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Preface 

This preface, as well as all footnotes and annexes, is included for informat ion purposes and is 
not part of ISA-TR5.1.01/ISA-TR77.40.01-2012 (R2016). 
 
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 
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 10-10, 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. 
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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. 
ADDITIONALLY, THE USE OF THIS DOCUMENT MAY INVOLVE HAZARDOUS MATERIALS, 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 STANDARD. 

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 members of ISA-TR77.40 WG1 approved this document for reaffirmation in 2016: 
 
NAME COMPANY 
D. Lee, Chair ABB Inc. 
J. Weiss, Managing Director Applied Control Solutions LLC 
D. Andrasik Consultant 
C. Carter The Fieldbus Center 
D. Crow* Schneider Electric 
A. Davison Fluor Canada Ltd. 
O. Fasasi Shell P & T Dev Co Ltd. 
W. Hocking* Schneider Electric 
P. Hollingshead Babcock & Wilcox 
E. Hutchins AEP/PSO 
R. Marshall Control Solutions 
N. Pandey Technisource 
M. Pandya Southern Company Services Inc. 
D. Roney AECOM 
K. Sefton Qatar Petroleum 
C. Taft Taft Engineering Inc. 
D. Turner Turner Technology Pty. Ltd. 
I. Verhappen Industrial Automation Networks, Inc. 
V. Yi PDVSA 
A. Zadiraka AJ Zadiraka LLC 
__________ 
* One vote per company. 
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Foreword 
 
Functional diagrams were first employed when discrete and electric analog control systems were 
designed. Associations and professional societies, such as Scientific Apparatus Makers 
Association (SAMA), ISA, and ISO, provided guidelines as to industry use of functional diagrams. 
SAMA has ceased to exist, but its popular standard, PMC 22.1-1981, Functional Diagramming of 
Instrument and Control Systems, is currently available through The Measurement, Control and 
Automation Association as well as ISA. Current ISA standards available for industry use include 
ANSI/ISA-5.1-2009, Instrument Symbols and Identification, and ISA-5.2-1976 (R1992), Binary 
Logic Diagrams for Process Operations. Symbols from SAMA PMC 22.1-1981, Functional 
Diagramming of Instrument and Control Systems , have been incorporated into ANSI/ISA-5.1-
2009. The work within this technical report maintains historical practices of the previous and 
current documents and expands on new algorithms and practices. 
 

Abstract 
 
This technical report is an extension of ANSI/ISA-5.1-2009. The intent of this report is to provide 
further information and practical examples on the usage of functional diagrams for documenting 
application software. It is hoped that this report will be a handy reference to design engineers 
who are directly involved in the generation or review of functional diagrams.  
 

Keywords 
 
functional diagram, function block symbols, application software, control algorithm, cascade 
controller, multiple input multiple output controller, symbol legend, PID controller 
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1 Scope 
The scope of this technical report is to expand on and illustrate usage of function block symbols 
and functions and to prepare examples in development of complex function block symbols and 
functions. 

2 Purpose 
The purpose of this technical report is to provide advice and guidance in documenting application 
software through functional diagrams.  

3 Definitions 
3.1 alarm: 
an audible and/or visible means of indicating to the operator an equipment malfunction, process 
deviation, or abnormal condition requiring a response [ANSI/ISA-18.2-2016] 
 
3.2 application software: 
software specific to a user application that is configurable and in general contains logic 
sequences, permissive and limit expressions, control algorithms, and other codes required to 
control the appropriate input, output, calculations, and decisions 
 
3.3 binary: 
a term applied to a signal or device that has only two discrete positions or states. When used in 
its simplest form, as in binary signal (as opposed to analog signal), the term denotes an on-off or 
high-low state, i.e., one which does not represent continuously varying quantities.  
 
3.4 controller: 
any manual or automatic device or system of devices used to regulate a process within defined 
parameters. If automatic, the device or system responds to variations in a process variable.  
 
3.5 control station: 
a manual loading station that provides control-loop switching between manual and automatic 
control mode. It is also known as an auto-manual station. In addition, the operator interface of a 
distributed control system may be regarded as a control station.  
 
3.6 converter: 
a device that receives instrument signal information in one form and transmits an output signal in 
another form. An instrument that changes a sensor's output to a standard signal is properly 
designated as a transmitter, not a converter. Typically, a temperature element (TE) may connect 
to a transmitter (TT), not to a converter (TY).  
 
3.7 digital: 
a term applied to a signal or device that uses binary digits to represent continuous  values or 
discrete states  
 
3.8 distributed control system: 
a system that, while being functionally integrated, consists of subsystems that may be physically 
separate and remotely located from one another 
 
3.9 function: 
the purpose of or an action performed by a device 
 

This is a preview of "ISA TR5.1.01-TR77.40...". Click here to purchase the full version from the ANSI store.

https://webstore.ansi.org/Standards/ISA/ISATR501TR77402012R2016?source=preview

