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This publication containing summarized specifications and suggestions for
procurement and use of verification equipment is based on work made by the OIML
Reporting Secretariat SP 25-Sr 3 "Equipment required for the operation of a Legal
Metrology Service™ under the responsibility of USSR. After the creation of the OIML
Development Council in 1980 this Reporting Secretariat continues to operate as an ad hoc
group under the Development Council.

Presently the following lists of verification equipment have been elaborated by the
group and reviewed by BIML :

- Mass measurement p. 1

- Measurement of volume of liquids p. 11
- Measurement of length and angle p. 19
- Measurement of temperature p. 25
- Electrical measurements p. 35
- Pressure measurements p. 42
- Physico-chemical measurements p. 45



MASS MEASUREMENT

Introduction

The present list of verification equipment is made up with the aim of providing a practical
aid to the national metrological services of developing countries in the matters relating to ensuring
Uniformity and reliability in mass measurement. The equipment included in the attached list is
intended to enable the metrological service to verify mass measuring instruments which are used in all
basic fields of legal metrology such as commercial activities, official relations, health, environmental
control, etc.

The Annex p.8 contains a summarized description and basic data of the recommended equipment
along with references to OIML Recommendations, where applicable. The main use of each item is
indicated in the last column "Field of Application".

The equipment described in the list is thought to be versatile so as to enable selection of the
required verification means in compliance with the demands of each particular country depending on
the actual tasks, which the national metrological service is confronted with.

Part of the reference instruments included in the list will for their appropriate use require
special conditions and parameters of the environment (temperature, humidity, vibration, etc.). These
requirements are usually stated in the technical documentation for the particular types of instruments
needed.

Fig. 1 shows a block diagram of the transfer of the mass unit from the National standard to
the ordinary measuring instruments with the help of standard and reference measuring instruments.



Standards (at National central laboratory)

The National standard is a weight with a nominal mass value of 1 kg (A,) . It shall be
made from non-magnetic stainless steel and its mass value shall be adjusted to that of the
international prototype kilogram of the International Bureau of Weights and Measures on the
basis of an assumed density of weight material equal to 8.0.10° kg/m®and on air density equal to
1.2 kg/m®,

The secondary standards are weights with nominal mass value from 1 mg to 20 kg
(A, to A,) and should be in compliance with the requirements specified for weights of class E2
in OIML RI 20.

The tertiary standard set of weights (As to A;) is similar to the secondary one (A, to Ay)
and differs only in the identification marking.

The secondary standard weights should be made of non-magnetic stainless steel.
These standards should be certified by way of comparing them with the National standard taking
into account the actual density of the material which the weights are made of and the actual density
of the air at the time of comparison.

The secondary standards should be stored in boxes marked as required. Each set of
weights( A, to A,) should preferably be supplied with a verification certificate.

The transfer of mass unit value from the National standard to the secondary standard 1 kg
weight (comprised in set A,) is effected with the use of the primary comparison balance A,4- The
values of the other secondary standard weights are obtained, through closed-series comparisons
using the balances Ay, to Ags.

Though the above-mentioned measuring instruments can also be employed for
solving other metrological tasks, their use for other purposes than calibration of fine weights
shall always be avoided.



Reference Measuring Instruments (used for verification)

The reference measuring instruments for measurement of small masses (up to 30 kg)
should be :

- reference weights (Ag — A1) of accuracy class F; used as local standards
- test weights (A1; — Age) used for the verification of weighing machines

- reference balances (Ax- Azg) for calibration of class F, weights and test weights (class F, and
M;.)

- balances (A 30 - A33) which are used for routine testing of commercial weights .class My, M,
and o.

Technical data and adjustment tolerances of the reference and test weights shall be in
compliance with the requirements of the OIML International Recommendation No.20.The number of
weights is determined in accordance with actual requirements.

Reference and test weights shall be verified within the time intervals prescribed by the
national regulations. It is recommended to verify weights annually.

Sets of gram and milligram reference weights shall be stored inside
special boxes lined with soft material and provided with
forceps having soft nosepieces.

Reference weights from 1 to 20 kg may be better stored in separate boxes to protect
them against corrosion and mechanical damage.

The boxes should have a nameplate carrying the following information :

- national identification sign,

- purpose of weights such as "reference weights for verification officers",
- accuracy class of reference weights,

- name of manufacturer,

- range of nominal mass values of weights.

Additional instructions can also be envisaged in compliance with the National
metrological legislation.



Verification of high capacity weighing equipment

The verification of high capacity weighing instruments (above 30 kg) usually requires the following
equipment :

- test weights of classes F, (A 11 t0 Ag3) and My (A to Agg),

and
- parallelepiped-shaped reference/test weights (A7, Asg) With

technical data corresponding to the requirements of OIML RI 2 but adjusted in compliance with
requirements stated for weights of classes F, and M respectively,

- reference weights for testing of high capacity weighing devices (Ajg) generally in compliance with OIML
RI 47 but with adjustment tolerances of 0.002 %,

- high capacity comparison balance (Az4) with maximum weighing capacity of 1000 kg,

- mobile weighbridge verification units (on road vehicle or railway chassis) (Az — Az1).

National metrological services should pay attention to the necessity of special adjustment and
verification of the heavy weights.  The required number of heavy test weights is determined in accordance with
actual requirements.

Adjustment and verification of reference parallelepiped-shaped 20 kg weights should be effected with a
maximum permissible error of 300 mg and of test weights for verification of balances at their place of use with a
maximum permissible error of 1000 mg.

Weights from 500 to 5000 kg (i.e. 500, 1000, 2000 and 5000 kg) are required for the verification of high
capacity weighing devices. The maximum value of these weights shall be selected taking account of local tasks
and conditions as well availability of special lifting transport and auxiliary equipment needed for the handling of
such weights.

The mobile test units for verification of high capacity truck, railway, conveyer and other similar scales
should only be acquired paying careful attention to the local needs.



The mobile road weighbridge verification unit should contain a set of 500 or 1000 kg test
weights arranged on a special vehicle chassis (van-type vehicle or tow-truck with semitrailer-van).
It shall also carry a sufficient number (up to 50) of 20 kg test weights (see item Aqg)

The van should be equipped with loading devices (i.e. monorail, electric or hydraulic
hoist for lifting of weights, longitudinal-displacement mechanism, weight holders, etc.) for carrying
weights of 500 kg or more. The control of the loading/unloading device by electrical or hydraulic
means actuated from the vehicle engine as well as the auxiliary devices and appliances should ensure
smooth operation of the whole unit.

The 20 kg test weights (25 to 50) should be stored in the mobile verification unit in
special cases excluding any displacement and protecting them from mechanical and other kind of
damage.

These mobile units, depending on the type of the vehicle and trailer used and their loading
capacity can ensure verification of weighbridges with the maximum weighing limit from 10 to 40 t
(This limit will in practice also depend on the permissible load on access roads).

Weighbridge verification test units of the railway van type are intended for verification of
weighbridges used, for instance, in sea and river ports, railway locations handling heavy freight
(such as minerals, etc.).

Depending on the actual conditions and tasks to be solved, units for .the verification of
railway weighbridges of a maximum capacity up to 100 or 200 t may be acquired. These units can
comprise railway vans equipped with 20 kg test weights (see item Aqg) and heavy weights of mass
1000, 2000 or 5000 kg adjusted to = 0.01 % as well as with special trolleys of verified mass.

The van serves for storage and transport of verification trolleys and test weights. It is also
possible to use a railway van as ballast for verification.

The van should contain from 20 to 40 heavy weights, their total mass being at least equal
to 50 % of the maximum capacity of the verified scales. The number of verification trolleys can be
limited to 2.



The van should be equipped with a diesel power plant, ,1 hoist for lifting, displacing
and lowering  of weights and trolleys, electric motors actuating displacement of the van and
verification trolleys, external power supply sources, control systems and devices. The use of
verification trolleys allows displacement of the weights to the verified scales and along the
scale platform.

The the site of automatic and semi-automatic belt weighers and other heavy weighing
scales of discontinuous or continuous action is usually done using the material normally
weighed with the machines. The mass of this material is determined on a static weighbridge
which must be available close to the location and which is previously verified.

The verification of heavy crane scales (from 5000 kg and upwards) may require the use
of a materials tension testing machine equipped with a calibrated dynamometer. When such a
testing machine is not available in the central metrology laboratory the calibration may take
place in some other materials testing laboratory provided the metrology service has a suitable
set of certified tension dynamometers or load cells ranging from 50 kN to 1 MN and which
can be used as comparison standards.

Other equipment which is occasionally necessary for pattern approval of mechanical
weighing machines such as a Rockwell hardness tester and surface roughness comparison
patterns may also be available in a materials testing laboratory cooperating with the mass
measuring laboratory of the metrology service.

Auxiliary equipment

Equipment for measuring the levelling of weighbridges may also be required as well as

small block levels for inspection of balances of medium and higher accuracy class.

The metrology service must of course also be equipped with sealing and stamping

equipment for weights and weighing machines (see OIML RI 42).
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Fig. 1 - Block diagram of interrelation of verification equipment
in the field of mass measurement



MASS MEASUREMENT

ANNEX

Iten Description Basic data Field of application
1. Standards (Highest level)
A1 National standard Nominal mass value 1 kg. Initial means of reproduction and

Ay~ Ay Sets of secondary standard
weights composed of :

A, Set of milligram weights
Ay Set of gram weights
A, Set of kilogram weights

Made from non-magnetic stainless steel,
Cylindrical shape, h = d,

True material density to be indicated.
Admissible deviation from nominal mass
value + 1 mg.

To be supplied with BIPM calibration
certificate with uncertainty to +0.1mg

Material : non-magnetic stainless steel.

Composition of sets and adjustment .

according to OIML class EZ
1~ 500 mg
1 ~500 g
1~ 20 kg

AS— A, Set of tertiary standard Identical to sets A ~ Ay except for
weights for cirrent identification markings
calibrations at high
accuracy level
2, Local reference and test weights
2.1, Mass measurements up_to 30 kg
Ag-Ayy Set of reference Composition of sets material and
weights (Local standards) adjustment tolerances in accordance
with OIML class Fy
A g Set of milligram weights 1 - 500 mg
A g Set of gram weights 1= 500 g
A Set of kilogram weights 1~ 20 kg
A 11743 Set of test weights Composition of sets, material and
adjustment tolerances in accordance
with OIML class Fy
Ayy Set of milligram weights 1 ~ 500 mg
Ay, Set of gram weights 1~ 500 ¢
Ay Set of kilogram weights 1 - 20 kg
Ay~ A g Set of test weights Same data as for Ajy =44 but OIML
class M1
2.2. Mass_measurementsabove_30 kg
Ay Set of 20 kg reference 50 cast iron (or cast steel) paralle-
weights lepipedic weights of nominal mass 20 kg
generally according to OIML RI 2 but
provided with means for easy adjustment
to error limits of + 300 mg
Ag Set of 20 kg test weights Specifications as for Ay, but with

sealed adjustment to error limits
of + 1000 mg
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maintaining of the unit of mass

Closed series comparisons of secondary
standard weights with 1.kg national standard,

Verification of tertiary set of weights
Ag- A, and of weights used as local
standards.

Verification of class F) weights and of
balances of special accuracy class with
n 3 200 000

Reference standards for local offices.
Verification of weights class F., and of
specially adjusted parallelepipedic
weights of 20 kg (item Ay7).

Verification of balances of special
accuracy class with n < 200 000

Verification of weights class M¢(and M,)

Verification of weighing machines
class II and III

Verification of weights class My and 0.
Field verification of weighing machines
of class III and class IIII.

Verification of reference high mass
weights of 100, 200, 500 or 1000 kg
nominal value (44g).

Verification of large capacity weighing
machines of medium and ordinary accuracy
class up to 1000 ki on the site of
installation.



Item

Description

Basic data

Field of application

Ayp = Ay

30 733

34

hys-Asg

Set of local office

reference balances :

A, Microanalytical
26
balance

A,, Analytical
27
balance

Ayg Verification
office reference
balance

A29 Verification
office reference
balance

Set of stationary
weight testing
bal ances -

A4 Analytical
balance

A, Analytical
balance

A hnalytical
balance

Aqq Precision
balance

High capacity
comparison balance

Set of
transportable
balances :

A35Jewe11ery
type balance

A 35 Transportable
precision balance

A37 Transportable
precision balence

Aqg Transportable
precision balance

4. Local office halances

Mechanical or electronic balances with
the following data :

Maximum capacity 20 g.
Scale interval 0.01 mp
Standard deviation £ 0.02 mg

Maximum cepacity 200 p
Scale interval 0.1 mp
Standard deviation = 0,2 mg

Maxigum capacity 2 kg
Scale interval | mg

Standard deviation < 2 mg

Maximum capacity 20 kg
Scale interval 10 mg
Standard deviation < 50 mg

Mechanical or electronic balances suitable
for rapid comparisons of weights having
the following data :

Maximum capacity 20 g
Scale interval 0.1 mg

Maximum capacity 200 g
Scale interval | mg

Maximum capacity 2 kg
Scale interval 10 mg

Maximum capacity 20 kg
Scale interval 100 mg

Maximum capacity 1000 kg
Standard deviation 10 g

3. Trangportable balances (if required)

Pack-away balances in bokes (or sturdy
electronic balances installed in a mobile
van) with the following data :

Maximum capacity 20 g
Scale interval 1 mg

Maximum capacity 200 g
Scale interval 10 mg

Maximum capacity 5 kg
Scale interval 100 mg

Maximun capacity 20 kg
Scale interval 1000 mg
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Verification of weights class Fp and
test weights items Ajj-Ayg and A7 and
Ayg using set Ag-h (g as reference.

Verification and stamping at the local
office of commercial weights class Mq
My (and 0).

Comparison of item to A, and
verification of test weights &g using
Ajg as reference

In-service verification of weights
(classes My and 0) at their place of
use (supervision)



Item Deseription Basic data Field of application
4. Local office balances
Ay~ Ayg Set of local office Mechanical or electronic balances with Verification of weights class F; and
reference balances : the following data : test weights items Ajy~Aj3 and A7 and
Aqg using set Ag-A g as reference.
Ay Microanalytical Maximum capacity 20 g.
balance Scale interval 0.01 mg
Standard deviation £ 0.02 mg
Ay Analytical Maximum capzcity 200 g
balance Scale interval 0.1 ng
Standard deviation << 0.2 mg
Ayg Verification Maximum capacity 2 kg
office reference Scale interval 1 mg
balance Standard deviation «< 2 mg
A29 Verification Maximum capacity 20 kg
office reference Scale interval 10 mg
balance Standard deviation < 50 mg
A30—A33 Set of stationary Mechanical or electronic balances suitable Verification and §tamping at the local
weight testing for rapid comparisons of weights having office of commercial weights class Mj
balances : the following data : My (and 0J.
A4, Analytical Maximum capacity 20 g
balance Scale interval 0.1 mg
A31 Analytical Maximum capacity 200 g
balance Scale intetval | mg
& Analytical Maximum capacity 2 kg
balance Scale interval 10 mg
Aqq Precision Maximum capacity 20 kg
bal ance Scale interval 100 mg
A34 High capacity Maximum capacity 1000 kg Comparison of item A4 to A5 and
comparison balance Standard deviation 10 g verification of test weights &g using
A9 as reference
5. Tramgportable balances (if required)
A 35~ A3g  Set of Pack-away balances in boxes (or sturdy In-service verification of weights
transportable electronic balances installed in a mobile (classes M, and 0) at their place of
balances : van) with the following data :

A 35 Jewellery
type balance

A 3¢ Transportable
precision balance

Aq; Transportable
precision balance

A4g Transportable
precision balance

Maximum capacity 20 g
Scale interval 1 mg

Maximum capacity 200 g
Scale interval 10 mg

Maximum capacity 5 kg
Scale interval 100 mg

Maximun capacity 20 kg
Scale interval 1000 mg

12

use (supervision)



MEASUREMENT OF VOLUME OF LIQUIDS
Introduction

This list of equipment for the verification of measures and meters of volume
of liquids covers most of the common activities of legal metrology services over a wide range of
measured values : from one millilitre or less to hundreds of cubic metres, See Annex p. 17.

The accuracy of the measures and measuring instruments used in the field of volume
measurement is ensured by following the procedure for the transfer of the unit of volume from
the standards to the test measures and from there to the ordinary measures and meters as shown
in Fig. 1.

Calibration by weighing

The standard volume measures are verified by way of accurate weighing of the mass
of distilled water with the use of class F, weights (OIML, RI 20) and converting subsequently
this mass into volume of water at the moment of weighing using accepted (or measured) values
for the density of water ) and taking into account the air buoyancy correction with respect to the
weights used with (or to calibrate) the balance.

The temperature of the water used shall be measured with thermometers having a
maximum error of 0.1 °C. (If a standard or test measure is calibrated or used at a temperature very
different from the normal temperature of 20 or 27 °C it is also necessary to take into account the
coefficient of cubical expansion of the material of the measures).

The weighing shall take place under good laboratory conditions (preferably in the
central laboratory) in a room with stable temperature.

The balances used shall have sufficient capacity so as to take account of the mass of
the empty measures (as proposed in items Vi, to Vs in the list). They shall furthermore provide
for sufficient free space to accommodate the standard measures. Electronic top loading balances
are usually suitable for this purpose but the weighing procedure must then make use of the
substitution with weights so as to eliminate any scale or drift errors.

Values of the density of distilled water may be found in OIML RI 22
International Alcoholometric Tables, Table 1 for p-values = 0.
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The weighing method makes it possible to determine the amount of water contained in ,or
delivered by the vessel. The accuracy of measurement of volume delivered by the vessel depends on
the amount of liquid retained by the walls of the vessel and on the time interval allowed for drainage.
The waiting time for drainage is generally specified in the relevant standards or OIML
Recommendations (for flasks, burettes and pipettes). For standard flasks of volume greater than 2 L
it may be taken equal to 1 minute. When test flasks are used for verification of ordinary measures the
drainage time is usually prescribed in national regulations and is frequently 30 s.

Standard measures

The standard measures are intended for the calibration of test measures used by
verification officers.

The main set of standard measuring flasks V,| is made of stainless steel and comprises
vessels of capacity 2, 5, 10, 20, (50) 100 and 200 L. As to the form each flask consists of a
cylindrical body closed by cones in the upper and the lower parts. Attached to the upper cone is a
neck and attached to the lower one is a drain valve. The capacity of the standard flask is in the lower
part limited by a drain valve and in the upper part by a neck to fill the vessel up to the upper edge
level. The standard flasks are positioned on rubber shock absorbers placed, in turn, on a tripod made
of steel pipes. The lower ends of the steel pipes are provided with adjustable supports for levelling.
The tripod is designed to protect the flask against mechanical damage.

The standard flasks should preferably be filled through an additional bottom valve to
prevent formation of air bubbles on the walls which otherwise may effect the accuracy.

The standard flask is provided with a spirit level and is adjusted to the temperature of
20°C for the delivered volume. It is verified by the weighing method and should be supplied with a
certificate of the national metrological service of the country of manufacture with indication of
nominal and real volume, year of manufacture and the manufacturing plant. The statutory verification
stamp is applied to the end-face part of the neck. The maximum error for the determination of
volume of the standard gauging vessel should be lower than + 0.03 %.
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The set of standard one-mark glass flasks V3 shall comply with  OIML RI 4. The set consists
of flasks of the following nominal capacities:0.1, 0.2, 0.5, 1and2L.

The nominal volumes are chosen in compliance with the national regulations.

The flasks are calibrated © by the method of weighing distilled water in delivered volume
(wetted walls) at a temperature of 20 °C (or 27 °C)

The set of standard burettes Vs of nominal capacity 10, 25, 50 and 100 ml should be in
compliance with OIML RI 41 which also describes the method of verification by weighing.

Standard burettes are mainly used for calibration at a fixed location of laboratory glassware,
whereby the range may be extended down to 1 ml if required.

If the amount of laboratory or other glassware to be verified is great, the standard glass flasks
and the standard burettes may be substituted by a fixed installation of automatic burettes with fixed-
volume overflow devices.(It is foreseen that a Recommendation for such standard instruments will be
drafted by OIML SP5-Sr3).

Test measures

Test measures are designed for the verification of ordinary measures and meters.

The set of test flasks, item V, is generally similar to the standard test flasks but have a
graduated inspection neck. The smaller test flasks of 20 L and below do, however, not have drain
valves, at the bottom. The material to be used is preferably stainless steel but can be any other suitably
corrosion-protected metal. The set consists of gauging vessels of capacities 2, 5, 10, 20, (50) 100, 200,
(500) and 1000 L.

The capacity of the test flasks is verified by the volumetric method, i.e. the method of
draining water from a standard flask into the verified measure.

™ An applicable method of calibration is described in the annex to OIML RI 34.
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The value of the capacity is reduced to the reference temperature of 20 °C. The
neck is graduated by means of standard flasks and pipettes. The test flask is supplied with the
national metrological service certificate containing the following data :

(a) capacity,

(b) serial number,

(c) year of manufacture,

(d) name of manufacturing plant.

These data should be provided on the nameplate attached to the test flask. A place
should also be provided for the stamp of the national metrological service.

The maximum permissible error of determination of volume of the test flasks is
+0.1 %.

The test vessels of 500 and 1000 L should be equipped with a release valve and a
drain tube and installed on a truck (or car) trailer. The calibration should be effected in the
central laboratory with the use of standard test flasks of capacity 100 and 200 L. Quantity :
one for the central laboratory and as may be required for other individual laboratories
(verification of proving tanks for water and petroleum, flow meters, gauging of tanks,
reservoirs, etc.).

Sets of test glass flasks item V, shall also be provided ranging from 0.01to 2 L in
compliance with OIML RI 43. They shall be packed in suitable transport boxes. These sets
are used for verification of trade measures (for milk, beverages and other liquids) by the
mobile verification units.

The set of graduated pipettes, item Vg, complying to OIML RI 40 and having
capacities of 1, 2, 5, 10 and 25 ml shall be used by verification officers as a complement to
the test glass flasks. They shall also be packed in suitable transport boxes.

The geometric method should be used for gauging of stationary horizontal and
vertical steel reservoirs.

The mobile units responsible for gauging of tanks and reservoirs can as a minimum
be equipped with the set of means described under item V- of the present list. For gauging the
bottom of reservoirs it may be appropriate to use a calibrated tank truck having a capacity of
10 000 L.

16



If a great number of tank wagons or tank trucks have to be gauged a special installation may be used
which is equipped with proving tanks of fixed capacity of 1000 L and one graduated measure of capacity 200
L. The proving tanks are placed on a metallic trestle having a platform for the operator located at a height

suitable for the tank trucks or tankwagons.
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Central laboratory

Measures and meters to be verified

Weights

Fig. 1 - Block diagram of equipment
for the verification of volume of liquids
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VOLUME MEASUREMENTS OF LIQUIDS

ANNEX

Item

Description

Basic data

Field of application

Standard flasks

V2 Test flasks

V3 Standard flasks,
with one mark

V4 Test flasks,
graduated

V5 Standard burettes

V6 Test pipettes,
graduated

V7 Tank dimension
gauging equipment

VB Set of reference
test weights

v

9

-Vyq Set of test weights

Vg kilogram weights
Vio gram weights

Vyy milligram weights

Capacity : 2, 5, 10, 20, (50), 100 and 200 L
Limits of error : + 0.03 7

Material : stainless steel

Quantity : one of each

Capacity : 2, 5, 10, 20, (50), 100, 200,
(500), 1000 L

Limits of error : + 0.17

Material : corrosion protected metal.
Transportable execution

Quantity : as required by the verification
service by taking into account field of
application and liquids used.

Capacity : 10 mL to 2 L

Material : borosilicate glass

Form and tolerances according to OIML RI 4
(or IS0 1042, grade &)

Capacity : 10 ml to 2 L
Material : hard glass
Form and tolerances according to OIML RI £3.

Capacity : 10 mL to 100 mL

Material : glass

Form and tolerances according to OIML RI 41
(or 180 385, grade A).

(The capacity may be extended down to 1 oL
if needed).

Capacity : 1 oL to 25 mL
Material : glass

Form and tolerances according to OIML RI 40

(or 1SO 835, grade A).

Length measurés and accessories
as follows :

1 Measuring tape of stainless steel with
wind-up handle length 20 m interval 1 mm

1 Do. length 50 m
1 Do. length 100 m
2 Non-graduated measuring tapes of stainless

steel with wind-up devices length 200 m
Tape tensioning springs

Telescopic poles for displacing the tapes
Folding 3 m measure

Sliding telescopic measure of 3 m
Flexible double metre

Folding double metre

T-shaped dip stick to measure water level
Height measuring tape of 20 m with bob
on rewind device
Thermometers 8-38 °C, scale interval

IR

S

25 (or 50) cast iron or cast steel parallelepi?edic
weights of nominal mass 20 kg generally according

to OIML RI 2 but adjusted to error limits of
+ 300 mg (same as item A;7 in mass 1ist)

Composition of sets, material and adjustment

tolerances in accordance with OIML RI 20 class F,

(same as items &, ~A,, in mass list)

1 -20 kg
1~ 500 g
10 ~ 1000 wg
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0.1°C

Verification of test flasks item V2

Verification of measures, proving tanks
and meters for water and hydrocarbon
products.

Verification of milk meters, alcohol
meters etc.

Verification of test flasks (item VA)
and laboratory glassware

Verification of trade measures
for milk, beverages, etc.

Verification of laboratory glassware.

Verification of trade measures as a
complement to item V, and verification
of low-capacity measures

Verification of fixed storage
tanks or of tanks installed in
ships and barges

For use with high capacity platform
balance item Vyy in calibrations
(by substitution) of standard test
flasks in the range from 50 L to
200 L

For use with balances items Vi3,

Vy4 and Vq5 in calibrations (by

substitution) of standard flasks,

burettes and pipettes in the range
from | mL to 20 L



ltem

Description

Basic data

Field of application

V]q

[

Vig

High mass balance

Laboratory balance

Laboratory balance

Laboratory balance

Laboratory
thermometers

Capacity : 1000 kg (min. 500 kg)
Repeatability s =10 ¢

Free height and size of loading platform
chosen so as to accept standard flasks
up to at least 200 L.

(May bz the same balance ss item A34 in
mass list)

Capacity : 40 kg (minimum)

Scale interval ; 0.1 g

Repeatability s =10.2 ¢

Top loading electronic type (or mechanicsl
with free height over pan of at least 600 fim),

Capacity ! 4 kg (minisum)

Scale Interval and repeatsbility s = 0,01 g
Top losding electronic type (or mechanical
with free height over pan of at least 400 m)

Capacity : 400 g (hifiiium)

Scale interval and repeatability s = 0.001 8
Top loading electronic type (or mechanical
with free height over pan of at least 250 i),

Range : -2 to 32 °C
Division end accuracy : 0.1 °C
Certified,
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Verification of standard flasks in
the range from 30 to 200 L by veighing
using clean (Eiltered) tap water

Verification of standard flasks in
the range from 5 to J0L by weighing
using distilled water

Verification of standard flasks in
the range from 0.5 to 2L by weighing
using disti}led water

Verification of standard flasks in
the range from 10 to 200 mL and of
standard burettes and pipettes by
weighing using distilled water

Determination of density of water by
using temperature to density relation
expressed in tables (e.g., OIML RL 22)



MEASUREMENT OF LENGTH AND ANGLE

The field of angle and linear measurements applies to a great variety of objects of
different use, geometrical size, shape, type of measurement, accuracy, etc.

The list of means used for verification of linear and angle measures is therefore long and
the number of standards required for the verification of these means, although not so great, is still
quite considerable.

These guidelines are intended to serve as a basis which, depending upon the real needs,
can be supplemented and specified in more detail.

The list does not comprise any standard means relating to gear-engineering, geodesy, range
finding, thin films, coatings, deviations in form, kinematic drives, etc.

The Annex p.22 contains the list of suggested verification means for equipping metrology
services of developing countries with a metrological central laboratory for linear and angle
measurements.

If all the standard verification means described in the list are available, the laboratory
can ensure verification of the majority of length and angle measures and instruments used in
mechanical engineering, civil engineering and trade.

If an interferometric comparator for absolute measurements of block gauges
equipped with the corresponding light source (L« in the list) is available, the laboratory can ensure
the transfer of the unit of length through all stages of the transfer diagram (see Fig. 1).

In the absense of an interferometric comparator the laboratory shall choose a class of
end measures to be accepted as the primary one. In this case the original sets of end measures shall
be certified by a country having the corresponding means at its disposal. The measures of the
lower orders can be certified by the laboratory using the means described in the list,

The divided H-shaped line standard (L;o) serves as the primary one for certification of machines
used for measurement of length measuring rules. This standard shall itself be calibrated
periodically in a country which has such facilities.
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The primary means for verification of angle measurements may consist of a set of
optical polygons certified in a country having the necessary facilities.

The column "Field of Application” in the Annex illustrates examples of practical use of
the verification means. It does however not comprise all metrological tasks that can be solved by
means of the equipment described. The solution of metrological tasks on certification of the end
measures is illustrated in Fig. 1.

The list includes only the primary means used for verification, there are however in a.
number of cases also other measuring or auxiliary instruments which are required (for example, in
the course of verification of the end measures a micrometer is required for measurement of the
sizes of the sections of measures and in other cases fastening or other appliances are required).
These devices are not mentioned but described in detail in the corresponding practical instructions
for verification.

These instructions describing the conduct of the verification, suitable premises and
personnel of required qualification shall, jointly with the present list of standard means ,serve as a
background for the organization of the laboratory work.

If it is impossible to ensure standard climatic (temperature) conditions for the conduct
of measurements the results of wverification must be converted in accordance with

recommendations of the relevant standards or methodological documents.

In addition to the special equipment described in the list, the organizations of the
national metrological services should be provided with the means for applying the specified marks
to the verified measuring instruments (stamping) as well as for cancellation of these marks.
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Order of Maximum permissible

. ; Basic means Classes of gauge blocks ] _
calxbratlgg of measurement (OIML RI 30) #* error qu 100 mm length
accuracy in pm
0.04
1. Interferometer L3
' 0.1
2. Interferometer Lq
(or comparator Ly
using blocks class AA
with corrections)
0.2
)5 Comparator L, (or Lg)
0.4
4. Comparator L4 (or LS)
. c | T \ \\ . _ 0.8
5. omparator L, (or >
. 4 57 N I

\ 1.6

3 C
A}
\\\ D 3.2
7
Fig. 1 - Transfer diagram cf end gauges

* The order of calibration accuracy is determined by the limits of permissible errors in
measuring the length of the gauge blocks (see OIML RI 30, point 10) illustrated by
following the inclined arrows in the diagram.

** The class is determined by the permissible deviations of the values of the length of end
gauges (used as standards).

— Class AA gauge blocks are used as basic laboratory reference measures and should be
delivered with individually certified corrections (for at least every 10 mm) .

— Class A (and B) gauge blocks are used for direct calibration of other gauge blocks and
instruments of lower accuracy (usually two orders lower without corrections and at least
one order if corrections of the reference gauge blocks are taken into account).

— The accuracy classes AA, A, B and C of OIML RI 30 correspond to 1ISO 3650 classes 00,
0, 1 and 2 respectively.
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LENGTH and ANGLE MEASUREMENT

ANNEX

Ltem

Description

Basic data

Field of application

Gauge blocks (end gauges)

Gauge blocks (end gauges)

Interferometric comparator
for measurement of end
measures by absolute (and
comparison) methods

Vertical comparator,
mechanical contact type
with optical or electrical
indication

Optical-mechanical universal
measuring machine for length
measurement

Optical flats

Plane-parallel optical flats
(4-flat sets, dimensions

of flats depend on the
measurement limits of the
verified instrument)

Thermometer

Profilometer-profilograph
(universal)

Surface roughness reference
standards

Surface roughness (comparison)

patterns

Tool-room microscope with
projection headpiece or
"universal" microscope

Length : from 0.5 to 100 mm (OIML RI 30)
Class according to needs (A4 or A).

Length ; from 200 to 1000 mm (OIML RI 30)
Class according to needs (A or B).

Range of measurement :

up to 100 (or 200) mm

Supplied with secondary standard
light source

Range of measurement ;
up to 200 m
Scale interval : 0.1 um (or less)

Rangz of measurement :
up to 1000 mm
Scale interval : 0.001 mm or less

Digmeter : 60, 80, 100 and 120 mm
Tolerauce of interference fringe
surface flatness : 0.1 - 0.2

Permissible tolerance of interference
fringe surface flatness ; 0.3

Scale interval : 0.1 °C
Range of measurement :
from + 10 to + 35 °C

Range of measurément of surface
roughness parameter R, ¢ from 0,02
to 100 um

according to IS0 3274

Set according to wanufacturer's
catalogue

Linit deviations of the mean value
of perameter R, from the nominal
valug (f;gz)

By = 0,025 - 12,5 4m
Ra = 0.2 - 400 ym
according to IS0 2632/1 and IS0 2632/II1

Scale interval : 0.005 mm or less
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Transfer of length measurement unit
from primary to reference and
ordinary measuring instrument%
see Fig, 1.

(as for Ll)

Verification of end measures class AA
and A (by absolute method of measu~
rement) see Fig, 1,

Verification of end measures (by
method of relative measurement)

Verification of end measures (by
method of absolute and relative
measurements)

To be used for verification of end
measures and for measurement of
deviations from planeness of
finished surfaces

To be used for measurement of
deviations from alignment

and planeness of anvils

of micrometers, lever and indicat-
ing gauges, etc.

To be used for verification of end
measures and other leagth measuring
instruments

Verification of surface roughness
(comparisen) patterns. To be used

for verification of measures, gauges,
insttuments, tools, or when measuring
surface roughiess of products

Verification of profilometers, profi-
lographs and optical instruments used
for the checking of surface roughness

To be used for tactile and visual
verification of measures, pauges,
instruments, tools, surfaces of
products

To be used for verification of
threaded and conicel gauges, different
types of scales, parts of complex shape



Item

Description

Basic data

Field of application
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Accessories to plane-
parallel end measures

Coiiparator for internzl
atid external measurements

Comparator for the verifi-
cation of reference
standard line measures

Reference rings

Reference stainless steel
measuring tape

Reference steel rule

Reference H-shaped precision
steel rile

Object-micrometer

Surface plate

Toolmaker's straight-edges

Feeler gauges (sets)

Special micrometer for
verification of dial
indicators (with a special
rack to attach indicator)

Dial comparators

Set ifi accotdance with end gauge
manufacturer's catalogue

Range of measurement @
from 0 to 200 mn
Scale interval : 0.001 mn and less

Range of measurement :

up to 1000 mm

Scale interval : 0.001 mn and less
(may be combined with item LS)

Sets according to manufacturer's
catalogue

Length of scale : 20 m
Scale interval : 10 mm with first
100 mi divided in mm

Length of scale : 1 m
Scale interval : 1 mm

Length of scale : 1 m
Scale interval : 1 mm
(first millimeter divided in 0.1 mm}

Length of scale : | mm
Scale gnterval : 0.01mm

Preferably of hard granite,

dimensions for example 1500 x 100C am

Dimensions - with for example knife
edge 200 mm, others 500 and 1000 mm

Sets - according to manufacturer's
catalogue

Scale interval : 0.01 mm
Maximum error : + 0,002 um
(Measuring range 10 mm)

Scale interval : 0.001 mm and less
Mounting bore diameter : 28 mm
and 8 mm

Type to be selected from manufac~
turer's catalogue
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To be used for verification of
internal gauges as well as for
measurement and marking of different
parts

Verification of reference and
adjusting rings to internal gauges.
To be also used for measurement of
precision parts

Verification of reference graduated
length measures. To be alse used for
meagsurement of precision parts

Verification and adjustment of internal
gauges

Verification of graduated length
measures using a long flat bench

Verification of graduated trade measures
by direct comparison (using 2 magnifying
glass).

Verification of length measuring
machines

Calibration of ocular micrometers

To be used for measurement of flat-
ness of parts, instruments and measures

To ba used for measurement of flat-
ness of parts, instruments and measures
as well as for checking of articles

To be used for measurement of recti-
linearity and planeness of parts of
instruments and measures as well as
for checking of articles

Verification of dial indicators

To be useé for verification of diffe-
rent gauges, measurement of misalign-
ment and perpendicularity of lines,
and curfaces of measures, parts of
instruments and articles



Item

Description

Basic data

Field of application
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Comparator stands

Roundness measuring
machine

Prismatic angle standards
and optical polygons

Gotiiometer

Auvtocollimator

Reference vedges (angle
standards)

Precision level {for use
in level checking device)

Optical dividing head

Sine bars

For comparators with mounting bore
diameters : 28 and 8 m

Type to be selected from manufacturer's

catalogue

The minimum width of working field
for recording on the diagram disk :
30 mm (the maximm increase error

in the course of recording : +37)

Sets - according to manufacturer's
catalogue

Scale interval ¢ 1"

Scale {nterval : 1" and less

Set - according to manufacturer's
catalogue

Scale jpreryal : 1"

Scale jnterval : 5" (or less)

Bases of sine bars 100 (or 200) mn
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For use with LZS

To be used for verification of
gauges, reference rings and
for measuretient of precision parts

Verification of protractors and
similar deviceg

Verification of angle measures,
measurement of precision parts

To be used for measurement of
rectilinearity of travel of
parts of instruments, machines-
also for measurement of zligmment

Verification of autocollimators

Verification of levels

Verification of theodolites, etc,

To be used for verification of conical
gauges as well as for measurement of

angles of articles



MEASUREMENT OF TEMPERATURE
(thermal contact methods)

Introduction

Temperature is one of the most widely spread and important physical parameters in
biology and medicine; it characterizes the various processes in power engineering, in petroleum
and gas extraction and refinery industries as well as in chemical, metallurgical, food and other
industries.

The field of temperature measurements is extensive both in the range of temperatures
and requirements for accuracy and in the variety of types and kinds of technical means used for
temperature measurement. In consequence, it is difficult to organize properly the state metrological
supervision over the entire field of temperature measurements covering engineering, commercial,
medical and other activities.

At the same time, it seems possible to limit at first the scope of tasks to be solved by
the legal metrology services and, hence, the range of temperature measurements and the number of
metrological means to be used for this purpose.

Temperatures ranging from - 50 (or 190) to + 1200 °C may be chosen as such an
immediate temperature range. The present list of verification means is worked out specially for this
range covering the basic temperature measurements using thermal contact methods, see Annex p.
29.

The following three main categories of equipment are included in the list of verification

means :

measurement standards,
reference means,
additional equipment.

Standards (primary)
The standards comprise :

1. Sets of standard platinum resistance thermometers and standard thermocouples to be subjected
to primary calibration by international or national metrology services of countries delivering
this equipment,
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2. Set of high-accuracy electric measuring equipment comprising preferably on automatic bridge
for resistance thermometry and a digital voltmeter for thermocouple measurements.

3. Fixed points

The necessity of regular calibration abroad of the standard resistance thermometers and
standard thermocouples may be avoided if fixed points according to the International Practical
Temperature Scale (IPTS-68) are procured. This, however, requires a certain amount of scientific
skill and availability of pure materials for operation and replacement as well as a small computer
facility for establishment of calibration tables.

The equipment list includes, as a possible extension, a suggestion for some of these

fixed points in the following order of priority

- triple point of water

- freezing point of tin

- freezing point of zinc

- triple point of argon (for IPTS below 0 °C)
(The standard thermocouples may be calibrated by the melting wire method using wire of pure
noble metals.)

The temperature unit within the adopted range is transferred from the national
standards to the reference means of temperature measurement through calibration at selected
reference points of IPTS-68 and comparison performed in thermostated baths (or if necessary in
cryostats at temperatures below - 50 °C).

When required for reasons of accuracy the temperature unit may be transferred from
national standards directly to the high-accuracy working means of temperature measurements.

Reference means (calibration equipment)

The set of reference means indicated in this list comprises :

- set of reference platinum resistance thermometers,

- set of reference mercury-in-glass thermometers,

- set of reference platinum - platinum / rhodium thermocouples,

- set of secondary fixed points used within the IPTS-68 such as
the ice melting point and a number of baths or furnaces with specified properties
(temperature, size, homogeneity, etc.)



in which the comparison and calibration of thermometers are performed,

- associated electrical measuring equipment (identical or similar to that for the standards).

The reference measuring means are intended for the verification of measuring means
for direct use (medical, scientific, industrial and so on) through their calibration in reference points
and through the direct comparison in cryostats, thermostats and in high-temperature furnaces,

The set of additional equipment contains a number of devices, appliances and
instruments required either for preparation of the coolant (such as ice) and for the use or control of
the verification equipment.

The complete composition of the verification means indicated in the list of means for
equipping the national legal metrology services of developing countries is presented in the Annex.
This table also gives the basic metrological data and technical characteristics of the suggested
equipment and specifies the field of application.

Fig. 1 shows the simplified diagram of the interrelation of equipment indicated in the
list for verification of ordinary temperature measuring means (industrial, medical, laboratory and
scientific) and the transfer of the temperature unit from the primary national standards to the
ordinary instruments.

When purchasing equipment for the national services of legal metrology in the field of
temperature measurements one must bear in mind that the majority of calibrations and verifications
of thermometers of various types, intended for measurements in various ranges (including high-
temperature thermocouples) requires the use of the ice melting point (0 °C). For this reason, it is
recommended to pay special attention to the purchase of "zero" thermostats and machines for ice
preparation (crushing, screaping) and for maintainance of the above—mentioned means in
appropriate condition.

As a whole, the suggested list of verification equipment aims at solving many
metrological problems by ensuring harmonization and confidence of temperature measurements
using many types of thermometers over a wide range of temperatures and accuracies.
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Standards

Reference (calibration) equipment

Ordinery instruments

| krgon ) : Yater : i Tin : : Zine :
| o A A N .
Ty | triple I, ' triple ) T&l freezing P55 | free;xng | Foreign
point ] point | point | Roimt Certification
- 189.35 °¢c | oo oo | | 231.968 °C | 419.58 *C
Standard platinum Standard
T, resistance TZ Pt - Pt 10 2 Rh
thermomecers T, -7 thermocouples
= 180 te + 500 °C 7 10 300 to 1100 °C
[ Electrical I
——————————————————————————— weasuring e e - -
equipnett
| 1
Reference
: Reference
T platinum T Pt - Pt 10 7 Rh
11 resigtance 12 thermo ie
thermometers pLe LDt
Tys Tie Tia Tig Tis T1g T T2
=== '
| e ! Low temp. Ice Medium Steam 0il Sand Furnace
i fg’(‘)’“t ) bath melting temp. point bath bath 250 to
£ 50°,C I [~50¢to point bath 100 °c 100 o 250 to 1200 °C
1 | +20°C c°c = 10 te . 256 °p 8uo °cC
oo ( + 100 °C
Reference Hedicsl
Tl3 mercury-in-glass thermometer Tsy
thermometers test bath
______ e D N S e T
th Resxs:arllce,and quu.Ld-;:l.n.—gla:s, Medical High temperzeure
ermocoup le mapometric an i
other thermometers other thermofieters thermometers Wt ST
- 190 to + 600 °C - 10 to + 400 °C + 34 o 42° 300 - 1200 °C
Verification Verification Verification Verification
accuracy : + 0.03 °C accuracy : + 0.1 °C accuracy : + 0.05 °C accuracy : + 2 °C
(below 250 °C) (below 250 °C)
Fig. 1

Simplified diagram of temperature verification equipment

showing the transfer from standards to ordinary instruments

30




ANNEX
TEMPERATURE MEASUREMENTS

Iten Description Basic data Field of application

STANDARD MEANS

T, Set of standard platinum Range of temperature measursment : Use as national reference
resistance thermometers ~ 190 to + 630 °C instrument in the range
Permissible error (at 0 °C) : from ~ 190 to + 500°C

max. + | mK

Thermometer nominal resistance at

0°C: 25 or 10 ohm

Ratic of trermometer resistance at

100 °C to its resistance at 0 °C

not less then 1.3925

Measuring current flowing through
thermometer : 1 mA

Insulation tresistance not less than

108 otm

Quartz sheath length : minimm 400 mm
Platinum wire 4~lead terminals.

Set consists of 3 thermometers deli-
vered in separate cases and furnished
with certificate of the official
metrology service (calibration at the
following fixed points of IPT5-68 :
oxygen boiling point, water triple point,
tin Ereezing point, zinc freezidg point).

T, Set of standard platinum -  Temperature measurement range ; Use as national reference in
platinum 10 7 rhodium + 300 to 1200 °C the range from 500 to
thermocouples Permissible errors : max. 0.5 K 1100 °C

Diameter of wires : 0.5 mm

Wire length : 1600 m

Insulation of wire : two-chanpel tube made
of aluminium oxide and having the leagth of
not less than 500 rm.

Length of free (unon-protected by electro-
insulating pipe) part of thermal electrodes :
50 mim

Values of the thermal EMF between the refe-
rence junction at 0 °C znd the temperature
of working junction as well as other
characteristics shall be within limits
specified by BIPM for IPTS-68.

The set consists of 3 platinum-platinum 10 %
rhodium thermocouples delivered in separate
cases and furnished with certificate of
official metrology service with calibration
of at least 3 reference points IPTS-68.

It is advisable to include the following
equipment in the delivery set :

- additional reinforcing two-channel tubes
(vith the length of 5~10 cm and bore diameter
corresponding to wire diameter of 0.5 mm,

- tubes made of aluminium oxide with the
length of up to 500 to 600 mm intended for
accommodation of twin~bore insulating tubes.



Item

Description

Basic data

Field of application

Water triple point
cell

Tin freezing point
cell

Zinc freezing point
cell

Argon triple point
apparatus

Measuring system for
resistance thermometers
(automatic or semi-
automatic)

Set of special two-pole
switches with low
thermal enf

Represented value of temperattre :
273.16 K .{0.01 °C)

Error less then + 0.5 ok,

The equipment shall consist of at least
2-3 vessels containing water of required
isotopic composition and at least 2
respective Dewar flasks

Represenited value of temparature
505,118 K (231.958 °C)

Purity of tin used : 95,999 ¥
Commercial version consisting of :
- furnzce

= ampoule with highly pure tin

- graphite crycible

- ampoule lifting device

- thermal automatie contrsl systen

Represented valus of temperature :
692,73 K (419,58 °()

Purity of zinc used 99,999 %
Commercial version congisting of
- furpace

= ampoule with highly pure zinc

~ crucible

- thermal automatic control system

Represented value of temperature :
83.798 X (~ 189,35 °C)

Suitable for comnection of four-terminal

platinum resistance thermometers with 25 or

10 olm ice resistance

Resistance range : 1079 to 110 ohn winimem
(preferably extendable to 500 olm for use
with industrial Pt 100 sensors)

Accuracy (linearity) better than 10,1070
May consist of fully automatic bridge
with digital indication

or

Six-decade potentiometer; resolution 0.1 pv

with highly stabilized current supply,
null detector and suitable stable standard

resistors (10, 25 and 100 obm wich vety low

temperature coefficient or mounted in
thermostat)

Parasitic gMr less than 0.1 pv,

Contacts of suitsble materizl with very low

thermal FYP against copper.

Supplied in boxes with copper or gold-plated

pole screw cornections.

Sugpested number :

4 each of 12-way, 2 pole

2 each of 24-vay, 2 pole

2 each of 4-way, 4 pole (for resistance
thermometers)
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Calibration of standard
resistance thermometers,
comparison of standard and
teference resistance
thermometers

- idem ~

~ idem -

- idem -

Measurement of temperatures

by platinum resistance thermo-
meters.

Calibration in fixed points

or comparison of resistance
thermometers, (Potentiometer
version way also be used for
thermocouple measurements

and calibration of digital
voltmeters)

Connection of resistance
thermometers and thermocouples
to their respective electrical
measuring instruments



[tem Description Basic data Field of application

T9 Universal digital Measurement range : 0.1, 1, 10 and 100V Precise measurement of
electronic voltmeter Resolution (sensitivity) limit ¢ 14V voltage of thermocouples.
or better) Resistarice dieasurement of
Stability (long-term) and linearity industrial resistance
0.005 7. temperature sensors (pla-
The instrument shall have : tinum wire or semi-conduc~
~ gelf-verificatior facility to exter- ting)

nally connected (or built-in) saturated
stamdard cell

- ingulated output to printers

- four-terminal resistance medsuring
facility in the range From 10 MR to
0.01 ohm

1t Is preferable to purchase af least

two voltneters (lecluding one spare

voltmeter)

TIO Digital printer The equipment shall comprise :

- interface ensuring the matching of peten-
tiometric unit or digital voltmeter with
electrically controlled printing device

- digital printing device

=~ required amount of consumable printing
naterisl

TH Set of reference Secondary standard platinum resis- Verification of resistance
platinum resistance tance thertoieters with ramge @ thermometers, liquid-in-
thermometers -~ 190 °C to + 630°C glass, thermocouples and

Permissible error maximm + 0.01 X other types of thermometers
(between ~ 50 and 250 °C) ~ by direct comparison irn
The neminal resistance at 0 °C shall be cryostats and thermostats
25 or 10 ohm within the renge - 190 to
The ratio of thermometer resistance at + 600.°C

100 °C to resistance at O °C should not be
less than 1.3925

Heasuring current : max 2 fA

Insulation resistance should not be less
than 108 chi.

Length of quartz shesth not less than 400 mo
Platinun tetmindls ensuting the measurements
with a four-wire circuit
The set shall consist of 2 or wote thermome-
ters having the calibration tables established

by direct comparison with the standerds,

Ty Set of reference Temperature megsurement range : Verification of ordinary ther-
(secondary standard) + 300 to 1200 °C mocouples made of noble
platinu-platinm 10 2 Permissible errors ¢ + 1LOK metals in the range from
rhodiun thermocouples 300 to 1200 °C and base metals

Remaining characteristics and accessories are in the range of 300 to 800 °C
similar to those specified for item T,

The set consists of 3 (or more) thermo~

couples in separate boxes.
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Item

Description

Basic data

Field of applicdtion

15

17

Set of reference mercury-
in-glass thermometers

Ice melting point
apparatus (zero
thermostat )

Water boiling point
apparatus (vapour
thermostat )

Bath for comparison
of thermometers at
temperatures below 0 °C

Cryostat

Temperature measurement range :

- 30 to + 400 °C

Scale interval depends on a range and
permissible error of measurements.

The mmber and type of thermometers in

the set depend on the particulat probleme
to be solved by official national wetrology
agencies. It is desirghle to have at least
5 thermometers with the same scale interval
for the solution of each problem

Set of temperatute calibration baths

Zero thermostat consisting of

~ ice melting bath

= device for water agitation and saturation
with air for preparation of water-ice
mixture

- Dewar flasi

- thermometer holder

The thermostat shall ensure representation
of ice melting temperature 0 °C with maximus
error of + 0,01 °C

Suitable dimensions of working volime :
diemeter:70=150 wn, depth:300-400 m

The represented point of temperature scale
is about 100 °C (dependinp ofi the external
barometric pressure).

Low temperature bath for calibration and
comparison of liquid-in-glass or electrical
thetpometers, range - 70 °C (ot more) to
ambient room temperature

Immersion depth minimgs 300 wm

Immersion diamesar : 70 ro 120 m

Equipped with mechanical refrigeration,

bottom apitation and accurste resistance
sensor controlled temperature repylation
having & setting resolution of 0.1 K or better
and a stability better than 0.01 K

The uniformity of tempersture in test zone
shall be better than 0,005 K at ambient tempe-
rature, The bath shall be of such coastruction
from safety point of view to allow use with
inflammable 1iquids such a5 aleohiol.

To be supplied with suitable holdets for ther-
mometers and resistance thermometer,

Using 1iquid nitrogen ag working fluid :
temperature range - 210 to + 20 °C.

Stability of the temperature in the cryostat
should be better than +0,05 °C within the time
of 15 min. The time of cooling from + 20 °C

Verification of mercury-
in-glass thermometers,
ineluding medical thermo-
meters

Verification and calibration
of the zero point of liquid-
in-glass thermometers and

other thermometers,

Verification and calibration
of liquid-in-g¥acs thermo~

meters about 100 °C by rompa-
rison to reference standards

Verification and calibration
of thermometers at low tem-
peratures (0 °C to - 50 °C)
by comparison to reference
platinum resistance thermo-
meters

As for T, but at temperatures
lower than ~ 50 °C

down to - 180 °C should not be wmore than ? hours.
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Item

Deseription

Basic data

Field of dpplication
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20

21

22

Medium temperature bath

0il thermostat

Prneumatic sand bath

Furnace for
comparison of thermo-
couples

Bath for verification
of medical thermometers

(The same type of electrical equipment as indicated in items T. = T

calibration equipment).

Range ¢ = 20 to + 10D °C using silicon

oil or using water between + 2 and 95 °C,
immersion depth minimm 300 mm,

immersion zone diameter 70 to 120 mm,
Equipped with mechanical refrigeration,
bottom agitation and accurate resistance
genisor controlled tempeérature repulation
vith setting resolution of 0.1 X or better
and a stability better than 0.01 K.
Uniformity of temperzture to be better than

0.005 K in the test zone at ambient temperature.

Delivered with programmer for véry slow
increase of temperature.

Working temperature range : + 50 to + 230 °C,
Working fluid : oil with f£lash point
exceeding the upper value of working tempe-~
rature by 4t least 50 °C. .
Tenperature stzbility and uvniformity in the
working volume to be better thap 0.05 K

Working temperature range : -+ 100 to 800 °C
Working medium : alumin powder
or other suitable material. The dimensions
of the working space should not be less
than 100 mm in dizmeter and 500 mu in depth.
The tempersture stability in the working
volume (employing equalizing block for the
thermometers) Lo be better than 0.5 K

at 300 °C.
Electronic temperzture reégulator.
Lir blower for agitating the working
substance .,

Range of remperatures :

up to 1200 °C (or higher)

Error of adjusting and maintaining the
temperature ‘in the working volume lower
than + 1 K.

Tubular furnace length : 500 to 600 mm
Tube diameter : 25 to 40 wm

Supplied with temperature controller and
stabilized mains power supply.

Bath for testing medical thermometers with
fully electrenic control of two set-points.
Accurzcy of temperatures 0.01 K,

Range 34 to 43 °C settable.

7 10

35

Verification and calibration
of liquid-in-glass thermo-
meters and other thermometers
by comparison with platinum
resistance reference thermo-
meters or with reference
mercpry-in-glass thermometers
in the range - 10 to + 100 °C.

~ idem -
in the ratige 100 to 250 °C

Verification and calibration
of thermemeters and thermo-
couples by comparisen with
reference standard platinum
resigtance thermometers in

the range from 250 to 500 °C
and to reference thermocouples
in the range from 250 to 800 °C

Verification and calibration
of thermocouples by compa—
rison to reference thermo-
couples in the range from
300 to 1100 °C

Verification of medical
thermometers.

is used with the reference



Item

Description

Basic data Field of application

23

24

25

26

27

28

29

Demineralizer of
water

Machine for ice
preparation

Machine for ice
crushing and shaving

Universal glass
thermometers of high
accuraey

Set of technical
thermocouples

Portable digital
voltmeter~thermometer

Portable megolumeter

ADDITIONAL EQUIPMENT

Ion-exchange type with regeneration system,
The capacity should not be less than 10 litres
of vater per hour.

Equipped with means of control of water compo-
sition and characteristics (electrical conduc-
tivity).

Capacity up to 20 kg/day.
It is usually possible to use domestic
supply, refrigeraters or freezets.

Thermometers of full immersion type for For temperature measurements
general uses (see also item TIB) outside the standards
laboratory (on request)

Materials For temperature measurements
= platinum - platinum-rhodium outside the standards labo-
(10 % of rhodium), ratory (on request)

- platinum - platipumrhodiim
(30 Z of rhodium),

= topper-constantan,

- iron-constantan etc.

It should fit for use with thermocouples.

Range up to 109 ohm. Measurement of thermometer
insulation resistance.
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ELECTRICAL MEASUREMENTS

This list contains suggestions of equipment for the verification of measuring
instruments for the measurement of the most common AC and DC electrical quantities
within the most frequently used ranges.

The list includes the equipment used for the verification of measuring instruments
intended for the measurement of :

- direct voltage,

- direct current,

- resistance,

- alternating voltage (frequencies 50 or 60 Hz),

- alternating current (frequencies 50 or 60 Hz).

The following devices are recommended for use as basic standards :
- standard cells for electromotive force,

- standard resistors,

The method of thermoelectrical comparison to direct voltage and current is supposed
to be used for the verification of instruments measuring alternating voltage and current,.

The diagrams of transfer of the units of measurement realized with the equipment

contained in the list are given in :

Figure 1 - direct voltage

Figure 2 - direct current

Figure 3 - resistance

Figure 4 - alternating voltage, current and power.

In addition to standards and reference measuring instruments the list contains
additional equipment used for verification.
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ANNEX

ELECTRICAL MEASUREMENTS

Item

Description

Basie data

Field of application

Measurement of DC voltage, current and resistance

Travelling standard of EMF
consisting of 4 saturated
standard cells in a portable
thermostated enclosure

National standard of
resistance (set of
resistors)

Reference group of saturated
standard cells {(set of 10 or
more) in thermostatic chamber

Set of instruments for

- verification of resistance

bridges consisting of :

Reference resistors (set)

Special resistance boxes
with increasing range and
individual engagement of
sub-ranges

Direct current bridge unit
(comparator)

Reference megotm~ and
teraohmmeter

Annual EMF variation shauld not
exceed 2:1076 (mean value for
the group)

Temperatute in the thermostatic
chamber set to 32 °C,

Stability : 0.0t °C,

To be calibrdted at BIPM (or
accredited foreign lalioratory)

I ohm {or IO4 ohm}
Four-terminzl execution,

Instability of resistance per year

tot more than 2. 1076,
To be calibrated zt BIPM (or
aceredited foreign laboratory).

Annual EMF variation. should pot
exceed 11073 (for individual
cells),

Temperature in thermostatic chamber
seb to 32 °C, Stebility & 0.01 °C.

t kotm, 10 kohm, 100 kolm, 1 Mohm,
Annual srability : 2.10~5

Range : 1 to 108 o hm,
in decades allowing series or
paralle! connections.

Range : 1074 to 106 ohm

Resolution : 1.10-6
Four-terminal connection up to
100 obm and two-terminal above,
Maximun permissible error:

241073 (for 1 to 103 «hm)
141073 {for 106 ohm)

Range : 106 to 10‘5 ohn

Maximun permissible error 1 g
(Including
stabilized voltage source wp to

40

Ensuring the traceability to
BIPM in the field of elec-
trical measuremerits,

Ensuring the traceability to

BIPM of the unit of resistance.
Maintenance on national level of
the unit of resistance, (Preferably
group of 3 resistors).

Haintenance on national level of
the unit of electromotive force,

Standards for use with resistance
bridge Es and for verification
of two-terminal resistance
bridges.

Ensuring transfer of
the unit of resistance from 1 ohm
and upwards

Calibration of standard (and
other) resistors.

Calibration of high value resistors
(above 1 megolm) and testing of
insulation resistance megsuring
instruments



Item

Description

Basic data

Field of application

7-4

13

Universal potentiometer
system consisting of :

Direct current potentio-
meter (six-decade)

Zero-indicator

Source of stabilized
current

Voltage divider

High voltage DC divider

Direct current digital
voltmeter

Precision DC voltage soutce

(DC voltage calibrator)

Precision DC current source

Four-terminal shunt box
(for DC)

Decade resistance box

Standard four-terminal
resistors (set)

Direct connection range up to 1.6 or
2V, resolution | uV
Maximum permissible error : 0.001 Z

Detection limit equal to or less

than 0.1 yV on 5 kobm source resistance

and minimum 1 pV on 50 kebm source
resistance,
Ranges : + 500 mV to + 10 V.

Power supply with low ripple content
for potentiometer item E7_‘

Stability : 11073,

Fully insulated output.

Nominal output : 1 or 1,5V
Nominal input range up to 1500 V
with interinediate ranges :

150, 300, 450, 600, 750 V.
Annu&% instability not more than
{107

Nominal output voltazge : 1 V
for input voltage of 30 kV (current
0.1-1 mh)

Maximum permissible error 0.1 7%

Ranges : 0.11, 1.1, 11, 110, 1100 V
Maximum permissible error + 0,005 %

Ranges : 0=1.1V, 0-11V, 0~ 110V,
0~ 1100 V
Error maximum + 0.005 %

Minimum output current : 50 m&
for ranges 110 and 1100V,

Range : 100 pA-20 A
Instability meximum 0.0t 7

Range : 100 pA - 10 A extended with
separate shunt to 100 A.

Maximum permissible error 0.01Z%
(0.05 % for the range of 100 A)

Range : 1 to 107 ohlm covered by

box or set of btoxes :

10 % (1, 10, 100 otm, 1, 10, 100 kolm,
1 Motm)

Maximum permissible error 0.01 %

Range : 0.001 to 100 otm with the

following values and maximum currents
0.001 ohm (100 A in oil or oil-filled)

0.01 ohm (30 A in oil or oil-filled)
0.1 obm (3 A)

1 omm (1 4)

10 ohm (0.3 4)

41

Calibration of standards cells
and precision voltage sources,
potentiometers and digital
voltmeters

Potent iometer supply (as replace-
menit for storage battery)

Widening of potentiometer
measuring  range to 1500 V

Calibration of DC voltmeters up
to 30 kV

Calibration of DC voltmeters and
ammeters.

Calibration of DC voltmeters.

Calibration of DC ammeters
to 20 A

Calibration of DC ammeters
by conmection to EIO or !':I‘5 and to

Eg

Calibration of ohmmeters and
resistance bridges

Standards of low resistance for u
with resistance bridge Eg5 or for
verification ef this bridge below
100 ohm.

Calibraztion of olmmeters and brid
for measuring low resistance.



Item

Description

Basic datat

Field of spplicaticn

g

s

101

102

Eyo3

104

105

106

107

EIOB

109

Stabilized current source

0il bath

Meazyrement

Range of smooth regulation from
1 to 100 &:

Output voltage up to 8 ¥

Thermostated bath with useful space
of approximately 40 x 60 cn and

20 cm deep.

Temperatuee controlled for operation
between 0 to 60 °C,

Long-term stahility : +0,02°¢

Calibration of current measuring

instruments and shunts using EG

and E]1

Calibration of standard resistors
(including temperatyre coefficient )

of alternating voltage, current and power

AC-DC thermal transfer
voltmeter

Digital meter of frequency
and time intervals

Measuring current
transformer

Precision source of alternating
current

Two~phase AC voltape
generator

Direct and alternating
current shunts (set)

Precision source of
AC voltage

Precision
wattmeter

AC and DC

Precision AC and DC ammeter

0.5~ 1000 V, 0.5 Bz - 500 kifz
Maximm permigsible error

0.01 7 (within the range

of 5 He - 20 kHz)

Period counter : 10 Hz ~ 20 kHz,

Frequericy meter ; 10 kilz - 10 MHz
Maximum permissible error 1.10°6

0.1~50 A {primary current)
5 A (secondary current)
Class 0.02 %

Output power 10 VA

1 mA~50 4, 40~ 500 Hz
Stability : 0.02 %

Internal and external frequency
control.

1~ 10000 Hz, continuous phase
varidtion  withig 360 °
Instability of output voltape
not more than 0.01 %

1 mA to 20 A for use with AC/DC
thermdl transfer voltmeter (item

EIOI)

1 mV- 1000 v, 40~ 500 Hz
Stability : 0.01 7

Internal and external frequemcy
control

100, 250 and 500 V, 5 &
Class 0.1

5 A, class 0.1

Verification of AC voltmeters,

ammeters, wattmeters and precision

AC voltage and current sources
hoas i E

(such as items 104 ond E107)

Verification of frequency meters

Heasurement of frequency of gene-
rators used for instrument veri-

fication

Verification of AC ammeters and
wattieters

Verification of AC ammeters
and wattmeters

External generator to control
precision current and voltage
sources

Verification of AC ammeters and

- wattmeters and of precision AC

current sources (such as item
Eyop)

Verification of AC voltmeters
and wattmeters

Verification of AC wattmeters
and cosphimeters.

Verification of AC ammeters
(using item E103)



ADDITIONAL EQUIPMENT for ELECTRICAL LABORATORIES

1. Two- beam oscillograph with memory

2. Variable transformers
3. Stabilized mains supplies
4. Connection cables

5. Variable resistors

6. Decade resistance boxes ( 8 boxes)

7. Analogue or digital multimeters
8. Milliammeters

9. Ammeters

10. Voltmeters

11. Shunts for high currents

Pass - band: 0 — 2 MHz
Sensitivity: 1 mV -5V

Lengths: 50, 100, 150 m

0.1, 1, 10, 25, 50 ohm, dissipation 1000 W
250 ohm, 2 kohm, 5 kohm, dissipation 250 W

4 boxes 10 x (0.1 — 1000 ohm)

4 boxes 10 x (10 — 100000 ohm)
Maximum permissible error

in use 0.1%

(two or more)

0-60mA AC/DC,class 0.5
0-6A "

0-600V "

30, 60, 150, 300, 750 and 1500 A

Voltage drop: 100 or 30 mV
Maximum permissible error 0.1%
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PRESSURE MEASUREMENTS

The equipment described in this list is intended to enable selection of the required
verification means in the field of pressure measurements in compliance with the demands of each
particular country depending on the actual tasks, which the national metrological service is
confronted with.

Precision calibration of pressure measuring equipment requires knowledge of the local value
of the acceleration due to gravity. Calibration equipment is normally manufactured using the
conventional value of gravity 9.80665 m/s>. The reference temperature is usually 20 °C except for
mercury columns (barometers) where the reference is 0°C for both scale and mercury. The true
values of pressure at the site of the calibration will thus have to be found from calculation or
correction tables.

In the pressure calibration scheme we have included the calibration of barometers. However
as the installation needed is somewhat costful and requires attention as regards temperature
stability it is advised that its procurement and necessary characteristics are analyzed in cooperation
with the local meteorological and aviation services so as to avoid unnecessary duplications of
equipment.

The National Metrology Service may typically be required to verify pressure gauges used in
industry, boilers, etc, whereby the main problem is usually the need for demounting such gauges
on installations (this should be the responsibility of its owner) and of fitting the gauges to the
available test equipment which may require various types of adaptors. It is advised that a
preliminary survey be made of the ranges, pressure media and fittings normally used in the country
s0 as to enable the procurement of the correct test equipment and the necessary adaptors.

™Note : The most commonly used connections for pressure gauges are

1/8-1/4 - 3/8 - 1/2" BSP and M 20 x 1.5
where BSP refers to Whitworth threads for tubes designated by R in Germany and by G in
France. The symbol M refers to the new ISO fine thread.
Standard connections in the USA are 1/8- 27 NPT, 1/4- 18 NPT arid 1/2 - 14 NPT where
NPT stands for American Standard taper pipe thread which is slightly different from BSP
(be careful not to destroy the threads!!),
Concerning suitable execution of pressure seals, see OIML Bulletin No. 94, p.27, 1984.
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Easily portable dead-weight testers are usually available up to at least 6 MPa (60 bar).
For higher pressures the pressure gauge has to be brought to the central metrology
laboratory. In exceptional cases and when such provisions exist in the installation, pressure
gauges can be checked on the spot to secondary standard (or inspection type) gauges. A set
of such gauges has been included in the list below. Dead-weight piston testers should
hot/ever be preferred from the point of view of accuracy and reliability.

The problem of the test medium has also to be considered. Pressure gauges with a
maximum range of SOO kPa (5 bars) should always be tested with air or a inert gas (like
nitrogen). Piston testers using air or gas are also currently available for much higher
pressures which however may require safety precautions. Pressure generating dead-weight
piston testers using oil as test medium typically range from about 100 kPa (1 bar) up to 100
MPa (1000 bar) arid more. Special precautions must be taken as regards gauges which are to
be used with other pressure media than oil for instance oxygen. Such gauges can
exceptionally be tested with water on an oil-type piston tester by using a special oil/water
separator which can be supplied by some manufacturers. (The practical aspects of series
testing of oxygen gauges, if required, should however be treated separately from the standard
equipment of the laboratory).

The cost of rotating piston testers varies greatly depending on the accuracy and the
quality of the parts used. For many services and especially local offices, a so-called industrial
quality may be sufficient and the required ranges may be covered with only a few testers
(double-piston types are available). It is preferable that the various weights used are indivi-
dually marked and weighed to enable regular controls and that at least the reference
equipment in the central laboratory has weights which are of stainless steel or suitably
corrosion protected.

The following list and the synoptic diagramme includes as examples only a few
Pimple piston testers required for the central metrology laboratory to cover the ranges and
test media normally required. More elaborate and higher precision systems do however exist
sometimes in the form of complete test benches with pressure multipliers (and
demultipliers). The amount of heavy weights needed and their ease of handling should be
taken into account when making the final choice of piston tester especially for equipment
which is intended for frequent use.

45



531y Aasy

A

UoTSU3IXI
13388}
110 uo3sig

¥ 10 * Admandoy

(789 00SZ) =4H 057 03
g98ne8 sanssaad

sa8nef
uaBLxp

N

Jcipivdos
Ia3eM/ 110

INTRITNOY NOIIVEAITYD TANSSTHd 40 WWEDVIC JILIJONAS

% §0°0 1 AdBInDOY
(184 009) B4W 09 03

828nEE

sInsgssid WNIpSH

A

d23s921
110 u03s1g

g

% €00 7 Adeanaoy
{3Bq G) BIH O'Q O

B4 00} + @ Lomanaoy

ga8ned safned wnnmoea
aansssxd mo7 TPIIISNpU]
A \
Zaputidd “
ainssaxd |
wadoaiIN h
=
1T Ho3std Lanoa1ay
g tq

g4 0) + ¢ Aoeanaoy
s1339mOIRY

A

IDQueyd
1893
1939mcieg

£

I332moaeq
-oueWw
piEpUE]g

i

i
!
t
!
|

=
!
I poe1IR)
}
i
|

23,01 03
sa8dned
mnoea
noT. A1ay

Al
!
|

—_——L__

|

ao3ezeduood !
agneg ]
mnoz, |

i

—_—
(3di?

piepueis
Wnnoe,

o —— —



ANNEX

PRESSURE MEASUREMENTS

Item

Description

Basic data

Field of application

~

Standard barometer

Test chamber

Vacuum tester

Air pressure calibrator

0il pressure calibrator

0il/water separator

Directly indicating
standard test gauges

Standard mano-hbarometer for commection to
external test chamber

hecuracy + 5 Pa (0.05 mbar) or approaching
Range 0 to 110 kPa (1100 mbar)

Suitable for calibration of other baromaters
or manometers.

Two-position reading on precision scale of
upper and lower mercury level to + 0.05 mm,
inner diameter of tube at least 11 mm.
Certified by official institute.

Baroweter test chamber for connection to
item P 1 comprising chamber for installation
of mercury bzrometers and horizontal and
vertical aneroid type precision barometers
and low pressure gauges.

Equipped with vacuum and overpressure pumps,
pressure regulating valves, all required
supplies, such as oil, fuses ete. for mono~
phase operation on ... V ... Hz supply.

Mercury column vacuum taster with scale
graduated in mm and second scale graduated
in kPa.

Equipped with the following comnectiods :
/4 "~ 3/8" - 1/2 " BSP ~ 4 20 x 1.5

for vertical and angle mounting.

To be delivered with hand pump or with electrical

vacuun pump and regulating needle valves.
The connection to extetnal vacuum system should
be possible through suitable connector.

Rotating piston dead-weight pressure gauge
calibrator for air or pgas

Accuracy + 0.02 7

Range 10 to 600 kPa (0.1 tc 6 bar) or more

To be delivered with official certificate from

a recognized national laboratory and all adaptors

as followe

1/8 " - 1/4 " - 3/8" = 1/2 " BSP and angle
connector 1/4" = 1/2 " NPT and M 20 x 1.5 as
well as triplicate sets of gaskets.

Rotating piston dead-weight pressure pauge
calibrater for oil

assemblies to cover the ranges

0.1 to 6 MPa (1 to 60 bar) and

1 to 60 MPz (10 to 600 bar)

To be delivered with official certificate from
a recognized national laboratory (piston mass
and diameter ), commectors and gaskets as

for item P 4,

0il to water separator for use with item P35
in particular for testing of oxygen gauges
To be delivered with all suitable connectots.
Range of use to 40 MPa (400 bar)

Two (or more) sets of secondary standard

test gauges

Accuracy 0.1 %

Consisting of

0=~ 400 kPs (0~ 4 bar) for use on air,
connection 172 " BSP

0~ 1 MPa (0 - 10 bar) for use on air,
connection 1/2 " BSP

0-2,5MPa (0~ 25 bar) for use on pil,
connection 1/2 " BSP

0~ 6 Mpa (0- 60 bar) for use on oil,
connection 1/2 " BSP

0 - 10 MPa (0~ 100 bar) for use on oil,
connection 1/2 " BSP

0~ 60 MPa (0~ 690 bar) for use on oil,
connection 1/2 " BSP

All manometers to be delivered in suitable

transport boxes.

Calibration of barometers

Calibration of barometers

Verification of industrial vacuum
gavpes

Calibration of pressure gauges

at low pressure

Calibration of pressure gauges
at intermediate pressures (above
0.4 MPa)

Accessory to item P 5 for calibration
of special gauges requiring no con-
tamination by oil (such as oxygen
gauges)

Comparison and verification of

pressure gauges in laboratories
and industries (field use)



PHYSICO-CHEMICAL MEASUREMENTS

This list of verification equipment includes basic types of physico-chemical
measurements and enables to select for each particular case the necessary equipment which
different countries are in need of taking into account the peculiarities of their development and
the scientific-technical tasks.

For some types of measurements (for example, hygrometry, spectrometric
measurements, instruments to measure composition of substances, refractometry, etc.) it is
possible to follow a single-stage diagram of verification.

The countries which utilize these measuring instruments may address themselves
directly to the countries supplying verification equipment for all the matters relating to the
calibration or verification of reference measuring instruments.

For other types of physico-chemical measurements double-stage diagrams of
verification can be used (viscometers, Fig. 1) or combination diagrams consisting of single-
stage and double-stage diagrams of verification (densimetry and saccharimetry, Fig. 2 and Fig.
3).

In practically all countries water-alcohol solutions and water solutions of acids, salts,
alkalis, liquid products, sugar solutions are either manufactured or utilized, and in many
countries it is an essential task to check the viscosity and density of petroleum products,
chemical solutions, varnishes, paints, semi-finished food products, and other media. The
solution of these problems is achieved by means of different types of viscometers and
densimeters,

A block diagram for transfer of the unit of viscosity to ordinary viscometers is shown
in Fig. 1. As is seen from this diagram, verification of ordinary viscometers can be made either
by the method of comparison (reference viscometers) or by the method of direct measurements
using calibration liquids.
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The corresponding sets of equipment are shown in the Annex p. 50. Because of the low
useful life of calibration liquids (not more than 1 month in a hot climate) it may be preferable to use
reference viscometers instead of calibration liquids, which have to be certified.

The certification of calibration liquids and verification of reference viscometers require the
use of reference viscometers of higher accuracy (together with special and auxiliary equipment and
consumable substances and materials). These operations require observance of special conditions
(such as very accurate control and measurement of temperature). These requirements can be found in
the respective standards in which the verification methods are described.

Checks of the quality of certain products are frequently made by means of hydrometers.
General-purpose glass hydrometers for petroleum products, milk (high and low resolution), alcohol
(alcoholometers) and saccharimeters are most extensively used and statutory verification is prescribed
in many countries for such instruments.

This verification requires the use of reference hydrometers and suitable verification baths.

The verification of all types of hydrometers is made using special verification liquids
(petroleum ether, gasoline, water-alcohol solutions, benzene, mixture or sulphuric acid and ethyl
alcohol, water solutions of sulphuric acid and water solutions of mercurous nitrate and potassium
iodide) by the method of direct comparison with the reference hydrometers or with high accuracy
reference hydrometers, as required. The corresponding block diagram for transfer of the unit of
density to ordinary measuring instruments is shown in Fig. 2.

Fig. 3 and Fig. 4 show block diagrams for the verification of saccharimeters (by means of
checking the mass concentration in sugar solutions) and alcoholometers (by means of checking the
alcohol concentration in water-alcohol solutions) respectively.
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Item Description Basic data Field of application
Polarimeters. Saccharimeters
PC14 Keference polarimetric Range : - 17 to + 41 ° Verification of laboratory visual
plates. Sets Error : + 0.005 ° and photoelectric polarimeters
Range : - 40 to + 100 ° and saccharimeters
Error : 0.02 °
Dioptrometers and Ophthalmological Optics

PC, . Visual dioptrometers = 30 to + 25 diopters Verification of ophtamological
Error : 0.1 diopter optics (spectacle test lenses)

PC]6 Sulphuric ether Purified for analysis

Photoelectric Golorimeters (and spectrophotometers)
8

PC17 Set of /certified neutral Transmission range : 1 to 927 T Verification of indication of

light filters Error : 0.3 to 0.5 Z T phliotoelectric colorimeters and
spectrophotometers
Measurement of Viscosity

PC18 Graduation liquids 0.6 to 34000 mm? /s (cSt) Verification of reference viscomete:
(reference samples of Error : + 0.15 % (or ordinary viscometers) according
viscosity) (as per IS0 3104~1976) to ISO 3105-1976

Wote : Liquids of limited etorage time
(usually one month)

PC,g, Reference capillary Range of measurement : Verification of gldss capillary
viscometers for measurement 0.6 to 34000 mm?/s (cSt) viscometers in the range from 0.6 to
of kinematic viscosity of Error : + 0.5 % 34000 mm? /s (€5t) as alternative to
Newtonian fluids - item PC g (see IS0 3105-1976)

PC19 Glass thermometers, equi- Allowing readings to 0.02 °C or better ~ idem -
graduated. Set or quartz Ranges of measurement :
electronic thermometer 16 to 20 °C
vith digital readout 20 to 24 °C
24 to 28 °C
PC20 Stopwatch Range of measurement : - idem -
0 to 30 min, scale interval 0.2 s
PC21 Water thermostat For maintaining temperature in the range - idem -
of 20 to 30 °C
Stability : + 0.02 °C
PC22 G}ass capillary Feference Length of viscometer capillary 300 mm Calibration of standard viscosity
viscometers of high accuracy, Diameter of capillary : liquids or of reference capillary
set of 9 from 0.4 to 6 mm viscometers for measurement of
Range of measurement : kinematic viscosity of Newtonian
from 0.6 to 34000 mm? /s (cSt) fluids
Error of measurement method : + 0.15 2
PCZ3- Electronic pulse Counter range : from 0.1 to 99995.9 s ~ idem -
counter / timer Scale interval : 0.00t s
PCs
P025 Water thermostat for For maintaining temperature in the range ~ idem -
reference viscometers of 20 to 30 °C
Error : + 0.01 °C
PCoe Water still Capacity : 3 to 4 L/h - idem -
PC27 Drying oven for reference Length of drying chamber : 600 mm - idem -

viscometers
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Item

Description

Basic data

Field of application

PC28

PC29

P39

PCqy

?C32

?C33

?C34

?035

PC36

?C37

PC38

PC39

PCa0

PC41

PCs2

Glass chemical vessels :
Measuring glasses,

Buchner funnels,

Flasks for filtering in
vacuyum medium,

Tischenko flasks,

Flasks with lapped stoppeérs

Consumable substances and
materials :

aviation gasoline, benzene,
kerosene,

transformer oil,

oil,

oil,

oil,

cable synthetic oil,

ethyl alcohol (C,H5OH)

Rubber tubes, medical

Glass funnels for filtering
with enclosed partition

Ganeral-purpose reference
hydrometers, set, of
high accuracy class

General-purpose reference
hydrometers, set

Thermostated jacket for
hydrometer verification

Reference glass alcoholometers,

set

Reference hydrometers for
milk, set

Reference saccharimeters
of high accuracy class,
set

Reference saccharimeters,
set

Laboratory mercury-in-glass

thermometer
Flasks with lapped plugs

Magnifying glass

Consumable substances and
materials

sulphuric acid (HpS04)
potassium bichromate
calcium chloride
filtering paper

gasoline

alcohol

distilled water

Capacity : 50, 100, 250, 500, 1000 L

Nos 1 -

5000 mls
250, 500 and 1000 mls
Capacity : 1, 2, 5 and 10 L

Kinematic viscosity at 20 °C :
mm? /s

280.0

1400

1900

100000
Rectified

Diameter : 5 to 10 tam

50 and 500 mL

Measurement of density ard concentration

Capacity : 6530 to 2000 kp/m?
Fiducial error : 0.1 kg/m® according
to ISO R 649 type L 20

650 to 2000 kg/m®
Fiducial error : 0.3 kg/m*® according
to ISO R 649 type L 50

Temperature control range :
from 10 to 50 °C

Temperature maintaining error :
+0.1°C

0 to 100 7 of alcohol in volume
Fiducial error : + (0.02 to 0.01) %

(1010 to 1040) kg/m?
Fiducial error : 0.1 kg/m?

(0 to %0) % of sugar in mass.
Fiducial error (0.01 to 0.03) Z
of sugar in the mass

(0 to 90) 7 of sugar in mass.
Fiducial error : 0.1 Z in the mass

Range : 0 to 50 °C
Scale interval : 0.1 °C

Capacity : 5 L
Magnification 4 to 7x

Diameter : 60 mm

Chemically pure
Chemically pure
Chemically pure

52

-~ idem -

For preparation of viscosity
calibration liquids

Verification of hydrometers

of
Verification/hydrometers for
batteries, general purposes,
urcmeters etc.

Verification of hydrometers by
comparison

Verification of alcoholometers

Verification of hydrometers for

milk

Verification of saccharimeters

(based on density)

- idem -
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