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Abstract: This recommended practice provides a guide to the conduct and analysis of precision
centrifuge tests of linear accelerometers and covers each phase of the tests, beginning with the
planning. Possible error sources and typical methods of data analysis are addressed. The intent
is to provide users involved in centrifuge testing with a detailed understanding of the various
factors affecting accuracy of measurement, both factors associated with the centrifuge and
factors in the data collection process. Model equations are discussed, both for the centrifuge and
for a typical linear accelerometer, each with the complexity needed to accommodate the various
identified characteristics and error sources in each. An iterative matrix equation solution is
presented for deriving the various model equation coefficients for the accelerometer under test
from the centrifuge test data.
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purpose, or that the use of the material contained herein is free from patent infringement. IEEE Standards doc 'mei.'s
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appropriate suppotting coi. ments. Recommendations to change the status of a stabilized standard should include a
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445 Hoes Lane

Piscataway, NJ 08854
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Introduction

This introduction is not part of IEEE Std 836-2009, IEEE Recommended Practice for Precision Centrifuge Testing of
Linear Accelerometers.

This recommended practice 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 a guide to
the conduct and analysis of precision centrifuge tests of linear accelerometers and includes discussions of
possible error sources in those tests. It provides guidance for each phase of the tests, beginning with
planning and ending with a discussion of typical methods of data analysis.

A discussion of model equations is provided, both for the centrifuge and for a typical linear accelero. 2ete.
each with the complexity needed to accommodate the various identified characteristics and error sovrcec in
each. This recommended practice also presents an iterative matrix equation solution for derivation ¢© the
various model equation coefficients for the accelerometer under test from the centrifuge t. ¢ du*a. lhe
matrix solution provides a two-quadrant best fit of the centrifuge data to the chosen model equatic .

This recommended practice is intended to provide users involved in centrifuge tesu..z \7ith a detailed
understanding of the various factors affecting accuracy of measurement, both factors assoc ated with the
centrifuge and factors in the data collection process. Numerical examples are prov.led so that each factor
can be quantitatively evaluated and its contribution to system error con.nireu with a user’s required
accuracy. This information allows the user to identify and evaluate the factors (hat are critical to a specific
planned test. The matrix equation method of data reduction also prov/des a means of determining data
validity as well as model equation adequacy and yields the confidei.~ “i=*ervals for each of the model
equation coefficients.

This recommended practice consists of a main text anc. ten annexes. The main text provides the
recommended practice for precision centrifuge testing fol'swing a tutorial clause that is intended to provide
users with the understanding of critical factors in centrit.:ge 1 :sting as well as the best methods for taking
and reducing data.

Annex A is a compilation of the characteristicy ~t known precision centrifuges from data provided from
both users and manufacturers. The listing 1511 tended as a guide to available facilities at the time of
publication of this recommended practic ;. Foata provided should be considered as merely informative and
not as specifications for the listed machinc.

Annex B provides a discussion oI .2 aluation of centrifuges with references provided to clauses of this
recommended practice that p¢rtaza to the attribute discussed.

Annex C provides a more reneral discussion of fitting theory with particular regard to the often unique
character of centrift<e dc*a and corresponding accelerometer performance requirements. It discusses the
application of the meu ~a of least squares by which matrix solutions are generated. It also describes the
ease of understading and use. These approximate methods generally address some measure of composite
error, rataer .han cirectly evaluating model equation coefficients. For example, a common specification
limits allovable: deviations from a straight line determined by two specified points, such as zero-
acceleation aud some specific value of input acceleration.

Anrnex o discusses the limitations of and alternatives to centrifuge testing. Problems produced by the
acce erat.on-gradient, the spin rates required, and the difficulty of producing short high-acceleration input
puises are among the problems discussed. Alternatives such as use of dividing heads and the earth’s gravity
are discussed, along with sled testing and vibration testing.

Annex E discusses the use of the double centrifuge and rate table with tilted axis of rotation for low-

frequency transfer function determination. Annex F presents a refined model of the double centrifuge and
rate table with tilted axis of rotation.
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Annex G describes the processing of dual-proof-mass vibrating beam accelerometer (VBA) centrifuge
data. Annex H discusses scale factor calibration for high-acceleration applications on an ultra-centrifuge.
Annex I discusses thermal control and data acquisition on the centrifuge arm. Annex J is a bibliography.

The terminology used in this recommended practice conforms to The Authoritative Dictionary of IEEE
Standards Terms [B6]* and IEEE Std 528-2001.” The units used in this recommended practice conform to
IEEE Std 2681992 [B9]. In this recommended practice, the symbol g is used to denote a unit of
acceleration equal in magnitude to the local value of gravity at the test site. This symbol is distinguished
from g, which is the standard symbol for gram.

The following standards were used in the development of this recommended practice:

— IEEE/ASTM SI 10-1997 [B7]
— IEEE Std 260.1"-1993 [B8]
— IEEE Std 315™-1975 [B10]

Notice to users

Laws and regulations

Users of these documents should consult all applicable laws ana r gz'ations. Compliance with the
provisions of this standard does not imply compliance to auy app.icable regulatory requirements.
Implementers of the standard are responsible for observing. or refr(ring to the applicable regulatory
requirements. IEEE does not, by the publication of its stenda.ds, intend to urge action that is not in
compliance with applicable laws, and these documents m2; not ie construed as doing so.

Copyrights

This document is copyrighted by the IEFY i...: made available for a wide variety of both public and
private uses. These include both vse, v re‘erence, in laws and regulations, and use in private self-
regulation, standardization, and the p-omciion of engineering practices and methods. By making this
document available for use and adog tion by public authorities and private users, the IEEE does not waive
any rights in copyright to this docunin t.

Updating of IEEZ d¢ ~uments

Users of IEEE standarc. should be aware that these documents may be superseded at any time by the
issuance of new ~ditions or may be amended from time to time through the issuance of amendments,
corrigenda or «rrata. An official IEEE document at any point in time consists of the current edition of the
document toy >ther with any amendments, corrigenda, or errata then in effect. In order to determine whether
a give) document is the current edition and whether it has been amended through the issuance of
cmendn ents, corrigenda, or errata, visit the IEEE Standards Association web site at
hty, -//ieei xplore.ieee.org/xpl/standards.jsp, or contact the IEEE at the address listed previously.

For more information about the IEEE Standards Association or the IEEE standards development process,
visit the IEEE-SA web site at http://standards.ieee.org.

* The numbers in brackets correspond to the numbers of the bibliography in Annex J.
® Information on references can be found in Clause 2.
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Errata

Errata, if any, for this and all other standards can be accessed at the following URL:
http://standards.ieee.org/reading/ieee/updates/errata/index.html. Users are encouraged to check this URL
for errata periodically.

Interpretations

Current interpretations can be accessed at the following URL: http://standards.ieee.org/reading/ieee/interp/
index.html.

Patents

Attention is called to the possibility that implementation of this standard may require use of subject matter
covered by patent rights. By publication of this standard, no position is taken with respect ‘o the existence
or validity of any patent rights in connection therewith. The IEEE is not respo:sible ™ dr identifying
Essential Patent Claims for which a license may be required, for conducting inquir’=s in » the legal validity
or scope of Patents Claims or determining whether any licensing terms. <= coriitions provided in
connection with submission of a Letter of Assurance, if any, or in any licensi. 2 ag eements are reasonable
or non-discriminatory. Users of this standard are expressly advised that determin. tion of the validity of any
patent rights, and the risk of infringement of such rights, is entitcly their own responsibility. Further
information may be obtained from the IEEE Standards Association.

Participants

This publication represents a group effort on a large scale. e major contributors to the original version of
this recommended practice, IEEE Std 836-1991, v-ere as follows:

Rux L, keters, Chair

D. R. Anderson M. "«. H0ser P. W. Ott

C. H. Barker b Katz S. C. Piccione

S. F. Becka K. ). Klarman L. W. Richardson

J. S. Beri M. G. Koning C. L. Seacord

C. E. Bosson E. L. Landenheim G. L. Shaw

H. T. Califano K. Lantiz P. B. Simpson

A. T. Campbell* T. C. Lear N. F. Sinnot

A. Champsi J. Lewis R. B. Smith

J. F. Conroy D. D. Lynch T. S. Stanley

J. W. Davies D. F. Macy C. O. Swanson*

H. B. Diamon R. D. Marquess R. R. Thede

G. W. Erick-on H. D. Morris L. O. Thielman

J. Feldman G. E. Morrison* C. I. Thornburg

A. H. I >rraris G. C. Murray L. A. Trozpek

T, 7.Fu.rman G. H. Neugebauer R. L. Van Alstine

K. N. Gren J. G. Neugroshchl B. J. Wimber*

R. E. Hartzell D. F. Nieman B. R. Youmans
*Past Chair

While the development of IEEE Std 836-1991 was a group effort, the contributions of one member were
fundamental to its preparation and he clearly deserves special recognition. George H. Neugebauer
developed the iterative matrix data reduction technique. In addition, he was extremely active in the
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development and subsequent refinement of most of the rest of the document. In large measure, the technical
quality of this recommended practice resulted from his efforts.

A total of 68 individuals attended 15 meetings of the Gyro and Accelerometer Panel during preparation of
the revised IEEE Std 836-2001. The following persons on the Gyro and Accelerometer Panel contributed to
the 2001 version of IEEE Std 836:

Sid Bennett, Chair

David R. Anderson Thomas A. Fuhrman Bart Morrow, Jr.
Michael E. Ash Kerry N. Green Charles Pearce
Cleon H. Barker Yoshiaki Hirobe Rex B. Peters*
Stephen Bongiovanni Ken Homb Arkadii Sinelnikov
Pierre Bouniol Jean-Frangois Kieffer Clifford O. Swanson*
Herbert T. Califano Dmitri Loukianov Mohammed Tehrani
A. T. Campbell* David Lynch Leroy O. Thielmar.
Michael Cirello Jean Martel Angelo Truncale
Joseph D’ Angelo Robert Moore Dennis Whitel. »ad
George W. Erickson Harold D. Morris David J. Winke,
Yuri Filatov Bruce R Vouma. s
*Past Chair

A total of 40 individuals attended 12 meetings of the Gyro and Accele.- w.cier Panel during preparation of
this revised IEEE Std 836-2009. The following persons on the Gyro and Accelerometer Panel contributed
to this 2009 version of IEEE Std 836.

Randall Curey, Chau.

Michael E. Ash Howard Havlicsek Rex Peters*

Cleon Barker Aki Hirobe Arkady Sinelnikov

Steve Becka Jean-Frar .ais Kieftor Reese Sturdevant

Sid Bennett* Takasl. Kuniti David Tarrant

Timothy Buck Sari v arquess Daniel Tazartes

Herbert Califano Jee»Ma tel Leroy Thielman

George W. Erickson 1 ober Martinez Alexander Yankovsky

Jim Fakatselis Bruce R. Youmans
*Past Chair

The following memu-rs. of the individual balloting committee voted on this recommended practice.
Balloters may kave votec for approval, disapproval, or abstention.

Cleon Barkc: Werner Hoelzl Bartien Sayogo

Keith Chow Jean-Frangois Kieffer Gil Shultz

Randal. Curey Robert Martinez Daniel Tazartes

Seorg \/. Erickson Ulrich Pohl Leroy Thielman

Radall G oves Bruce R. Youmans
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When the IEEE-SA Standards Board approved this recommended practice on 17 June 2009, it had the
following membership:

Robert M. Grow, Chair
Thomas Prevost, Vice Chair
Steve M. Mills, Past Chair
Judith Gorman, Secretary

John Barr Alexander Gelman David J. Law

Karen Bartleson Jim Hughes Ted Olsen

Victor Berman Richard H. Hulett Glenn Parsons

Ted Burse Young Kyun Kim Ronald C. Petersen
Richard DeBlasio Joseph L. Koepfinger* Narayanan Ramachandran
Andy Drozd John Kulick Jon Walter Rosdahl

Mark Epstein Sam Sciacca

*Member Emeritus
Also included are the following nonvoting IEEE-SA Standards Board liaisons:

Howard L. Wolfman, TAB Representative
Michael Janezic, NIST Representative
Satish K. Aggarwal, NRC Representative

Lisa Perry
IEEE Standards Program Manager, Document De * 1oy ient

Matthew J. Ceglia
IEEE Standards Program Manager, Techr. <al .>vogram Development
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IEEE Recommended Practice for
Precision Centrifuge Testing of
Linear Accelerometers

IMPORTANT NOTICE: This standard is not intended to ensure safety, security, health, or
environmental protection in all circumstances. Implementers of the standard are responsible for
determining appropriate safety, security, environmental, and health practices or regulatory
requirements.

This IEEE document is made available for use subject to important notices and legal disclaimers. These
notices and disclaimers appear in all publications containing this document and may be found under the
heading “Important Notice” or “Important Notices and Disclaimers Concerning IEEE Documents.”
They can also be obtained on request from IEEE or viewed at http:/standards.ieee.org/IPR/
disclaimers. html.

1. Overview

1.1 Scope

This recommended practice describes the conduct and analysis of precision tests that are to be performed
on linear accelerometers using centrifuge techniques. The term “precision,” in this context, refers to tests
that are conducted to evaluate accelerometer parameters, as opposed to tests conducted to establish
environmental survivability only. Evaluation may take the form of determining the coefficients of the
accelerometer’s model equation, except for bias and scale factor, which are most accurately determined by
static multiposition tests. Alternatively, evaluation may establish only that the accelerometer output
complies with specific error limit criteria.

1.2 Purpose
The principal error sources encountered during precision centrifuge testing of linear accelerometers are

described, along with the test practices and data reduction techniques that have been found most efficient in
minimizing or compensating for them.
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