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INTERNATIONAL ELECTROTECHNICAL COMMISSION

MEASURING RELAYS AND PROTECTION EQUIPMENT -

Part 24: Common format for transient data exchange (COMTRADE)
for power systems

FOREWORD

1) The International Electrotechnical Commission (IEC) is a worldwide organization for standardization comprising
all national electrotechnical committees (IEC National Committees). The object of IEC is to promote
international co-operation on all questions concerning standardization in the electrical and electronic fields. To
this end and in addition to other activities, IEC publishes International Standards, Technical Specifications,
Technical Reports, Publicly Available Specifications (PAS) and Guides (hereafter referred to as “IEC
Publication(s)”). Their preparation is entrusted to technical committees; any IEC National Committee interested
in the subject dealt with may participate in this preparatory work. International, governmental and non-
governmental organizations liaising with the IEC also participate in this preparation.

IEEE Standards documents are developed within IEEE Societies and Standards Coordinating Committees of the
IEEE Standards Association (IEEE-SA) Standards Board. IEEE develops its standards through a consensus
development process, approved by the American National Standards Institute, which brings together volunteers
representing varied viewpoints and interests to achieve the final product. Volunteers are not necessarily
members of IEEE and serve without compensation. While IEEE administers the process and establishes rules
to promote fairness in the consensus development process, IEEE does not independently evaluate, test, or
verify the accuracy of any of the information contained in its standards. Use of IEEE Standards documents is
wholly voluntary. IEEE documents are made available for use subject to important notices and legal disclaimers
(see http://standards.ieee.org/IPR/disclaimers.html for more information).

IEC collaborates closely with IEEE in accordance with conditions determined by agreement between the two
organizations. This Dual Logo International Standard was originally an IEEE standard that was adopted by the
IEC and has been jointly revised by the IEC and IEEE under the terms of that agreement.

2) The formal decisions of IEC on technical matters express, as nearly as possible, an international consensus of
opinion on the relevant subjects since each technical committee has representation from all interested IEC
National Committees. The formal decisions of IEEE on technical matters, once consensus within IEEE Societies
and Standards Coordinating Committees has been reached, is determined by a balanced ballot of materially
interested parties who indicate interest in reviewing the proposed standard. Final approval of the IEEE
standards document is given by the IEEE Standards Association (IEEE-SA) Standards Board.

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

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

5) IEC and IEEE do not provide any attestation of conformity. Independent certification bodies provide conformity
assessment services and, in some areas, access to IEC marks of conformity. IEC and IEEE are not responsible
for any services carried out by independent certification bodies.

6) All users should ensure that they have the latest edition of this publication.

7) No liability shall attach to IEC or IEEE or its directors, employees, servants or agents including individual
experts and members of its technical committees and IEC National Committees, or volunteers of IEEE Societies
and the Standards Coordinating Committees of the IEEE Standards Association (IEEE-SA) Standards Board,
for any personal injury, property damage or other damage of any nature whatsoever, whether direct or indirect,
or for costs (including legal fees) and expenses arising out of the publication, use of, or reliance upon, this
IEC/IEEE Publication or any other IEC or IEEE Publications.

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

9) Attention is drawn to the possibility that implementation of this IEC/IEEE Publication may require use of
material covered by patent rights. By publication of this standard, no position is taken with respect to the
existence or validity of any patent rights in connection therewith. IEC or IEEE shall not be held responsible for
identifying Essential Patent Claims for which a license may be required, for conducting inquiries into the legal
validity or scope of Patent Claims 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. Users of this standard are expressly advised that determination of the validity of any patent

rights, and the risk of infringement of such rights, is entirely their own responsibility.
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International Standard IEC 60255-24/IEEE Std C37.111 has been jointly revised by the Power
System Relaying Committee of the IEEE Power and Energy Society?! in cooperation with IEC
Technical Committee 95: Measuring relays and protection equipment, under the IEC/IEEE
Dual Logo Agreement.

This second edition cancels and replaces the first edition published in 2001 and constitutes a
technical revision. The main changes with respect to the previous edition are as follows:

a) The new edition allows single file format (with extension .CFF) in lieu of four separate
files.

b) The single file with .CFF extension contains four sections of information corresponding
to .CFG, .INF, .HDR, and .DAT. The DAT section is either in ASCII or Binary.

c) The following additional data file types are also supported: binary32 (using 4 bytes to
represent integer numbers) and float32 (using 4 bytes to represent real numbers).

d) The configuration (.CFG) file/section has been modified. Four new fields have been added
at the end of the .CFG file/section in two separate lines. Two fields represent the time
information and the time difference between local and UTC time, and these two fields
comprise one line. Another two fields represent the time quality of samples and comprise
the last line of the file/section.

e) Some of the fields in the Configuration (.CFG) file/section have been designated critical
instead of non-critical.

f) The use of Unicode UTF-8 characters has been added. However and because of the
extensive use of the terms ASCII and Text throughout this document, any occurrence of
these terms also inherently implies Unicode UTF-8.

The text of this standard is based on the following IEC documents:

FDIS Report on voting
95/308/FDIS 95/311/RVD

Full information on the voting for the approval of this standard can be found in the report on
voting indicated in the above table.

International standards are drafted in accordance with the ISO/IEC Directives, Part 2.

The IEC Technical Committee and IEEE Technical Committee have decided that the contents
of this publication will remain unchanged until the stability date indicated on the IEC web site
under "http://webstore.iec.ch" in the data related to the specific publication. At this date, the
publication will be

* reconfirmed,

* withdrawn,

* replaced by a revised edition, or
*+ amended.

IMPORTANT — The 'colour inside’ logo on the cover page of this publication indicates
that it contains colours which are considered to be useful for the correct
understanding of its contents. Users should therefore print this document using a
colour printer.

1 A list of IEEE participants can be found at the following URL:
http://standards.ieee.org/downloads/C37/C37.111-2013/C37.111-2013_wg-participants.pdf
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INTRODUCTION

The increasing use of digital technology in devices such as protection, oscillograph,
measurement, and control apparatus in electric power substations has created the potential
for accumulating large numbers of digital records of power system transient events. In
addition to these sources of digital data, analog and digital power-system simulators may be
used to generate digital records. The users of these records are faced with the problem of
having to cope with different formats used by each system to generate, store, and transmit
records.
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MEASURING RELAYS AND PROTECTION EQUIPMENT -

Part 24: IEEE-Standard Common format for transient data exchange
(COMTRADE) for power systems

1 Owverview

1 Scope

This International Standard defines a format for files containing transient waveform and event data
collected from power systems or power system models. The format is intended to provide an easily

interpretable form for use in exchanging data. As—suech—it-doesnot-makeuse—ofthe-economies

advantage-The standard is for files stored on currently used physical media such as digitalportable

external hard drives-and-diskettes:, USB drives, flash drives, CD, and DVD. It is not a standard for

transferring data files over communication networks.

12 Purpese

This standard defines a common format for the data files and exchange medium needed for the
interchange of various types of fault, test, and simulation data. The rapid evolution and
implementation of digital devices for fault and transient data recording and testing in the
electric utility industry have generated the need for a standard format for the exchange of time
sequence data. These data are being used with various devices to enhance and automate the
analysis, testing, evaluation, and simulation of power systems and related protection schemes
during fault and disturbance conditions. Since each source of data may use a different
proprietary format, a common data format is necessary to facilitate the exchange of such data
between applications. This will facilitate the use of proprietary data in diverse applications and

allow users of one proprietary system to use digital data from other systems.
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2 Normative references

IEEE Std C37.118 ™ -2005, IEEE Standard for Synchrophasors for Power Systems

IEEE Std C37.232 ™ 2007, IEEE Recommended Practice for Naming Time Sequence Data Files

IEEE Std 260.1 ™ -1993, IEEE Standard Letter Symbols For Units of Measurement (SI Units, Customary

Inch-Pound Units)

IEEE Std 280 ™ -1985 (R1996), IEEE Standard Letter Symbols for Quantities Used in Electrical

Science and Electrical Engineering (DOD)

IEEE Std 754 ™ -2008, IEEE Standard for Floating Point Arithmetic ISO 80000-1, Quantities and units -

Part 1: General

3 Terms and definitions

For the purpose of this document the following terms and definitions apply:

3.1

critical data

any data that are necessary for reproduction of the sample data
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3.2

non-critical data

any data in the COMTRADE configuration file which are not absolutely necessary for

reproduction of the sample data, and some variables provided in the configuration file that may

not be relevant to a particular application

3.3

COMTRADE

Common Format for Transient Data Exchange

format of time sequence data generated by various sources for exchange purpose

Note 1 to entry: This note applies to the French language only.

3.4

electro-magnetic transient program

EMTP

programs that produce time sequence data by analyzing mathematical models of the power

system, unlike the devices that record actual power system events

Note 1 to entry: Electromagnetic transient simulation programs can provide many different test

cases for a relay, because of the use of the case with which the input conditions of the study can

be changed.
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Note 2 to entry: This note applies to the French language only.

3.5

skew

time difference between sampling of channels within the sample period of a record for an analog-to-

digital converter

EXAMPLE: In an eight-channel device with one analog-to-digital (A/D) converter without

synchronized sample and held running at a 1 ms sample rate, the first sample will be at the time

represented by the timestamp; the sample times for successive channels within each sample

period could be up to 125 us behind each other. In such cases the skew for successive channels

will be 0; 125; 250; 375 us...; etc.

3.6

time sequence data

TSD

type of electronic data file where each data item in the file corresponds to an instant of time that

is identified by an explicit or implicit time tag, such as transient data records, event sequences,

and periodic data logs

Note 1 to entry: This note applies to the French language only.

Documents

Document Sharing Hub
Authorized licensed use limited to: Tsinghua University. Downloaded on February 26,2026 at 13:03:32 UTC from IEEE Xplore. Restrictions apply.

Full document details: IEEE C37.111-2013


http://www.avadocuments.com/doc/ieee-c37-111-2013
http://www.avadocuments.com/doc/ieee-c37-111-2013

4 File and data storage

4.1 Categories of files

4.1.1 General

Files stored on digital devices and media consist of bytes representing a combination of
alphabetic, numeric, symbol, punctuation, and other formatting characters. Depending on the
format, a byte, part of a byte, or more than one byte, may be represented by a letter, number, or
symbol (e.g., "A," "3," or "+"). There are three general classes of files used on computer systems:

executable files, text files, and data files. The use of the file determines the category.

4.1.2 Executable files

Executable files contain a sequence of instructions suitable for processing by a computer.
Computer programs are stored as executable files (.EXE). COMTRADE does not define executable

files.

41.3 Text files

Text files imply data in human-readable form. A text file may be used for control of a computer
program if the format is rigidly specified. COMTRADE text files use the character
representation specified in ANSI X3.4-1986 [B1]* 2.This is often called "ASCII format" or "text (.TXT)

format" by word processor programs. Characters from the Unicode UTF-8 Standard are also

allowed. Any occurrence of the terms ASCII or text in this document also inherently implies

Unicode UTE-8.

2This is a reference to the Bibliography.
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COMTRADE defines one freeform ASCII text file intended for strictly human interpretation, the
header file. COMTRADE also defines three files in which the format is rigidly controlled and
which are both human-and computer-readable—the configuration file-and, the information file,

and the ASCII form of the data file.

Most word processors can save text files in two or more formats. The text format contains only the
characters actually typed, including punctuation and standard formatting characters such as
carriage return/line feed. Other formats contain special characters, specific to the particular word
processor being used. The text format shall be used for the text files in a COMTRADE record to
eliminate word processor-specific characters or codes. Programs intended to read COMTRADE files

only require use of the typed characters that most word processor programs can read or print.

If no command exists in the word processor to save the file in this format, an alternative

method is to use the print functions to print the text to disk to create the file.

414 Data files

Data files may contain numeric data, text data, or both. The data may be stored in either binary
or ASCII format. Fields within ASCII format data files use defined text separated by commas, or
some other common delimiter. As such, they are both human- and machine-readable. Most word
processors cannot format, read, or write data files in binary form. However, many spreadsheet
and data processing programs can read binary data files, if the format is known. Binary numbers
must be processed by application-specific software to be easily interpreted by humans.
COMTRADE defines one binary file, the binary form of the data file. Binary data are generally used
when large amounts of data are to be stored because this uses less storage space (e.g., three bytes
of binary data can represent numbers from 0 to 16 777 215 whereas three bytes of ASCII data can
only represent the-numbers from 0 to 999). ASCII numbers have the advantage of being interpreted

by humans; and by standard computer hardware and software.
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4.2 Critical/non-critical data

Some of the data in the configuration file are not absolutely necessary for reproduction of the sample
data, and some variables provided fexin the configuration file may not be relevant to a particular
application. Such data is described as non-critical and may be omitted. An-example-ofsuchnen-
eritical-data—is—the recording-device—channel-name—However, the position normally occupied by
such variables shall be maintained in order to maintain the integrity of the file. If data are
described as non-critical in any clause of this standard, the position may be left empty and the
corresponding data separator retained following the preceding data separator with no
intervening characters or spaces. Any data that are necessary for reproduction of the sample

data are termed critical. If such data are missing, the file may be unusable.

4.3 Data representation

4.3.1 General

Data are stored in files as series of binary digits or “bits:". Each bit can be either a 1 or a 0. The bits
are organized in groups of eight bits called bytes. When a computer reads the data in a file, it

reads the data as a series of bytes.
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4.3.2 Binary data

The eight bits in a byte can be organized in 256 different combinations. They can be used, therefore,
to represent the numbers from 0 to 255. If larger numbers are needed, several bytes can be used
to represent a single number. For example, 2 bytes (16 bits) can represent the numbers from 0 to 65
535. When the bytes are interpreted in this fashion, they are known as binary data. Several
different formats are in common use for storage of numeric data in binary form. This standard

supports three of these formats. The supported formats are 16 and 32 bit integer numbers defined

according to the two's complement system (hereinafter, referred to as "binary" and "binary32"

data respectively), and 32 bit real numbers defined according to the IEEE Std 754™-2008

(hereinafter, referred to as float32 data). The float32 data type format is intentionally listed in

this binary data subclause for convenience even though the format is not a straight binary count.

4.3.3 ASCII data

As an alternative to a byte representing the numbers 0 to 255, a byte can be used to represent
256 different symbols. ASCII is a standard code of symbols that match 128 of the combinations of
eight binary bits. For example, the byte 01000001 represents an uppercase "A" while 01100001
represents a lowercase "a." With 128 different combinations, it is possible to represent all of the
keys on the keyboard plus many other special symbols. The remainder of the 256 combinations
available from an eight-bit format are used for drawing and other special application-characters.
To represent a number in ASCII format requires one byte for each digit of the number. For

example, 4 bytes are needed to represent the number 9 999 in ASCII format. When the bytes are

interpreted in this fashion, they are known as ASCII data.
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4.4 Data field delimiters and lengths

4.4.1 General

Data fields within a file or within a subset of data in a file shall be separated from the other data
fields so that they may be extracted for reading or manipulation. For instance, written text uses a
space as a word delimiter. Computer files use a variety of delimiters. In the binary form of
COMTRADE data files, the only delimiter is a strict definition of the length and position of each
data variable, and a byte count of the position within the file is necessary to determine the limit of

any data entry. On the other hand, the ASCII files defined by COMTRADE use the comma and the

carriage return/line feed as data separators. This permits the use of variable field lengths, but
means that these characters cannot be used within any data entry. Leading spaces or zeroes are
allowed in ASCII numeric fields provided the permitted maximum character count is not

exceeded.

4.4.2 Carriage return/line feed delimiter <CR/LF>

COMTRADE uses the symbol <CR/LF> to represent a data separator terminating the-end-ofa

line-er-a set of data. The delimiter is the combination of two ASCII formatting characters:

CR = carriage return takes the cursor or insertion point back to the beginning of the current line

and is identified by the hexadecimal value OD.

LF = line feed moves the cursor or insertion point to a new line below the current line and is

identified by the hexadecimal value OA.
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The symbols "<" and ">" surrounding the CR/LF are used to delineate the delimiter from the

neighbouring text within this standard and are not part of the delimiter.Jn—meostipresent-day

" "

Historically, operating systems use LF to indicate a new line but not all of them do. Others may

use a variety of other characters for indicating new lines. It is important to note that in COMTRADE

<CR/LF> is defined as a separator and not as a new line indicator because the main intent is to

exchange transient data between users and across operating systems.

44.3 Comma delimiter

The comma is used as a delimiter for data entries within a—sample—in the COMTRADE
configuration (.CFG), information (.INF), and-ASCII format data (.DAT), and combined format

data (.CFF) files.

4.4.4 Field lengths

Field lengths are specified for many alphabetic or numeric variables in the COMTRADE
standard. These limitations were specified to simplify reading lines of data containing many
variables. For integer numeric variables, the maximum field length is one character longer than
required to hold the maximum value for that field. This extra character space is allowed for a

leading minus for signed numbers and to allow the application of simple programming techniques

that automatically print the leading space, even for unsigned numbers.—Fhe-6-character-and10-
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4.5 Floating point notation_for ASCII data

Real numbers may be stored in several ways. Numbers of limited range can be entered as a numeric

string of ASCII characters with a decimal point. For larger or smaller numbers, any reasonable limit

on string length leads to a loss of resolution. In such cases, it is desirable to store the number in a
format allowing use of a representation of the significant digits (mantissa) and a multiplier
(exponent) format. Spreadsheets and other mathematical programs often use floating point
notation to represent such numbers. COMTRADE allows the use of floating point notation
(Kreyszig [B6]) to represent real numbers fereonversionfactors-in the .CFG and .DAT files. The
terms exponential notation or scientific notation are sometimes used for this form and
interpretations of the form vary. Since programs designed to read COMTRADE files must be able
to recognize and interpret numbers represented in this format, one single format is defined here.

The numbers shall be interpreted and displayed as follows.

A signed floating point value consists of an optional sign (+ or -) and a series of decimal digits
containing an optional decimal point, followed by an optional exponent field that contains the
character "e" or "E" followed by an optionally signed (+ or -) integer exponent. The exponent is a
factor of base 10, so 3E2 means 3 multiplied by 100 (10) or 300. Correct interpretation of negative

numbers and negative exponents requires the inclusion of the negative sign. For positive

numbers or exponents the sign is optional and is assumed positive if absent.

The format shall be written as:

[+]d[d][.]d[d][d][d][E[«]d[d][d]]

where

— Square brackets surround any optional item.

"d" represents any numeral between 0 and 9.
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— At least one numeral must appear in the field.

— If the decimal point appears, at least one numeral shall appear to the left and right.

— The character "e" or "E" represents "exponential" with base 10.

* If the exponential sign appears, it must be followed by at least one numeral

non

* The intervening plus/ minus sign is optional if positive, but must be "+" or"-" not "+."

— The numeric value following "E" must be an integer.

Examples:

Acceptable

1E2 (= 100)

1.23E4 (= 12 300)

0.12345E-5 (= 0.0000012345)

—1.2345E2 (=-123.45)

Unacceptable

.123 (one numeral must precede decimal)

123E (at least one numeral must follow "E")

+0.123E+4 (plus/minus signs make the value indeterminate)
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0.123 E4 (space before "E" not allowed)

4.6 Methods of accessing data in files

4.6.1 General

The two different methods used to access text and data files are sequential or random access.

In general, text files are sequential access and data files are either sequential erderor random

access.

4.6.2 Random access files

Data within random access files can be retrieved or stored in any random sequence. The access
time for each record is independent of the location of the data. Each data field has a specific

address that can be used for reading or writing. COMTRADE does not recommend the use_of

random access files.

4.6.3 Sequential files

Sequential files are accessed by reading or writing each data field in sequence. Individual data
fields have no specific address and their position in the file is relative to the other variables.
The exact byte-count position in the file is dependent on the length of the preceding variables.

COMTRADE uses sequential files.
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4.7 Primary to secondary ratios

The devices used to measure and record events on a high voltage system are not capable of
accepting the high voltage and high currents of the power system directly. These devices are built
to accept inputs in more manageable and less dangerous levels, termed secondary quantities.
Voltage transformers and current transformers_[B5] are used to reduce the voltage and current
signals on the power system to these lower values. The transformer ratios are chosen so that when
the power system is running at the rated or nominal primary value, the secondary value is at the
nominal secondary value. The ratio is specified in primary-secondary order, the convention

being that the primary is closest to the source of power. Primary ratings are available for all

common voltages and load values on the power system. Common-valuesfor-the-secondary-values

deseription-and-rating-of these-transformers: Thus, for a current transformer applied to a feeder and

rated at 800:5, the secondary current will be at the nominal 5 A value only when the primary load

current is 800 A. Lower values of load result in correspondingly lower values of secondary

current.

For three-phase applications, voltage transformers are normally rated in phase-to-phase voltage
values rather than phase-to-ground. The output of a voltage transformer rated at 345 kV:-120 V will
be 120 V phase-to-phase (70 V phase-to-ground) only when the primary system phase-to-phase
voltage is 345 kV. The term line-to-line is used interchangeably with phase-to-phase, and similarly

line-to-ground instead of phase-to-ground.

5 COMTRADE files

5.1 General

Each COMTRADE record has a set of up to four files associated with it (see Clause 24.). Each of

the four files carries a different class of information. The four files are as follows:
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a) header;

b) configuration;

c) data; and

d) information.

All files in the set shall have the same file name, differing only by the extensions that indicate the

type of files.

File names are in the form »oeeccocyyy-"name.extension" [B3]. The xoocooe'name” portion is

the nametitle used to identify the record (e.g.,, FAULT1 or TEST_2). The =y extension" portion of
the file name is used to identify the type of file and is known as the extension: .HDR for the
header file, .CFG for the configuration file, .DAT for data file(s), and .INF for the information

file.

limitedto-threecharacters.The filenames should follow IEEE Std C37.232™-2007. However, users

and manufacturers should take appropriate care to restrict the filename length so that the files can

be copied using available operating systems and CD/DVD writing technologies.

It is also possible to have all of the four files as separate sections in a single COMTRADE file with

extension .CFF. This single file format is described in Clause 10. It must be possible to get the

four files mentioned above from the single file or vice-versa by using a conversion program.

5.2 Header file 3ooooco<(HDR)

The header file is an optional ASCII text file created by the originator of the COMTRADE data,
typically through the use of a word processor program. The data is intended to be printed and read
by the user. The creator of the header file can include any information in any order desired.

Examples of information to include are given in subelause-6.2. The header file format is ASCII.
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5.3 Configuration file ooccc0xx (CFG)

The configuration file is an ASCII text file intended to be read by a computer program and,
therefore, must be saved in a specific format. The configuration file contains information
needed by a computer program in order to properly interpret the data (.DAT) file. This
information includes items such as sample rates, number of channels, line frequency, channel

information, etc.

One field in the first line of the configuration file identifies the year of the COMTRADE
standard revision with which the file complies (e.g., 1991, 1999, 2013, etc.). If this field is not present
or it is empty, then the file is assumed to comply with the original issue of the standard
(1991). The configuration file also contains a field that identifies whether the companion data
file is stored in ASCII or binary format. Details of the exact content and format of the

configuration file are given in Clause 7.

The configuration file can be created with a word processing program or by a computer

program that creates the configuration file from the data that is the source of the transient record.

H-a-word-proeesser-isused-to-The program that creates the configuration file# must save the data
in ASCII text file format.

5.4 Data file oocoeex (DAT)

The data file contains the value for each input channel for each sample in the record. The number
stored for a sample is a scaled version of the value presented to the device that sampled the
input waveform. The stored data may be either-zero-based, or it may have a zero offset. Zero-
based data spans from a negative number to a positive number (e.g., -2000 to 2000). Zero-offset
numbers are all positive with a positive number chosen to represent zero (e.g., 0 to 4000, with
2000 representing zero). Conversion factors specified in the configuration file defines how to
convert the data values to engineering units. The data file also contains a sequence number and
time stamp for each set of samples.
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In addition to data representing analog inputs, inputs that represent on/off signals are also
frequently recorded. These are often referred to as digital inputs, digital channels, digital sub-
channels, event inputs, logic inputs, binary inputs, contact inputs, or status inputs. In this
standard, this type of input is referred to as a status input. The state of a status input is

represented by a number "1" or "0" in the data file.

The data files may be in either ASCII er binary, binary32, or float32 format—a field in the

configuration files indicates which format is used. A detailed description of the data file format is

given in Clause 8.

5.5 Information file xoooooox (INF)

The information file is an optional file containing extra information that, in addition to the
information required for minimum application of the data set, file originators may wish to make
available to users. The format provides for public information that any user can read and use, and
private information that may be accessible only to users of a particular class or manufacturer.

The information file is described in detail in Clause 9.

6 Header file

6.1 General

The header file is an ASCII text file for the storage of supplementary narrative information,
provided for the user to better understand the conditions of the transient record. The header file

is not intended to be manipulated by an applications program.
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6.2 Content

Examples of information that may be included in the header file are as follows:

a) description of the power system prior to disturbance;

b) name of the station;

c) identification of the line, transformer, reactor, capacitor, or circuit breaker that experienced the

transient;

d) length of the faulted line;

e) positive and zero-sequence resistance-ane-, reactance, and capacitance;

f) mutual coupling between parallel lines;
g) locations and ratings of shunt reactors and series capacitors;

h) nominal voltage ratings of transformer windings, especially the potential and current
transformers;

i) transformer power ratings and winding connections;

j) parameters of the system behind the nodes where the data was recorded (equivalent

positive- and- zero-sequence impedance of the sources);

k) description of how the data was obtained, whether it was obtained at a utility substation or
by simulating a system condition on a computer program such as an electro-magnetic

transient program (EMTP);

) description of the anti-aliasing filters used;
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m) description of analog mimic circuitry; and

n) the phase sequencing of the inputs;-and.

o) Numberofdi Lich i y .

6.3 Filenames

Header filenames shall have the .HDR extension to distinguish them from the configuration, data,
and information files in the same set and to serve as a convention that is easy to remember and

identify.

6.4 Format

The header file shall be a freeform ASCII text file of any length.

7 Configuration file

7.1 General

The configuration file is an ASCII text file that provides the information necessary for a human or
a computer program to read and interpret the data values in the associated data files. The
configuration file is in a predefined, standardized format so that a computer program does not

have to be customized for each configuration file.
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7.2 Content

The configuration file shall have the following information:

a) station name, identification of the recording device, and COMTRADE standard revision

year;

b) number and type of channels;

¢) channel names, units, and conversion factors;

d) line frequency;

e) sample rate(s) and number of samples at each rate;

f) date and time of first data point;

g) date and time of trigger point;

h) Data file type;-ané

i) time stamp multiplication factor;

j) time code and local code; and

k) time quality of the samples.
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7.3 Filenames

Configuration filenames shall have the .CFG extension to distinguish them from header, data, and
information files in the same set and to serve as a convention that is easy to remember and

identify.

7.4 Format

74.1 General

The configuration file is an ASCII text file in a standardized format. It must be included with

every file set to define the format of the data file.

The file is divided into lines. Each line shall be terminated by a carriage return and line feed.
Commas are used to separate fields within a line. The data separator comma is required even if no
data is entered into a field. Since commas, carriage returns, and line feeds are used as data
separators, they are not legal characters within any field. For example, a channel name such as
"Pacific West, Line number two" shall be interpreted as two separate fields. The use of data
separators allows the field length to be variable so that leading or padding zeroes or spaces are not
required. However, because some programming languages reserve a leading character position for
a minus sign, programs intended to read COMTRADE files shall be written to tolerate at least
one leading space in fields. The information in each line of the file must be listed in the exact order
shown in subelauses-7.4.2 to 7.4.12. The lines must appear in the exact order shown in subelause

7.6. Deviations from this format will invalidate the file set.
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7.4.2 Station name, identification; and revision year

The first line of the configuration file shall contain the station name, the recording device

identification, and the COMTRADE standard revision year.

station_name, rec_dev_id, rev_year<CR/LF>

where

station_name is the name of the substation or the location Nen-eritical of the substation or

the place where the files have been recorded. Critical, alphanumeric,

minimum length = 0 characters, maximum length = 64 characters.

rec_dev_id is the identification number or name of the recording device. Nen-eritical

Critical, alphanumeric, minimum length = 0 characters, maximum length =

64 characters.

rev_year is the year of the standard revision, e.g. 49992013, that identifies the
COMTRADE file version. Critical, numeric, minimum length = 4 characters,

maximum length = 4 characters. rev_year can only adopt three particular

values: 1991, 1999 and 2013, corresponding to the years of revision of the

COMTRADE standard. This field shall identify that the file structure differs

from the file structure requirement in the eriginal-IEEE Std C37.111™-1999
and IEEE Std C37.111 ™ 1991 COMTRADE standard. Absence of the field or

an empty field is interpreted to mean that the file complies with the 1991

version of the standard.
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7.4.3 Number and type of channels

This statement contains the number and type of channels as they occur in each data record in the

data file:
TT,##A,#4D <CR/LF>
where
TT is the total number of channels. Critical, numeric, integer, minimum length =1

character, maximum length = 76 characters, minimum value = 1, maximum value =

999999. TT must equal the sum of ##A and ##D below.

##A  is the number of analog channels followed by identifier A. Critical, alphanumeric,
minimum length = 2 characters, maximum length = 7 characters, minimum value =

OA, maximum value = 999999A.

##D  is the number of status channels followed by identifier D. Critical, alphanumeric,
minimum length = 2 characters, maximum length = 7 characters, minimum value =

OD, maximum value = 999999D.

74.4 Analog channel information

This group of lines contains analog channel information. There is one line for each analog channel,
the total number of analog channel lines shall equal ##A (see subelause-7.4.3). If the analog channel

count = 0, then there are no analog channel information lines. The following format shall be used:

An, ch_id,ph,ccbm,uu, a, b, skew, min, max, primary, secondary, PS <CR/LF>
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where

An is the analog channel index number. Critical, numeric, integer, minimum

length = 1 character,

maximum length = 6 characters, minimum value = 1, maximum value =
999999. Leading zeroes or spaces are not required. Sequential counter from
1 to total number of analog channels (##A) without regard to recording

device channel number.

ch_id is the channel identifier. Nen-eritieal Critical, alphanumeric, minimum

length = 0 1 character, maximum length = 64128 characters.

ph is the channel phase identification. Non-critical, alphanumeric, minimum

length = 0 characters, maximum length = 2 characters.

ccbm is the circuit component being monitored. Non-critical, alphanumeric,

minimum length = 0 character maximum length = 64 characters.

uu are the channel units (e.g., kV, V, kA, A, A RMS, A Peak). Critical,

alphabetic, minimum length = 1 character, maximum length = 32 characters.
Units of physical quantities shall use the standard nomenclature or
abbreviations specified in IEEE Std 260.1 ™-1993 {B4}-or IEEE Std 280-™-
1985 (R1996) [B5}—if—such—standard—nomenclature—exists: or 1SO 80000-1.

Numeric multipliers shall not be included. Standard multiples such as k

(thousands), m (one thousandth), M (millions), etc. may be used. The word

"NONE" is to be used for unit-less values.

a is the channel multiplier. Critical, real, numeric, minimum length
=Icharacter,maximum length = 32 characters. Standard floating point

notation may be used (Kreyszig [B6]).
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b is the channel offset adder. Critical, real, numeric, minimum length = 1
character,-maximum length = 32 characters. Standard floating point notation

may be used (Kreyszig [B6]).

The channel conversion factor is ax+b. The stored data value of x, in the data (.DAT) file,
corresponds to a sampled value of (ax+b) in units (uu) specified above. The rules of
mathematical parsing are followed such that the data sample "x" is multiplied by the gain

factor "a" and then the offset factor "b" is added. Manipulation of the data value by the

conversion factor restores the original sampled values. See Annex E for_an example.

skew is the channel time skew (in ps) from start of sample period. Nen-

eritiealCritical, real number, minimum length = 1 character, maximum

length = 32 characters. Standard floating point notation may be used

(Kreyszig [B6]).

The field provides information on time differences between sampling
of channels within the sample period of a record. For example, in an
eight-channel device with one A/D converter without synchronized sample
and held running at a 1 ms sample rate, the first sample will be at the
time; represented by the timestamp; the sample times for successive
channels within each sample period could be up to 125 ps behind each
other. In such cases the skew for successive channels will be 0; 125; 250;

375...; etc.

min is the range minimum data value (lower limit of possible data value
range) for data values of this channel. Critical, numeric (integer_or real),

minimum length = 1 character, maximum length = 613 characters,

minimum value = 99999 3.4028235E38, maximum value = 99999-(in-binary
datertlesthe ransc ot datevaluesistimitedto—32767t0-32767%3.4028235E38.
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max is the range maximum data value (upper limit of possible data value
range) for data values of this channel. Critical, numeric (integer_or real),
minimum length = 1 character, maximum length = 613 characters,
minimum value = 999993.4028235E38, maximum value = 99999-(in-binary
datafilestherange-of data—valuesistimitedto-32767+0-32767)-3.4028235E38.

Note: max = min always.

primary is the channel voltage or current transformer ratio primary factor. Critical,
real,numeric, minimum length = 1 character, maximum length = 32
characters.

Secondary is the channel voltage or current transformer ratio secondary factor.

Critical, real, numeric, minimum length = 1 character, maximum

length = 32 characters.

PSPorS is the primary or secondary data scaling identifier. The character
specifies whether the value received from the channel conversion factor
equation ax+b will represent a primary (P) or secondary (S) value.
Critical, alphabetic, minimum length = 1 character, maximum length = 1

character. The only valid characters are: p,P,s,S.

The data in the data file, the channel conversion factors, and the channel units can refer to
either primary or secondary units. So, a 345 kV to 120 V transformer for a channel in which
the units are kV will have the primary factor of 345 and a secondary factor of 0.12 (345, 0.12).
The primary or secondary variable (PS) is provided as a means to calculate the equivalent
primary or secondary values in applications where the primary or secondary value is desired
and the alternate value is provided. If the data originate in an environment that has no
primary/secondary relationship such as an analog power system simulator, the primary-
secondary ratio shall be set to 1:1. With the determination of the primary (P) or secondary (S)
values from the ax+b equation, the user can then determine the values required for analysis

or playback.
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Value Setting of variable PS

required P (provides primary values) S (provides secondary values)

Primary Use value Multiply by primary value and divide byj

secondary value

Secondary  |Divide by primary value and multiply by|Use value

secondary value

7.4.5 Status (digital) channel information

This group of lines contains the status channel information. There is one line for each status channel.
The total number of status channel lines shall equal ##D (see sublause-7.4.3). If the status channel

count = 0, then there are no status channel information lines. The following format shall be used:

Dn,ch_id,ph,ccbm,y<CR/LF>

where

Dn is the status channel index number. Critical, integer, numeric, minimum length =1
character, maximum length = 6 characters, minimum value = 1, maximum value =
999999. Leading zeroes or spaces are not required. Sequential counter ranging from
1 to total number of status channels (##D) without regard to recording device channel

number.

ch_id is the channel name. Nen-eriticalCritical, alphanumeric, minimum length = 61

character, maximum length = 128 characters,maximum-length—==64-characters.,

Documents

Document Sharing Hub
Authorized licensed use limited to: Tsinghua University. Downloaded on February 26,2026 at 13:03:32 UTC from IEEE Xplore. Restrictions apply.

Full document details: IEEE C37.111-2013


http://www.avadocuments.com/doc/ieee-c37-111-2013
http://www.avadocuments.com/doc/ieee-c37-111-2013

ph is the channel phase identification. Non-critical, alphanumeric, minimum length = 0

characters, maximum length = 2 characters.

ccbm s the circuit component being monitored. Non-critical, alphanumeric, minimum

length = 0 characters, maximum length = 64 characters.

y is the normal state of status channel (applies to status channels only), that is, the
state of the input when the primary apparatus is in the steady state “in—serviece"
condition. The normal state of status channel does not carry information regarding
the physical representation of the status signal, whether there is a clean contact
(open or closed) or a voltage (live or dead). The purpose is to define whether a 1
represents the normal or abnormal state. Critical, integer, numeric, minimum

length = 1 character, maximum length =1 character, the only valid values are 0 or 1.

7.4.6 Line frequency

The line frequency shall be listed on a separate line in the file:

if<CR/LF>
where
If is the nominal knre-frequency in Hz (for example, 50, 60, 33:333)—Nen-eritiealor 16.7 for

train _applications) of the network or sub-network from which samples have been

obtained. Critical, real, numeric, minimum length = 0 characters, maximum length =

32 characters. Standard floating point notation may be used (Kreyszig [B6]).
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74.7 Sampling rate information

This seetion subclause contains information on the sample rates and the number of data samples at a

given rate.

For files with one or multiple predetermined sample rates, the information comprises one line with
the total number of sampling rates followed by a line for each sample rate including the number of
the last sample at this sample rate. There shall be one line of sample rate and end sample number
information for each sampling rate within the data file. For files with continuously variable
sample periods, such as event-triggered files, the sample rate information comprises two lines:
one line with a zero signifying that there are no fixed sample periods or rates, and a second line
including a zero signifying that the sample period is not fixed, and the number of the last sample

in the data file.

nrates<CR/LF>

samp,endsamp<CR/LF>

where

nrates is the number of sampling rates in the data file. Critical, integer, numeric,
minimum length = 1 character, maximum length = 3 characters, minimum value = 0,

maximum value = 999.

samp is the sample rate in Hertz (Hz). Critical, real, numeric, minimum length =1
character, maximum length = 32 characters. Standard floating point notation may

be used (Kreyszig [B6]).

endsamp is the last sample number at the sample rate. Critical, integer, numeric, minimum
length = 1 character, maximum length = 10 characters, minimum value = 1,

maximum value = 9999999999,
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Note that, if nrates and samp are zero, the timestamp in the data file becomes critical and
endsamp must be set to the number of the last sample in the file. When both the nrates and samp
variable information and the timestamp information is available, use of nrates and samp

variables is preferred for precise timing.

7.4.8 Date/time stamps

There are-te-be two date/time stamps in the configuration file. The first one is for the time of the first
data value in the data file. The second one is for the time of the trigger point. They shall be

displayed in the following format:

dd/mm/yyyy,hh:mm:ss.ssssss<CR/LF>
dd/mm/yyyy,hh:mm:ss.ssssss<CR/LF>

where
dd is the day of month. Nen-eritiealCritical, integer, numeric, minimum length =1
character, maximum length = 2 characters, minimum value = 01, maximum value
=31.
mm is the month. Nen-eritiealCritical, integer, numeric, minimum length = 1 character,

maximum length = 2 characters, minimum value = 01, maximum-valae =12

¥yyy Yyy  is the year. Nen-eriticalCritical, integer, numeric, minimum length = 4 characters,
maximum length = 4 characters, minimum value = 1900, maximum value = 9999. All

4 characters of the year shall be included.
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