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Preface 

This preface, as well as all footnotes and annexes, is included for information purposes and is not part of 
ISA-RP105.00.01-2017. 
 
This document has been prepared as part of the service of ISA toward a goal of uniformity in the field of 
instrumentation.  To be of real value, this document should not be static but should be subject to periodic 
review.  Toward this end, the Society welcomes all comments and criticisms and asks that they be 
addressed to the Secretary, Standards and Practices Board; ISA; 67 T.W. Alexander Drive; P. O. Box 
12277; Research Triangle Park, NC  27709; Telephone (919) 549-8411; Fax (919) 549-8288; E-mail: 
standards@isa.org. 
 
The ISA Standards and Practices Department is aware of the growing need for attention to the metric 
system of units in general, and the International System of Units (SI) in particular, in the preparation of 
instrumentation standards.  The Department is further aware of the benefits to USA users of ISA 
standards of incorporating suitable references to the SI (and the metric system) in their business and 
professional dealings with other countries.  Toward this end, this Department will endeavor to introduce 
SI-acceptable metric units in all new and revised standards, recommended practices, and technical 
reports to the greatest extent possible.  Standard for Use of the International System of Units (SI): The 
Modern Metric System, published by the American Society for Testing & Materials as IEEE/ASTM SI 10-
97, and future revisions, will be the reference guide for definitions, symbols, abbreviations, and 
conversion factors. 
 
It is the policy of ISA to encourage and welcome the participation of all concerned individuals and 
interests in the development of ISA standards, recommended practices, and technical reports.  
Participation in the ISA standards-making process by an individual in no way constitutes endorsement by 
the employer of that individual, of ISA, or of any of the standards, recommended practices, and technical 
reports that ISA develops. 
 
CAUTION — ISA DOES NOT TAKE ANY POSITION WITH RESPECT TO THE EXISTENCE OR 
VALIDITY OF ANY PATENT RIGHTS ASSERTED IN CONNECTION WITH THIS DOCUMENT, AND 
ISA DISCLAIMS LIABILITY FOR THE INFRINGEMENT OF ANY PATENT RESULTING FROM THE 
USE OF THIS DOCUMENT. USERS ARE ADVISED THAT DETERMINATION OF THE VALIDITY OF 
ANY PATENT RIGHTS, AND THE RISK OF INFRINGEMENT OF SUCH RIGHTS, IS ENTIRELY THEIR 
OWN RESPONSIBILITY.  

PURSUANT TO ISA’S PATENT POLICY, ONE OR MORE PATENT HOLDERS OR PATENT 
APPLICANTS MAY HAVE DISCLOSED PATENTS THAT COULD BE INFRINGED BY USE OF THIS 
DOCUMENT AND EXECUTED A LETTER OF ASSURANCE COMMITTING TO THE GRANTING OF A 
LICENSE ON A WORLDWIDE, NON-DISCRIMINATORY BASIS, WITH A FAIR AND REASONABLE 
ROYALTY RATE AND FAIR AND REASONABLE TERMS AND CONDITIONS.  FOR MORE 
INFORMATION ON SUCH DISCLOSURES AND LETTERS OF ASSURANCE, CONTACT ISA OR 
VISIT WWW.ISA.ORG/STANDARDSPATENTS. 

OTHER PATENTS OR PATENT CLAIMS MAY EXIST FOR WHICH A DISCLOSURE OR LETTER OF 
ASSURANCE HAS NOT BEEN RECEIVED. ISA IS NOT RESPONSIBLE FOR IDENTIFYING PATENTS 
OR PATENT APPLICATIONS FOR WHICH A LICENSE MAY BE REQUIRED, FOR CONDUCTING 
INQUIRIES INTO THE LEGAL VALIDITY OR SCOPE OF PATENTS, OR DETERMINING WHETHER 
ANY LICENSING TERMS OR CONDITIONS PROVIDED IN CONNECTION WITH SUBMISSION OF A 
LETTER OF ASSURANCE, IF ANY, OR IN ANY LICENSING AGREEMENTS ARE REASONABLE OR 
NON-DISCRIMINATORY. 

ISA REQUESTS THAT ANYONE REVIEWING THIS DOCUMENT WHO IS AWARE OF ANY PATENTS 
THAT MAY IMPACT IMPLEMENTATION OF THE DOCUMENT NOTIFY THE ISA STANDARDS AND 
PRACTICES DEPARTMENT OF THE PATENT AND ITS OWNER. 
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ADDITIONALLY, THE USE OF THIS DOCUMENT MAY INVOLVE HAZARDOUS MATERIALS, 
OPERATIONS OR EQUIPMENT. THE DOCUMENT CANNOT ANTICIPATE ALL POSSIBLE 
APPLICATIONS OR ADDRESS ALL POSSIBLE SAFETY ISSUES ASSOCIATED WITH USE IN 
HAZARDOUS CONDITIONS. THE USER OF THIS DOCUMENT MUST EXERCISE SOUND 
PROFESSIONAL JUDGMENT CONCERNING ITS USE AND APPLICABILITY UNDER THE USER’S 
PARTICULAR CIRCUMSTANCES. THE USER MUST ALSO CONSIDER THE APPLICABILITY OF 
ANY GOVERNMENTAL REGULATORY LIMITATIONS AND ESTABLISHED SAFETY AND HEALTH 
PRACTICES BEFORE IMPLEMENTING THIS DOCUMENT. 
 
THE USER OF THIS DOCUMENT SHOULD BE AWARE THAT THIS DOCUMENT MAY BE IMPACTED 
BY ELECTRONIC SECURITY ISSUES. THE COMMITTEE HAS NOT YET ADDRESSED THE 
POTENTIAL ISSUES IN THIS VERSION. 
 
ISA (www.isa.org) is a nonprofit professional association that sets the standard for those who apply 
engineering and technology to improve the management, safety, and cybersecurity of modern automation 
and control systems used across industry and critical infrastructure. Founded in 1945, ISA develops 
widely used global standards; certifies industry professionals; provides education and training; publishes 
books and technical articles; hosts conferences and exhibits; and provides networking and career 
development programs for its 40,000 members and 400,000 customers around the world. 
 
ISA owns Automation.com, a leading online publisher of automation-related content, and is the founding 
sponsor of The Automation Federation (www.automationfederation.org), an association of non-profit 
organizations serving as "The Voice of Automation." Through a wholly owned subsidiary, ISA bridges the 
gap between standards and their implementation with the ISA Security Compliance Institute 
(www.isasecure.org) and the ISA Wireless Compliance Institute (www.isa100wci.org). 
 
The following served as voting members on the ISA105 committee: 
 
NAME COMPANY 

J. Federlein, Chair Federlein & Assoc. LLC 
P. Brett, Managing Director Honeywell Inc. 
J. Jamison Jamison & Associates Ltd. 
G. Lehmann AECOM 
T. McAvinew Consultant 
G. Ramachandran Systems Research International Inc. 
L. Staples Oklahoma Gas & Electric 
I. Verhappen Industrial Automation Networks 
 
The following served as members of the Standards and Practices Board and approved the document on 
24 March 2017: 
 
NAME COMPANY 

M. Wilkins, Vice President Yokogawa 
D. Bartusiak ExxonMobil Research & Engineering 
D. Brandl BR&L Consulting 
P. Brett Honeywell Inc. 
E. Cosman OIT Concepts, LLC 
D. Dunn Consultant 
J. Federlein Federlein & Assoc. LLC 
B. Fitzpatrick Wood Group Mustang 
J. Gilsinn Kenexis Consulting 
J.-P. Hauet KB Intelligence 
D. Lee UCDS 
G. Lehmann AECOM 
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Introduction 

Purpose 

The purpose of this recommended practice is to provide the basic framework for developing and 
maintaining a consistent calibration program for industrial automation and control systems  (IACS), 
including instrumentation used in safety instrumented systems. Th is recommended practice 
provides guidance on methodologies for calibration of an IACS by considering the accuracy of 
each loop required by the process and, if necessary, adjusting a loop component(s) to achieve the 
desired loop or component accuracy. 

Accurate, reliable, and repeatable operation of loops in  an IACS is vital to maintaining the safety 
and reliability of a facility. Where repeatable measurements take place in the monitoring or control 
of a facility, the measuring instruments and test equipment must have repeatable outputs. A well-
considered calibration program, correctly implemented and maintained, can directly contribute to 
the assurance of the desired operation of the IACS for the facility. A calibration program 
establishes periodic assessments of loop/component performance over time. Data acquired during 
these assessments not only aids in the establishment of future calibration intervals, but is also 
critical in the allocation of capital and operational resources. Clearly defined policy and pro cedures 
support the efforts of maintenance planners to schedule adequate labor and equipment for 
calibration both during and between facility outages. Following established calibration procedures 
and using correct equipment reduces the likelihood of human errors due to incorrect practices; 
avoids acting on incorrect information; ensures the desired results of the calibration efforts ; and 
promotes the correct operation of an IACS. 

In an IACS, more hardware faults occur in the measuring instrumentation, and control valve 
components than in the control components of the IACS. A calibration program can aid in early 
detection of these failures. Inadequate calibration and maintenance of an IACS may increase the 
likelihood of system problems, including: 

• Inaccuracy of measurements and control; 

• System not responding correctly or as desired; 

• Reduced awareness of instrument performance and actual need for calibration and 
maintenance; and 

• Potential for reporting of incorrect environmental or other data. 

However, targeted reduction, or increase, in calibration activities based upon the assessment of 
data derived from an instrument asset management calibration program can both reduce 
maintenance costs and improve reliability and safety. 

Various definitions of the term calibration can be found: 

The formal definition of calibration by the International Bureau of Weights and Measures is: 
"Operation that, under specified conditions, in a fi rst step, establishes a relation between the 
quantity values with measurement uncertainties provided by measurement standards and 
corresponding indications with associated measurement uncertainties (of the calibrated instrument 
or secondary standard) and, in a second step, uses this information to establish a relation for 
obtaining a measurement result from an indication."  (from International vocabulary of metrology - 
Basic and general concepts and associated terms  (VIM) (JCGM 200:2012, 3rd edition)). 

A definition found in the NIST Handbook 150:2001 is: “1.5.8 Calibration: Set of operations that 
establish, under specified conditions, the relationship between values of quantities indicated by a 
measuring instrument or measuring system, or values represented by a material measure or a 
reference material, and the corresponding values realized by standards.  
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NOTE 1 The result of a calibration permits either the assignment of values measured to the indications or the 
determination of corrections with respect to indications. 

NOTE 2 A calibration may also determine other metrological properties such as the effect of influence quantities.  

NOTE 3 The result of a calibration may be recorded in a document, sometimes called a calibration certificate or a 
calibration report.” 

According to standards ISO 9001:2008 7.6 and ANSI/NCSL Z540.3 -2006, calibration is a 
comparison of the device being tested against a traceable reference instrument (calibrator) and 
documentation of this comparison. Although calibration does not formally include any adjustments, 
in practice, adjustments are possible and often included in the calibration process.  

In the absence of a calibration program, maintenance practices for line, vessel or equipment-
mounted devices such as pressure, temperature and level indicators, unfortunately, may occur 
only when the error in reading becomes large enough to be obvious to the operator or technician. 
Maintenance personnel routinely make decisions based on these devices. A faulty indication on 
such a device could lead to the release of energy or other unsafe action. A well -considered 
calibration program that periodically measures actual loop accuracy can provide confidence in the 
indications and drive the calibration intervals for these devices.  

Instrumentation based on newer technology, e.g., “smart” devices, is more accurate than older 
technology devices and more stable, requiring less frequent calibration monitoring. A calibration 
program should also accommodate these device types appropriately, such as calibration check 
frequency and accuracy of calibration equipment required.  

Instrumentation worth purchasing and installing is worth calibrating and maintaining. All 
instrumentation, including the highest quality devices, will drift over time and provide less accurat e 
measurements. Calibration corrects for that drift. Thus, it is critical that all instruments are 
calibrated on their appropriate intervals.  

Companies striving to maintain a safe working environment while ensuring the reliability of their 
facilities may use calibration as a means of verifying the functionality and accuracy of their 
equipment.  

Like other aspects of maintenance, there are many things to consider when establishing a company 
calibration program. Certainly, this is the case with the calibration of monitoring and control loops 
in a facility IACS. This document presents a recommended approach to developing, implementing 
and maintaining a calibration program that is intended to increase accuracy and reliability of an 
IACS, decrease maintenance costs, and improve quality control. More importantly, this approach 
is also intended to increase safety of operation as the result of increased accuracy and reliability 
of the instrumentation.  

This approach to calibration has proven successful when companies have adhered to the concepts 
set forth in these guidelines, enabling those companies to realize the full benefits from a 
standardized approach to calibration. 

The intended audience for this document is any company or industry that utilizes instrumentatio n 
in the monitoring and control of a process or facility.  

Organization 

This recommended practice is organized to provide recommendations on:  

• Establishing a calibration program; 

• Calibration program activities; and 

• Calibration program management. 
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1 Scope 

1.1 General applicability 

The recommended practice detailed in this document defines a baseline definition and model of a 
quality management system that can be utilized to implement and maintain a calibration program 
for industrial automation and control systems. It is applicable to all IACSs. 

1.2 Inclusions and exclusions 

1.2.1 Manufacturer specific calibration procedures 

This document does not provide or recommend manufacturer-specific calibration procedures for 
specific instruments as these are established by the instrument manufacturer and are outside the 
scope of this document.  

1.2.2 BPCS and SIS functionality 

This document does not include any consideration for how instrumentation and control signals are 
handled within the BPCS or SIS other than including indication of the s ignal in loop accuracy 
calculations. 

1.2.3 Control valve and other final control devices calibration 

This document does not cover the essential maintenance of the mechanical aspects of these and 
other mechanical devices. 

1.2.4 Regulatory requirements 

Regulatory requirements related to loop/instrument accuracies are not included in this 
recommended practice.   

1.2.5 SIS instrument calibration 

The calibration of monitoring and control loops that are part of safety instrumented systems is 
included in the scope of this recommended practice. The documentation and management of these 
instruments as part of safety instrumented systems is excluded. For more information, see ISA -

84.00.01 (IEC 61511 Mod) and all its parts. 

1.2.6 Instrument criticality 

This document mentions criticality as it  applies to a calibration program. This document does not 
modify any guidelines for establishing criticality provided in ISA-TR91.00.02. 

1.2.7 Control loop performance 

The performance of final control elements and the tuning of control loops are excluded from th e 
scope of this recommended practice.  

1.2.8 Hazardous areas 

Instruments can be located in hazardous locations. These instruments are to be installed, operated 
and maintained in accordance with requirements for those hazardous locations. The precautions 
for working on these instruments are outside the scope of this document. Refer to other codes and 
standards addressing electrical equipment in hazardous locations for applicable requirements, 
such as ANSI/ISA-12.01.01-2013, Definitions and Information Pertaining to Electrical Equipment 
in Hazardous (Classified) Locations . 

2 References  

ISA-TR91.00.02-2003, Criticality Classification Guideline for Instrumentation  

ANSI/ISA-5.1-2009, Instrumentation Symbols and Identification  
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ISA-5.4-1991, Instrument Loop Diagrams  

ANSI/ISA-12.01.01-2013, Definitions and Information Pertaining to Electrical Equipment in 
Hazardous (Classified) Locations   

ISA-84.00.01 Parts 1-3 (IEC 61511 Mod), Functional Safety: Safety Instrumented Systems for the 
Process Industry Sector 

NIST Handbook 150 Checklist:2001, National Voluntary Laboratory Accreditation Program 
(NVLAP) 

Liptak, Bela G., Editor. Instrument Engineers’ Handbook, Process Measurement and Analysis, 
Fourth Edition, International Society of Automation, 2003 

Ultimate Calibration, 2nd Edition, Beamex, 2009 

Cable, Mike. Calibration: A Technician’s Guide , International Society of Automation, 2005 

ISO 9001:2015, Quality management systems, Clause “Control of monitoring and measuring 
equipment”, International Organization for Standardization 

ANSI/NCSL Z540.3-2006 (R2013), Requirements for the Calibration of Measuring and Test 
Equipment, NCSL International 

ANSI/NCSL RP-1-2010, Establishment and Adjustment of Calibration Intervals, NCSL International 

JCGM 200:2012, 3rd edition. International vocabulary of metrology - Basic and general concepts 
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3 Definition of terms and acronyms 

3.1 Terms 

3.1.1  
accuracy 
as part of the calibration activity, the degree of conformity of a device’s output to its actual input 
value, typically expressed in terms of the measured variable, for example percent of full scale 
value or percent of actual reading; usually measured as an inaccuracy and expressed as accuracy  

Note 1 to entry: The difference between these expressions can be great. The only way to com pare accuracy expressed 
in different ways is to calculate the total error at certain points  in engineering units.  

3.1.2  
adjustment 

as part of a calibration activity, the act of adjusting a device to meet a known standard  

3.1.3  
calibration 
procedure (3.1.18) of checking or adjusting (by comparison with a reference standard) the 
accuracy of a measuring instrument  

[SOURCE: ISO 15378, modified – “process” was replaced with “procedure”]  

3.1.4  
calibration work instructions 

step by step instructions for performing a calibration on a specific device or loop 

3.1.5  
criticality 
criticality ranking or classification of items or events based upon relative significance, importance, 
or severity. 
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