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Abstract: The specification and test requirements for a linear, single-axis, nongyroscopic
accelerometer for use in inertial navigation, guidance, and leveling systems are defined. A
standard specification guide and a compilation of recommended test procedures for such
accelerometers are provided. Informative annexes are given on the various types of such
accelerometers (force or pendulous torque rebalance with analog or digital output, vibrating
beam, and micromechanical) and error effects, on filtering, noise, and transient analysis
techniques, and on calibration and modeling techniques (multipoint tumble analysis, vibration and
shock test analyses, and geophysical effects in inertial instrument testing).
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Important Notices and Disclaimers Concerning IEEE Standards Documents

IEEE documents are made available for use subject to important notices and legal disclaimers. These
notices and disclaimers, or a reference to this page, appear in all standards and may be found under the
heading “Important Notices and Disclaimers Concerning IEEE Standards Documents.” They can also be
obtained on request from IEEE or viewed at http://standards.ieee.org/ipr/disclaimers.html.

Notice and Disclaimer of Liability Concerning the Use of IEEE Standards
Documents

IEEE Standards documents (standards, recommended practices, and guides), both full-use and trial-uce, a.»
developed within IEEE Societies and the Standards Coordinating Committees of the IEEE Stand.:ds
Association (“IEEE-SA”) Standards Board. IEEE (“the Institute”) develops its standards through «
consensus development process, approved by the American National Standards Institute (“A. 13" ;. waiich
brings together volunteers representing varied viewpoints and interests to achieve the final procict. [EEE
Standards are documents developed through scientific, academic, and industry-based te -~hnical working
groups. Volunteers in IEEE working groups are not necessarily members of the Instirte and participate
without compensation from IEEE. While IEEE administers the process and establis:es ruis to promote
fairness in the consensus development process, IEEE does not independently eva.qate. test, or verify the
accuracy of any of the information or the soundness of any judgments contai e 1. its siandards.

IEEE Standards do not guarantee or ensure safety, security, health, or er vironmental protection, or ensure
against interference with or from other devices or networks. Implen.n =r< and users of IEEE Standards
documents are responsible for determining and complying -with 'l appropriate safety, security,
environmental, health, and interference protection practices and.all ~opl cable laws and regulations.

IEEE does not warrant or represent the accuracy or contex* o1 ‘he material contained in its standards, and
expressly disclaims all warranties (express, implied ad siatutory) not included in this or any other
document relating to the standard, including, but not limitcu to, the warranties of: merchantability; fitness
for a particular purpose; non-infringement; and quality, accuracy, effectiveness, currency, or completeness
of material. In addition, IEEE disclaims any an >.al. conditions relating to: results; and workmanlike effort.
IEEE standards documents are supplied “ASTS” ana “WITH ALL FAULTS.”

Use of an IEEE standard is wholly ve'un. rv. [he existence of an IEEE standard does not imply that there
are no other ways to produce, test, 1 eas 'te, purchase, market, or provide other goods and services related
to the scope of the IEEE standard. Fu. thermore, the viewpoint expressed at the time a standard is approved
and issued is subject to chans e » rougnt about through developments in the state of the art and comments
received from users of the stai. «arc.

In publishing and mak:~ it standards available, IEEE is not suggesting or rendering professional or other
services for, or on bi'alf ¢ £, any person or entity nor is IEEE undertaking to perform any duty owed by any
other person or entity tu another. Any person utilizing any IEEE Standards document, should rely upon his
or her own irde, endent judgment in the exercise of reasonable care in any given circumstances or, as
appropriate, su=k tue advice of a competent professional in determining the appropriateness of a given
IEEE standa..

IN NO 1 VENT SHALL IEEE BE LIABLE FOR ANY DIRECT, INDIRECT, INCIDENTAL, SPECIAL, EXEMPLARY, OR
CONGICJENTIAL DAMAGES (INCLUDING, BUT NOT LIMITED TO: PROCUREMENT OF SUBSTITUTE GOODS
OK SERV! CES; LOSS OF USE, DATA, OR PROFITS; OR BUSINESS INTERRUPTION) HOWEVER CAUSED AND ON
ANY THEORY OF LIABILITY, WHETHER IN CONTRACT, STRICT LIABILITY, OR TORT (INCLUDING
NLGLIGENCE OR OTHERWISE) ARISING IN ANY WAY OUT OF THE PUBLICATION, USE OF, OR RELIANCE
JPON ANY STANDARD, EVEN IF ADVISED OF THE POSSIBILITY OF SUCH DAMAGE AND REGARDLESS OF
WHETHER SUCH DAMAGE WAS FORESEEABLE.
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Translations

The IEEE consensus development process involves the review of documents in English only. In the event
that an IEEE standard is translated, only the English version published by IEEE should be considered the
approved IEEE standard.

Official statements

A statement, written or oral, that is not processed in accordance with the IEEE-SA Standards Board
Operations Manual shall not be considered or inferred to be the official position of IEEE or any of its
committees and shall not be considered to be, or be relied upon as, a formal position of IEEE. At lectures,
symposia, seminars, or educational courses, an individual presenting information on IEEE standards sh.ll
make it clear that his or her views should be considered the personal views of that individual rather thai. the
formal position of IEEE.

Comments on standards

Comments for revision of IEEE Standards documents are welcome from any interested par v, regardless of
membership affiliation with IEEE. However, IEEE does not provide consulting infori..» ion or advice
pertaining to IEEE Standards documents. Suggestions for changes in documents shoula be in the form of a
proposed change of text, together with appropriate supporting comments. Since-"=E\’ standards represent a
consensus of concerned interests, it is important that any responses to comme.'*s an 1 questions also receive
the concurrence of a balance of interests. For this reason, IEEE and the me. ‘ers of its societies and
Standards Coordinating Committees are not able to provide an insta. t 1 sponse to comments or questions
except in those cases where the matter has previously been addressed. 1 r wie same reason, IEEE does not
respond to interpretation requests. Any person who would.like to participate in revisions to an IEEE
standard is welcome to join the relevant IEEE working groun.

Comments on standards should be submitted to the followi=g acdress:

Secretary, IEEE-SA Standards Board
445 Hoes Lane
Piscataway, NJ 08854 USA

Laws and regulations

Users of IEEE Standards document: si.hula consult all applicable laws and regulations. Compliance with
the provisions of any IEEE Stardarcs document does not imply compliance to any applicable regulatory
requirements. Implementers o the scundard are responsible for observing or referring to the applicable
regulatory requirements. IFE." Loe, not, by the publication of its standards, intend to urge action that is not
in compliance with applic. ble laws, and these documents may not be construed as doing so.

Copyrights

IEEE draft and-approvec standards are copyrighted by IEEE under U.S. and international copyright laws.
They are.mad'> av.ilable by IEEE and are adopted for a wide variety of both public and private uses. These
include bo. us.. by reference, in laws and regulations, and use in private self-regulation, standardization,
and the promution of engineering practices and methods. By making these documents available for use and
adoptic1 by public authorities and private users, IEEE does not waive any rights in copyright to the
uocuIL: ts.
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Photocopies

Subject to payment of the appropriate fee, IEEE will grant users a limited, non-exclusive license to
photocopy portions of any individual standard for company or organizational internal use or individual,
non-commercial use only. To arrange for payment of licensing fees, please contact Copyright Clearance
Center, Customer Service, 222 Rosewood Drive, Danvers, MA 01923 USA; +1 978 750 8400. Permission
to photocopy portions of any individual standard for educational classroom use can also be obtained
through the Copyright Clearance Center.

Updating of IEEE Standards documents

Users of IEEE Standards documents should be aware that these documents may be superseded at any time
by the issuance of new editions or may be amended from time to time through the issuance of amendn. nts,
corrigenda, or errata. A current IEEE document at any point in time consists of the current ¢ *itio.  of the
document together with any amendments, corrigenda, or errata then in effect.

Every IEEE standard is subjected to review at least every ten years. When a docume,.*.is more than ten
years old and has not undergone a revision process, it is reasonable to conclude that 1.= cont nts, although
still of some value, do not wholly reflect the present state of the art. Users are cauiioned to check to
determine that they have the latest edition of any IEEE standard.

In order to determine whether a given document is the current edition (ind whether it has been amended
through the issuance of amendments, corrigenda, or errata, visit IEEE X :'~r=2 at http://ieeexplore.iece.org/
or contact IEEE at the address listed previously. For more info matior about the IEEE-SA or IEEE’s
standards development process, visit the IEEE-SA Website at nttp:/./star Jards.ieee.org.

Errata

Errata, if any, for all IEEE standards can be accessed on the IEEE-SA Website at the following URL:
http://standards.ieee.org/findstds/errata/index.html. Us¢rs are encouraged to check this URL for errata
periodically.

Patents

Attention is called to the possibilii, tt.at implementation of this standard may require use of subject matter
covered by patent rights. By Hukiication of this standard, no position is taken by the IEEE with respect to
the existence or validity of any n2.ent rights in connection therewith. If a patent holder or patent applicant
has filed a statement of ass:rance via an Accepted Letter of Assurance, then the statement is listed on the
IEEE-SA Website @t htt} «//standards.iece.org/about/sasb/patcom/patents.html. Letters of Assurance may
indicate whether the “wUmitter is willing or unwilling to grant licenses under patent rights without
compensation o, inder recsonable rates, with reasonable terms and conditions that are demonstrably free of

any unfalr dis rimu.ation to applicants desiring to obtain such licenses.

Essenti’al Patent Claims may exist for which a Letter of Assurance has not been received. The IEEE is not
vespons ble for identifying Essential Patent Claims for which a license may be required, for conducting
incuiries into the legal validity or scope of Patents Claims, or determining whether any licensing terms or
~ona.tions provided in connection with submission of a Letter of Assurance, if any, or in any licensing
agicements 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. Further information may be obtained from the IEEE Standards Association.
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Introduction

This introduction is not part of IEEE Std 1293-2018, IEEE Standard Specification Format Guide and Test Procedure
for Linear Single-Axis, Nongyroscopic Accelerometers.

This standard is provided as a guide for the preparation of an accelerometer specification (Part I) and an
accelerometer test procedure (Part II). The accelerometer considered in this standard uses a linear, single-
axis, nongyroscopic acceleration sensor. The capture-loop, pickoff, oscillator, and readout electronics,
when used, can be considered either as a part of the accelerometer or as separately provided by the user.
The format was prepared by the Gyro and Accelerometer Panel of the Aerospace and Electronic Systems
Society of the Institute of Electrical and Electronics Engineers (IEEE). It is intended to provide a comrion
meeting ground of terminology and practice for manufacturers and users.

The user is cautioned not to overspecify; only those parameters that are required to guarantee p.aper
performance in the specific application should be controlled. In general, the specification si, ~ala ~ortain
only those requirements that can be verified by test or inspection. Parameters in addition to thos: given in
this format are not precluded.

Blank spaces permit the insertion of specific parameter values and their tolerances. .’racke s are used to
enclose alternate choices of dimensional units, sign, axes, and so on. Boxed statemen:s are included for
information only and are not part of the specification format nor test procecv'e. e tigures presented are
to be used as a guide for the preparation of specific figures or drawings.

The annexes are informative and cover

— Typical block diagrams for accelerometer response

— The various types of accelerometers considered (incdi.x pendulous torque rebalance, vibrating
beam, and micromechanical)

—  Error effects

— Filtering, noise, and transient analysis techniques

— Calibration and modeling techniques (muli'noir* tumble analysis, vibration and shock test analyses,
and geophysical effects in inertial instru e testing)

The following documents were used«in th > 4ev:lopment of this standard:
IEEE/ASTM SI 10™-1997, Standard for Use of the International System of Units (SI): The
Modem Metric System

IEEE Std 260.1™-1957 A nerican National Standard Letter Symbols for Units of Measurement.

IEEE Std 280™' ILSE Standard Letter Symbols for Quantities Used in Electrical Science and
Electrical En, inee ing.

IEEE €4 315™-1975, IEEE Standard, American National Standard, Canadian Standard Graphic
Symiu s to: Electrical and Electronics Diagrams (Including Reference Designation Letters).

IEEL Sta 315A™, Supplement to IEEE Std 315.
TEEE Std 528™-1994, IEEE Standard for Inertial Sensor Terminology.
I EE 100™, The Authoritative Dictionary of IEEE Standards Terms.
In this standard, the symbol g (italic) is used to denote an acceleration equal in magnitude to the local value

of gravity at the test site. This symbol is thus distinguished from g (nonitalic), which is the standard symbol
for gram. The standard value of gravity g is 9.806 65 m/s”.
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The accelerometer is used to provide an analog, digital, or frequency output that is a measure of
acceleration or velocity increment, or both. An acceleration applied along the input axis of the acceleration
sensor causes its proof mass to deflect. For open-loop accelerometers, the pickoff error signal caused by
this motion is the measure of acceleration.

For force-rebalance accelerometers, the pickoff error signal is used in the electronics to produce a restoring
force or torque. When static equilibrium is reached, the reaction force or torque of the proof mass to the
average acceleration is balanced by the mean value of the restoring force or torque. The average rebalance
current or pulse rate required to maintain this equilibrium condition is proportional to the average
acceleration and provides the analog or digital output signal.

For vibrating beam accelerometers (VBAs), acceleration causes one resonator to increase in frequency (,°)
and the other resonator to decrease in frequency (f;). The difference (f; — f;) is a measure of the app'ied
acceleration. The VBA difference frequency scale factor is the sum of the individual resonator scai
factors. Thus, using the difference frequency observable in a dual-resonator VBA doubles th* sca's falior
as well as rejects many common mode error effects.

In this standard, no distinction is made between input axis (IA) and input reference aris ((RA) [similarly
between output axis (OA) and output reference axis (ORA) and pendulous axis  ‘PA) «1d pendulous
reference axis (PRA)]. When dealing with the accelerometer, sensor physics 1.8, O, aud PA would
typically be used. When orienting the accelerometer, package IRA, ORA auu PR:{ would typically be
used. In some cases, it may be desirable to attempt to orient the IA, OA, ana, > P 1 by observing a signal
(such as the output or a reference voltage). Even in these cases, the IRA, ORA, aad/or PRA can be used as
a check if the approximate orientation between IA, OA, and PA and .2 RA. ORA, and PRA is known. In
all cases, users should determine which set of axes is appropriate fo=then application.
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IEEE Standard Specification Format
Guide and Test Procedure for Linear
Single-Axis, Nongyroscopic
Accelerometers

1. Overview

1.1 Scope

The specification and test requirements for a linear, single-axis, nongyroscopic accelerometer for use in
inertial navigation, guidance, and leveling systems are defined. A standard specification format guide and a
compilation of recommended test procedures for such accelerometers are provided. Informative annexes
are given on the various types of such accelerometers (force or pendulous torque rebalance with analog or
digital output, vibrating beam, and micromechanical) and error effects, on filtering, noise, and transient
analysis techniques, and on calibration and modeling techniques (multipoint tumble analysis, vibration and
shock test analyses, and geophysical effects in inertial instrument testing).

1.2 Purpose

A standard specification format guide is provided, along with a compilation of recommended test
procedures for the preparation of a linear, single-axis, nongyroscopic accelerometer specification. These
test procedures are derived from those currently in use in the industry.

1.3 Document structure

This standard consists of five parts: The first two parts are in the normative portion of the standard, and the
other three are in the informative portion. Part I is a specification format guide for the preparation of a
linear single-axis, nongyroscopic accelerometer specification. Part II is a compilation of recommended
procedures for testing a linear single-axis, nongyroscopic accelerometer. Part III contains descriptions of
various types of accelerometers. Part IV discusses filtering, noise, and transient analysis. Part V contains
calibration and modeling techniques.
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