of a laboratory
(before the visit to the lab)

● Laboratory receives 
information from AB

● Laboratory applies for 
accreditation

● AB:
– Appoints a Lead Assessor 

(LA) for the assessment of 
the applicant

– LA appoints one or more 
Technical Assessors (TA).

● Documentation that is 
reviewed by AB:

– CV for personnel
– Methods
– Uncertainty budgets
– Range and (for calibration) 

Best Measurement 
Capability (BMC)

– Equipment
– Quality Manual
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Accreditation

Tools used during assessment

● Summary of data that has been passed to AB before the assessment

● Agenda for the assessment

● Accreditation criteria relevant for the assessment

● Lists of Methods and/or BMC

● Checklists

● Observation sheets

● Nonconformity report forms

● Report template
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Accreditation

Accreditation of laboratories
(visit to the lab)

● Pre-evaluation visit
● Assessment 

– Review of the quality system and its implementation
– Review of the technical competence (personnel, equipment, 

procedures, premises)
– Assessment of proficiency testing or bilateral comparisons 

with other accredited laboratories
– Demonstration of competence to laboratory personnel
– Nonconformity reports are presented to the lab
– Agreement/decision on deadlines for implementation of 

corrective actions.
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Accreditation

Reporting

● Reporting is performed in the report template and must be 
accompanied by: 
– Summary of the scope of the accreditation
– Annex from TA should be provided whenever necessary
– Summary of nonconformities that has been written

● The report shall address specific issues as claimed in ISO 17011.
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Accreditation

Accreditation of a laboratory
(after the visit to the lab)

● Implementation of corrective actions is assessed by AB

● LA issues a statement whether granting accreditation to 
the AB

● AB approves (or disapproves) the statement

● AB grants accreditation

● Certificate of accreditation is passed to the lab
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Accreditation

● Accreditation is granted for a maximum of 5 years

● After 1 year the first surveillance visit is made

● Surveillance is less comprehensive as initial accreditation.

● Reaccreditation is carried out  month before the accreditation 
expires (reassessment is necessary)

Accreditation of a laboratory
(after the accreditation is granted)
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Accreditation

Scope of accreditation

In EA-2/05 The Scope of accreditation and consideration of methods 
and criteria for the assessment of scopes in testing the scope is 
defined as:

● Formal precise statement of the activities which the lab is accredited 
for (e.g. electrical, chemical, microbiological, mechanical)

● A combination of information (scope parameters) concerning the test 
field

● The type of test (describing the measurement principle)
● The object tested and
● The methods and procedures for the test
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Accreditation

Scope of accreditation

Scope in testing and calibration field is normally identified in terms of:

● Quantities to be measured (sometimes also instruments to be 
calibrated or test items)

● Range

● Uncertainties (not always applicable in testing)

● Methods (standard, non-standard, not always applicable in 
calibration)

Scope is usually presented in the attachment to the accreditation 
certificate (with detailed information of the testing/calibration field) 
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Accreditation

Scope of accreditation – examples of scopes

Examples from scopes presented to the public can be found at most 
homepages of accreditation bodies. Examples from SA is given in 
the following slides.
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Accreditation

Suspension of accreditation

Reasons for suspension:

● Failure of quality system or failure of equipment  

● Use of unauthorized persons

● Unsatisfactory participation in proficiency testing

● Changes in organisation or absence of key personnel

● Non conformities in services offered by lab which has serious 
implications for other clients of the lab

● Serious complaints from customers of the CAB

● Lack of payment for accreditation services offers to CAB by AB
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ISO/IEC 17025

ISO/IEC 17025 chapter 4 - management requirements

● Organization - 4.1.

● Quality system - 4.2

● Document control - 4.3

● Subcontracting of tests and calibrations - 4.5

● Purchasing services and supplies - 4.6

● Service to the client/complaints - 4.7- 4.8

● Control of nonconforming work and corrective and preventive 
actions - 4.9 - 4.11

● Control of records - 4.12
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ISO/IEC 17025

ISO/IEC 17025 chapter 5 – technical requirements
● Competence of personnel. Training and authorization of personnel - 5.2

● Environmental conditions for the laboratory (noise, filth, temperature) -
5.3

● Testing and calibration methods and their validation - 5.4
● Estimation of uncertainty
● Control of data

● Equipment and traceability - 5.5-5.6

● Sampling - 5.7

● Assuring quality of test and calibration results - 5.9

● Reporting the results - 5.10
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ISO/IEC 17025

4.1 Organization

4.1.1 Entity that can be held legally responsible

4.1.2 Lab must meet the requirements of this standard and 
requirements from regulatory authorities and AB

4.1.4 If lab is a part of a bigger organization responsibilities of key 
personnel must be defined to prevent conflicts of interests. 
This is particular important for third party labs

4.1.5 Specific requirements to lab:

b) Free from any undue internal or external commercial, 
financial and other pressures and influences that might 
influence the quality of the work
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ISO/IEC 17025

4.1 Organization

4.1.5 Specific requirements - continued:

c) - g) Confidentiality, responsibility and authorization, 
supervision of personnel.

h) Have technical management with overall responsibility of 
technical functions and provision of resources (to achieve 
the required quality).

i) Appoint a quality manager (one person) with reference to 
the highest level of management.

j) Appoint deputies for key managerial personnel.
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4.2 Quality system 

4.2.1 Lab shall establish, maintain and implement a QS that suits 
its activities and the lab must:
Document policy, systems, programs, procedures and 
instructions.
The QS must be communicated to, available to, understood 
and implemented by all personnel.
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4.2 Quality system 

4.2.2 In the quality manual (QM) policies and objectives must be 
defined (commitment for management and quality of 
services) plus

d) a requirement that personnel familiarizes and implement 
the policies and procedures in their work.

4.2.3 QM must refer to supporting procedures.

4.2.4 QM must define roles and responsibilities for the technical 
management and the quality manager.
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4.3 Document control

4.3.1 Procedure for control of all documents (regulations, 
standards, test/calibrations methods, software, instructions, 
…) that are a part of the QS.

4.3.2 All documents must be approved by authorized personnel 
and there shall be a master list, that identifies current 
revision status shall be readily available.

4.3.2.2 Availability on all location and periodically reviews. 
Removal of invalid documents and eventually preservation 
of these (properly marked!!!).

4.3.2.3 Unique identification of documents.
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4.3 Document control

4.3.3 Changes shall be reviewed and approved by the same 
function that originally approved them if possible.

4.3.3.2 If possible changes in the text shall be identified in the 
document(s).

4.3.2.2 If hand pending is accepted, a procedure must be 
established for it (who, how). 

4.3.3.4 There shall be procedures for how changes in electronically 
maintained documents are made.
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4.4 Review of requests, tenders and contracts

4.4.1 Policy and procedure for review shall ensure that:

a) Requirements are adequately defined, 
documented and understood

b) Lab has capability and resources to meet the 
requirements

c) The requirements of the client are met by using
appropriate methods

4.4.2-3 Records of reviews are kept also for subcontracting

4.4.4 Information to client if deviations from contract occur. In 
this case reviews of contract must be repeated and any 
amendments to the contract shall be communicated to all 
affected personnel
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4.5 Subcontracting tests and calibrations

If a lab makes use of subcontracting (only on a part of its 
services or in case of temporary incapacity), it must ensure:

● Qualified subcontractors – accredited laboratories are 
recognized immediately (for relevant accredited services)

● The client must be informed in written form about use of 
subcontractors

● Lab is responsible for subcontractors unless the client or 
regulators specify, which subcontractor is to be used

● The lab must maintain a register and records in compliance with 
17025 for its subcontractors
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4.6 Purchasing services and supplies

4.6.1 Policy and procedures for selection and purchasing of
services, that can affect the quality of tests and calibrations

4.6.2 Consumable materials (reagents, contact oil, strain gages, 
…..) are not to be used until they have been inspected;
records of the inspection must be maintained

4.6.4 Suppliers of critical consumables and services (ie. 
Calibrations) shall be evaluated and the results shall be 
recorded. A list of approved suppliers shall be maintained 
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4.7 Service to the client

Cooperation with the client shall be defined. It includes the possibility 
for the client to monitor the work, under condition that confidentiality
to other clients is ensured.

Policy and procedures for complaints.
Complaints shall be recorded together with investigations and 
corrective actions.

4.8 Complaints
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4.9 Control of nonconforming testing and/or 
calibration work

Lab shall have a policy and procedures that ensure:

● Responsibilities and authorities for handling nonconforming 
work are designated (halting of work)

● Evaluation of significance is assured. Can the work be accepted?

● Corrective actions are taken

● Client is notified

● Responsibility for authorizing resumption of work is defined
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4.10 Corrective actions

4.10.1 Lab shall establish policy and procedures that ensure 
responsibility and authorization for implementing 
corrective actions

4.10.2 Initially there shall be an investigation. What is the cause of 
the problem?

4.10.3 Selection of corrective action. Extent depends on size of the 
problem and risk for reappearance

4.10.4 Effectiveness of corrective actions is monitored

4.10.5 Additional audits initiated if necessary (in case of non-
compliance of work with QS or 17025)
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4.11 Preventive actions

• Preventive action is a proactive process, that is not caused by 
problems, complaints etc. Preventive actions can be initiated by
trends, proficiency testing etc.

• Necessary improvements and potential sources for 
nonconformities must be identified

• There shall be a procedure for preventive actions
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4.12 Control of records

Quality records:

● Tenders

● Contracts

● Subcontracts

● Suppliers of consumables and services

● Complaints

● Internal audits

● Management review.
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4.12 Control of records

Technical records:

● Copies of certificates and test reports issued by lab (5 years) 

● Original observations 

● Derived data, names of those, who were responsible for the 
sampling and testing and for checking the results

● Equipment and software including calibration data and/or 
verification information
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4.12 Control of records

4.12.1 Procedures for records must include:
What (identification)?
How (collecting, indexing, maintaining)?
Where (archiving)?
How long (secure preservation, safe disposal)?

4.12.2.3 Mistakes in record must not be wiped out or otherwise 
made illegible. Correct values must be entered alongside 
and marked with initials of the person doing the 
correction!
Similar precautions must be taken for electronic records 
to avoid loss or change of original data!
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4.13 Internal audits

● There shall be a predetermined schedule and procedure for 
internal audits (periodically)

● All activities shall be covered

● Audit shall be carried out by trained and independent personnel

● When findings cast doubt on the effectiveness of the work 
corrective actions shall be taken

● Results from internal audit shall be recorded
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4.14 Management review
● There shall be a schedule and procedure for the management 

review (at least annually)
– Suitability of policies and procedures
– Reports from managerial and supervisory personnel
– Results from internal audits
– Corrective and preventive actions
– Assessments by external bodies
– Results from proficiency testing
– Changes in volume and type of work
– Client feedback
– Complaints
– Resources, training etc.

● Results from management review shall be recorded
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5.2 Personnel – general requirements 

4.1.5 Lab must have managerial and technical personnel
with authority and resources needed to carry out their 
duties, have technical management and a quality manager
and deputies for key managerial personnel.

5.2.1 Lab management shall ensure competence to:
• operate specific equipment
• perform test/calibration
• evaluate results
• sign reports/certificates
• to issue opinions and interpretations
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5.2 Personnel – general requirements 

5.2.1 (continued)
Qualification shall be based on appropriate:

• education
• training
• experience
• demonstrated skills

Staff under training can only work under direct supervision

5.2.3 Management shall define goals of training etc. and there shall 
be a policy and procedure for training.
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Staff shall be employed by or work under contract with the lab. All 
staff no matter how shall follow the QS (5.2.3).
The lab shall maintain current job descriptions for (5.2.4):

• managerial persons
• technical staff
• key support personnel (administrative staff)

Job descriptions should describe at least:
• what tests to carry out
• evaluation of results
• reporting opinions and interpretations
• modification, evaluation and validation of new methods
• expertise and experience required
• qualifications and training programmes
• managerial duties

5.2 Personnel – employment 
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5.2 Personnel – special requirements 

● Regulations might imply specific qualifications
● In NDT personnel certification may be required
● For personnel responsible for opinions and interpretations 

knowledge of regulations, standards and manufacturing 
technology is obligatory 
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5.2 Personnel – records 

5.2.5 Lab shall maintain records on:

● Authorizations (to specific kinds of work and to sign 
reports)

● Competence
● Educational and professional qualifications (CV)
● Training

Date on which authorizations and/or competence is confirmed 
shall be included. 

Calibration, documentation and laboratory managementPoMaCoM, Zenica 2006/07



ISO/IEC 17025

5.3 Accommodation and environmental conditions

5.3.1 Lab shall ensure that environmental conditions in the 
lab (or on site) does not affect results of tests/calibrations. 

Documentation for technical requirements is needed.

5.3.5 There must be appropriate housekeeping and special 
procedures if needed. 
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5.3 Accommodation and environmental conditions

5.3.2 Lab shall 
● monitor
● control
● record

environmental conditions when they influence the quality of 
results.

Examples of environmental parameters:
● Temperature, pressure, humidity
● Sound and vibration
● Dust
● Radiation, EMC, electric supply
● Biological sterility
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5.3 Accommodation and environmental conditions

CAUTION!!
When environmental conditions are jeopardizing the 
results, tests or calibrations shall be stopped. (Some 
personnel shall be authorized to stop activities)!
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5.3 Accommodation and environmental conditions

5.3.3 Effective separation between incompatible activities 
shall be ensured and cross-contamination shall be prevented

5.3.4 Access to lab and test facilities shall be controlled

5.3.1 Special care shall be taken for work on site
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5.4 Test and calibration methods and method validation -
- Selection of methods

The lab shall use methods that:
● Meet the needs of the client
● Are (preferably) published as national or international standards or by 

reputable organizations (eventually in texts, scientific magazines,…)
● Are developed by the lab (own methods - needs separate validation)
● The lab has demonstrated ability to perform a test/calibration.

The lab shall contact client:
● To inform about the chosen method
● If it is necessary to use non-standard methods
● If a method is inappropriate or out of date
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5.4 Test and calibration methods and method validation -
- Development of non-standard methods

To be able to develop methods by its own, the lab must:
● Plan the development activity
● Have qualified personnel with adequate resources for the development

Plans for the development shall include:
● Identification and scope of the method
● Parameters, equipment and reference materials/standards required
● Environmental requirements
● Description of the procedure including, checks to be performed on test 

item before start up, check of equipment, recording of results and 
safety measures.

● Estimation of uncertainty and criteria for approval/rejection.
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5.4 Test and calibration methods and method validation -
- Validation of methods

Methods that need validation:

● Own methods

● Non-standard methods

● Standard methods used outside intended scope

● Modified methods
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5.4 Test and calibration methods and method validation -
- Validation of methods

Methods used for validation:

● Calibration or testing using reference standards or reference 
materials

● Comparison with results obtained with other methods

● Interlaboratory comparisons

● Assessment of factors influencing the results

● Assessment of uncertainties based on scientific understanding of 
theoretical principles and practical experience.

Calibration, documentation and laboratory managementPoMaCoM, Zenica 2006/07



ISO/IEC 17025

5.4 Test and calibration methods and method validation -
- Validation of methods

Results of the validation shall be recorded and shall include:

● All relevant data

● A statement whether the method fits the intended use

● Range and accuracy (uncertainty) of results/parameters

● Detection limit, selectivity, linearity, repeatability, reproducibility, 
robustness against external influence and cross-sensitivity from 
the matrix of the sample/test object.

Validation is always a balance of cost, risks and technical possibilities
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5.4 Test and calibration methods and method validation -
- Validation of methods

There are sector specific guidance in EA documents:

● EA-4/05 (EAL-G4) ”Accreditation for Chemical Laboratories”

● EA-4/10 (EAL-G18) ”Accreditation for Microbiological 
Testing”
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5.4 Test and calibration methods and method validation -
- Uncertainty of measurement

● If we perform any measurements we have to know how precise we are. 
The process is called estimation of uncertainty of measurements

● A calibration or testing laboratory shall be capable (covered by proper 
procedures) to perform estimation of uncertainty of measurements

● In some cases (depending if the nature of test method allows) testing 
laboratories can at least attempt to identify all the components (the 
most influential) of uncertainty and make reasonable estimation of 
measuring uncertainty

● In the case of calibration laboratories we usually speak about best 
measuring capability (expressed as uncertainty) 
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5.4 Test and calibration methods and method validation -
- Control of data

All calculations and data transfer shall be adequately checked in a 
systematic manner

When computer or automated systems are used for acquisition, 
processing, recording, reporting, storage or retrieval of test/calibration 
results (data), the laboratory shall ensure that:

● computer software developed by the user is documented and validated 
before use 

● procedures for protecting data are established and implemented
● computers and automated systems are regularly maintained
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5.5 Equipment

● Laboratory shall have all equipment which is necessary to perform 
sampling, testing and calibration procedures according to the 
documented procedures

● Equipment used for testing/calibration shall be capable to achieve 
required accuracy and shall comply with specifications relevant to 
tests/calibrations performed

● Before the equipment is put into service it shall be calibrated or checked 
to verify that it meets foreseen specifications 

● Equipment shall be used by authorised/trained staff and up-to date 
instructions for use and maintenance of equipment shall be available for 
use by appropriate staff
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5.5 Equipment
The records of equipment shall include:
● the identity of the item of equipment and its software
● the manufacturer's name, type identification, and serial number or other 

unique identification
● checks that equipment complies with the specification
● the current location, where appropriate
● the manufacturer's instructions, if available, or reference to their location;
● dates, results and copies of reports and certificates of all calibrations, 

adjustments, acceptance criteria, and the due date of next calibration
● the maintenance plan, where appropriate, and maintenance carried out
● any damage, malfunction, modification or repair to the equipment
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5.5 Equipment

● Storage, safe handling, transport, use and planned maintenance of the 
equipment shall be covered by appropriate procedures

● Equipment that has been subjected to overloading or mishandling, 
gives suspect results, or has been shown to be defective or outside 
specified limits, shall be taken out of service 

● It shall be isolated to prevent its use or clearly labelled or marked as 
being out of service until it has been repaired and shown by calibration 
or test to perform correctly. The laboratory shall examine the effect of 
the defect or departure from specified limits on previous tests and/or 
calibrations and shall institute the "Control of nonconforming work" 
procedure
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5.5 Equipment

● Each item of equipment and its software used for testing and 
calibration and significant to the result shall, when practicable, be 
uniquely identified

● All equipment under the control of the laboratory and need to be
calibrated shall be labelled to indicate the status of calibration, 
including the date when last calibrated and the date or expiration 
criteria when recalibration is due. The recalibration period shall be 
established on such way that ensures the reliable measuring results

● If laboratory lends the equipment, it shall ensure that equipment is 
checked before returned to the service

● For the calibration equipment it is not wise to use it for testing.
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5.6 Measurement traceability

Calibration laboratories

● Calibration laboratories shall establish such procedures for calibration of 
their equipment that laboratory can ensure that calibrations and
measurements are traceable to the International System of Units (SI).

● A calibration laboratory establishes traceability of its own measurement 
standards and measuring instruments to the SI by means of an unbroken 
chain of calibrations or comparisons linking them to relevant primary 
standards of the SI units of measurement. 
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5.6 Measurement traceability

Testing laboratories

● The same requirements regarding the traceability of calibrations as for 
calibration laboratories apply also for testing laboratories.

● The only deviation from this principle is allowed when the contribution 
from the calibration results contributes little to the total uncertainty of test 
results.
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5.6 Measurement traceability

Reference standards
Reference standards shall be calibrated on such way that traceability to relevant 
primary standards is established. Reference standards shall be used only for 
calibration purposes.

Reference materials
Reference materials shall, where possible, be traceable to SI units of 
measurement, or to certified reference materials. Internal reference materials 
shall be checked as far as is technically and economically practicable.
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5.7  Sampling

● Laboratory shall establish appropriate sampling procedures 
(substances, materials, or products for subsequent testing or 
calibration)

● Sampling plans shall be based on appropriate statistical methods

● Laboratory shall ensure the procedures for recording relevant data 
and operations related to sampling process
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ISO/IEC 17025

5.8 Handling of test and calibration items

Laboratory shall have procedures:

● for the transportation, receipt, handling, protection, storage, retention 
and/or disposal of test and/or calibration items, including all provisions 
necessary to protect the integrity of the test or calibration item, and to 
protect the interests of the laboratory and the client

● for unambiguous system for identification of all test/calibration items for 
recording any damage on test/calibration item

● and appropriate facilities for avoiding deterioration, loss or damage to 
the test or calibration item during storage, handling and preparation
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ISO/IEC 17025

5.8 Assuring the quality of test and calibration results

Laboratory can improve the quality of it’s work trough:

● regular use of certified reference materials and/or internal quality 
control using secondary reference materials

● participation in interlaboratory comparison or proficiency-testing 
programs

● replicate tests or calibrations using the same or different methods;

● retesting or recalibration of retained items

● correlation of results for different characteristics of an item
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ISO/IEC 17025

5.8  Reporting results

Laboratory shall report results of tests/calibrations: 

● accurately

● clearly

● unambiguously and objectively

● and in accordance with any specific instructions in the test or calibration 
methods 

The usual form of reporting results is testing report or calibration certificate
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ISO/IEC 17025

5.8  Reporting results
Test report or calibration certificate shall include:
● a title (e.g. "Test Report" or "Calibration Certificate")
● the name and address of the laboratory, and the location where the tests 

and/or calibrations were carried out
● unique identification of the test report / calibration certificate (such as 

serial number), and on each page an identification in order to ensure 
that the page is recognized as a part of the test report / calibration cert. 
and a clear identification of the end of the test report / calibration certif.

● the name and address of the client
● identification of the method used
● a description of, the condition of, and unambiguous identification of the 

item(s) tested or calibrated
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ISO/IEC 17025

5.8  Reporting results
● the date of receipt of the test or calibration item(s) where this is critical 

to the validity and application of the results, and the date(s) of 
performance of the test or calibration

● reference to the sampling plan and procedures used by the laboratory or 
other bodies where these are relevant to the validity or application of the 
results

● the test or calibration results with, where appropriate, the units of 
measurement

● the name(s), function(s) and signature(s) or equivalent identification of 
person(s) authorizing the test report or calibration certificate

● where relevant, a statement to the effect that the results relate only to the 
items tested or calibrated
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ISO/IEC 17025

5.8  Reporting results
Additional information in test reports:
● deviations from, additions to, or exclusions from the test method, and 

information on specific test conditions, such as environmental conditions
● where relevant, a statement of compliance/non-compliance with requirements 

and/or specifications
● where applicable, a statement on the estimated uncertainty of measurement; 

information on uncertainty is needed in test reports when it is relevant to the 
validity or application of the test results, when a client's instruction so 
requires, or when the uncertainty affects compliance to a specification limit;

● where appropriate and needed, opinions and interpretations (see 5.10.5);
● additional information which may be required by specific methods, clients or 

groups of clients.
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ISO/IEC 17025

5.8  Reporting results
Additional information in test reports including sampling:
● the date of sampling
● unambiguous identification of the substance, material or product sampled 

(including the name of the manufacturer, the model or type of designation 
and serial numbers as appropriate)

● the location of sampling, including any diagrams, sketches or photos
● a reference to the sampling plan and procedures used
● details of any environmental conditions during sampling that may affect the 

interpretation of the test results
● any standard or other specification for the sampling method or procedure, 

and deviations, additions to or exclusions from the specification concerned
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ISO/IEC 17025

5.8  Reporting results

Additional information on calibration certificates:

● the conditions (e.g. environmental) under which the calibrations were made 
that have an influence on the measurement results

● the uncertainty of measurement and/or a statement of compliance with an 
identified metrological specification or clauses thereof

● evidence that the measurements are traceable
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ISO/IEC 17025

5.8  Reporting results

● Opinions and interpretations shall be clearly identified in test report 
and laboratory shall document (state) the basis for opinions and
interpretations

● When the test report includes results from subcontractors, these
results shall be clearly identified
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Quality system in a laboratory

Process approach

Deming circle
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Quality system in a laboratory

Process approach

Basic/operational process

Performing 
calibration

Getting 
calibration item

Returning 
calibration item

Producing cal. 
certificate

Resources ResourcesResources Resources

Supervision Supervision Supervision Supervision

Corr. actions

Prev. actions

Corr. actions

Prev. actions

Corr. actions

Prev. actions

Corr. actions

Prev. actions

Supporting processes

Supporting processes
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Quality system in a laboratory

Process approach

● Personnel

● Equipment (measuring instruments, auxiliary equipment)

● Reference standards/materials

● Premises

● Procedure

● External documents (standards, guidelines, …)

● Auxiliary  means (computer, cleaning means, special cloths, paper, …)

Resources for performing calibration
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Quality system in a laboratory

Process approach

Requirements (quality, 
standard):

• Qualification

• Supervision

• Training

• Authorisation

• Responsibilities

Processes:

• Selection process

• Supervision process

• Training process

• Management processes 
(dedicating responsibilities, ..)

Resource -
personnel

Policies (QM) Procedures
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Quality system in a laboratory

Introduction of a quality system

Determining quality policy
Responsibility: Top management

Determining organisation scheme
Responsibility: Top management

Assigning competences and responsibilities
Responsibility: Top management

Appointing quality manager
Responsibility: Top management

Appointing quality group
Responsibility: Quality manager
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Quality system in a laboratory

Determining processes / activities
Responsibility: Quality manager, technical managers

Approving processes / activities
Responsibility: Top management

Assigning tasks for building quality system
Responsibility: Quality manager

Writing quality manual and supporting documentation
Responsibility: Quality manager

Approving quality system documents
Responsibility: Top management
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Quality system in a laboratory

Acquainting all employees with the quality manual
Responsibility: Quality manager

Quality system start
Responsibility: Top management

First quality system review (after approx. 6 months)
Responsibility: Top management

Corrective actions 
Responsibility: Top management

Quality system operation and supervision
Responsibility: Quality manager
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Quality system in a laboratory

Quality 
manual

System operation 
procedures

Specific instructions
Working procedures and instructions, 

guidelines, checklists, standards, 
forms, computer templates etc.

LTM Q manual Description of the entire system 
– policy, general principles

Definition of organisational 
flows related to quality

Detailed instructions and 
assistant forms and documents 
(for specific activity)

Personal files, equipment files,
measuring equipment files, 

files of premisses and instalations, ...

Documentation about 
technical competence

Records about performed work, protocols,
reports, certificats, contracts, ...

Records
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Quality system in a laboratory

Purpose of the quality manual
● Introduction of the quality policy, procedures and organisation requirements
● Description and documentation of the quality system
● Improvement of the operation supervision and easier quality assurance
● Documentation of procedures for quality system monitoring (audits and 

management reviews)
● Assuring quality system continuity and requirements under changing 

conditions
● Education of personnel in the fields of quality system requirements and 

methods for fulfilling those requirements
● Promotion of the quality system for external purposes, like e.g. proving 

conformance with ISO 9001 requirements
● Prove of the quality system conformance with contractual quality

requirements.
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Quality system in a laboratory

Quality manual contents
● Information of revisions and issues
● Title and field of use
● Table of contents
● Introduction with presentation of the laboratory and the manual
● Quality policy and goals
● Description of organisation, competences and legal entity of the laboratory
● Description of the quality system elements and reference to documents with 

procedures for quality system operation
● Procedures (or reference  to procedures) for quality system supervision 

(audits, management reviews, ..)
● Chapter with definitions and acronyms if applicable
● List of supporting documents and chapters to which the manual is refering
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Quality system in a laboratory

Calibration procedure contents (sample)

● EVALUATION OF MEASURING 
RESULTS

● DOCUMENTATION

● PROTECTION

● UNCERTAINTY

● TRACEABILITY

● LITERATURE

● INTRODUCTION

● MEASURING EQUIPMENT

● RECEIPT

● CLEANING

● THERMAL STABILISATION

● CALIBRATION

- Visual inspection

- Functional check

- Measurement of deviations
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Examples of calculating uncertainty in calibration

Vernier calliper
Mathematical model of measurementMathematical model of measurement

Measurement result (calibrated deviation) is expressed by the equation:

e = ℓi⋅(1+αm⋅θm) - ℓe⋅(1+αe⋅θe) + dF

where:
e - deviation (calibration result) at 20 °C 
ℓi - indicated value on the vernier calliper
αm - linear thermal expansion coefficient of the vernier calliper 
θm - temperature deviation of the calliper from 20 °C 
ℓe - calibrated gauge block length at 20°C
αe - linear thermal expansion coefficient of the gauge block
θe - temperature deviation of the gauge block from 20°C
dF - difference of deformation due to measuring force in calibration and

in measurement (assumed to be 0)
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Examples of calculating uncertainty in calibration

Vernier calliper

If new quantities are introduced (because temperatures of the instrument 
and of the gauge block are dependent):

δθ = θm - θe

δα = αm - αe

the equation gets the following form:

e = ℓi⋅(1+αm⋅θe+αm⋅δθ) - ℓe⋅(1+αm⋅θe-δα⋅θe) + dF

Calibration, documentation and laboratory managementPoMaCoM, Zenica 2006/07



Examples of calculating uncertainty in calibration

Standard uncertainties of the input quantity estimates Standard uncertainties of the input quantity estimates 
and combined standard uncertainty of measurementand combined standard uncertainty of measurement

Vernier calliper

The equation for calculating combined standard uncertainty (GUM) has in 
our case the following form:

uc
2(e) = cℓi2u2(ℓi) + cαm

2u2(αm) + cθe
2u2(θe) + cδθ2u2(δθ) + cℓe2u2(ℓe) +

+ cδα2u2(δα) + cdF
2u2(dF)

where ci are partial derivatives of function e: 
cℓi = ∂L/∂ℓi = 1+αm⋅θe+αm⋅δθ ≈ 1; if θemax = ±1°C 
cαm = ∂L/∂αm = θe⋅(ℓi- ℓe) + li⋅δθ ≈ ℓi⋅δθ
cθe = ∂f/∂θe = αm⋅(ℓi- ℓe) + ℓe⋅δα ≈ ℓe⋅δα
cδθ = ∂L/∂δθ = αm⋅ℓi
cℓe = ∂L/∂ℓe = -(1 + αm⋅θe + δα ⋅θe) ≈ -1; if θemax = ±1°C 
c δα = ∂L/∂ δα = -ℓe⋅θe
cdF = ∂L/∂dF = 1
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Examples of calculating uncertainty in calibration

Vernier calliper

Evaluation (estimation) of standard uncertainties of influence quantities for 
the equipment, procedure and conditions in the laboratory (LTM)

a) Uncertainty of reading  u(ℓi) 

The biggest possible reading deviation for digital display is ±5 µm, for nonius
0,02 mm is ±13 µm (experiment), for nonius 0,05 is ±16 µm (experiment), 
and for nonius 0,1 mm ±25 µm (experiment). Uncertainties at assumed 
rectangular distribution are: 

for digital display
for nonius 0,02 mm
for nonius 0,05 mm
for nonius 0,1 mm  

m9,23/)m5()l(u i µ=µ=

m5,73/)m13()l(u i µ=µ=

m5,93/)m16()l(u i µ=µ=

m4,143/)m25()l(u i µ=µ=
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Examples of calculating uncertainty in calibration

b) Uncertainty of the thermal expansion coefficient u(αm)
Interval ±1⋅10-6 °C-1 is defined based on the data from a handbook. 
Uncertainty at assumed rectangular distribution is:

116
m C58,03/)C101()(u −−− °=°⋅=α

Vernier calliper

c) Uncertainty of gauge block temperature deviation u(θe)
The biggest temperature deviation in the room is ±1 °C. Uncertainty at 
assumed normal distribution (k = 2) is:

u(θe) = 0,5 °C

d) Uncertainty of  temperature difference u(δθ)

Assumed biggest temperature difference is ±1 °C. Uncertainty at assumed 
normal distribution (k = 2) is:

u(δθ) = 1/2 = 0,5 °C
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Examples of calculating uncertainty in calibration

Vernier calliper
e) Uncertainty of gauge block calibration u(ℓe)

Calibration certificate states the following expanded uncertainty:
U(ℓe) = 0,1 µm + 1⋅10-6⋅ℓ ;  k = 2

Standard uncertainty is then:

u(ℓe) = U(ℓe)/2 = 0,05 µm + 0,5⋅10-6⋅ℓ

f) Uncertainty of the thermal expansion coefficient difference u(δα) 

Supposed limit is ±2⋅10-6 °C-1. Uncertainty at assumed rectangular 
distribution is:

1616 C102,13/)C102()(u −−−− °⋅=°⋅=δα
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Examples of calculating uncertainty in calibration

Vernier calliper

g) Uncertainty of supposed difference of deformation due to measuring force
u(dF) 

Supposed deformation difference is 0. In fact, the forces in calibration and in 
measurement are not equal. Therefore we suppose (based on experience) possible 
difference of maximum 3 µm. Uncertainty at assumed rectangular distribution is:

m73,13/m3)d(u F µ=µ=
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Examples of calculating uncertainty in calibration

Vernier calliper
Uncertainty budget

Standard uncertainties of the input value estimates on the lower meas. range limit (1 mm)

Veličina 
Xi 

Ocenjena 
vrednost 

Standardna negotovost Porazdelitev Koeficient 
občutljivosti 

Prispevek 
negotovosti 

li 1 mm 2,9 µm - digitalno 0,01 mm 
7,5 µm - nonij 0,02 mm 
9,5 µm - nonij 0,05 mm 
14,4 µm - nonij 0,1 mm 

pravokotna 1 2,9 µm 
7,5 µm 
9,5 µm 

14,4 µm 

αm 11⋅10-6
°C

-1 0,58⋅10-6
°C

-1 pravokotna 103 µm°C zanemarljivo 

θe 0°C 0,5°C normalna 0,002 µm°C
-1 zanemarljivo 

δθ 0°C 0,5°C normalna 0,001 µm°C
-1 zanemarljivo 

le 1 mm 0,05 µm normalna 1 zanemarljivo 

δα 0 °C
-1 1,2⋅10-6

°C
-1 pravokotna -103 µm°C zanemarljivo 

d F 0 1,73 µm pravokotna 1 1,73 µm 

    Skupno: 3,4 µm 
7,7 µm 
9,7 µm 

14,5 µm 
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Examples of calculating uncertainty in calibration

Veličina 
Xi 

Ocenjena 
vrednost 

Standardna negotovost Porazdelitev Koeficient 
občutljivosti 

Prispevek 
negotovosti 

li 150 mm 2,9 µm - digitalno 0,01 mm 
7,5 µm - nonij 0,02 mm 
9,5 µm - nonij 0,05 mm 
14,4 µm - nonij 0,1 mm 

pravokotna 1 2,9 µm 
7,5 µm 
9,5 µm 

14,4 µm 

αm 11⋅10-6
°C

-1 0,58⋅10-6
°C

-1 pravokotna 106 µm°C 0,18 µm 

θe 0°C 0,5°C normalna 0,3 µm°C
-1 0,15 µm 

δθ 0°C 0,5°C normalna 1,65 µm°C
-1 0,8 µm 

le 150 mm 0,55 µm normalna 1 0,55 µm 

δα 0 °C
-1 1,2⋅10-6

°C
-1 pravokotna -1,5·105 µm°C 0,18 µm 

d F 0 1,73 µm pravokotna 1 1,73 µm 

    Skupno: 3,6 µm 
7,8 µm 
9,7 µm 

14,6 µm 

 

Vernier calliper
Standard uncertainties of the input value estimates on the upper meas. range limit (150 mm)
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Examples of calculating uncertainty in calibration

Vernier calliper

Linearized standard uncertainties for the whole measuring range, based on the 
values for the lower and upper measuring range limits, are:

u = 3,4 µm + 1,4⋅10-6⋅ℓ (for digital display)

u = 7,7 µm + 1,3⋅10-6⋅ℓ (for nonius 0,02 mm)

u = 9,7 µm + 1,3⋅10-6⋅ℓ (for nonius 0,05 mm)

u = 14,5 µm + 1,3⋅10-6⋅ℓ (for nonius 0,1 mm)
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Examples of calculating uncertainty in calibration

Vernier calliper

ExpExpaanndded uncertainty of measuremented uncertainty of measurement

Coverage factor k=2 is used in accordance with EA 4/02. Expanded
uncertainty (rounded up) is:

U = 7 µm + 3⋅10-6⋅ℓ (for digital display)

U = 15,5 µm + 3⋅10-6⋅ℓ (for nonius 0,02 mm)

U = 20 µm + 3⋅10-6⋅ℓ (for nonius 0,05 mm)

U = 29 µm + 3⋅10-6⋅ℓ (for nonius 0,1 mm)
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Examples of calculating uncertainty in calibration

Dial gauge

Mathematical model of measurementMathematical model of measurement

Measurement result (calibrated deviation) is expressed by the equation:
e = ℓi⋅(1+αm⋅θm) - ℓe⋅(1+αe⋅θe)

where:
e    - deviation (calibration result) at 20 °C 
ℓi - indicated value on the dial gauge
αm - linear thermal expansion coefficient of the dial gauge
θm - temperature deviation of the dial gauge from 20 °C 
ℓe - indicated value on the calibration device
αe - linear thermal expansion coefficient of the calibration device
θe - temperature deviation of the calibration device from 20°C 
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Examples of calculating uncertainty in calibration

Dial gauge

If new quantities are introduced (because temperatures of the instrument 
and of the dial gauge are dependent):

δθ = θm - θe

δα = αm - αe

the equation gets the following form:

e = ℓi⋅(1+αm⋅θe+αm⋅δθ) - ℓe⋅(1+αm⋅θe-δα⋅θe)
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Examples of calculating uncertainty in calibration

The equation for calculating combined standard uncertainty (GUM) has in 
our case the following form:

uc
2(e) = cℓi2u2(ℓi) + cαm

2u2(αm) + cθe
2u2(θe) + cδθ2u2(δθ) + cℓe2u2(ℓe) + cδα2u2(δα)

Dial gauge
Standard uncertainties of the input quantity estimates Standard uncertainties of the input quantity estimates 
and combined standard uncertainty of measurementand combined standard uncertainty of measurement

where ci are partial derivatives of function e: 
cℓi = ∂L/∂ℓi = 1+αm⋅θe+αm⋅δθ ≈ 1; če je θemax = ±1°C
cαm = ∂L/∂αm = θe⋅(ℓi- ℓe) + li⋅δθ ≈ ℓi⋅δθ
cθe = ∂f/∂θe = αm⋅(ℓi- ℓe) + ℓe⋅δα ≈ ℓe⋅δα
cδθ = ∂L/∂δθ = αm⋅ℓi
cℓe = ∂L/∂ℓe = -(1 + αm⋅θe + δα ⋅θe) ≈ -1; če je θemax = ±1°C
c δα = ∂L/∂ δα = -ℓe⋅θe
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Examples of calculating uncertainty in calibration

Dial gauge

Evaluation (estimation) of standard uncertainties of influence quantities for 
the equipment, procedure and conditions in the laboratory (LTM)

a) Uncertainty of dial gauge reading  u(ℓi) 

The biggest possible reading deviation for digital display with resolution 
0,01 mm is ±5 µm, for digital display with resolution 0,001 mm is ±0,5 µm, 
and for conventional scale ±2 µm. Uncertainties at assumed rectangular 
distribution are: 

for digital display with resolution 0,001 mm
for digital display with resolution 0,001 mm
for conventional scale

m9,23/)m5()l(u i µ=µ=

m29,03/)m5,0()l(u i µ=µ=

m15,13/)m2()l(u i µ=µ=
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Examples of calculating uncertainty in calibration

Dial gauge
b) Uncertainty of the thermal expansion coefficient u(αm)
Interval ±1⋅10-6 °C-1 is defined based on the data from a handbook. 
Uncertainty at assumed rectangular distribution is:

116
m C58,03/)C101()(u −−− °=°⋅=α

c) Uncertainty of calibration instrument temperature deviation u(θe)
The biggest temperature deviation in the room is ±1 °C. Uncertainty at 
assumed normal distribution (k = 2) is:

u(θe) = 0,5 °C

d) Uncertainty of  temperature difference u(δθ)

Assumed biggest temperature difference is ±0,2 °C. Uncertainty at assumed 
normal distribution (k = 2) is:

u(δθ) = 1/2 = 0,1 °C
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Examples of calculating uncertainty in calibration

b) Negotovost linearne temperaturne razteznosti u(αm)
Interval ±1⋅10-6 °C-1 je definiran na osnovi podatkov iz priročnika. 
Predpostavimo pravokotno porazdelitev, zato velja:

116
m C58,03/)C101()(u −−− °=°⋅=α

Dial gauge

c) Negotovost temperature u(θe)
Največji odstopek temperature v prostoru je ±1 °C. Predpostavimo normalno 
porazdelitev in nivo zaupanja k = 2, zato velja:

u(θe) = 0,5 °C

d) Negotovost temperaturne razlike u(δθ)

Predpostavimo največjo temperaturno razliko ±0,2 °C. Predpostavimo 
normalno porazdelitev in nivo zaupanja k = 2, zato velja:

u(δθ) = 0,2/2 = 0,1 °C
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Examples of calculating uncertainty in calibration

e) Uncertainty of the calibration instrument indication u(ℓe)

Calibration certificate states the following expanded uncertainty:

U(ℓe) = 0,6 µm + 2,5⋅10-6⋅ℓ ;  k = 2

Standard uncertainty is then:

u(ℓe) = U(ℓe)/2 = 0,3 µm + 1,25⋅10-6⋅ℓ

Dial gauge

f) Uncertainty of the thermal expansion coefficient difference u(δα) 

Supposed limit is ±2⋅10-6 °C-1. Uncertainty at assumed rectangular 
distribution is:

1616 C102,13/)C102()(u −−−− °⋅=°⋅=δα
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Examples of calculating uncertainty in calibration

Dial gauge
Uncertainty budget

Veličina 
Xi 

Ocenjena 
vrednost 

Standardna negotovost Porazdelitev Koeficient 
občutljivosti 

Prispevek 
negotovosti 

li 0,001 mm 0,29 µm - digitalno 0,001 mm 
2,9 µm - digitalno 0,01 mm 

1,15 µm – klasična (kazalec) 

pravokotna 1 0,29 µm 
2,9 µm 

1,15 µm 

αm 11⋅10-6
°C-1 0,58⋅10-6

°C-1 pravokotna 0,2 µm°C zanemarljivo 

θe 0°C 0,5°C normalna 2⋅10-6 µm°C-1 zanemarljivo 

δθ 0°C 0,1°C normalna 11⋅10-6 µm°C-1 zanemarljivo 

le 0,001 mm 0,3 µm normalna 1 0,3 µm 

δα 0 °C-1 1,2⋅10-6
°C-1 pravokotna 1 µm°C zanemarljivo 

    Skupno: 0,417 µm 
2,915 µm 
1,188 µm 

 

Standard uncertainties of the input value estimates on the lower measuring range limit
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Examples of calculating uncertainty in calibration

Veličina 
Xi 

Ocenjena 
vrednost 

Standardna negotovost Porazdelitev Koeficient 
občutljivosti 

Prispevek 
negotovosti 

li 10 mm 0,29 µm - digitalno 0,001 mm 
2,9 µm - digitalno 0,01 mm 

1,15 µm – klasična (kazalec) 

pravokotna 1 0,29 µm 
2,9 µm 

1,15 µm 

αm 11⋅10-6
°C-1 0,58⋅10-6

°C-1 pravokotna 0,2⋅104 µm°C zanemarljivo 

θe 0°C 0,5°C normalna 2⋅10-2 µm°C-1 0,01 µm 

δθ 0°C 0,1°C normalna 0,11 µm°C-1 0,01 µm 

le 10 mm 0,31 µm normalna 1 0,31 µm 

δα 0 °C-1 1,2⋅10-6
°C-1 pravokotna -104 µm°C -0,01 µm 

    Skupno: 0,425 µm 
2,917 µm 
1,191 µm 

 

Dial gauge
Standard uncertainties of the input value estimates on the upper measuring range limit 
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Examples of calculating uncertainty in calibration

Dial gauge

Linearized standard uncertainties for the whole measuring range, based on the 
values for the lower and upper measuring range limits, are:

u = 0,42 µm + 2,1⋅10-6⋅ℓ (for digital display with resolution 0,001 mm)

u = 2,91 µm + 2,1⋅10-6⋅ℓ (for digital display with resolution 0,01 mm)

u = 1,19 µm + 2,1⋅10-6⋅ℓ (for conventional scale)
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Examples of calculating uncertainty in calibration

Coverage factor k=2 is used in accordance with EA 4/02. Expanded
uncertainty (rounded up) is:

U = 0,9 µm + 4,5⋅10-6⋅ℓ (for digital display with resolution 0,001 mm)

U = 6 µm + 4,5⋅10-6⋅ℓ (for digital display with resolution 0,01 mm)

U = 2,5 µm + 4,5⋅10-6⋅ℓ (for conventional scale)

Dial gauge

ExpExpaanndded uncertainty of measuremented uncertainty of measurement
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