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Foreword

ISO (the Intern

national Organization for Standardization) is a worldwide

federation of

ational standards bodies (ISO member bodies). The work

of preparing Ipternational Standards is normally carried out through ISO
technical committees. Each member body interested in a subject for
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1ISO 9110 conglists of the following parts, under the genexal title Hydraulic

fluid power —
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Measurement techniques:
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Introduction

The various International Standards listed in annex™~A p
testing methods for comparing the performance. of diffe
fluid power components. Such comparisons (may be m3

fovide unified
ent hydraulic
de against a

written specification (as in the case of production componfents), against

a competitive component of equivalent (purpose (for ex
selection of components by prospective, purchasers) or

ample in the
between two

slightly different designs (as in the casg”of experimental flevelopment).

In order for such comparisons to be“meaningful, the crite
must be valid parameters of the (performance of the com
test and the method of measurément used must be capa

ria measured
ponent under
ble of reliably

determining any significani-differences between the components being

compared.

This part (ISO 9110-1) relates to general principles for the
of static or steady-state conditions. ISO 9110-2 deals with
ment of average steady-state static pressure in a closed d

Further parts.Will be published as technology develops.
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onduit.
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INTERNATIONAL STANDARD

1ISO 9110-1:1990(E)

Hydraulic fluid power — Measurement techniques —

Part [1:
General measurement principles

1 Scqpe

This part of ISO 9110 establishes general principles
for the [measurement of performance parameters
under sjatic or steady-state conditions.

It gives [guidance on the sources and magnitudes of
errors {o be expected in the calibration of and
measurgments using hydraulic fluid power com-
ponents| It describes practical requirements for as-
sessing|the capability of the measuring system, and
hence the level of accuracy of measurement of(the
system,| or for assisting in developing a ‘gystem
which will meet a prescribed level of accutacy.

2 Defiinitions

For the purposes of this part of ISO 9110, the follow-
ing deﬁlvitions apply.

2.1 caljibration: A sel®©f)Operations which establish,
under specified conditions, the relationship between
values [indicated~by a measuring instrument or
measur|ng system’and the corresponding values in-
dicated by a Yeference standard.

2.2 meas.u;i.n.g_i.nsfr"mnnf' A—device intended—to

ments of the same’value of a quantity
der effectivelyidentical conditions.

are made un-

2.6 reference standard: An instrument of the high-

est metfological quality available at a
whichris used to calibrate a working
the 'same broad type.

2.7 repeatability of measurements: T
of agreement beilween the results
measurements of the same quantity
the same method, by the same obs¢
same measuring instruments, in the
tory, over quite short intervals of time

given location
instrument of

he closeness
Df successive
arried out by
rver, with the
same labora-

2.8 static conditions: Conditions undler which the

parameter does not vary with time.

2.9 steady-state conditions: Condition
the mean of a variable does not cha
and the variation of an instantaneoug
variable is cyclic and can be describe]
mathematical expression.

s under which
nge with time
value of that
d by a simple

210 systematic uncertainty; systematic error: An

error which, in the course of a numbe
ments, made under the same cond
same value of a given quantity, either]

r of measure-
itions, of the
remains con-

make a measurement, alone or in conjunction with
other equipment.

2.3 measuring system: A complete set of measur-
ing instruments and other equipment assembled to
carry out a specified measurement task.

2.4 measurement: The set of operations for deter-
mining the value of a quantity.

2.5 random uncertainty; random error: An error
which varies in an unpredictable manner in absolute
value and sign when a large number of measure-

stant in absolute value and sign, or varies according
to a definite law when the conditions change.

3 Classes of accuracy

3.1 General

3.1.1 The uncertainty of measurement which can
be tolerated in a fluid power test depends on the
anticipated use of the data obtained. The result of a
measurement may be a direct measure of the per-
formance of the component, for example the press-
ure maintained by a regulating valve. In such a case,
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the allowable uncertainty is directly related to the
degree of discrimination desired from the test. If the
variable is an input to a calculated performance
parameter, such as flow, being used in the calcu-
lation for overall efficiency of a hydraulic pump, the
allowable uncertainty may be much less in order to
maintain reasonable limits on the accuracy of the
resulting calculation. If the variable is a test condi-
tion, such as the fluid temperature for conducting a
motor performance test, the allowable variation may
be quite large compared to the two circumstances
mentioned above. jecti

should be confsidered in setting the permissible lim-
its of uncertainty. If the test is required to discrimi-
nate between two minor changes in design, the
allowed uncertainty may be quite small. If the test is
intended only[to determine whether or not a com-
ponent has fdiled in service, the allowable uncer-
tainty may belof the order of 10 % or more.

3.1.2 In ordef to accommodate the various needs
of the test usgr, each of the International Standards
describing upified testing methods, given in
annex A, confains a table of permissible uncertain-
ties for three measurement classes.

Class A is thg most restrictive and is intended for
those cases ywhere the utmost discrimination be-
tween calculaled parameters is required. Equipment
capabilities anpd technical expertise required to per-
form class A| measurements are generally found
only in the mqst sophisticated laboratories.

Class B limits| are intended to cover the rhedsure-

ment require

ents for quality assurance~testing by

component sluppliers and componént™ selection
evaluation by| users. Class B measurements are

within the ca
laboratories.

Class C uncer]
ers with little ¢
using standa
ments are pr
tween functiorn

abilities of most fluid” power testing

ainty limits could be achieved by us-
xpertise in\fluid power measurements
d instrumentation. Such measure-
marilysintended to discriminate be-
ingShydraulic components and those

which have failed)or were improperly manufactured.

4 Classification of uncertainties

4.1 The component uncertainties of a measuring
system may be associated with an individual el-
ement of a measuring system or with the system as
a whole. Generally, lower uncertainties can be ob-
tained by calibrating and evaluating the system as
a whole.

ion from
the true value observed during calibrationcsfjould be
eliminated by adjusting the instrumentler By mod-
ifying the results. If this is not possible, the error
should be taken as the systematic: error| of the
maximum value. For example, if the compalison of
a pressure gauge with a standard reveals| a 4 %
deviation at the mid-rangéJand 2 % at the end
points, and if the information from the gauEe is to
be used without correction, then the gauge| should
be considered to contain a systematic undertainty
of 4 %.

4.3 Somelerrors are the result of a physfcal re-
lationshipswith another variable (i.e. a se¢ondary
variablg), and may be quantified through a| known
mathematical function of the independent vpriable.
Theseffect of temperature on the output of a pfessure
transducer is an example of such an effeqt. Such
errors may introduce either a systematic or fandom
uncertainty component. If the error is neglegted, as
might be the case for a temperature effect|over a
narrow range of temperatures, the maximum uncer-
tainty which could exist within the allowabl¢ range
of the secondary variable shall be added ag a sys-
tematic error. If a correction for the effect i used,
then a random error component of the exter]t of the
uncertainty of the measurement of the sedondary
variable shall be introduced.

4.4 All uncertainties which are known to eyist in a
higher level calibration standard should be rdgarded
as systematic errors of the measuremen{ being
evaluated.

3.2 Determination of uncertainty limits

The limits of uncertainty for determining the class
of measurements are given by adding the com-
ponent systematic uncertainties of the measuring
system to the total random uncertainty. The total
random uncertainty is the root mean square of the
component random uncertainties of the system.

4.5 The measurement uncertainty due to repeat-
ability (») is regarded as a random error. In deter-
mining  the uncertainty of an individual
measurement, the full value of the repeatability un-
certainty of the measurement system established in
accordance with 5.1.2 should be used. If n readings
are averaged to determine the measured value, the
uncertainty due to repeatability is given by

£

Jn

where ¢ is the repeatability uncertainty determined
in accordance with 5.1.2.

V=
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