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· .. capacity, one at maximum capacity 
,and one atcclose .to the ·minimum 
totalized load :(Smin); 

• each test shall be conducted at the 
maximum .rate .of .weighing cycles 
per·hour; 

. • wlth.a test load representative of the 
'range and type ofproducts for which 
the Instrument is 'likely to be used 
.or a product for which the 
ilnstrument is specified to be used; 

• Nilth a quantity .of material not less 
than the minimum totalized load · 
(Smln) marked on the instrument; 

• when the quantity of material equal 
to the minimum totalized load 
(Smin) can be totalized in less than 
:five weighing cyi:les, the following 
additional material tests shall be 
conducted, five cycles each at 
maximum capacity (Max) and five 
cycles at minimum capacity (Min); 

• equipment near the automatic 
weighing instrument, including 
conveyors, dust collection systems 
etc. that are in use when the 
instrument is in normal operation, 
shall be in use; 

• If the Instrument can divert weighed 
material through alternative 
discharge facilities, the test program 
shall be performed for each 
alternative unless It can be · 
established that the weigh hopper 
is not affected for example by 
different air flow. 

When a load receptor cannot be loaded 
with sufficient standard weights to verify 
and determine the rounding error of the 
control Instrument indicating device or 
partial indicating device, then the 
instrument shall be subjected to material 
tests by the separate verification method. 
For this method an appropriately designed 
control Instrument shall be available so 
that the material tests can be effectively 
and efficiently conducted. 

The error for automatic weighing sha!! be 
· the difference between the conventional 

true value of the mass of the test load as 
defined In paragraph 6(2)(1i) or 6(3)(iii) 
as appropriate and the indicated weight 
observed and recorded as defined in 

paragraph 6(2)(1) or 6(3)(ii) as 
appropriate. 

The maximum permissible error for 
automatic weighing shall be as specified 
in paragraph 2(2)(i) Table 1 for initial 
verification and as appropriate for the 
class of instrument. 

(ill) Simulation tests 

Influence quantities shall be applied 
during simulation tests in a manner that 
will reveal an alteration of the weighing 
result for any weighing process to which 
the instrument could .be applied, In 
accordance with : 

• paragraph 2(7) for all instruments; 

• paragraph 4 for electronic 
instruments. 

When conducting such tests on a load cell 
or on an electronic device equipped with 
an analogue component, the maximum 
permissible error for the device under test 
shall be 0.7 times the appropriate value 
specified in Table 2. 

Note: Since the requirements of this paragraph 
apply only to the instrument submitted for pattern 
evaluation and not to those subsequently submitted 
for verification, the means used to determine the 
appropriate maximum permissible error or maximum 
allowable variation has been exceeded will be decided 
and mutually agreed upon between the Metrological 
Authority and the applicant. Following are examples 
of these mean's : 

(a) an adaptation of the totalization 
indicating device to give greater 
resolution than that of the 
totalization scale Interval; 

(b) the use of change point weights; 

(c) any other means mutually agreed 
upon. 

(iv) Provision of means for testing 

For the purposes of testing, the applicant 
may be required to furnish the 
Metrological Authority with the material, 
handling equipment, qualified personnel, 
and a control instrument. 

(v) Place of testing 

Instruments submitted for pattern 
approval may be submitted at the 
following places : 

(a) the premises of the Metrological 
Authority to which the application 
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has been submitted; 

(b) any other suitable place mutually 
agreed upon by the Metrological 
Authority and the applicant. 

{2} Tests to be carried out during verification andre
verification 

(i) Tests 

Instruments shall comply with the 
requirements in paragraph 2 [except 
paragraph 2(7)] and paragraph 3 for any 
product(s) for which they are Intended and 
when operated under normal conditions 
of use. 

Tests shall be carried out insitu, in a 
normal Installation. The instrument shall 
be installed so that an automatic weighing 
operation will be virtually the same for 
testing as It Is for a transaction. 

(a) Non-automatic weighing instru
ments 

When an instrument can be 
operated as a non-automatic 
weighing instrument, it shall meet 
the relevant requirements for class 
III or class IV of non-automatic 
weighing instruments. 

(b) Material tests 

Instruments shall be subjected to in
situ material tests in accordance with 
either the separate verification 
method as specified In paragraph 
6(2)(11) of Annex A or the integral 
verification method as specified in 
paragraph 6(2)(iii) of Annex A. 

Where the material test is conducted using 
the Integral control instrument the integral 
verification method weighing test in 
paragraph 6(2)(iii)(a) of Annex A shall be 
performed. 

Insltu material tests shall be carried out 
as follows:-

• In accordance with the descriptive 
markings; 

• under the rated operating conditions 
for the instrument; 

• not less than three material tests 
shall be conducted, one at minimum 
capacity, one at maximum capacity 
and one at close to the minimum 
totalized load ( •min); 

• each test shall be conducted at the 
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maximum. rate of weighing cycles 
per hour; . 

• with a test load of products or 
products for which the instrument 
is intended; 

• with a quantity of material not less 
than the minimum totalized load 
( •min) marked on the instrument; 

• when the quantity of material equal 
to the minimum totalized load 
(•min) can be totalized in less than 
five weighing cycles, the following 
additional material tests shall be 
conducted, five cycles each at 
maximum capacity (Max) and five 
cycles at minimum capacity (Min); 

• equipment near the automatic 
weighing Instrument, including 
conveyors, dust collection systems 
etc. that are In use when the 
instrument Is in normal operation, 
shall be in use; 

• if the instrument can divert weighed 
material through alternative 
discharge facilities, the test program 
shall be performed for each 
alternative unless it can be 
established that the weigh hopper 
is not affected for example by 
different air flow. Testing for the full 
range of products only needs to be 
done for one discharge facility. 

When a load receptor cannot be loaded 
with sufficient standard weights to verify 
and determine the rounding error of the 
control instrument Indicating device or 
partial indicating device, then the 
Instrument shall be subjected to material 
tests by the separate verification method. 
For this method an appropriately designed 
control instrument shall be available so 
that the material tests can be effectively 
and efficiently conducted. 

The error for automatic weighing shall be 
the difference between the conventional 
true va I ue of the mass of the test load as 
defined in paragraph 6(2)(ii) or paragraph 
6(3)(iii), as appropriate and the indicated 
weight observed and recorded as defined 
In paragraph 6(2)(1) or paragraph 6(3)(11), 
as appropriate. 

The maximum permissible error for 
automatic weighing shall be as specified 
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in paragraph. 2(2)(i) Table l.for Initial 
verification as appropriate for. the Class of 
instrument. 

(ii) Provision of meansfor:testing 

For the:purposes of-testing, cthe:aP.plicant 
shall be; required :to :furnish .with the 
material,' handling equipment, qualified 
personnei,,and ·a·contrdl instrument. 

(3) Tests to.be:carrled:out during inspection 

Inspection ·shall ibe .carried out :in accordance 
with the same provisions as in ,paragraph 5(2) for 
verification, with the exception that the inspection 
maximum permisslble.errors shall 'be applied. 

6. Test methods 

(1) Controllnstt:ument and test standards 

The can.trol instrument and standard 
weights ·used for tests shall ensure the 
checking of the test load to an error not 
greater :than : 

(a) one-third of the maximum 
pe.rmissible error for automatic 
welghing when the control 
Instrument or the device used for 
control purposes Is verified 
immediately prior to the material 
test, or 

(b) one-fifth of the maximum 
permissible error for automatic 
weighing in all other cases. 

Note : When using the integral 
verification method, a sub-division 
of the test load is unavoidable and 
this may also be true when using 
the separate verification method. 
When calculating the conventional 
true value of the mass of the test 
load, It Is necessary to consider the 
Increased uncertainty due to sub
dividing the test load. 

(2) Separate verification method . 

With this method, an instrument other than the 
Instrument being verified is used to determine the 
conventional true value of the mass of the test load. 
' ' ' 

. (i) Indicated weight 

A test load shall be weighed as an 
automatic bulk to bulk weighing operation 
and the Indicated weight value on the 
principal totalization indicating device shall 
be observed and recorded. 

(ii) Mass of the test load 

The test load shall be weighed on a control 

instrument and the result shall be 
considered as the conventional true value 
of the mass of the test load. 

(3) Integral verification method 
With this method, the instrument being verified 

is used to determine the conventional true value of 
the mass of the test load. 

The Integral verification method shall be 
conducted by using either of the following : 

o a partial totalization indicating 
device with standard weights to 
assess the rounding error; or 

o an appropriately designed control 
indicating device. 

(i) Interruption of automatic operation 
An automatic weighing operation of a test 
load shall be initiated following the same 
procedure as for weighing bulk to bulk. 
However, the automatic operation shall be 
interrupted twice during each weighing 
cycle necessary to weigh and discharge a 
sub-division of the test load. 

An automatic operation shall not be 
Interrupted during consecutive weighing 
cydes if the instrument is installed as an 
air-enclosed system. 

(i)(a)Pre-discharge (gross) interrupt 
After the load receptor has been loaded 
and the instrument has automatically 
processed a gross weight, the automatic 
operation shall be Interrupted. When the 
load receptor has stabilized, the gross 
weight indicated or determined by 
balancing with standard weights shall be 
recorded and the Instrument switched 
back to automatic operation. 

(b) Post-discharge (tare) Interrupt 

After the load has been discharged and 
the instrument has automatically 
processed a tare weight, the automatic 
operation shall be interrupted. When the 
discharged toad receptor has stabilized, 
the tare weight indicated or determined 
by balancing with standard weights shall 
be recorded and the Instrument switched 
back to automatic operation . 

(ii) Indicated weight 
The principal totalization indicating device 
shall be used in obtaining the indicated 
weight of the test load. 

(iii) Mass of the test load 

For each discharge, the tare weight value 
subtracted from the gross weight value is 
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the net weight of the material discharged. 
A summation of the net welg ht values of 
all the discharges in the test load shall be 
the conventional true value of the mass 
of the test load. 

ANNEXURE A 
TESTING PROCEDURES FOR 

DISCONTINUOUS TOTALIZING 
AUTOMATIC WEIGHING INSTRUMENTS 

(Mandatory) 

Meaning of symbols : 
I = Indication 

L= Load 

L\ L= Additional load to next changeover point 

P= I+ O.Sd- 1\L =Indication prior to rounding 

E= P - L = error 

Eo= Error calculated at zero 

Ec= Corrected error 

mpe= Maximum permissible error 

EUT = Equipment under test 

1. Documentation [Paragraph 5(1){1}] 
Review the documentation that is submitted, 

Including necessary photographs, drawings, 
diagrams, general software information, relevant 
technical and functional description of main 
components, devices etc. to determine if it is 
adequate and correct; Consider the operational 
manual. 

2. Comparing construction with docu-. 
mentation [Paragraph 5(1)(i)] 

Examine the various devices of the instrument 
to ensure compliance with the documentation. 

3. Initial examination 
(1) Metrological characteristics 

Note metrological characteristics 
according to the test report format. 

(2) Descriptive markings [Paragraph 3{7)} 

Check the descriptive markings according 
to the checklist given in the test report 
format. 

(3) Sealing and verification marks [Paragraph 
3(6) and Paragraph 3(8)} 

Check the arrangements for sealing and 
verification. marks according to the 
checklist given in the test report format. 

4. General 
(1) General requirements for electronic 

instruments under test (EUT) 

~-- -.------
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(i) Power supply 

Energize the EUT.for a time period equal 
to or greater than the warm-up time 
specified by the manufacturer and 
maintain it energized for the duration of 
the test. · 

(if) Zero-setting 

Adjust the EUT as closely as practicable 
to zero prior to each test, and do not 
readjust it at any time during the test, 
except to reset it If a significant fault has 
been indicated. 

(iii) Temperature 

The tests shall be performed at a steady 
ambient temperature, usually normal 
room temperature unless otherwise 
specified. 

The temperature Is deemed to be steady 
when the difference between the extreme 
temperatures noted during the test does 
not exceed one-fifth of the temperature 
range of the instrument without being 
greater than 5°C and the rate of change 
does not exceed soc per hour. 

The handling of the Instrument shall be 
such that no condensation of water occurs 
on the instrument. 

(2) Control instrument and test standards [Paragraph 
6(1)] 

(i) Control instruments 

A control instr.ument. meeting the 
requirements of clause Paragraph 6(1) 
shall be used for conduct of material tests. 
Where necessary, standard weights may 
be used to assess the rounding error. 

(ii) Use of standard weights to assess . 
rounding error 

For instruments with digital indication 
having scale interval d, changeover points 
may be used to interpolate between scale 
Intervals i.e. to determine the indication 
of the instrument, prior. to rounding, as 
follows. 

At a certain load, L, the indicated value, 
I, is noted. Additional weights of for 
example 0.1 dare successively added until 
the indication of the instrument Is 
increased unambiguously by one scale 
Interval (I + d). The additional load L\ L 
added to the load receptor gives the 
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indication, P,.prior to rounding·by using the 
following formula :-

P =I.+ 0;5 d- ~L 
The error.: prior. to;rounding Is : 

E = P -· L 
thus E = (1+.05d - ~ L)- L 

The corrected error :prior to rounding is : 

Ec=E-E0 
Where ~0· is the error calculated at zero. 

Example: an· instwmentwith a scale interval, d, · 
of 1 kg is loaded•wlth .100 ·kg and thereby indicates 
100 kg. After adding ,successive weights of 0.1 kg, 
the indication changes .from 100 kg to 101 kg at an 
additional load of .0:3 kg. Inserted In the above 
formula these observations give : 

p = (100 + 0;5- 0.3) kg = 100.2 kg 

Thus the true Indication prior to rounding is 
100.2 kg, arid the·error is : 

E = (100.2- :lOO) kg =0.2 
If the error prior to rounding as calculated above 

was E0 =+0.4 kg, the corrected error Is : 

Ec 7 0.2 kg - { +0.4 kg) = 0.2 kg 
5. Test program 

(1) Pattern evaluation [Paragraph 5(1)} 

All tests In sections Paragraph 6 to Paragraph 
9 of this Annex shall normally be applied for pattern 
evaluation. 

Paragraph 6(1) of this Annex may be omitted if 
the integr.al instrument Is not to be used as the control 
indicating device for material testing. 

Tests in Paragraph 7(1), Paragraph 8(3)(ii), 
Paragraph 8(3)(ill) (AC supply), Paragraph 8(3)(iv) 
(DC supply) and Paragraph 8(4)(i) to Paragraph 
8( 4)(iv) of this Annex apply only for instruments that 
have an electrical power supply. 

(2) Initial verification [Paragraph 5(2)} 

Only paragraph 6 of this Annexure 'Metrological 
performance tests' is normally required for initial 
verification tests. 

6. Metrological performance tests 
Metrological performance tests shall be applied 

to the complete Instrument under normal operating 
conditions, except when the size and/or configuration 
of the instrument does not lend itself to testing as a 
unit. In such cases, the separate electronic devices 
shall be subjected to testing. 

ilJ Zero-setting device [Paragraph 3(2)(vi)] 

(i) General 
Zero-setting may be by more than one 
mode, for example : 

(a) Non-automatic or semi-automatic zero; 

(b) Automatic zero at switch-on; 

(c) Automatic zero at start of automatic 
operation; 

(d) Automatic zero as part of weighing cycle. 

It is normally only necessary to test the range 
and accuracy of zero-setting In one mode. If zero is 
set as part of the automatic weighing cycle then this 
mode shall be tested. To test automatic zero it is 
necessary to allow the instrument to operate through 
the appropriate part of the automatic cycle and then 
to halt the instrument before testing. 

(ii) Range of zero-setting 

Non-automatic and semi-automatic zero
setting 

Positive range 

With the load receptor empty, set the 
instrument to zero. Place a test load on the load 
receptor and use the zero-setting device. Continue 
to increment the. test load until the device fails tore
zero. The maximum load that can be re-zeroed Is 
the positive portion of the zero-setting range. 

Negative range 

Steps: 

(a) Remove any load from the load 
receptor and set the instrument to 
zero. Then, if possible remove non
essential components of the load 
receptor, such that the instrument 

, cannot be re-zeroed by use of the 
zero setting device. (If this is not 
possible then any mass that can be 
removed without disabling the zero 
function may be considered as tlie 
negative portion of the zero-setting 
range). 

(b) Add weights to the load receptor 
until the instrument indicates zero 
again. 

(c) Then remove weights and, after 
each weight Is removed, use the 
zero-setting device. The maximum 
load that can be removed while the 
instrument can still be re-zeroed by 
the zero-setting device, is the 
negative portion of the zero-setting 
range. 

(d) Alternatively, and if it is not possible 
to test the negative range of zero
setting by removing parts of the 
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Instrument, then the instrument may 
be temporarily recallbrated with a 
test load applied before proceeding 
to step (c) above. (The test load 
applied for the temporary 
recalibration should be greater than 
the permissible negative zero-setting 
range which can be calculated from 
the result of the positive range test. 

(e) If It Is not possible to test the 
negative zero-setting range by these 
methods then only the positive part 
of the zero-setting range need be 
considered. 

(ii) Reassemble or recalibrate the instrument . 
for normal use after the above tests 

The zero-setting range is the sum of the 
positive and negative portions. 

(iii) Accuracy of zero-setting 

(a) Set the instrument to zero. 

(b) Add weights to the load receptor to 
determine the additional load at 
which the indication changes from 
zero to one scale interval above zero. 

(c) Calculate the error at zero according 
to the description in Paragraph 4(2) 
of this Annex. 

(2) Material tests [Paragraph S(l}(iii)(b) and 
Paragraph 5(2}(i)(b)} 

(i) Material test requirements 

Material tests shall be conducted with the 
material, test load, requirements and 
methods in: 

(a) Paragraph S(l)(iii)(b) for pattern 
examination; 

(b) Paragraph 5(2)(i)(b) for initial 
verification and in-service 
inspection; 

(c) Paragraph 6(2)(ii) or 6(2)(1il) of this 
Annex (using one of the methods 
therein). 

(ii) Separate verification method 

For this method a separate control 
instrument Is used to weigh the material 
either before or after it is weighed on the 
discontinuous totalizing automatic 
weighting Instrument. 

(iii) Integral verification method 

For this method the integral control 
instrument is used for static weighting of 
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material test loads by use of a special 
facility to interrupt operation during the 
automatic process: 

(a) Integral verification method 
weighing test 

The weighing performance may be 
determined as follows, prior to the 
material tests, when the integral 
verification method Is to be used for 
determining the errors in material 
testing. 

Apply test loads from zero up to and 
including Max, and similarly remove 
the test loads back to zero. When 
determining the Initial intrinsic error, 
at least 10 different test loads shall 
be selected, and for other weighing 
tests at least 5 shall be selected. The 
test loads selected shall include Max 
and Min so that the errors may be 
determined for the nominal hopper 
loads that will be used in the 
material tests. 

Detemnine the error at each test load 
using the procedure in Paragraph 
4(2)(ii) of this Annex if necessary to 
obtain the accuracy requirements of 
Paragraph 4(2)(i) of this Annex. 

It should be noted that when loading 
or unloading weights the load shall 
be progressively increased or 
decreased. 

Errors of indication shall be recorded 
and taken Into account when 
determining the errors in material 
testing. 

(b) Substitution material 

Apply test loads from zero up to and 
including the maximum portion of 
standard weights. 

Determine the error [Paragraph 4(2) 
of this Annex] and then remove the 
weights so that the no-load 
indication is reached. 

Substitute the previous weights with 
substitution material until the same 
changeover point as used for the 
determination of the error Is 
reached. Repeat the above 
procedure until Max of the 
instrument is reached. 
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Unload In· reverse order to zero, i.e. 
unload the weights anll determine 
the changeover point. Load the 
weights back on and remove the 
substitution material until the same 
changeover point is reached. Repeat 
this procedure until no-load 
Indication is .reached. 

Similar .equivalent procedures may 
be applied. 

(c) Method 

(c-1) Automatic gross weighing 

Automatic .operation is Interrupted 
after the filling of the weigh hopper 
and completion of the automatic 
gross weighing but before discharge 
of the hopper. Thus the hopper 
remains loaded. 

(c-2) Statlc gross indication 

Then, all surrounding equipments 
such as dust extractors shall be 
stopped. When the system has come 
to a complete rest such that the 
conditions are identical to those for 
non-automatic testing, the static 
control weighing indication shall be 
obtained. 

If necessary, standard weights may 
be used to interpolate between scale 
Intervals. The static control 
indication shall be corrected for the 
errors determine in Paragraph 
6(2)(lll)(a) of this Annex (for 
Increasing loads) 

(c-3) All surrounding equipment is started 
up again. 

(c-4) Automatic tare weighing 

Automatic operation Is Interrupted 
after the discharge of the weigh 
hopper and completion of the 
automatic tare weighing but before 
the hopper is loaded again. 

(c-5) Static tare indication 

Repeat stage (2) with an empty 
hopper. The static indication shall be 
corrected for the errors determined 
In Paragraph 6(2)(111)(a) of this 
Annex (for decreasing loads). 

(c-6) The complete system Is started up 
again and stages (1) through (5) are 

·repeated. 

(c-7) The net weight of the material 
delivered at each cycle is determined 
by subtracting the corrected 
indication obtained at (5) from the 
corrected indication obtained at (2). 

(c-8) The conventional true value of the 
mass of the total test load is 
determined by summation of the net 
weights obtained at each cycle. 

If the instrument Is installed in an air
enclosed system, the moving mass of 
material causes air turbulence that cari 
affect the weighing results. To ensure that 
such an instrument is tested in normal 
conditions of use, the automatic operation . 
shall not be interrupted during consecutive 
weighing cycles. In this case it is necessary 
for the automatic weighing made at stages 
(2) and (4) to be displayed or recorded 
so that a separate total may be derived 
for the automatic weighing which has also 
been carried out under static conditions. 

(lv) Material test procedure [Paragraph 
5(J)(iii)(a) and Paragraph 5{2)(i)(b)} 

The test procedure shall be as follows :-

(a) Start up the automatic weighing 
system, including the surrounding 
equipment which is normally in use 
when the instrument is itself in use. 

(b) Run the system for five weigh cycles 
(or more if necessary) to ensure 
normal working conditions. 

(c) Halt the automatic weighing system 
and record the indication of totalized 
weight. 

(d) Run the weighing system for a 
number of weighing cycles as 
specified for each test in Paragraph 
6(2)(i) of this Annex, ensuring that 
the processed material can be 
weighed on the control instrument 
(integral or separate) in accordance 
with one of the alternative methods 
of Paragraph 6(2)(ii) of this Annex 
or 6(2)(iii) of this Annex. 

(e) Halt the weighing system, and 
record the final indication of totalized 
weight. 

(f) Determine the indicated totalized 
weight for the test from the 
difference between the indication at 
start (3) and finish (5). 
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(g) Repeat the above procedure for 
further tests as specified in 
Paragraph 6(2)(i)(d) of this Annex. 

(h) Determine the material test error 
from the difference between the 
indicated totalized weight as 
determined in (6) and the total 
weight of material determined using 
the control instrument as in (4). 

(v) Calculation of material test error 
[Paragraph S{l}(iii)(a) and Paragraph 
5{2)(lj(b)] 

When calculating the error It Is necessary 
to consider the scale interval of the control 
indicating device and the number of sub
divisions of the test load. 

Separate verification method [Paragraph 
6(2)) 

The weight value(s) on the separate 
control Instrument is noted. 

Integral verification method [Paragraph 6(3 )] 

A The weight values obtained under static 
conditions on the control indicating device 
or those values obtained by balancing with 

· standard weights are noted and totalized. 
For each weighing cycle, the net value is 
the difference between the values 
obtained In stages (2) and (5) in 
Paragraph 6(2)(iii)(c). 

B The weight values obtained automatically 
on the principal totalization Indicating 
device are noted and totalized. For each 
weighing cycle, the net value is the 
difference between the values obtained 
in (1) and (4) in Paragraph 6(2)(111)(c). 

For each method, the difference between the 
values obtained from the totalization indication and 
'from the separate control instrument or between 
procedures A and B In the integral verification 
method, represents the automatic weighing error. 
This is the value that shall be used for comparison 
with the appropriate maximum permissible error for 
automatic weighing in Paragraph 2(2)(1). 

7. Additional functionality 

(1) Warm-up time test {Paragraph 4(3){v)] 

(i) Disconnect the instrument from the supply 
for a period of at least 8 hours prior to 
the test. 

(ii) Reconnect the instrument and switch on 
while observing the control indicating 
device (If present) and the totalization 
indicator(s). Verify that it Is not possible 
to Initiate automatic weighing or printout 
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until all indicators have stabilized, or until 
· · completion of the warm-up time if this Is 

specified by the manufacturer. 

(iii) As soon as the indication of the control 
indicating device (if present) has 
stabilized, set the Instrument to zero and 
determine .the error of zero setting 
according to Paragraph 6(1)(iii) of this 
Annex. 

(iv) Apply a load close to Max. Determine the 
error by the method In Paragraph 4(2) of 
this Anhex. 

(v) Repeat stages (3) and (4) after 5, 15 and 
. 30 minutes: 

(2) Agreement between indicating and printing 
devices [Paragraph 2(6)} 

During the course of the tests verify that for 
the same load, the difference between any two 
indicating devices having the same scale interval Is 
as follows:-

• Zero for digital indicating or printing devices; 

• Not greater than the maximum permissible 
error for analogue devices. 

· (3) Automatic mode interlocks [Paragraph 3{2){iv)] 

Verify that it is not possible to make operating 
adjustments nor to reset the indicating devices during 
an automatic weighing operation. 

(4) Printer Interlocks [Paragraph 3(4)] 

If the Instrument is equipped with a printing 
device, verify that : 

(i) The principle totalization device cannot be 
reset to zero unless the printing device 
automatically records the total. Test by 
disabling the printer and attempting to 
reset the principle totalization indicator; 

(ii) An automatic printout of the total Is 
generated if the automatic operation is 
Interrupted. 

(5) Battery power supply interlocks [Paragraph 
4(3}{viii)} 

Reduce power supply voltage until the 
instrument ceases to operate or ceases to give a 
weight Indication. Verify that no malfunction or 
significant fault occurs before the instrument is thus 
put out of service. Measure and record the voltage 
value when the instrument ceases to operate or 
ceases to give a weight indication and compare this 
measured value with the manufacturer's specified 
value. 
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(6) Retention of totafiifterpowelffaflure![Paragraph 
4(3)(vii)} · 

Switch off power; to thednstrument .while the 
principle totalizattonC:devlce is' indicating a· •total of 
not tess than •min:,Nerlfy.tharthis<total ;is :retained 
for at least 24 hours. 

(7) Zero offset intei'/ockrtparagrqph 3(2j(vi)} 

(i) Positive offset 

Set the:lnstrument:to:zero by the method 
used fortthe ltests :in :Paragraph 6(1)(ii) 
and 6(~)(iil)·of'ttiis1Annex. Add a load to 
the load: r.eceptor·of:> rl'lt, for instruments 
with an·automaticzero-setting device, or 
> 0.5 edt, .for ;instruments without an 
automatic zero,setting device. Confirm 
that automatic operation is no longer 
possible. 

(ii) Negative.cffset 

Add a :load to the load receptor of > dt 
for insttuments with an automatic zero
settlng·devtce, or> 0.5 dt for instruments 
without an automatic zero-setting device. 

Set the .Instrument to zero by the method 
used for the tests in paragraph 6(1)(ii) 
and 6( l)(iif) of this annex. Remove the 
test weights and confirm that automatic 
operation is no longer possible. 

8. Influence factor and disturbance tests 

(1) General 

It is generally not possible to apply the influence 
factors or disturbances to an instrument which is 
processing material automatically. The instrument 
shall therefore be subjected to the influence factors 
or disturbances under static conditions or simulated 
operation as defined herein. The minimum 
requirements for simulators are listed under the test 
equipment heading for each test. The permissible 
effects of the influence factors or disturbances, under 
these conditions, are specified for each case. Where 
It Is possible to conduct the tests on a complete 
instrument under normal operation then this is the 
preferred option. 

After each test the instrument shall be allowed 
to recover sufficiently before the following test. 

The operational status of the instrument or 
simulator shall be recorded for each test. 

Simulators shall be defined in temns of hardware 
and functionality by reference to the instrument under 
test, and by any other documentation necessary to 
ensure reproducible test conditions and this 
Information shall be attached to or traceable from 
the test report. 

(2) Simulator requirements 

(I) General 

Simulators shall be designed to enable 
verification of the accuracy of the weighing 
function an the Integrity of the totalization 
storage and indicating function. The 
automatic process control and data 
processing functions should be verified 
where possible. 

Where possible the simulator should 
Include all electronic elements of the 
weighing and weight processing system. 
It should also include the load cell and a 
means to apply standard test loads. 
Where this is not possible, e.g. for high 
capacity instruments, then a load 'cell 
simulator may be used or alternatively 
the load cell interface may be modified to 
incorporate a scaling factor to give the 
design output for a small test load. 

Repeatability and stability of a load cell 
simulator should make it possible to 
determine the performance of the 
instrument with at least the same 
accuracy as and when the instrument is 
tested· with weights. 

(ii) Weighing function 

The weighing function may be verified by 
observation of the control indicating 
device, if available, during application of 
the i~fluence factors or disturbances. 
Alternatively the totalization indicator may 
be observed while the total is being 
incremented by continually adding the 
result of weighing a static load during 
application of the influence factors or 
disturbances. This may be achieved by 
special test software or by manual 
intervention or combinations thereof. 
Other methods which enable the weighing 
function to be verified may be used as 
appropriate. The maximum permissible 
errors, in terms of mass, will be the same 
regardless of the method used. 

(iii) Totalization storage and indication 
function 

The simulator must display a recorded 
total of not less than the minimum 
totalized load, •min. It must be ·verified 
that the recorded total is retained during 
and after application of influence factors 
or disturbances. Transient errors that are 
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record and temporary failure of indication 
when disturbances are applied are 
acceptable. 

(3) Influence factor tests 

(i) 

(ii) 

(iii) 

(iv) 

SUMMARY OF TESTS 

Test 

Static temperature 

Damp heat, steady 
state 

Mains power supply 
voltage variation (AC) 

Battery power supply 
voltage variation (DC) 

Characteristic Conditions applied 
under test 

Influence factor mpe(*) 

Influence factor mpe 

Influence factor mpe 

Influence factor mpe 

(*) mpe : maximum permissible error 

(i)Static temperature tests [Paragraph 2(7)(i)] 

Static temperature tests are carried out according 
to Table 4. 

TABLE4 

Environmental phenomena Test specification 

Temperature Reference of 20°C 

Specified high for 2 hours 

Specified low for 2 hours 

5°C 

Reference of20°C 

SUPPLEMENTARY INFORMATION TO THE TEST 
PROCEDURES 

Object of the test : To verify compliance with 
the provisions in 
paragraph 2(7)(i) under 
conditions of dry heat 
(non condensing) and 
cold. 

Test procedures In brief: 
Precondition : 

Condition of the EUT : 

Stabilization : 

Temperature : 

" 
Temperature sequence : 

Sixteen hours. 

Normal power supplied 
and "on" for a time period 
equal to or greater than 
the warm-up time 
specified by the 
manufacturer. Power is to 
be "on" for the duration 
of test. 

Two hours at each 
temperature under "free 
air" conditions. 

As specified in paragraph 
2(7)(i). 

Reference temperature of 
0 

20 C; 
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Specified high temper< 
ture; 

Specified low tern per a 
ture; 

A temperature of 5°C; 

Reference temperature c 
20°C 

Number of test cycles : At least one cycle. 

Adjust the EUT as clos• 
to zero indication a 
practicable prior to th1 
test (if an automat!< 
zero-tracking device i' 
connected, adjust it to < 

Weighing test : 

value near zero). Th1 
EUT shall not b1 
readjusted at any tim1 
during the test. 

The EUT shall display < 
recorded total not les! 
than the minimurr 
totalized load, Lmin· 

After stabilization at thE 
reference temperaturE 
and again at ead 
specified temperature, 
apply at least fivE 
different test loads 01 

simulated loads anc 
record : 

(a) date and time; 

(b) temperature; 

(c) relative humidity; 

(d) test load; 

(e) indications (as appli· 
cable); 

(f) errors; 

(g) functional performance. 

Maximum allowable All functions shall operate 
variations : as designed. 

All errors shall be within 
the maximum 
permissible errors 
specified in Table 2. 

(ii)Damp heat, steady state [paragraph 4(3J(iii)J 

Damp heat, steady state tests are carried out 
according to basic standard according to Table s given 
b~low :-
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TABlES 

Environmental phenomena Test specification 

Damp heat, steady state Upper .limit tern-
, perature and 
relative humidity of 

d.l 85'%for2 days (48 
hours) 

SUPPLEMENTARYJNFORMATION TO THE TEST 
PROCEDURES 

Object of the test.: 

Precondition : 

Condition of the fUT : 

To verify 
-compliance with 
the provisions in 
paragraph 4(3)(iji) 
under conditions of 
high humidity and 
constant 
temperature. 

None required. 

Normal power 
supplied and "on" 
for a time period 
equal to or greater 
than the warm-up 
time specified by 
the manufacturer. 
Power is to be "on" 
for the duration of 
the test. 

Adjust the EUT as 
close to zero 
indication as 
practicable prior to 
the test (if an 
automatic zero
tracking device is 
connected, adjust it 
to a value near 
zero). 

The EUT shall not 
be readjusted at 
any time during the 
test. 

The EUT shall 
display a recorded 
total not less than 
the m1n1mum 
totalized load, 

2:min· 
The handling of the 
EUT shall be such 
that no 
condensation of 

Stabilization : 

Temperature : 

Relative humidity : 

Temperature-humidity 
sequence: 

Number of test cycles : 

Weighing test and ,test 
sequence: 

================]:t:,,.,,;::m;, . .._,.., ............ ~ .. ~---·- .•. <:i.::J::I •.• _J:J",:::x.Ji .. .... __ £ __ ... __ - -
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water occurs on the 
EUT. 
Three hours at 
reference. 
temperature and 
50% humidity. 

Two days (48 
hours) at the upper 
limit temperature 
as specified In 
paragraph 2(7)(1). 

Reference tem-
o 

perature of 20 C 
and at the upper 
limit as specified In 
paragraph 2(7)(1). 

50% at reference 
temperature. 

85% at upper limit 
temperature. 

Reference temp-
o 

erature of 20 C at 
50% humidity. 
The upper limit 
temperature at 
85% humidity; 

Reference tem
perature of 20°C at 

. 50% humidity. 

At least one cycle. 

After stabilization of 
EUT at reference 
temperature and 
50% humidity, 
apply at least five 
different test loads 
or simulated loads 
and record ·: 

(a) date and time; 

(b) temperature; 

(c) relative 
humidity; 

(d) test load; 

(e) indications (as 
applicable); 

(f) errors; 

(g) functional 
performance. 

Increase the 
temperature in the 

I •. u.t: 
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chamber to the 
upper limit and 
increase the 
relative humidity to 
85%. Maintain the 
EUT at no load for 
a period of two 
days (48 hours). 
Following the two 
days, apply at least 
five test loads and 
record the data as 
indicated above. 
Allow full recover of 
the EUT before any 
other tests are 
performed. 

Maximum allowable variations: All errors shall be 
within the 
maximum per-
missible errors 
specified in Table 2 

(Iii) Mains power supply voltage variation (AC} 
[paragraph 2(7)(11)} 

Power voltage variation tests are carried out 
according to Table 6 given below :-

TABLE 6 

Environmental phenomena 

Voltage variation 

Test specification 

Reference voltage 

Reference voltage 

+10% 

Reference voltage ~ 15% 

Reference voltage 

SUPPLEMENTARY INFORMATION TO THE TEST 
PROCEDURES 

Object of the test : To verify compliance 
with the provisions in 
paragraph 2(7)(ii) 
under conditions of 
voltage variations. 

Test procedures In brief: 

Precondition : 

Condition of the EUT : 

None required. 

Normal power supplied 
and "on" for a time 
period equal to or 
greater than the wanm
up time specified by 
the manufacturer. 

-----·- ~---

Number of test cycles : 

Weighing test : 

Test sequence : 

I 
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Power is to be "on" for 
the duration of the test. 

Adjust the EUT as close 
to zero indication as 
practicable prior to the 
test. If it has an 
automatic zero-setting 
function then the 
Instrument should be 
set to zero after 
applying each level of 

·voltage. 

The EUT shall display 
a recorded total not 
less than the minimum 
totalized load, *min. 

At least one cycle. 

The EUT shall be 
tested at no load and 
with one test load or 
simulated load 
between 50% and 
maximum capacity of 
the EUT. 

Stabilize the power 
supply at the reference 
voltage within the 
defined limits and 
record. 

(a) date and time; 

(b) temperature; 

(c) relative 
humidity; 

(d) power supply 
voltage; 

(e) test loads; 

(f) Indications (as 
applicable); 

(g) errors; 

(h) f u n c t i o n a I 
performance. 

Repeat the test 
weighing for each of 
the voltages (nothing 
the need in certain 
cases to repeat the test 
weighing at both ends 
of the voltage range) 
and record the 
indications. 

_J_ ______ --------------
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Maximum allowable 
variations : 

,AJI .functions :shall 
operate as.designed. 

.'All •. er.ror.s sha'll .be 
,within tthe maximum 
permissible ·errors 

:specified ·in Table 2. 

(lv) Battery power. supply .voltage ·variation (DC) 
[paragraph 2(7)(111)} 

Test method : 

Object of the test:: 

Reference to standard : 

Test procedures In brief : 

Test severity : 

Number of test cycles : 

'Variation in DC power 
:supply. Where the EUT . 
continues to operate 
below the stated 
battery· voltage, the 
following test shall be 
conducted using an 
equivalent variable DC 
power source. 

To verify compliance 
with the provisions in 
paragraph 2(7)(iii) 
under conditions of 
varying DC power 
supply. The 
requirements shall be 
met either by use of an 
equivalent variable DC 

·power source or by 
allowing the battery 
voltage to fall by use. 

No reference ·to 
international standards 
can be given at the 
present time. 

The test consists of 
subjecting the EUT to 
DC power variations 
when the former is 
operating under 
normal atmospheric 

· conditions with one 
test load or simulated 
load between 50% and 
maximum capacity of 
the EUT. 

Supply voltage : lower 
limit, the voltage at 
which the EUT clearly 
ceases to function (or 
is automatically put out 
of service) +2%ofthis 
voltage. 

At least one cycle. 

Conduct of the test : 

Precondition : 

Test equipment : 

Condition of the EUT : 

Test sequence : 

[PART IF-SEC. 3(i)] 

None required. 

Variable DC power 
source; 

calibrated voltmeter; 

Load cell simulator, if 
· applicable. 

Normal power supplied 
and "on" for ·a time 
period equal to or 
greater than the warm
up· time specified by 
the manufacturer. 

Adjust the EUT as close 
to zero indication as 
practicable prior to the 
test. If it has an 
automatic zero-setting 
function as part of the 
automatic weighing 
process, then the 
instrument should be 
set to zero after 
applying each level of 
voltage. 

Stabilize the power 
supply at nominal 
battery voltage ±2% 
and record the 
following data at no 
load and with one load 
or simulated load 
between 50% and 
maximum capacity of 
the EUT: 

(a) date andtime; 

(b) temperature; 

(c) relative humidity; 

(d) power supply 
voltage; 

(e) test load; 

(f) indications (as 
applicable); 

(g) errors; 

(h) functional per-
formance. 

Reduce the power 
supply to the EUT until 
the equipment clearly 
ceases to function and 
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note the voltage. Switch 
the EUT "off" an 
increase the· power 
supply voltage to 
nominal battery 
voltage ±2%. Switch 
the EUT "on" and 
reduce the power 
supply voltage to the 
above noted voltage 
(out of service voltage) 
+2% of the noted 
voltage. 

Record the data 
indicate above. 

Maximum allowable All functions shall 
variations : operated as designed. 

All errors shall be 
within the maximum 
permissible errors 
specified in Table 2. 

(4) Disturbance tests [paragraph 4(1)(11) and 4(3)(iv)] 

SUMMARY OF TESTS 

Test Characteristic Conditions 
applied under test 

·(I) Voltage dips and Disturbance sf(*) 
short interruptions 

(ii) Electrical fast Disturbance sf 
transients/burst 
immunity 

(iii) Electrostatic Disturbance sf 
discharge 

(iv) Electromagnetic Disturbance sf 
Susceptibility 

(*)sf: value of the significant fault [see 
paragraph 4(2)(v) of Part I] 

(i) Voltage dips and short interruptions 
Short time power reduction (voltage dips and 

short interruptions) tests are carried out according 
to Table 7 given below :-

TABLE 7 

Environmental phenomena 

Voltage dips and short 
interruptions 

lest specification 

Interruption from 
reference voltage to 
zero voltage for one 
half cycle. 
Interruption from 
reference voltage to 
50% of reference 
voltage for two half 
cycles 

SOl 

These mains voltage 
. interruptions shall be 
repeated ten times 
with a time interval of 
at least 10 seconds 

SUPPLEMENTARY INFORMATION TO THE TEST 
PROCEDURES 

Object of the test 

Test procedures in brief: 

Precondition : 

Condition of the EUT : 

Number of test cycles : 

Weighing test and test 
sequence: 

To verify compliance 
with the provisions in 
paragraph 4(1)(ii) 
under conditions of 
short time mains 
voltage interruptions 
and reductions. 

None required. 

Normal power supplied 
and "on'r for a time 
period equal to or 
greater than the warm
up time specified by 
the manufacturer. 

Adjust the EUT as close 
to zero indication as 
practicable prior to the 
test. The EUT shall not 
be readjusted at any 
time during the test 
except to reset if a 
significant fault has 
been indicated. 

At least one cycle. 

Stabilize all factors at 
nominal reference 
conditions. Apply one 
load or simulated load 
between 50% and 
maximum capacity of 
the EUT and record : 

-(a) date and time; 

(b) temperature; 

(c) relative humidity; 

(d) power supply 
voltage; 

(e) test load; 

(f) indications (as 
applicable); 

(g) errors; 

__ J_ 
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Maximum allowable 
variations : 

''(hYfunctronal :per-
. formance. 

Interrupt the .power 
supply to zero voltage 
for·a,period-equa\ to 

,_one. half .cycle and 
'conduct .the test. 
. During -interr.uption 
·observe •the .effect on 
:.the' EUT an record as 
·.appropriate. 

Reduce the power 
:supply to .50% of 
rnominal voltage for a 
,period equal to two 
.half cycles and conduct 
the test. During 
reductions observe the 
effect on the EUT and 
record, as appropriate. 

The difference 
between the weight 
indication due to the 
disturbance and the 
indication without the 
disturbance and the 
indication without the 
disturbance either shall 
not exceed the values 
given in paragraph 
4(2)(v) of part I, or the 
EUT shall detect and 
act upon a significant 
fault. 

(ii) Electrical fast transients/burst immunity 

Electrical fast transients/burst immunity tests 
are carried out for 2 minutes with a positive polarity 
and for 2 minutes with a negative polarity and 
according to Tables 8.1, 8.2 and 8.3 given below :-

TABLE 8.1 

PORTS FOR SIGNAL LINES AND CONTROL LINES 

Environmental phenomena Test specification 

Fast transient common mode 0.5 kV (peak) 

5150 ns T 1/T h 

5 kHz rep. frequency 

Note: Applicable only to ports or Interfacing 
with cables whose total length may exceed 3m 
according to the manufacturers' functional 
specification. 

TABLE 8.2 

INPUT AND OUTPUT DC POWER PORTS 

Environmental phenomena Test specification 

Fast transient common mode 0.5 kV (peak) 
5/50 ns T 1/T h 
5 kHz rep. frequency 

Note : Not applicable to battery operated 
appliances that cannot be connected to the mains 
while in use. 

TABLE 8.3 

INPUT AND OUTPUT AC POWER PORTS 

Environmental phenomena Test specification 

Fast transient common mode 0.5 kV (peak) 
5/50 ns T 1/T h 
5 kHz rep. frequency 

A coupling/decoupling network shall be applied 
for testing AC power ports. 

SUPPLEMENTARY INFORMATION TO THE TEST 
PROCEDURES 

Object of the test : 

Test procedures in brief: 

Precond ltion : 

Condition of the EUT : 

Stabilization : 

Weighing test : 

To verify compliance 
with the provisions in 
paragraph 4(1)(ii) 
under conditions where 
fast transients are 
superimposed on the 
mains voltage. 

None required. 

Normal power supplied 
and "on" for a time 
period equal to or 
greater than the warm
up time specified by 
the manufacturer. · 

Adjust the EUT as close 
to zero indication as 
practicable prior to the 
test. The EUT shall not 
be readjusted at any 
time during the test 
except to reset if a 
significant fault has 
been indicated. 

Before any test 
stabilize the EUT under 
constant environ
mental conditions. 

Stabilize all factors at 
nominal reference . 
conditions. Apply one 
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Maximum allowable 
variations : 

load or simulated load 
between 50% and 
maximum capacity of 
the EUT and record 
the following with 
and without the 
transients :-

(a) date and time; 

(b) temperature; 

(c) relative humi-
dity; 

(d) test load; 

(e) indications (as 
applicable); 

(f) errors; 

(g) functional per; 
formance. 

The difference 
between the weight 
indication due to the 
disturbance and the 
indication without the 
disturbance either shall 
not exceed the value 
given in Paragraph 
4(2)(v) of part I or the 
instrument shall detect 
and act upon a 
significant fault. 

(iii) Electrostatic discharge 

Electrostatic discharge tests are carried out as 
given in Table 9 given below :-

TABLE 9 

Environmental phenomena 

Electrostatic discharge 

Test specification 

8 kV air discharge 6 kV 
contact discharge 

Note : The 6 kV contact discharge shall be 
applied to accessible conductive parts. Metallic 
contacts e.g. in battery compartments or in socket 
outlets are excluded from this requirement. 

Contact discharge is the preferred test method. 
20 discharges (10 with positive and 10 with negative 
polarity) shall be applied on each accessible metal 
part of the enclosure. The time interval between 
successive discharges shall be at least 10 seconds. 
In the case of a non-conductive enclosure, discharges 
shall be applied on the horizontal or vertical coupling 
planes. Air discharges shall be used where contact 
discharges cannot be applied. Tests with other (lower) 
voltages than those given in Table 9 are not required. 
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SUPPLEMENTARY INFORMATION TO THE TEST 
PROCEDURES 

Object of the test : To verify compliance 
with the provisions in 
paragraph 4(1)(ii) 
under conditions where 
electrostatic dis
charges are applied. 

Test procedures in brief: 

Precondition : 

Condition of the EUT : 

Stabilization : 

Weighing test : 

None required. 

Normal power supplied 
and "on" for a time 
period equal to or 
greater than the wamn
up time specified by 
the manufacturer. 

Adjust the EUT as close 
to zero indication as 
practicable prior to the 
test. The EUT shall not 
be readjusted at any 
time during the test 
except to reset if a 
significant fault has 
been indicated. 

Before any test 
stabilize the EUT under 
constant en vi ron
mental conditions. 

Stabilize all factors at 
nominal reference 
conditions. Apply one 
load or simulated load 
between 50% and 
maximum capacity of 
the EUT and record the 
following with and 
without electrostatic 
discharge : 

(a) date and time; 

(b) temperature; 

(c) relative humidity; 

(d) test load; 

(e) indications (as 
applicable); 

(f) errors; 

(g) functional per
formance. 

Maximum allowable variations: The difference 
between the weight 
indication due to the 
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· d~stuFbanae :.and the 
indication without the 
disturbance either shall 
not .exceed the value 
given in paragraph 
4(2)(.v) ofPart I or the 
instrumentshall detect 
and act upon a 
significant fault. 

9. Span stab/1/ty:test[paragraph 4( 4)(iii)} 

SUMMARY OF TEST 

Test Characteristic vnder test 
Condition applied 

Span stability Stability 1/2 absolute mpe (*) 

(*) mpe .: maximum permissible error on initial 
verification in paragraph 2(2)(ii). 

Table 2. 

Note: the maximum permissible error for the 
zero point shall also be taken into consideration. 

Test method : Span stability. 

Object of test : To verify compliance 
with the provisions in 
paragraph 4(4)(iii) 
after the EUT has been 
subjected to the 
performance tests. 

Reference to standard : No reference to 
international standards 
can be given at the 
present time. 

Test procedures in brief : The test consists of 
observing the 
variations of the error 
of the EUT or simulator 
under sufficiently 
constant ambient 
conditions (reasonable 
constant conditions in 
a normal laboratory 
environment) at 
various intervals : 
before, during, and 
after the EUT has been 
subjected to perform
ance tests. 

The performance tests 
shall include the 
temperature test and, 
if applicable, the damp 

. heat test; an endurance 
test shall not be 

Test severities : 

included. Other per
formance tests listed in 
this Annex may be 
performed. 

The EUT shall be 
disconnected twice 
from the mains power 
supply (or battery 
supply where fitted) for 
at least eight hours 
during the period of the 
test. The number of 
disconnections may be 
increased if so 
specified by the 
manufacturer or at the 
discretion of the 
approval authority in 
the absence of any 
specification. 

In the conduct of this 
test, the operating 
instructions for the 
instrument as supplied 
by the manufacturer 
shall be considered. 

The EUT shall be 
stabilized at sufficiently 
constant ambient 
conditions after switch
on for at least five 
hours, and at least 
sixteen hours after the 
temperatur.e and damp 
heat tests have been 
performed. 

Test duration : Twenty 
eight days or the time 
period necessary to 
conduct the 
performance tests, 
whichever is less. 

Time (t) between tests 
(days) : 0.5 ..o_ t ..o_lO. 

Test load : near 
maximum capacity 
(Max); the same test 
weights shall be used 
throughout the test. 

Maximum allowable variations :The variation in the 
errors of indication shall 
not exceed half the 
absolute value of the 
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Number of tests ( n) : 

Precondition : 

Test equipment : 

Condition of the EUT : 

Test sequence : 

maximum permissible 
error in paragraph 
2(2)(ii) Table 2 for the 
test load applied on any 
of the n measurements. 

At least eight except 
where the difference of 
the results indicates a 
trend more than half 
the allowable variation 
specified, the 
measurements shall be 
continued until the 
trend comes to rest or 
reverses itself, or until 
the error exceeds the 
maximum allowable 
variation. 

None required. 

Verified mass 
standards or simulated 
load. 

Normal power supplied 
and "on" for a time 
period equal to or 
greater than the warm
up time specified by 
the manufacturer. 

Stabilize all factors at 
nominal reference 
conditions. 

Adjust the EUT as close 
to zero as possible. 

Automatic zero
tracking shall be made 
inoperative and 
automatic built-in span 
adjustment device 
shall be made 
operative. 

Initial measurement 

Determine the .span 
error using the 
following method :-

1. Determine the initial 
zero error (E0 ) 

If necessary disable 
any automatic zero
setting or zero-tracking 
devices by placing a 
"zero weigW of for·· 
example 10 times!J1e 

Lf74t;{)/!-147 l 
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scale interval on the 
load receptor. Note the 
indication at zero (10 ). 

Either by use of an 
indicator with a 
suitable higher 
resolution scale 
interval or using the 
change point weight 
method specified in 
paragraph 4(2)(ii) of 
this Annex (noting the 
total addition change 
point weight • L0 ) 

determine and record 
the initial zero error 
(Eol· 
2. Determine the error 
at near Max capacity 
(EL) 

Carefully remove the 
change point weights 
(if used} and apply the 
test load (or simulated 
load) and note the 
indication (ILl· 

Either by use of an 
indicator with a 
suitable higher 
resolution scale 
interval or using the 
change point weight 
method specified in 
paragraph 4(2}(ii) of 
this Annex (nothing the 
total addition change 
point weight ll. L) 
determine and record 
the error at near Max 
capacity (ELl. 

Record: 

(a) date and time; 

(b) temperature; 

(c) barometric pressure; 

(d) relative humidity; 

(e) value of 0.1 d; 

(f) test load; 

(g) total of added change 
point weights at zero 
load •La; 

(h) total of added change 
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'point-weights :at ·test 
load •L; 

(i) the following 
indications : 

• indication at zero (10 ); 

• indication ·of .test load 
CIL); 

(j) calculate.: 

• . initial zero error E0 ; 

·• ,error at test load (EL); 

:'(k) :change In location 

.and apply all necessary 

.corrections resulting 
from variations of 
temperature, pressure, 
etc. between the 
various measure
ments. 

Immediately repeat 
steps 1 and 2 four 
more times and 
determine and record 
the average value of 
the error for the five 
tests. 

Subsequent 
measurements 

After observing the 
time between 
measurements 
requirement repeat the 
test sequence 1 to 2 
once recording the 
data above unless : 

(a) either the result is 
outside the maximum 
allowable variation; or 

(b) the range of the 
five readings of the 
initial measurement is 
more than 0.1 d, in 
which .case continue 
four more times 
repeating steps 1 and 
2 recording the data 
above and determine 
and record the average 
value of the error of the 
five tests. 

The measurements 
shall continue until 
there are at least 8 

measurements except 
where the difference of 
the results indicates a 
trend more than half 
the allowable variation 
specified, the 
measurements shall be 
continued until the 
trend comes to rest or 
reverses itself, or until 
the error exceeds the 
maximum allowable 
variation. 

EIGHTH SCHEDULE 
SPECIFICATIONS FOR MEASURING 

INSTRUMENTS 
[See Rule 13] 

General requirements 
(a) A measuring instrument shall be of such 

material, design and construction as to 
ensure, under normal working conditions, 
the following requirements :-

(i) accuracy is maintained, 

(ii) operating parts continue functioning 
satisfactorily, and 

(iii) adjustment remains reasonably 
permanent. 

(b) A measuring instrument shall not be 
stamped unless it is complete with all 
parts and attachments concerned with the 
operation of measurement and delivery. 

(c) Where an instrument has interchangeable 
or reversible parts, their interchange 
ability or reversal shall not affect the 
accuracy of the instrument. 

(d) Every measuring instrument of fixed type 
shall be so installed that the viewer can 
readily obtain a clear and unobstructed 
view of the indication of measurement and 
delivery. 

(e) The design and construction of measuring 
instrument shall be such as would prevent, 
as far as possible tampering with the 
accuracy of the instrument either by 
inadvertent use or otherwise. 

PART I 

VOLUMETRIC CONTAINER FilliNG 
MACHINES 

1. Description 

(a) A volumetric container filling machine shall 
consist of a basin or basins, the capacity 
of each of which shall depend on the 
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capacity of the containers, which is 
intended to be filled. The operation shall 
consist of first filling the machine to the 
required level and then emptying out the 
contents into the container or containers. 

(b) The machine shall have any one or more 
of the following capacities :-

1, 2, 5, 10, 15, 20, so, 100 and 200 litres. 

2. General requirements 

(a) The design of the filling machine shall be 
such that the measured quantity shall be 
entirely drained out on opening of the 
delivery valve. 

(b) The basin shall be provided with adequate 
sight glasses, observation windows, cut
off valve or other means indicating clearly 
that the basin or basins are properly filled. 

(c) The basin shall be provided with a suitable 
device such as a displacer to enable 
adjustment of the capacity of the basin. 

(d) Every flexible hose for .discharging liquid 
from the basin together with the rigid 
delivery pipe which empties itself on 
discharge, shall be so arranged as to 
provide for ready and adequate drainage 
of the liquid. 

(e) The filling machine shall be rigidly fitted 
on a stand. 

(f) The wails of the basin shall be strong 
enough as not to cause any appreciable 
deflection due to the pressure of the liquid. 

3. Tests 

(a) A volumetric container filling machine shall 
be tested under the actual working 
conditions with a suitable liquid preferably 
the one which the instrument is intended 
to deliver. 

(b) Before checking a volumetric container 
filling machine, the inside of the basin or 
basins and the discharge hose and pipe 
shall be wetted by filling the machine and 
emptying. 

(c) For testing volumetric container filling 
machines check measure of appropriate 
capacity shall be used. 

L 
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(d) The check measure shall be tested, for 
accuracy, against a working standard 
capacity measure of appropriate capacity 
and accuracy. · 

(e) The procedure for testing the accuracy of 
volumetric container filling machines shall 
be as follows ;-

(i) The machine shall be filled to the 
full capacity. 

(ii) The contents of each container of 
the machine shall be measured with 
a check measure/measures and the 
quantity so measured will Indicate 
whether the capacity Is within or 
beyond the maximum permissible 
error. 

(ill) If the ca paclty is beyond the 
maximum permissible error, the 
container shall be adjusted until the 
errors are brought within the 
permissible limits; and the test shall 
be repeated until the filling machines 
give two consecutive deliveries 
within the maximum permissible 
error. 

4. Maximum permissible error 

Capacity Error in excess only 

10 litres and above 0.1 per cent 

0.2 per cent be low 10 litres 

5. Sealing 

The volumetric container filling machines shall 
be provided by the manufacturer with a plug/plugs 
or stud/studs of such soft metal to receive the stamp 
or seal of the verifying authority. Such plug/plugs or 
stud/studs shall be provided in a conspicuous part of 
the machine and shall be made in such a manner as 
to prevent its removal without obliterating the seal/ 
seals. The adjusting device also shall be properly 
sealed so as to avoid any tampering of capacity. 

J.. General 

PART II 

BULKMffiRS 

[a) This Part deals with the accuracy 
requirements for bulk meters used in 
petroleum trade. 
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(b) Bulk meters shall not have a capacity below 
100 litres. 

2. Definitions 

(a) Pressure drop-The difference between the 
Inlet and outlet pressures of the meter is 
the pressure ·required to force liquid 
through the .meter and overcome its 
resistance~to movement. 

(b) Hydrau/ic.slip or slippage-That quantity 
of liquld;which ·passes through the meter 
without.causing .any registration. 

(c) Flow;range-That portion of the meter's 
total :flow capacity in which it operates to 
meetthe :required degree of accuracy in 
measurement. 

3. Types and construction 

(a) Bulk meters used for measuring liquid 
· petroleum products shall be positive 
· displacement meters in which the liquid 

under a positive pressure head causes the 
measuring elements in the meter to 
rotate, reciprocate or otherwise move 
through and defined volumetric 
displacement before the liquid passes 
from the meter. This movement is 
interpreted through a train of gears on a 
register as a measure of liquid volume. 

(b) Meters differ widely in construction, but 
in general they may be divided into the 
following two main classes : 

{I) Capillary seal meter-Capillary seal 
meters which may either be of 
reciprocating, rotary or other types 
are sealed with a thin film of the 
liquid being measured and are 
usually characterized by a relatively 
low pressure-drop. 

( ii) Packed or mechanical seal meter
' Packed or mechanical seal meters' 
which are always of the reciprocating 
piston type are sealed by a suitably 
designed piston ring or washer to 
prevent 'slip' or leakage. They have 
a higher pressure-drop than capillary 
seal meters. 

(c) Capillary seal meters are generally preferable 
for installation where gravity discharge is 
essential. !;loth 'packed' and capillary seal 

meters are suitable for pressure discharge. 

(d) Meters are usually constructed of aluminium, 
aluminium alloys, bronze, brass or gun 
metal and stainless steel or special steels 
for certain small components. Carbon 
bearings and carbon vanes are also used 
since they operate satisfactorily without 
lubrication. 

(e) Meters are sometimes fitted with 
automatically or manually operated 
temperature compensating devices. 
These devices correct the expansion or 
contraction of the liquid being measured 
with change of temperature and directly 
indicate the volume which the liquid would 
occupy at a standard temperature. The 
devices are satisfactory when the liquid 
temperature remains substantially. 
constant; but when marked fluctuations 
in temperature occur, they should be used 
for accurate measurement only when their 
response to temperature change is very 
rapid. 

4. Meter Installation 

The installation of the bulk meter has a direct 
bearing upon its operation and such characteristics 
as the rate of flow and accuracy may be seriously 
affected If it is not correctly installed. It is, therefore, 
essential that where possible the layout be based on 
the follow! ng : 

(I) Meter~ shall be protected by a strainer or 
filter and an air eliminator fitted as close 
to the inlet as possible so as to remove 
all particles which are injurious to the 
meter and which might impair its accuracy. 
They shall not be at a lower level. 

(il) The pipe work shall be so arranged that 
the strainer, air separator and meter 
cannot be accidentally drained. 

(Iii) All pipe work and fittings shall be cleaned 
and flushed out to remove scale and 
foreign matter before installing the meter. 

(iv) The meter shall be mounted securely on 
a horizontal base using rubber mounting 

· pads to reduce shock and vibration where 
these are likely to occur. 

(v) Inlet and outlet pipe work shall not exercise 
strain on the meter body. Acute bends, 
toes and elbows shall be avoided as far as 
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possible. 

(vi) The layout shall be so designed as to 
facilitate removal of the meter without 
unnecessarily disturbing the pipe work and 
sufficient space shall be provided to allow 
for meter calibration, cleaning and small 
servicing requirements. 

(vii) If pipe jointing compounds are used, these 
shall be applied to the male parts not to 
female. It is vital not to allow any 
compound to enter the meter. 

(viii) The meter shall be located so that the 
register Is clearly readable by the operator 
from the control poirit. 

(ix) Flow control valves, when fitted, shall be 
installed adjacent to the outlet of the 
meter. If a valve is installed on the inlet 
side, It shall be located at a sufficient 
distance on the upstream side to ensure 
a uniform steady flow through the meter 
when the valve is throttled. 

(x) Pulsating flow, such as that caused by 
piston pumps, shall be avoided, if this is 
not possible to achieve, a surge tank or 
allevlator should be installed upstream of 
the meter( s). 

(xi) Meters shall not be installed on the 
function side of pumps. 

5. Tests 

(a) All meters shall be tested under conditions 
which duplicate normal operating 
conditions as closely as possible 
particularly In respect of rates of flow and 
the product Involved. 

(b) Before commencing checking of a meter, 
the meter shall be run for several minutes 
to ensure that all units are functioning 
smoothly. 

(c) For testing of meters, a proving tank shall 
be used. The capacity of the proving tank 
shall be sufficient in size to contain at least 
one minute's flow through the meter at 
its normal operating rate when used for 
bulk loading. The proving tank sha!l be 
tested against the working standard 
capacity measure of appropriate capacity. 

(d) The procedure for testing shall be as follows 
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( i) After a II connections have been made 
fill the proving·tank once with the full 
quantity in order to wet all surfaces, 
to fill the discharge hose and to 
ascertain that there are no leaks in 
the connection; 

(i i) Empty the proving tank and close the 
outlet valve after it is completely 
drained; 

(iii) Set the meter dial to zero reading; 

(iv) Fill the proving tank through the 
meter to a point where the meter 
dial records the capacity of the 
proving tank. If the meter is fitted 
with an automatic presetting device, 
set this to deliver the capacity of the 
proving tank; 

(v) Note the reading on the graduated 
gauge glass of the proving tank, 
which would show that the meter 
is, within or beyond the maximum 
permissible error; 

(vi) If it is beyond the maximum 
permissible error, adjust the meter 
until the errors are brought within 
the permissi]?le limits; 

(vii) Repeat steps (ii), (iii), (iv) and (v) 
until the meter gives two consecutive 
deliveries. within the maximum 
permissible error. 

(viii) If the meter has been found to give 
accurate measure in the initial test 
itself, make at least one more test 
to check the accuracy recorded. 

6. Maximum permissible error 

(a) The errors shall not exceed ±0.1 per cent 
for any quantity discharged. 

(b) The bulk meter shall be complete with all 
parts and attachments concerned with the 
operation of measurement and delivery. 

7. Marking 

(a) Every bulk meter shall be conspicuously, 
clearly and prominently marked with the 
following indications :-
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(i) registering c::apadty; ·· 

(ii) name or registered trade mark of the 
manufacturer; 

(iii) ldentlfication·number. 

(b) The bulk meter:shall :be .provided with a 
plate fastened in a prominent place to 
receive the markings .mentioned in (a) 
above and to receive the stamp of the 
Legal Metrology .Officer's seal. 

8. Sealing 

Every bulk meter shall be provided with a 
suitable sealing arrangement to receive the stamp 
or seal of the verification authority. 

PART III. 

WATER METERS (DOMESTIC TYPE) 

J. General 

This Part applies to water meters Intended for 
metering potable cold water with threaded end 
connections and of nominal sizes upto and including 
50 mm. The part applies to both wet dial and dry 
dial meters. 

2. Terminology 

·I 1 c • 

(i) Nominal pressure 

The internal pressure, expressed in MPa 
corresponding to the maximum 
permissible working pressure. 

(il) Flow rate 

The volume of water passing through the 
water meter per unit of time; the volume 
being expressed in litre and the time in 
hours, minutes or seconds. 

(iii) Flow delivered 

The total volume of water which has 
passed through meter in a given time. 

(iv) Maximum flow rate, qmax 

The highest flow rate at which the meter 
can function over limited periods without 
damage and without exceeding the 
maximum permissible errors and the 
maximum permissible value for loss of 
pressures, expressed in kl/h. 

1" . • " ' .f. " " .. ,-. 1 . 

(v) Nominal flow rate, On 

Half the maximum flow rate, Qmax; 
expressed in kl/h. At the nominal flow rate 
Qn, the meter should be able to function 
in normal use, I.e. In continuous and 
intermittent operating conditions, without 
exceeding the maximum permissible error. 

(vi) Minimum flow rate, Omin 

The lowest flow rate at which the meter 
is required to give indications within the 
prescribed maximum permissible error. It 
is determined in terms of Qn. 

(vii) Flow rate range 

The range limited by the maximum and 
the minimum flow rates (Qmax and 
Qminl· The range is divided into two zones 
called upper and lower zones, separated 
by the transitional flow rate Qt. 

(viii) Transitional flow rate, <1: 

The flow rate which divides the upper and 
lower regions of the flow range and the 
rate ai which the maximum permissible 
errors become discontinuous. 

(ix) Pressure loss 

The pressure loss caused due to the 
presence of the water meter in the pipe 
line. ' 

(x) Water Meter-Dry Dial 

Meter in which the counter mechanism Is 
isolated from water flowing through the 
meter. 

(xi) Water Meter, Wet-Dial Type 

Meter in which the complete counter unit 
is in contact with water flowing through 
the meter. 

3. Nominal Sizes 

Water meters shall be of the following nominal 
sizes: 

15 mm, 20 mm, 25 mm, 40 mm and SO mm. 

The nominal size of the water meter shall be denoted 
by the nominal bore of its end connections. 



['11'1 Jl-1§1U6 3(i)] 

4. Classes of Water Meters 

The water meters are classified as Class A and 
Class B . based on the maximum verification scale 
interval and metrological characteristics. 

s. Materials and Manufacture 

{1) General: 

Water meters and their parts, especially 
parts coming in continuous contact with 
water shall be made of materials resistant 
to corrosion and shall be non-toxic and 
non-tainting. Use of dissimilar metals in 
contact under water shall be avoided as 
far as possible in order to minimize 
electrolytic corrosion. 

(2) Construction : 

The meters shall be constructed in such a 
way as to-

(i) give long service and guarantee 
against any fraud or tampering; and 

(ii) conform with the provisions of these 
rules. 

{3) Body: 

The body shall be free from all 
manufacturing and processing defects, 
such as blow-holes and spongy structure 
and shall not be repaired by plugging, 
welding or by the addition of materials. 
The internal shape of the body shall 
ensure smooth flow of water and easy 
dismantling. 

{4) Registration Box: 

The registration box of dry-dial water 
meters shall be provided with one or two 
escape holes for minimizing the 
accumulation of condensed water. In the 
case of magnetic driven type or where 
the registration box and cap are integral 
with the body, no escape hole shall be 
provided. 

{5) Cap: 

Where the cap and registration box are 
integral, the material for cap shall be the 
same as used for registration box. The cap 
shall be so designed and fixed to the 
registration box as to avoid entry of water 
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and dirt. The transparent window which 
covers the dial shall be inserted from the 
inside into the cap. The protective lid shall 
be secured by a robust hinge or other 
suitable method of robust construction. 
Cap ring where applicable should be of 
the same material as of the cap. 

(6) For dry type water meters, the transparent 
window covering the dial shall be provided 
with a wiper on the inner side for wiping 
off condensed water. 

(7) Connections: 

The meter casing shall be fitted in the pipe 
line by means of two cylindrical nipples or 
tailpieces with connecting nuts which shall 
be provided with each meter. The internal 
diameter of the nipple where it connects 
the pipeline shall be equal to that 
corresponding to the nominal size of the 
meter. 

{8) Strainers : 

Water meters shall be provided with 
strainers. Strainers shall be of a material 
which is not susceptible to electrolytic 
corrosion. They shall be of corrosion 
resistant materials. They shall be rigid, 
easy to remove and clean and shall be 
fitted on the inlet side of the water meter. 
It shall be possible to remove and clean 
the strainer in such a way as not to permit 
disturbing the registration box or 
tampering with it. The strainer shall have 
a total area of holes not less than twice 
the area of the nominal inlet bore of the 
pipe to which the meter is connected. 
However in the case of meters provided 
with internal strainer, involving opening 
of the registration box for cleaning, an 
additional external strainer shall be fitted 
on the inlet side satisfying the above 
requirements. 

(9) Impellers and pistons: 

Impeller and impeller shaft assembly shall 
rest on a self-lubricating, lubricating with 
low frictional resistance. 

(10) Rotary or oscillating pistons in the case 
of semi-positive type meters shall be of 
non-absorbent material, such as vulcanite 
or ebonite. Pistons shall be accurately 
finished and shall operate freely. 
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(11) Impeller or Measuring-Chamber: 

The Impeller or measuring ·chamber shall 
be of a corrosion resistant material and 
shall be rigid and sha!Lnot change its form 
as a result of Internal stresses or with use. 

(12) Gears and pinions: 

Gears and pinions shall be so constructed 
properly and smoothly mesh with each 
other and :shall ·be firmly fitted on their 
shafts. 

(13) Bearings;· 

Impeller bearings shall be suitably ground 
and polished. The shape of the impeller 
bearing shall be such as to prevent the 
penetration of particles of sand and to 
preclude the deposit of anything in 
solution or suspension in water and to 
facilitate the washing way of such deposits 
by the water flow. The shafts of the gears 
shall revolve freely in their bearings. The 
length of the bearings shall ensure their 
effective operation. 

( 14) Counter: 

The non-reversible counter shall be of the 
circular multi-pointer pattern with all 
pointers reading clockwise or straight 
reading cyclometer type or a combination 
of pointer and cyclometer. The rollers of 
the counters shall be made of specially 
suitable for the purpose and shall be self
lubricating. The pointers made of suitable 
materials shall be soldered to the spindle. 

(15) Dial: 

The dial shall be of vitreous enamel 
powder coated on copper or plastics 
ens~ring indestructible marking and good 
legibility. 

{16) Regulator: 

Every meter shall be provided with a 
regulator. The regulator accessible from 
outside shall be operated by a key without 
dismantling the meter and not without 
breaking the seal. The internal regulating 
device shall not be accessible from 
outside. 

{17) Location of Serial Number : 

The serial number of the meter shall be 
clearly Indicated on the screw cap or in 
any other suitable place. 

{18) Frost Protection Device : 

Meters liable to be damaged by frost when 
so ordered by the purchaser shall be 
protected with suitable frost protection 
device. 

6. Indicating device 

(1) Indicating device shall be able to record 
9999 kl (minimum) for meter size of 15, 
20, and 25 mm and 99999 kl (minimum) 
for size 40 and 50 mm and shall thereafter 
indicate zero. 

(2) The indicator shall allow, by simple 
juxtaposition of its various constituent 
elements, a reliable, easy and 
unambiguous reading of the volume of 
water measured, expressed in litres. The 
volume is indicated by one of the following 
systems:-

(i) the position of one or more pointers 
or circular scales; 

(ii) reading of a row of in-line· 
consecutive digits in one or more 
apertures; 

(iii) a combination of these two systems. 

(3) The kilolitres and its multiples shall be 
indicted in black and sub-multiples of the 
kilolitres in red. This colour coding applies 
to the pointers on circulars scale type 
indicfing devices and to the drum in 
in-line digit indicting devices. The actual 
or apparent height of the digits on the 
drums shall not be less than 4 mm. 

(4) For digital indicators the visible 
displacement of all digits shall be upward 
In value. The advance of any given digital 
unit shall be completed while the digit of 
the immediately next lower value 
describes the last tenth of its travel. 

(5) The drum showing the digits of lowest 
value may move continuously. The whole 
number of kilo-litres shall be clearly 
indicated. 

(6) Indicators with pointer shall be non
reversible and rotate in. a clockwise 
direction. The value in litres for each 
scale division shall be expressed as 
!On, wherein n is a positive or 
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negative whole number or zero, 
thereby establishing a system of 
consecutive decades. Each scale shall 
be elther-

(i) graduated in values expressed in 
litres, or 

(ii) accompanied by a multiplying factor 
(x.001, x.01, x0.1, x1, x10, x1000, 
etc.) 

(7) In both cases (dial and digital indicators)--

(i) the unit symbol 'KILO-LITRES' shall. 
appear either on the dial or in the 
Immediate vicinity of the digital 
indication; 

(ii) fastest-moving visible graduated 
·element, the control element, the 
scale Interval of which is known as 
the "scale interval", shall move 
continuously. 

(B) The length of scale interval shall be not 
less than 1 mm and not more than 5 mm. 
The scale shall consist-

(i) either of lines of equal thickness not 
exceeding one quarter of the 
distance between the axes of two 
consecutive lines and differing only 
In length, or 

(li) of contrasting bands of a constant 
width equal to the length of the scale 
division. 

(9) The width of the pointer index tip shall 
not exceed one quarter of the distance 
between two scale divisions, and in no 
case shall it be greater than 0.5 mm. 

(10) Value of Scale Division 

(I) Value of scale interval for Class 'A' 
and Class 'B' meters shall be as given 
In Table 1. 

TABLE 1 

VALUE OF SCALE INTERVAL 

MeterStze Maxtmum Value of Scale Interval m 
litre 

15 

20 

25 

Class A 

0.2 

0.5 

1.0 

Class 8 

0.2 

0.2 

0.5 

---.---------
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40 2.0 1.0 

50 2.0 2.0 

(ii)Accelerating Device 

The use of an acceleration device for increasing 
the speed of the meter below Qm,, is prohibited. 

7. Technical characteristics 

(1) Pressure tightness 

A meter shall be able to withstand 
constantly without defects in its 
functioning, leakage, seepage through the 
walls or permanent deformation, the 
continuous water pressures of (i) 1.6 MPa 
for 15 minutes, and (II) 2 MPa for 1 minute, 
when tested In accordance with the 
procedure described In Annexure A. 

(2) Loss of pressure 

Loss of pressure through the meter when 
determined in accordance with the 
procedure described in Annex. A shall not 
exceed 0.025 MPa at the nominal flow rate 
Qn and 0.1 MPa at the maximum flow rate, 
Q"",. 

Note: Nominal flow rate.'Q shall be taken as 
, " 

per Table 2 and maximum flow rate Q"", 
as twice the nominal flow rate. 

(3) "Temperature suitabilitY 

This test shall be carried out in accordance 
with the procedure described in Annexure 
A. This test is to be carried out for Model 
approval only. 

B. Metrological characteristics 

(1) Metering accuracy 

The maximum permissible error in the 
metering accuracy, when determining as 
per the procedure described in Annexure 
A shall be as under :-

(i) In the lower region of flow, Qmin 
(inclusive) to Qt (exclusive) ± 5% 

(ii) In the upper region of flow, Qt (inclusive) 
to Qmax (inclusive) ± 2% 

Note : Value of Qmin' Qt and Qmax for the three 
classes of water meters are given in Table 2. 

(2) Minimum starting flow 

The minimum flow at which the meter 
starts registering shall be as given in Table 
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TABLE 2 
NOMINAL FLOW, MINIMUM STARTING FLOW RATE, TRANSillONAL FLOW RATE AND MAXIMUM FLOW RATE 

VALUES 

Meter Size Nominal Minimum Starting Flow 

(1) 

15 
20 

.25 
40 
50 

Flow rate Qn rate Qmin 1/h 
kl/h 

Class A 

(2} (3) 

1.5 60 
·2.5 100 
3."5 140 
10 400 
1'5 600 

2 for the two classes of water meters. The 
test shall be carried out in accordance with 
the procedure described in Annexure A. 

(3) Tests during verification 

(I) Loss of pressure 

(il) Metering accuracy 

( 4) . Model approval tests 

In addition to all tests mentioned for 
verification, the following additional tests 
shall be carried out :-

Constructional details, Pressure tightness, 
Life test (Accelerated Endurance test, 
Temperature suitability test) and 
temperature suitability test. It shall be 
carried out In accordance with the 
procedure described in the Annex. A. 

(5) After the meter has undergone the life 
test, they shall again be subjected to 
metering accuracy test and pressure 
tightness test and the meter shall be 
deemed satisfactory only when their 
performance fulfils the requirements. 

9. Marking 
Each water meter shall be marked with the 

following information :-
9(i) Manufacturer's name or trademark, 

9(ii) Nominal size of the meter, 
9(iii) Direction of flow of water on both sides 

of the meter, 

9(iv) Accuracy class, 

9(v) Serial number, 
9(vi) Model approval number, and 

9(vii) Year of manufacture. 

JO. Sealing 
Sealing holes shall be provided with a suitable 

sealing arrangement to receive the seal of the 
verification authority and the meter shall be sealed 

, r t • • 

Transitional Flow rate Qt Maximum 
in 1/h for Flow rate 

Qmax kl/h 

ClassB Class A ClassB 

(4) (S) (6) (7) 

30 150 120 3 
50 250 200 5 
70 350 280 7 

200 1000 800 20 
300 1500 1200 30 

in such a manner as to render it impossible to obtain 
access to the measuring unit without breaking the 
seals. The sealing wire shall be rust-proof. 

ANNEXURE 'A' 
FLOW TESTS 

J. Metering Accuracy Test 
( 1) After preliminary running and setting, allow 

the water to pass through the meter in such 
a way that flow rates corresponding to the 
values given In 
Table 2 for Qmax, Qt, Qmin and Qn are 
achieved. This may be accomplished by 
manipulating the inlet valve or outlet valve 
for finer adjustment. For each of the flow 
rate the reading on the meter(s) shall be 
compared with the volume collected in the 
measuring tank. The test shall be carried 
out at least at three intermediate rates, 
coverihg the above ranges. 

(2) The error shall then be computed as 
under:-

V,- Vc 
Percent error = ---'-----''---X 100 

Vc 

Where 
Vi =Volume of wa.ter collected in the water tank, 

and 
Vc =Volume of water indicated on individual 

meter. 

Notes: 

Metering accuracy shall also be calculated 
and reported separately for the following 
discharges :-

(i) Qmax, 
(ii) Qt, and 
(iii) Qmin 

1. The metering accuracy test at Qn may be 
done if required by the purchaser. 

2. Recording of volume of water in the meter 
at Qmin shall be deemed as meter complying 
with the 'minimum starting ftow test'. 
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2. Loss of Pressure TestatQnandQmax 
This test may be carried out concurrently with 

the metering accuracy test at Qn and Qmax· 
The meter shall be tested for loss of pressure 

within the meter at nominal flow rate Qn and 
maximum flow rate Qmax. The loss of pressure 
should not exceed 0.025 MPa and 0.1 MPa 
respectively at the above two stages. (For value of 
Qn and Qmaxl· 

The pressure loss within the meter may be 
measured with the help of manometer or differential 
pressure gauge or pressure gauges provided each 
at up-stream and down-stream. 

While the meter(s) are being tested for accuracy 
at Qn and Qmax' the readings between the up-stream 
and down-stream in the pressure gauges P

1 
and P, 

or manometers shall be taken for the purpose of 
computing the value of loss of pressure within the 
meter. In case one meter is being tested the 
difference between the pressure gauge reading of 
P1 and P2 or the differential pressure shown by the 
differential pressure gauge/manometer shall be the 
loss of pressure within the meter. 

In case loss of pressure is being measured for 
more than one meter at a time, the difference 
between the readings of P, and P, be divided by 
number of meters to obtain the loss of pressure in 
an individual meter. This, however, shall contain the 
line loss(es) contributed by the connecting pieces 
between the two meters. For an accurate approach 
line loss(es) may be measured by joining the up and 
down-stream spacers/pipe faces together in the 
absence of the meter/s (carefully avoiding protrusion 
into the pipe bore or misalignment of the two faces), 
and measuring the pipe pressure loss/line losses of 
the measuring section for each test at appropriate 
flow rates. 

While computing loss of pressure, across 1 or 
N number of meters tested in series, the loss 
registered by spacers/pipes in line losses be 
subtracted from the total value of pressure loss 
registered by difference between the readings of 
pressure gauge at up-stream and down-stream to 
obtain the value of loss of pressure across 1 or N 
number of meters. 
3. Pressure Tightness Test 

The meter(s) shall be subjected to hydrostatic 
continuous water pressure of-

(1) 1.6 MPa for 15 minutes, and 
(2) 2.0 MPa for 1 minute. 

Note : Only when the meter has qualified for 
(1) above, it should be subjected for the test for (2) 
above. 

After mounting the meter( s) on the test bench, 
the pump or the pumping medium should be switched 
on to let the water flow through the meter(s) and 
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the air is purged out of the system. The down-stream 
valve should then be closed. The pressure shall then 
start building up and should be maintained at the 
above value for the given time. The meter should 
withstand constantly the above pressure without 
defects in its function, leakage, seepage or 
permanent deformation. 

Note: The meter(s) may be tested individually 
or in series. 
4. Test equipment for Temperature Suitability 

Test 
For carrying out the temperature suitability test, 

a container of appropriate dimensions fitted with 
heating elements, and temperature control device 
to maintain temperature at 45°C± 1°C shall be used. 
5. Temperature Suitability Test 

As a genera I rule, at least one meter shall be 
put to temperature suitability test every three months 
and records maintained. The meter for test may be 
selected at random. 

The meter which has qualified the technical and 
metrological characteristics, shall be taken and placed 
ln.-the test equipment meant for temperature 
suitability test maintained at 45°C ± 1 °C. It should 
be kept there for 10 hours. While the meter Is 
immersed in water dust cap or device stopping entry 
of water inside wet chamber of the meter be 
removed. 

After 10 hours of continuous immersion at 45°C 
± •l°C the meter shall be taken out and kept for 
some time in the open to acclimatize it at the ambient 
temperature. It shall then be rested again for flow 
test and pressure tightness test. They shall 'be 
deemed satisfactory if their performance after the. 
temperature suitability test satisfies the above 
requirements. 

Note : In case any material/design changes 
are carried out, this test shall be performed and 
checked for satisfactory performance before 
introducing the change(s) on mass scale production. 
6. Test equipment for Life Test 

The test equipment shall consist of the 
following:-

(a) A centrifugal pump along with regulating 
valves capable of delivering water at the 
rate of Qn through two water meters in 
series, 

(b) A suitable horizontal test bench, and 
(c) A pressure gauge of appropriate range. 

7_ Life Test (Accelerated Endurance Test) 
Two unopened meters in each size and class, selected 
at random shall be subjected to the life test every 
six months, in accordance with the requirements 
specified in Table. 
Note : Meter(s) may be tested individually or in 
series. 
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TABLE 1 

LIFE TEST REQUIREMENTS 

Nominal Test Flow Type of Test No. of Duration of Period of Duration of 
Flow Rate Rate Interruptions Pauses Operation at Start up and 

Test Run Down 

Qn s s 

Kl/h 

(1) (2) (3) (4) (5) (6) (7) 

s; 10 .Qn Dis- 100 000 15 15 s 0.15(Qn)* 

continuous with a 

minimum 

of 1 s 

2Qn Continuous 100 h 

>10 Qn Continuous 800 h 

2Qn Continuous 200h 

* Qn is the number equal to the value of Qn expressed in kl/h. 

After the meters having undergone the life test, 
they shall again be subjected to flow tests and 
pressure tightness test. They shall be deemed 
satisfactory if their performance after the life test 
satisfies the above requirements. . 

One of the meter which has undergone the life 
test (preferably the one that has shown greater 
deterioration in Its performance under the flow test) · 
shall be dismantled completely and examined with a 
view to ensuring that there is no undue wear or 
distortion. Particular attention shall be paid during 
examination to the wear of the actuating unit 
comprising vane wheel or piston, the impeller and 
measuring chamber, bearings, gears and pistons, pivots 
and the gland packing. 

PART IV 
MEASURING SYSTEM FOR UQUIDSOlliER 1liAN 

WATER 
PART-1 

TERMINOLOGY 
1. Measuring system and its constituents 

(1) Meter for volumes of liquids 

An Instrument intended to measure 
continuously, memorize and display the 
volume of liquid passing through the 
measurement transducer at metering 
conditions. · 

Note: A meter includes at least a 
measurement transducer, a calculator (Including 
adjustment or correction devices if present) and an 
indicating device. 

(2) Measurement transducer 

A part of the meter which transforms the 
flow or the volume of the liquid to be 
measured into signals which are passed to 
the calculator. It may be autonomous or 
use an external power source. 

Note: For the purposes of this specification, 
the measurement transducer includes the flow or 
volume sensor. 

(3) Calculator 

A part of the meter that receives the output 
signals from the transducer(s) and, possibly, 
from associated measuring instruments, 
transforms them and, if appropriate, stores 
In memory the results until they are used. 
In addition, the calculator may be capable 
of communicating both ways with 
peripheral equipment. 

(4) Indicating device 

A part of the meter which displays 
continuously the measurement results. 

Note : A printing device which provides an 
indication at the end of the measurement is not an 
indicating device. 

(5) Ancillary device 

A device intended to perform a particular 
function, directly involved in elaborating, 
transmitting or displaying measurement 
results. 
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Main ancillary devices are:

(i) zero setting device; 

(ii) repeating indicating device; 

(ill) printing device; 

(lv) memory device; 

(v) price Indicating device; 

(vi) totalizing indicating device; 

(vii) conversion device; 

(viii) pre-setting device; and 

(ix) self-service device. 

(6) Additional device 

A part or a device, other than an ancillary 
device, required to ensure correct 
measurement or intended to facilitate the 
measuring operations, or which could in any 
way affect the measurement. 

Main additional devices are:-

(i) gas elimination device; 

( ii) gas Indicator; 

(iii) sight glass; 

(iv) filter, pump; 

( v) device used for the transfer point; 

(vi) anti-swirl device; 

(vii) branches or bypasses; and 

(viii) valves, hoses. 

(7) Measuring system 

A system which comprises the meter itself 
and all the ancillary devices and additional 
devices. 

(8) Pre-setting device 

A device which permits the selection of the 
quantity to be measured and which 
automatically stops the flow of the liquid 
at the end of the measurement of the 
selected quantity. 

Note: The pre-set quantity may be the volume, 
the mass or the related price to pay. 

(9) Adjustment device 

A device Incorporated in the meter, that only 
allows shifting of the error curve generally 
parallel to Itself, with a view to bringing 
errors within the maximum permissible 
errors. 

(10) Associated measuring instruments 

Instruments connected to the calculator, the 
correction device or the conversion device, 
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for measuring certain quantities which are 
characteristics of the liquid, with a view to 
making a correction or a conversion or both. 

( 11) Correction device 

( i) A device connected to or incorporated 
in the meter for automatically 
correcting the volume at metering 
conditions, by taking Into account the 
flow rate or the characteristics of the 
liquid to be measured (viscosity, 
temperature and pressure) and the 
pre-established calibration curves or 
both. 

(ii) The characteristics of the liquid may 
either be measured using associated 
measuring Instruments, or stored in 
a memory In the Instrument. 

(12) Conversion device 

(i) A device which automatically converts 
the volume measured at metering 
conditions Into a volume at base 
conditions, or into a mass, by taking 
account of the characteristics of the 
liquid (temperature, pressure, density, 
relative density ........ ) measured using 
associated measuring instruments, or 
stored in a·memory. 

(li) The quotient of the volume at base 
conditions;· or of the mass, to the 
volume at metering conditions Is 
referred to as "conversion factor". -

( 13) Metering conditions 

The conditions of the liquid of which the 
volume is to be measured, at the point of 
measurement (example: temperature and 
pressure of the measured liquid). 

{14) Base conditions 

The specified conditions to which the 
measured volume of liquid is converted 
(example: base temperature and base 
pressure).-

Notes (I) Metering and base conditions (which refer 
only to the volume of liquid to be measured 
or indicated) should not be confused with 
the "rated operating conditions" and 
"reference conditions" which apply to 
influence quantities. 

(ii) The values chosen as base conditions should 
preferably be 15°C or 20°C, and 
101 325 Pa. 
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(15) Transfer point 

A point at which the liquid is definedoas being 
delivered or received. 

(16) Gas separator 

A device used for continuously separating, 
and removlng,,a~y air or gases contained 
in the liquid. 

Note : In ,general, devices defined from 
paragraphs ;1(16) :to 1(19) are called gas 
elimlnatlon•devices. 

(17) Gas extractor 

A device :used to extract air or gases 
accumulated:ln.the supply line of the meter 
in the form of pockets that are no more 
than slightly mixed with the liquid. 

( 18) Special gas .extractor 

A device which, like the gas separator but 
under less stringent operating conditions, 
continuously separates any air or gases 
contained in the liquid, and which 
automatically stops the flow of liquid if there 
is a risk of aJr or gases, accumulated in the 
form of pockets no more than slightly mixed 
with the liquid, entering the meter. 

(19) Condenser tank 

In pressurized liquefied gas measuring 
systems, a closed tank used to collect the 
gases contained in the liquid to be 
measured and to condense them before 
measuring. 

(20) Gas Indicator 

A device allowing easy detection of any air 
or gas bubbles which may be present in 
the liquid flow. 

(21) Sight glass 

A device for checking, before start-up and 
after shut-down, that all or part of the 
measuring system is filled completely with 
liquid. 

2. Specific types of measuring systems 

(1) Fuel dispenser 

A measuring system intended for the 
refuelling of motor vehicles, small boats and 
small aircraft. 

(2) Measuring system on a pipeline 

A measuring system which in principle is 
installed on a fixed pipeline connecting two 
or more fixed tanks. 

( 

Note : This pipeline Is characterized by a 
flowrate of the liquid to be measured which, 
in general, either does not change or 
changes little during a prolonged period. 

(3) Aircraft refuelling tanker measuring system 

A tanker mounted measuring system 
intended for refuelling aircraft, supplied 
from a tank mounted on the vehicle. 

(4) Aircraft hydrant measuring system 

A mobile measuring system intended for 
refuelling aircraft, supplied from hydrant 
pits. 

(S) Blend dispenser 

A fuel dispenser providing mixtures of 
various grades of gasoline (multigrade
dispenser) or mixtures of gasoline and 
lubricating oil (gasoline-oil-dispenser) 
through a single nozzle. 

(6) Self-service arrangement 

An arrangement that allows the customer 
to use a measuring system for the purpose 
of obtaining liquid for his own purchase. 

(7) Self-service device 

A specific device that Is part of a self-service 
arrangement and which allows one or more 
measuring systems to perform in this self
service arrangement. 

Note : The self-service device includes all 
the elements and constituents that are 
mandatbry so that a measuring system 
performs in a self-service arrangement. 

(8) Attended service mode 

An operating mode of a self-service 
arrangement in which the supplier Is 
present and controls the authorization for 
the delivery. 

Notes : (i) In attended service mode, the 
settlement of the transaction takes 
place before the customer leaves the 
site of the delivery. 

(ii) A transaction is settled when the 
parties interested in the transaction 
have made their agreement known 
(explicitly or implicitly) as regards the 
amount of the transaction. This may 
be a payment, signing a credit card 
voucher, signing a delivery order, etc. 

(iii) The parties interested in a 
transaction may be the parties 
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themselves or their representatives 
(for example: the employee in a filling 
station, the driver of a truck). 

(iv) In attended service mode the 
measurement operation ends at the 
moment settlement of the 
transaction takes place. 

(9) Unattended service mode 

An operating mode of a self-service 
arrangement In which the self-service 
arrangement controls the authorization for 
the delivery, based on an action of the 
customer. 

Note : In unattended service mode, the 
end of the measurement operation is the 
end of the registration (printing or 
memorizing) of information concerning the 
measurement operation. 

(10) Pre-payment 

A type of payment in attended or 
unattended service mode requiring 
payment for a quantity of liquid before the 
delivery commences. 

(11) Attended post-payment (or post-payment) 

A type of payment in attended service mode 
requiring payment for the delivered quantity 
after the delivery but before the customer 
leaves the site of the delivery. 

(12) Unattended post-payment (or delayed 
payment) 

A type of payment in unattended service 
mode In which payment for the delivered 
quantity Is required after the delivery, but 
in which the transaction is not settled when 
the customer leaves the site, following an 
implicit agreement with the supplier. 

(13) Authorization of a measuring system 

An operation that brings the measuring 
system Into a condition suitable for the 
commencement of the delivery. 

(14) Direct selling to the public 

A transaction (selling or buying) of 
quantities of liquids whose settlement is 
associated with indications provided by a 
measuring system, any of the parties having 
access to the place of measurement and 
one of them being a consumer. 

Notes: (I) The consumer can be any person. 
Generally the consumer is the 
buyer but he can also be the 
seller. 
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(ii) Main measuring systems used for 
direct selling to the public are : 

fuel dispensers, 

measuring systems on road tankers 
for the transport and delivery of 
domestic fuel oil. 

3. Metrological charaCteristics 

(1) Primary indication 

An indication (displayed, printed or 
memorized) which Is subject to legal 
metrology control. · 

Note : Indications other than primary 
· indications are commonly referred to as 
secondary indications. 

(2) Absolute error of measurement 

The result of a measurement minus the 
(conventional) true value of the measurand. 

(3) Relative error 

The absolute error of measurement divided 
by the (conventional) true value of the 
measurand. 

(4) Maximum permissible errors 

The extreme values permitted by the 
specification for an error. 

Notes: (i) Maximum permissible errors are . 
stated as relative errors or absolute 
errors. 

(ii) Where the comparison of a volume 
(for instance: difference between a 
result obtaI ned at some specified 
conditions and a result obtained at 
reference conditions) with maximum 
permissible error is involved then, It 
is obvious that it is the absolute 
maximum permissible error, 
associated with the relative 
maximum permissible error, which 
applies. 

(5) Minimum measured quantity of a measuring 
system 

The smallest volume of liquid for which the 
measurement is metrologically acceptable 
for that system. 

(6) Minimum specified volume deviation 

The absolute value of the maximum 
permissible error for the minimum 
measured quantity of a measuring system. 

(7) Minimum specified price deviation 

The price to pay corresponding to the 
minimum specified volume deviation. 
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(8) Repeatability error 

For the purposes of this Recommendation, 
the difference between the largestand the 
smallest results of successive measure
ments of the same quantity carried out 
under the same conditions. 

(9) Intrinsic error 

The error of ,a measuring system used 
under reference conditions. 

(10) Initial intrlnsic.error 

The intrinsic ·error ·of a measuring system 
as .determined :prior to all performance 
tests. 

(11) Fault 

The difference between the error of 
indication <~nd the intrinsic error of a 
measuring :system. 

{12) Signiflcantfault 

A fault the magnitude of which is greater 
than the larger of these two values:-

(!) one-fifth of the magnitude of the 
· maximum permissible error for the 

measured volume; 

(II) the minimum specified volume 
deviation. 

The following are not considered to be 
significant faults, namely:-

(!) faults arising from simultaneous and· 
mutually Independent causes in the 
measuring instrument itself or in its 
checking facilities; 

(il) transitory faults being momentary 
variations in the indication, which 
cannot be interpreted, memorized or 
transmitted as a measurement 
result; and 

(iii) faults Implying the impossibility of 
performing any measurement. 

(13) Durability 

The capability of the measuring system to 
keep Its performance characteristics over 
a period of use. 

( 14) Interruptible or non-interruptible measuring 
system 

A measuring system is considered as 
interruptible or non-Interruptible 
respectively when the liquid flow can or, as 
the case may be, cannot be stopped easily 
and rapidly. 

{15) Cyclic volume 

The volume of liquid corresponding to the 
working cycle of the measurement 
transducer, i.e. the sequence of movements 
at the end of which all the internal moving 
parts of this transducer return, for the first 
time, to their initial positions. 

(16) Periodic variation 

The maximum difference, during one 
working cycle, between the volume 
produced by the displacement of the 
measuring parts and the corresponding 
volume as shown by the Indicating device, 
the latter being connected without play or 
slip to the measuring device and in such a 
way that it indicates at the end of the cycle, 
and for this cycle, a volume equal to the 
cyclic volume; this variation may be reduced 
In some cases by the Incorporation of a 
suitable correction device. 

Note : The effect of the correction device 
is included when the periodic variation Is 
determined. 

(17) First element of an indicating device 

Element which, In an indicating device 
comprising several elements, carries the 
graduated scale with the smallest scale 
Interval. 

4. Test conditions 

(1) Influence quantity 

A quan~ity which is not the subject of the 
measurement but which influences the 
value of the measurand or the indication 
of the measuring system. 

(2) Influence factor · 

An influence quantity having a value within 
the rated operating conditions of the 
measuring system, as specified in this 
specification. 

(3) Disturbance 

An influence quantity having a value within 
the limits specified but outside the specified 
rated operating conditions of the measuring 
system. 

Note : An influence quantity is a 
disturbance if for that influence quantity 
the rated operating conditions are not 
specified. 

(4) Rated operating conditions 

Conditions of use, giving the range of values 
of Influence quantities for which the 
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metrological characteristics are Intended to 
be within the maximum permissible errors. 

(5) Reference conditions 

A set of specified values of influence factors 
fixed to ensure valid inter-comparison of 
results of measurements. 

(6) Performance test 

A test Intended to verify whether the 
measuring system under test (Equipment 
Under Test) Is capable of accomplishing its 
intended functions. 

(7) Endurance test 

A test intended to verify whether the meter 
or the measuring system is able to maintain 
its performance characteristics over a 
period of use. 

(8) Uncertainty of the determination of an error 

An estimate characterizing the range of 
values within which the true value of an 
error lies, Including components due to the 
standard and Its use, and components due 
to the verified or calibrated instrument Itself. 

Note : Components due to a verified or 
calibrated meter are notably linked to the 
resolution of Its indicating device and to 
the periodic variation. 

5. Electronic or electrical equipment 

( 1) Electronic device 

A device employing electronic sub
assemblies and performing a specific 
function. Electronic devices are usually 
manufactured as separate units and are 
capable of being tested independently. 

Note: Electronic devices, as defined above, 
may be complete measuring systems or 
part of measuring systems, In particular 
such as those mentioned in paragraph 1(1) 
to 1(5). 

(2) Electronic sub-assembly 

A part of an electronic device, employing 
electronic components and having a 
recognizable function of its own. 

(3) Electronic component 

The smallest physical entity which uses 
electron or hole conduction in semi
conductors, gases, or in a vacuum. 

( 4) Checking facility 

A facility which is incorporated in a 
measuring system and which enables 
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significant faults to be detected and acted 
upon. 

Note: The checking of a transmission device 
aims at verifying that all the information 
which is transmitted (and only that 
information) is fully received by the receiving 
equipment. 

(5) Automatic checking facility 

A checking facility operating without the 
intervention of an operator. 

(6) Permanent automatic checking facility 
(typeP) 

. An automatic checking facility operating 
during the entire measurement operation. 

(7) Intermittent automatic checking facility 
(type-!) 

An automatic checking facility operating at 
least once, either at the beginning or at 
the end of each measurement operation. 

(B) Non-automatic checking facility (type N) 

A checking facility which requires the 
intervention of an operator. 

(9) Power supply device 

A device which provides the electronic 
devices with the required electrical energy, 
using one or several sources of a.c. or d.c. 

PART-2 

MEASURING SYSTEM FOR LIQUIDS OTHER 
THAN WATER 

1. Field of application 

(1) Scope 

This Specification provides the metrological 
and technical requirements applicable to 
dynamic measuring systems for quantities 
of liquids other than water subject to legal 
metrology controls. It also provides 
requirements for the approval of parts of 
the measuring systems (meter, etc.). 

In principle, this Specification applies to all 
measuring systems fitted with a meter as 
defined under paragraph 1(1) of Part !
Terminology (continuous measurement), 
whatever be the measuring principle of the 
meters or their application, except-

( I) drum meters for alcohol; 

(II) measuring systems for cryogenic 
liquids; 

(iii) direct mass measuring systems, 

the provisions of paragraph 4 shall 

• 
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apply to electronic measuting-systems 
for alcohol and for cryqgenic liquids. 
This· Specification also ·applies to 
systems ·in which volume 
measurements -.are .converted to 
mass Indication. 

Moreover,, specific provisions could be 
developed for measuring systems 
equipped with oe:g. ·ultrasonic or 
vottex .meters. It will then be 
a11propriate >to-decide whether such 
meters should :be included In the 
scope of-this-Specification. 

This Specification is not intended to 
prevent the development of new 
technologies. 

(2} Liquids to be measured 

Measuring systems that are covered by this 
Specification may be used for the following 
liquids, namely :-

(i) liquid petroleum and related 
products : crude oil, liquid 
hydrocarbons, liquefied petroleum 
gas (LPG), liquid fuel, lubricants, 
Industrial oils, etc.; 

(il) liquid food : dairy products (milk, 
cream, etc.), beer and brewer's 
worth, wine and musts (cider, etc.), 
alcoholic beverages (liquor, whisky, 
etc.) non-alcoholic carbonated and 
not carbonated beverages, juices 
and concentrates, vegetable oils 
(Soya-bean-oil, palm-oil, etc.); 

(Iii) alcohol: pure ethanol (ethyl alcohol) 
and mixtures of only ethanol and 
water (except drum meters for 
alcohol); 

(iv) chemical products in liquid state: HCI, 
H,SO ,, ammonia water _etc; and 

(v) other liquids: all other liquids except 
cold potable water and hot water; 
examples: distilled water and 
delonlsed water, liquids used for 
calibration of tanks. 

2. General requirements 
(1} Constituents of a measuring system 

A meter Itself is not a measuring system. 
The smallest possible measuring system 
includes-' 

(i) a meter, 

(ii) a transfer point, 

(iii) a hydraulic circuit with particular 
characteristics which must be taken 
into account, 

(iv) a gas elimination device, 

(v) a filter device, 

(vi) a pumping device, 

(vii) correction devices related to 
temperature, viscosity, etc. 

The measuring system may be provided 
with other ancillary and additional devices. 

If several meters are intended for a single 
measuring operation, the meters are 
considered to form a single measuring 
system. 

If several meters intended for separate 
measuring operations have common 

· elements (calculator, filter, gas elimination 
device, conversion devices, etc.) each 
meter is considered to form, with the 
common elements, a measuring system. 

(2} Ancillary devices 

(i) Ancillary devices may be a part of 
the calculator or of the meter, or may 
be peripheral equipment, connected 
through an interface to the calculator. 

(II) In addition these devices shall bear 
a legend which is clearly visible to 
the user to indicate that they are not 
controlled when they display a 
rpeasurement result visible to the 
user. Such a legend will be present 
on each print out likely to be made 
available to the consumer. 

(J} Field of operation 

(i) The field of operation of a measuring 
system is determined by the 
following characteristics, namely :-

(a) minimum measured quantity, 

(b) measuring range limited by the 
minimum flowrate, Qm<o' and the 
maximum flowrate, Qm"' 

(c) maximum pressure of the liquid, P ,.,, 

(d) minimum pressure of the liquid P m<o' 

(e) nature of the liquid(s) to be 
measured and the limits of kinematic 
or dynamic viscosity when an 
indication of the nature of the liquids 
alone is not sufficient to characterize 
their viscosity, 
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(f) maximum temperature of the liquid, 

T malr/ 

(g) minimum temperature of the liquid, 
Tm1,, and 

(h) environmental class. 

(II) The minimum measured quantity of 
a measuring system shall have the 
form 1 x 10", 2 x 10" or 5 x 10" 
authorized units of volume, where 
n Is a positive or negative whole 
number, or zero. 

The minimum measured quantity 
shall satisfy the conditions of use of 
the measuring system; except in 
exceptional cases, the measuring 
system shall not be used for 
measuring quantities less than this 
minimum measured quantity. 

The minimum measured quantity of 
a measuring system shall be not less 
than the largest minimum measured 
quantity of any one of its constituent 
elements (meter(s), gas extractor(s), 
special gas extractor(s), etc.). 
However. for gas elimination devices 
this provision does not need to be 
fulfilled if it is demonstrated 
(Including tests) that It Is not 
necessary. 

(iii) The measuring range shall satisfy the 
conditions of use of the measuring 
system; the latter shall be designed 
so that the flowrate is between the 
minimum flowrate and the maximum 
flowrate, except at the beginning and 
at the end of the measurement or 
during interruptions. 

The measuring range of a measuring 
system shall be within the measuring 
range of each of its elements. 

Except in the case of specific 
provisions of certain types of 
measuring systems, the maximum 
flowrate of the. measuring system 
shall normally be equal to at least 
four times the minimum fiC\·vrate of 
the meter or the sum of the minimum 
flowrates of the meters with which 
it is fitted. In some particular cases 
the ratio may be two. 
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(iv) A measuring system shall exclusively 
be used for measuring liquids having 
characteristics within its field of 
operation, as specified in the pattern 
approval certificate. The field of 
operation of a measuring system 
shall be within the fields of 
measurement of each of its 
constituent elements (metres, gas 
elimination devices). 

When two or more meters are 
mounted in parallel in the same 
measuring system, the limiting 
flowrates (Q~,, Q,,) of the various 
metres are taken into consideration, 
especially the sum of the limiting 
flowrates, to verify if the measuring 
system meets the provision above. 

(4) Accuracy classes 

Taking into consideration their field 
of application, measuring systems 
are classified into four accuracy 
classes according to Table 1. 

TABLE 1 

Class Field of application 

0.3 Measuring systems on pipeline 
[see paragraph 5.(6)) 

All measuring systems if not differently 
stated elsewhere in this table; Iii 
particular: 

• fuel dispensers for motor vehicles 
(other than LPG dispensers) (see 
paragraph 5.(1) and 5.(9)] 

0.5 • measuring systems on road tankers 

1.0 

for liquids of low viscosity [see 
paragraph 5.(2)) 

• measuring systems for the unloading 
of ships' tanks and rail and road 
tankers [see paragraph 5.(3)) 

• measuring systems for milk [see 
paragraph 5.(5)) 

• measuring systems for loading ships 
(see paragraph 5.(6)) 

• measuring systems for refuelling 
aircraft [see paragraph 5.(8)]. 

Measuring systems (other than 
LPG dispensers) for liquefied 
gases under pressure measured at a 
temperature equal to or above- l0°C 
[see paragraph 5.( 4 )) 
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1.5. 

o LPGdispen5efS,for motor.,vehidesTsee 
paragraph .5 .(7)J 

o Measuring systems normally in class 
0.3 .or 0.5 but used·for liquids: 

o whose temperature is .less than 
- 10°( Or greater than ·50°(, or 

o whose dynamic viscosity is higher 
than 1000 MPa:s, or 

o whose maximum volumetric flowrate 
Is nothlghenhan 20 L/h 

Measuring systems lor liquefied carbon 
dioxlde'(Paragraph 5( 4)(x)] 

o Measuring ·systems {other than LPG 
dispenser) for liquefied gases under 
pressure measured at a temperature 

below - l0°C [Paragraph 5( 4)] 

(5) Maximumpermissible errors 

A 

B 

(I) For volumes not smaller than two 
lltres, and without prejudice to 
paragraph 2(5)(iii) the maximum 
permissible relative errors, positive 
or negative, on volume indications 
are specified in Table 2. 

0.3 

0.3% 

0.2% 

TABLE 2 

Accuracy classes 

0.5 

0.5% 

0.3% 

1.0 

1.0% 

0.6% 

1.5 

1.5% 

1.0% 

(II) For vo[umes smaller than two litres, 
and without prejudice to paragraph 
2.(5)(111), the maximum permissible 
errors, positive or negative, on 
volume Indications are specified in 
Table 3. 

TABLE 3 

Measured quantity Maximum permissible 
errors 

From 1 to 2 L 

From 0.4 to 1 L 

0.2 to 0.4 L 

From 0.1 to 0.2 L 

Less than 0.1 L 

Value fixed in Table 2, 
applied to 2 L 

Twice the value fixed in 
Table 2 

twice the value fixed in 
Table 2, applied to 0.4 L 

quadruple the value fixed 
in Table 2 

quadruple the value fixed 
in Table 2, applied to 

O.ll 

(iii) However, whatever the measured 
quantity may be, the magnitude of 
the maximum permissible error is 
given by the greater of the following 
two values: 

(a) absolute value of the maximum 
permissible error given in Table 2 
or Table 3, 

(b) minimum specified volume 
deviation. 

For minimum measured quantities 
greater than or equal to two litres, 
the minimum specified volume 
deviation (Em

1
,) is given by the 

formula: 

Emio ; (2 V mio) X (A/100) 

where 

V mio is the minimum measured 
quantity, 

A is the numerical value specified in 
line A of Table 2 for the relevant 
accuracy class. 

For minimum measured quantities less 
than two litres, the minimum specified 
volume deviation is twice the value specified 
in Table 3, and related to line A ofTable 2. 

Note : The minimum specified volume 
deviation is an absolute maximum 
permissible error. 

(6) Condltlons,for applying maximum 
permissible errors 

Provisions in this sub-clause apply to volume 
indications at metering conditions [see Paragraph 
2(7) for converted indications]. 

(i) Maximum permissible errors in line A of 
Table 2 apply to complete measuring 
systems, for all liquids, all temperatures and 
all pressures of the liquids, and all flow rates 
for which the system is intended to be, or 
has been approved, without any adjustment 
between the various tests, for: 

(a) pattern approval, 

(b) initial verification in one stage or the 
second stage of a two-stage initial 
verification, 

(c) subsequent verifications. 

(il) Explanation: An adjustment is allowed for 
each liquid, but in this case the pattern 
approval certificate provides information on 
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(iii) 

the capability of the meter to measure all 
the liquids without particular precautions. 
For example, the meter may be allowed 
only for measuring one liquid In normal 
use, or an automatic device that provides 
an adaptation to each liquid may be 
necessary. 

When stated in the pattern approval 
certificate, a one-stage initial verification 
or the second stage of a two-stage Initial 
verification of a measuring system Intended 
to measure two or more liquids may be 
carried out with one liquid only or with a 
liquid different from the intended liquids. 
In this case and if necessary, the pattern 
approval certificate provides a smaller 
range or a shift for maximum permissible 
errors, so that Paragraph 2(6)(1) Is fulfilled 
by the measuring system for all intended 
liquids. 

When stated in the pattern approval 
certificate, the Initial verification of a meter 
of a measuring system intended to measure 
two or more liquids may be carried out with 
one liquid only or with a liquid different from 
the Intended liquids. In this case and if 
necessary, the pattern approval certificate 
provides a smaller range or a shift for 
maximum permissible errors, so that 
Paragraph 2(6)(ii) is fulfilled by the meter 
for all Intended liquids. 

The above considerations may be extended 
to the case of a measuring system or a 
meter Intended to measure only one liquid 
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but verified with another liquid. 

(7) Provisions for converted Indications 
(i) Maximum permissible errors on conversion 

devices 

When a conversion device for converting 
into a volume at base conditions or into a 
mass (including all Its components and 
associated measuring Instruments) is 
verified separately, maximum permissible 
errors on converted Indications due to the 
conversion device, positive or negative, are 
equal to± (A- B), A and B being the values 
specified in Table- 2. However, the 
magnitude of the maximum permissible 
error shall not be less than the greater of 
the two following values:-

( a) one-half scale interval of the 
indicating device for converted 
indications, 

(b) half of the value corresponding to 
the minimum specified volume 
deviation. 

(ii) Accuracy of associated measuring 
instruments 

When verified separately, associated 
measuring instruments shall exhibit an 
accuracy at least as good as the values in 
Table 4. · 

These values apply to the indications of 
associated measuring Instruments taken 
Into account for the calculation of the 
converted quantity (they include errors 
mentioned in Paragraph 2(7)(iii). 

TABLE 4 

Maximum permissible 
errors on measuring 

Temperature 

Pressure 

Density 

Density 

(iii) Accuracy for calculation of 
characteristic quantities of the liquid 

When the calculating function of a 
conversion device Is verified 
separately, the maximum permissible 
error for the calculation of each 
characteristic quantity of the liquid, 

Accuracy classes of the measuring system 
0.3 0.5 1.0 1.5 

±0.3°C ±0.5°C ±0.5°C ±o.soc 

less than 1 MPa : ± 50 kPa 
between 1 and 4 MPa : ± 5% 
more than 4MPa: ± 200 kPa 

+ 1 kg/m3 ± 1 kg/m3 ±2 kg/m3 ±2 kg/m3 

positive or negative, is equal to two· 

fifths of the value fixed in paragraph 

2(7)(ii). However, the magnitude of 

the maximum permissible error shall 

not be less than one-half scale 

interval of the indicating device for 

converted indications . 

• 
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(iv) Dlrectverift£ation.of.a.converted,mass 
indication 

When a ·conversion device is only 
associated with (or included in) a 
meter and when the converted mass 
Indication is verified directly by 
comparison to.mass standards (e.g. 
using a weighing machine) the 
maximum permissible errors (MPE) 
on the converted indication, positive 
or negativ.e, are given by the 
formula: 

MPE = ± [B2 + (A- 8)2 ]'h 

where A and B are the values 
specified in Table 2. 

When a conversion device is included 
In a measuring system, maximum 
permissible errors of line A of Table 

· 2 apply to the converted mass 
·lndlcatlon. However, in any case, the 
magnitude of maximum permissible 
errors shall not be less than the mass 
corresponding to the minimum 
specified volume deviation. 

(v) Direct verification of. a converted 
volume indication 

Standards delivering directly the true 
value of converted volume 
Indications are not available for 
general uses. Such standards only 
exist for a given liquid or for very 
similar liquids. When such standards 
are available, provisions in paragraph 
2(7)(1v) can be applied by analogy. 

(B) Maximum permissible errors on calculators 

Maximum permissible errors on quantities 
of liquid Indications applicable to 
calculators, positive or negative, when they 
are tested separately, are equal to one
tenth of the maximum permissible error 
defined In line A of Table 2. However, the 
magnitude ofthe maximum permissible 
error shall not be less than one-half scale 
interval of the measuring system in which 
the calculator is intended to be included. 

(9) Indications 

. ' 1-. 

(i) The volume indication shall be made 
In cubic centimetres or millilitres, in 
cubic decimetres or litres, or in cubic 
metres. The symbol or the name of 
the unit shall appear In the 
immediate vicinity of the Indication . 

Mass may only be indicated in tonnes, 
kilograms or grams. The symbol or 
the name of the unit shall appear In 
the immediate vicinity of the 
indication. 

(ii) Measuring systems shall be provided 
with an indicating device giving the 
volume of liquid measured at 
metering conditions. 

Without prejudice to the provisions 
in paragraph 2(9)(iii) when a 
measuring system is fitted with a 
conversion device, it shall be fitted 
(in addition to the device indicating 
volumes at metering conditions) with 
a device Indicating the volume at 
base conditions or the mass. 

Provisions applicable to devices 
which indicate the volume at 
metering conditions apply to devices 
which indicate the volume at base 
conditions and by analogy to devices 
which indicate the mass. 

(iii) The use of the same display for the 
indications of volume at metering 
conditions and of volume at base 
conditions or of mass is authorized 
provided that the nature of the 
displayed quantity is clear and that 
these indications are available on 
request. 

(lv) A measuring system may have 
~everal devices Indicating the same 
quantity. Each shall meet the 
requirements of this specification. 
The scale intervals of the various 
indications may be different. 

(v) For any measured quantity relating 
to the same measurement, the 
indications provided by various 
devices shall not deviate one from 
another by more than one scale 
interval or the greatest of the two 
scale intervals if they differ, except 
otherwise provided in clause 5 (see 
paragraph 5 (to)(i)(c)). 

(vi) Subject to specific provisions for 
certain types of measuring systems, 
use of the same indicating device for 
the indications of several measuring 
systems (which then have a common 
indicating device) is authorized 
provided that one of the following 
conditions is met:-



[ 'WI II -1l.IUS 3 ( i ) ] 

(a) it is impossible to use any two of 
these measuring systems 
simultaneously, 

(b) the indications relating to a given 
measuring system are accompanied 
by a clear identification of that 
measuring system and the user may 
obtain the indication corresponding 
to any of the measuring systems 
concerned, using a simple command. 

(1.0) Elimination of air or gases 

{i) General requirements 

Measuring systems shall be constructed and 
installed so that during normal operation, 
neither air intake nor gas release will occur 
in the liquid upstream of the meter. If there 
is a risk that this requirement may not be 
met, the measuring systems shall 
incorporate a gas elimination device 
permitting the proper elimination of any air 
or undissolved gases which may be 
contained In the liquid before it enters the 
meter. 

The gas elimination device shall be suitable 
for the supply conditions and be arranged in 
such a way that the effect due to the 
influence of the air or gases on the 
measuring result does not exceed-

( a) 0.5% of the quantity measured for 
liquids other than potable liquids and 
for liquids of a viscosity not exceeding 
1 MPa.s, 

(b) 1% of the quantity measured for 
potable liquids and for liquids of a 
viscosity exceeding 1 MPa.s. 

However, it is not necessary for this 
effect to be less than 1% of the 
minimum measured quantity. 

The values specified in this paragraph 
apply to the gas elimination device 
when It Is subject to separate control, 
e.g. for pattern approval. 

In this case, they apply to the 
differences between: 

• the meter errors with air Intake or 
with gas, and 

* the meter errors without air intake 
or gas. 

527 

(ii) Pumped flow 

A gas separator shall be provided when, 
subject to the provisions in paragraph 
2(10) (iv), the pressure at the pump inlet 
may, even momentarily, fall below either the 
atmospheric pressure or the saturated 
vapour pressure of the liquid. 

No gas elimination device is required when 
the pressure at the pump inlet is always 
greater than the atmospheric pressure and 
the saturated vapour pressure of the liquid, 
and if any gaseous formation liable to have 
a specific effect greater than 1% of the 

· minimum measured quantity cannot form or 
enter the inlet pipe work of the meter, 
whatever be the conditions of use. 

A gas elimination device Is required when 
the pressure at the pump inlet is always 
greater than the atmospheric pressure and 
the saturated vapour pressure of the liquid, 
but gaseous formations liable to have a 
specific effect greater than 1% of the 
minimum measured quantity can occur. 
When applying this provision, it is necessary 
to consider, in particular-

( a) gaseous formations likely to occur 
owing to thermal contraction during 
shutdown periods; if gaseous 
formation is possible, a gas extractor 
is required. 

{b) air pockets likely to be introduced Into 
the pipework when the supply tank Is 
completely empty; in case there Is a 
possibility of gaseous formation, a 
special gas extractor is' required. 

The gas elimination device shall be 
installed downstream of the pump or 
be combined with the pump. 

If the gas elimination device is 
installed below the level of the meter, 
a non-return valve fitted, if necessary, 
with a pressure limiting device shall 
be incorporated to prevent the 
pipework . between the two 
components from emptying. 

The loss of pressure caused by the 
flow of liquid between the gas 
elimination device and the meter shall 
be as small as possible. 

If the pipework upstream of the meter 
incorporates several high points, it 
may be necessary to provide one or 

• 

\! 
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more automatic or manual evacuation 
devices. 

(iii) Non-pumped flow 

When a meter is supplied by gravity without 
use of a pump, and ifthe pressure of the 
liquid In all parts of the:pipework upstream 
of the meter and in the meter Itself is 
greater than the saturated vapour pressure 
of the llquld:andthe atmospheric pressure 
at measuring conditions, a gas elimination 
device ls<not'necessary. However, after the 
measu~lng system has been put into 
service, an .arrangement is required to 
ensure that .It remains correctly filled. 

If the pressure of the liquid is likely to be 
lower than the atmospheric pressure while 
remalnln:g greater than the saturated 
vapour pressure, an appropriate device 
shall prevent entry of air into the meter. 

If a meter ls supplied under gas pressure, 
the measuring system shall be so· 
constructed that separation of air or gas is 
avoided. An appropriate device shall 
prevent entry of gas into the meter. 

In all circumstances, the pressure of the 
liquid between the meter and the transfer 
point shall be greater than the saturated 
vapour pressure of the liquid. 

(iv) Viscous liquids 

Since the effectiveness of gas separators 
and gas extractors decreases as the 
viscosity of the liquids increases, these 
devices may be dispensed with for liquids 
with a dynamic viscosity of more than 20 
mPa.s at 20°C. 

In this case, It is necessary to make 
provisions to prevent entry of air. The pump 
shall be so arranged that the Inlet pressure 
is always greater than the atmospheric 
pressure. 

If it Is not always possible to meet this 
condition, a device shall be provided to stop 
the flow of liquid automatically as soon as 
the Inlet pressure falls below the 
atmospheric pressure. A' pressure gauge 
shall be used to monitor this pressure. 
These provisions are not necessary if 
devices are provided which ensure that no 
air can enter through the joints in the 
sections of the pipework under reduced 
pressure and If the. measuring system is so 

arranged that no air or dissolved gases will 
be released. 

(v) Removal of gases 

The gas removal pipe of a gas elimination 
device shall not Include a manually 
controlled valve if closure of this valve 
prevents the operation of the gas 
elimination device. However, if such a 
closing element is required for safety 
reasons, it shall be possible to ensure by 
means of a sealing device that it remains 
in the open position, unless closure of the 
valve automatically prevents further 
measurement. 

(vi) Anti-swirl device 

If the supply tank of a measuring system Is 
normally to be completely emptied, the 
outlet of the tank shall be fitted with an 
anti-swirl device, unless the measuring 
system incorporates a gas separator. 

(vii) General provisions for gas elimination 
devices 

(a) In principle, the gas separated in a 
· gas elimination device is evacuated 

automatically. However, the 
. automatic operation is not necessary 

if a device is provided which 
automatically either stops or 
sufficiently reduces the flow of liquid 

, when there is a risk of air or gases 
·entering the meter. In the case of 
shutdown, no measurement shall be 
possible unless the air or gases are 
automatically or manually 
eliminated. 

(b) The operational limits of a gas 
elimination device are as follows:-

(aa) the maximum flowrate(s) for one or 
more specified liquids, 

(bb) the maximum pressure (with no flow 
running) and minimum pressure 
(with liquid and without air intake 
while the pump is running at 
maximum flowrate) compatible with 
the correct operation of the gas 
elimination device, 

(cc) the minimum measured quantity for 
which it is designed. 

(viii) Special provisions applicable to gas 
separators 



[ 'l1'T ll-191'S 3 ( i) l 

{a) Within the error limits specified in 
paragraph 2(10)(i), a gas separator 
fitted In a measuring system that 
does not Incorporate a gas Indicator 
as specified in paragraph 2( 11) shall 
ensure the elimination of air or gases 
mixed with the liquid to be measured 
under the following test conditions :-· 

(aa) without air or gases the measuring. 
system operates at the maximum 
flow rate and at the minimum 
pressure specified for the gas 
separator, 

(bb) then air is introduced or gases are 
created as long as the measuring 
system operates. Any proportion by 
volume of air or gases relative to the 
liquid is permitted If the gas 
separator is designed for a maximum 
flowrate lower than or equal to 20 
m'/h; It Is limited to 30% if the gas 
separator is designed for a maximum 
flowrate higher than 20 m3/h (the 
volumes of air or gases are measured 
at atmospheric pressure in 
determining their percentages). The 
percentage is considered only when 
the meter is running. 

Furthermore, when provided, the 
automatic gas removal device must 
continue to operate correctly at the 
maximum pressure fixed for these 
gas separators. 

(b) Within the error limits specified in 
paragraph 2(10)(i), a gas separator 
fitted In a measuring system that 
Incorporates a gas indicator shall 
ensure the elimination of air or gases 
mixed with the liquid to be measured 
under the following conditions : 

(aa) without air or gases the measuring 
system operates at the maximum 
flowrate and at the minimum 
pressure specified for the measuring 
system, 

(bb) then air is introduced or gases are 
· created as long as the measuring 
system operates. The proportion by 
volume of air or gases relative to the 
liquid does not exceed-

20% for liquids of a viscosity not 
exceeding 1 MPa.s, other than 
potable liquids, 

t,7 /.1 ~ 0711-/J?J 
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10% for potable liquids and for liquids 
of a viscosity exceeding 
1 MPa.s. 

The percentages are considered only when 
the meter is running. 

When the proportion by volume of air or 
gases relative to the liquid is greater than 
the abovementioned percentages and when 
the gas separator does not meet the 
requirements with respect to the maximum 
permissible errors, the gas indicator must 
clearly reveal the presence of air or gas 
bubbles. 

(ix) Special provisions applicable to gas 
extractors 

A gas extractor or special gas extractor 
shall, at the maximum flowrate of the 

·measuring system, ensure that elimination 
of an air or gas pocket of a volume 
(measured at atmospheric pressure) at 
least equal to the minimum measured 
quantity with no resulting additional effect 
greater than 1% of the minimum measured 
quantity. 

Moreover, a special gas extractor shall also 
be capable of separating continuously a 
volume of air or gas mixed with the liquid 
equal to 5%. of the volume of liquid 
delivered at the maximum fiowrate without 
the resulting additional effect exceeding the 
limits fixed in paragraph 2(10)(i). 

Notes: 

(i) A 5pecial gas extractor is used mainly In 
measuring systems mounted on road 
tankers. 

(ii) Installing a special gas extractor is subject 
to feeding conditions. Therefore, no 
performance is required for proportions 
greater than 5%. 

{11} Gas Indicator 

The gas indicator shall be designed so as to 
provide a satisfactory indication of the presence of 
air or gases in the liquid. 

The gas Indicator shall be Installed downstream 
of the meter. In empty hose measuring systems, 
the gas Indicator may be in the form of a weir-type 
sight glass and may also be used as the transfer 
point. 

The gas indicator may be fitted with a bleed 
screw or with any other venting device when it forms 

"<-: 
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a high point of the pipe work. No pipe must be 
connected to the venting device .. F.Iow Indicating 
devices (e.g. spinners) may be incorporated in gas 
indicators provided that such devices do not prevent 
observation of any gaseous formations which could 
be present in the liquid. 

(12) Transfer point 

(i) Measuring systems shall incorporate a 
transfer point. This transfer point Is located 
downstream .of -the meter in delivery 
systems 1and 'upstream of the meter in 
recelvl~g systems. 

(ii) Measuring systems :may .be of two types: 
"empty hose" systems and "full hose" 
systems: the term "hose" includes rigid pipe 
work. 

(a) 'Empty hose systems are, in the case 
of cdelivery equipment, measuring 
systems in which the transfer point 
is 'located upstream of the delivery 
hose. This transfer point may be in 
the fonm of either a weir type sight 
glass, or a closing device combined, 
In each case, with a system which 
ensures the emptying of the delivery 
hose after each measuring operation. 

(b) Full hose systems, In the case of 
delivery equipment, are measuring 
systems in which the transfer point 
consists of a closing device located 
In the delivery line. When the delivery 
line has a free end, the closing device 
must be installed as close as possible 

. to this end. 

(c) In the case of receiving equipment, 
the same provisions apply by analogy 
to the reception pipe work upstream 
of the meter. 

(J3) Complete filling of the measuring system 

(i) The meter and the pipe work between the 
meter and the transfer point shall be kept 
full of liquid during measurement and 
during shutdown periods. 

When this condition is not met, especially 
in the case of permanent installations, the 

·complete filling of the measuring system 
up to the transfer point shall be effected 
manually and monitored during 
measurement and shutdowns. To ensure 
complete elimination of air and gases from 
the measuring system, venting devices 

fitted with small sight glasses whenever 
possible shall be placed in appropriate 
positions. 

(ii) The additional effect of the pipe work 
between the meter and the transfer point 
shall not be greater than 1% of the 
minimum measured quantity due to 
variations in .temperature, equal to-

• 10°C for exposed pipes, 

• 2°C for insulated or underground pipes. 

To calculate this additional effect the 
coefficient of thermal expansion for the 
liquid shall be rounded to 1.10-3 per degree 
Celsius. 

(iii) Subject to the provisions in paragraph 
2(10)(iii), a pressure maintaining device 
shall, If necessary, be Installed downstream 
of the meter to ensure that the pressure In 
the gas elimination device and in the meter 
Is always greater than both the atmospheric 
pressure and the saturated vapour pressure 
of the liquid. 

(lv) A measuring system in which the liquid 
could flow in the opposite direction to that 
of normal flow when the ·pump is stopped 
shall be provided with a non-return valve, 
fitted with a pressure limiting device, If 
necessary, when reversal of the flow could 
result in errors greater than the minimum 
specified volume deviation. 

' (v) In empty hose measuring systems, the 
plpework downstream of the meter and, If 
necessary, the pipework upstream of the 
meter shall have a high point so that all 
parts of the measuring system always 
remain full. 

(vi) In full hose measuring systems which are 
used for measuring liquids other than 
liquefied gases, the free end of the hose 
shall incorporate a device which prevents 
the draining of the hose during shutdown 
periods. ,. · 

When a closing device is installed 
downstream of this device, the volume of 
the space between them shall be as small 
as possible and, in all cases, be less than 
the minimum specified volume deviation. 

(vii) If the hose comprises several components, 
these shall be assembled either by means 
of a special connector which keeps the hose 
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full, or by a connection system which is either 
sealed or requires the use of a special tool 
to be disconnected. 

(14}Draining 

(i) In empty hose measuring systems, draining 
of the delivery hose referred to In paragraph 
2(12)(/l)(a) is ensured by a venting valve. 
In some cases, this valve may be replaced 
by special devices, e.g. an auxiliary pump 
or a compressed gas injector. 

In measuring systems intended for 
minimum measured quantities of less than 
10m', these draining devices shall operate 
automatically. 

However, when it is not possible, for duly 
established technical or safety reasons, to 
deliver (or to receive) the measured volume 
contained In hoses of an empty hose 
measuring system (for example, when 
measuring liquefied carbon dioxide), this 
volume shall be smaller than or equa I to 
half the minimum specified volume 
deviation. 

(ii) In full hose measuring systems, particularly 
those Intended for measuring viscous 
liquids, the nozzle shall be so designed that 
it cannot retain a volume of liquid exceeding 
0.4 times the minimum specified volume 
deviation. 

(15) Variations In the internal volume of full 
hoses 

For full hoses In a measuring system provided 
with a hose reel, the Increase in internal volume due 
to the change from the coiled hose position when 
not under pressure to the uncoiled hose position when 
under pressure without any flow of liquid, shall not 
exceed twice the minimum specified volume 
deviation. 

If the measuring system is not provided with a 
hose reel, the Increase In internal volume shall not 
exceed the minimum specified volume deviation. 

(16) Branches and bypasses 

(i) In measuring systems intended to deliver 
liquids, no means shall be provided by 
which any measured liquid can be diverted 
downstream of the meter. However, two or 
more delivery outlets may be permanently 
installed and operated simultaneously or 
alternatively provided so that any diversion 
of flow to other than the intended receiving 
receptacle(s) cannot be readily 
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accomplished or Is readily apparent. Such 
means include, f9r example, physical 
barriers, visible valves or indications that 
make it clear which outlets are in operation, 
and explanatory signs, If necessary. 

For measuring systems Intended to receive 
liquids, such provisions apply by analogy. 

A manually controlled outlet may be 
· available for purging or draining the 

measuring system. Effective means shall 
be provided to prevent the passage of liquid 
through any such outlet during normal 
operation of the measuring system. 

(ii) In measuring systems which may operate 
either with an empty hose or with a full 
hose and which are equipped with flexible 
pipes, a non-return valve shall, if necessary, 
be incorporated in the rigid pipework, 
leading to the full hose immediately 
downstream from the selector valve. In 
addition, the selector valve shall not, in any 
position, permit connection of the discharge 
hose, operating as an empty hose to the 
plpework leading to the full hose. 

(iii) Any connections which may be provided for 
bypassing the meter shall be closed by 
means of blanking flanges. However, if the 
operating requirements make such a bypass 
necessary, it shall be closed either by means 
of a closing disc or a double closing device 
with a monitoring valve in between. It shall 
be possible to ensure closure by means of 
seals, or there shall be an automatic 
monitoring of the double block-and-bleed 
valve in the bypass giving an alarm signal 
In case of leakage in this valve. 

(17) Control and closing mechanisms 

(i) If there is a risk that the supply conditions 
can overload the meter, a flow limiting 
device shall be provided. This device shall 
be Installed downstream of the meter. It 
shall be possible to seal it. 

(il) The various positions of the controls of 
multi-way valves shall be easily visible and 
located by notches, stops or other fixing 
devices. Deviations from this requirement 
are permissible when the adjacent positions 
of the controls form an angle of 90° or 
more. 

(18) Various provisions 

(i) If provided, filters shall not disturb the 
measuring operation. 

- - _j __ 
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(ii) In the case of measuring liquid petroleum 
products, means for vapour recovery shall 
not Influence the accuracy of 
measurements such that the maximum 
permissible error is exceeded: 

(19) Markings 

(i) Each measuring system, component or sub
system for which pattern approval has been 
granted shall bear, placed together legibly 
and Indelibly either on the dial of the 

· indicating device or on a special data plate, 
the following information :-

(a) pattern approval sign 

(b) manufacturer's identification mark or 
trademark 

(c) designation selected by the 
manufacturer, if appropriate 

(d) serial number and year of 
manufacture 

(e) characteristics as defined in 
paragraphs 2(3)(1), 3(1)(1)(a), 
2(10){vli){b), or 3(1){vii)(a). 

(f) accuracy class, if other than 0.5. 

Note: The Indicated characteristics should be 
the actual characteristics of use, if they are known 
when the plate Is affixed. When they are not known, 
the indicated characteristics are those allowed by 
the pattern approval certificate. 

However, the minimum and the maximum 
temperatures of the liquids shall appear on the data 
plate only when they differ from- 10°C and + 50°C 
respectively. 

The minimum measured quantity of the 
measuring system shall in all cases be 
clearly visible on the dial of any indicating 
device visible to the user during the 
measurement. 

If several meters operate in a single system 
using common components, the marking 
required for each part of the system may 
be combined on a single plate. 

When a measuring system can be 
transported without being dismantled, the 
markings required for each component may 
also be combined on a single plate. 

(ii) Any information, markings or diagrams 
specified by this Recommendation or 
possibly by the pattern approval certificate, 
shall be clearly visible on the dial of the 
indicating device or within proximity to it. 

The markings on the dial of the indicating 
device of a meter forming a part of a 
measuring system shall not contravene 
those on the data plate of the measuring 
system. 

{Iii) When volume at base conditions is 
indicated, these base conditions shall be 
clearly mentioned In the vicinity of the result 
of measurement, in the form : 

T, = ........ oc (or K) 

P, = ....... MPa (or kPa or Pa or bar) .. 

(20) Sealing devices and stamping plate 

{I) General 

Sealing is preferably carried out by means 
of lead seals. However, other types of 
sealing are permitted on fragile instruments 

· or when these seals provide sufficient 
integrity, electronic seals for instance. 

The seals shall, in all cases, be easily 
accessible. 

. Sealing should be provided on ali parts of 
the measuring system which cannot be 

. materially protected in any other way 
against operations liable to affect the 
measurement accuracy. 

It must be prohibited to change parameters 
which participate in the determination of 
the results of measurement (parameters 
for correction and conversion in particular) 
by mJans of sealing devices. 

Except for direct selling to the public, it may 
be acceptable that the nature of the 
measured liquid or Its viscosity be manually 
entered into the calculator at the beginning 
of the measurement operation [see 
paragraph 3{l){v)], even when this datum 
participates in the correction. This datum 
and a note explaining that this quantity has 
been entered manually shall then be printed 
at the same time as the measurement 
results. 

A plate,. referred to as the stamping plate, · 
aimed at receiving the control marks, shall 
be seal.ed or permanently attached on a 
support of the measuring system. It may 
be combined with the data plate of the 
measuring system referred to in paragraph 
2(19). 

In the case of a measuring system used 
for potable liquids, sealing shall be applied 
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such that the equipment may be dismantled 
for cleaning purposes. 

(ii) Electronic sealing devices 

(a) When access to parameters that 
participate in the determination of 
results of measurement is not 
protected by mechanical sealing 
devices, the protection shall fulfil the 
Jollowlng provisions (except In cases 
related to the 5th paragraph of 
paragraph 2(20)(1):-

(aa) access shall only be allowed to 
authorized people, e.g. by means of 
a code (key-word) or of a special 
device (hard key, etc.); the code 
must be changeable; access by 
means of only a code is not allowed 
In the case of direct selling to the 
public; 

(bb) It shall be possible for at least the 
last Intervention to be memorized; 
the record shall include the date and 
a characteristic element Identifying 
the authorized person making the 
Intervention [see (a) above]; the 
traceability of the last Intervention 
shall be assured for at least two 
years, If It is not over-written on the 
occasion of a further intervention; if 
It Is possible to memorize more than 
one Intervention, and if deletion of a 
previous intervention must occur to 
permit a new record, the oldest 
record shall be deleted. 

(b) For measuring systems with parts 
which may be disconnected one from 
another by the user and which are 
Interchangeable, the following 
provisions shall be fulfilled:-

( a a) It shall not be possible to access 
parameters that participate in the 
determination of results of 
measurements through disconnected 
points unless the provisions in 
2(20)(/i)(a) are fulfilled; 

(bb) Interposing any device which may 
Influence the accuracy shall be 
prevented by means of electronic 
and data processing securities or, if 
not possible, by mechanical means. 

(c) For measuring systems with parts 
which may be disconnected one from 

\ 
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a nether by the user and 1\fhich are 
not interchangeable, the provisions 
in 2.20.2.2 apply. Moreover, these 
measuring systems shall be provided 
with devices which do not allow them 
to operate If the various parts are 
not .associated according to the 

· manufacturer's configuration. 

Note: Disconnections which are not 
allowed to the user may be 
prevented, for example by means of 
a device that prevents any 
measurement after disconnecting 
and reconnecting, 

3. Requirements for meters and ancillary 
devices of a measuring system 

(1) Meter 

The meter(s) of a measuring system shall meet 
the following requirements, whether or not it (they) 
is (are) subject to a separate pattern approval:-

(/) Field of operation 

(a) The field of operation of a meter Is 
determined at least by the following 
characteristics:-

(aa) minimum measured quantity; 

(bb) measuring range limited by the 
minimum flowrate, Qm;o' and the 
maximum flowrate, Q 

.• max, 

(cc) maximum pressure of the liquid, 
p max' 

(dd) nature of the liquid(s) to be 
measured and limits of kinematic 
or dynamic viscosity when the 
indication of the nature of the 
liquid alone is not sufficient for 
characterizing its viscosity, 

(ee) maximum temperature of the 

liquid, T""'' 

(ff) minimum temperature of the 
liquid, T mio' 

(b) Thevalueoftheminimum measured 
quantity shall be in the form 1 x 10", 
2 x 10" or 5 x 10" authorised units of 
volume, n being a positive or 
negative whole number, or zero, 

(c) In general, the ratio between the 
maximum and the minimum flowrate 
of the meter shall be:-

(i) at least equal to ten for meters 

j ___ . 
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for liquids having a viscosity less 
· than 20 MPa.s at measurement 
temperature, other.than liquefied 

. gases, 

{II) at least ·equal to five for meters 
for. liquids having a viscosity equal 
to or greater .than 20 MPa.s and 
for meters for liquefied gases. 

'·However, when the requirements 
.a_pplicable to a particular 
:measuring system specify a lower 
,ratio for that system or Its meter, 
the ratio for the meter may be less 
than specified above, without 
being lower than two in 

.application of 2.3(iii). 

(ii) Metrological requirements 

(a) The maximum permissible errors 
for a meter, within its field of 
~peration, are equal to those 
specified in line B of Table 2. 

(b) for any quantity equal to or 
greater than five times the 
minimum measured quantity, the 
repeatability error of the meter 
shall not be higher than two-fifths 
of the value specified In line A of 
Table 2. 

(c) For a given liquid within their fields 
of operation, meter shall present 
a magnitude of the difference 
between the initial intrinsic error 
and the error after the endurance 
test equal to or less than the value 
specified in line B in Table 2. 

(iii) Connections between the flow sensor 
and the indicating device 

In the text, the expression "flow 
sensor" also means "volume sensor". 

The connections between the flow 
sensor and the indicating device shall 
be reliable and, for electronic 
devices, durable, in accordance with 
paragraphs 4(1)(iii) and 4(3){ii). 

This provision also applies to 
connections between primary and 
secondary devices for 
electromagnetic meters. 

(iv) Adjustment device 

Meters may be provided with an 
adjustment device which permits 

modification of the ratio between the 
indicated volume and the actual 
volume of liquid passing through the 
meter, by a simple command . 

When this adjustment device 
modifies this ratio in a discontinuous 
manner, the consecutive values of 
the ratio shall not differ by more than 
0.0005 for meters Intended to equip 
measuring systems of class 0. 3, and 
0.001 for other meters. 

Adjustment by means of a bypass of 
the meter Is prohibited. 

(v) Correction device 

Meters may be fitted with correction 
devices; such devices are always 
considered as an Integral part of the 
meter. The whole of the 
requirements which apply to the 
meter, in particular the maximum 
permissible errors specified In 
paragraph 3(1)(11)(a), are therefore 
applicable to the corrected volume 
(at metering conditions). 

In normal operation, non-corrected 
volume shall not be displayed. 

The aim of a correction device is to 
reduce the errors as close to zero as 
possible. 

, All the parameters which are not 
· measured and which are necessary 
for correcting shall be contained in 
the calculator at the beginning of the 
measurement operation. 

The correction device shall not allow 
the correction of a pre-estimated 
draft in relation to time or volume 
flow, for example. 

Associated measuring instruments 
shall be fitted with checking devices, 
as specified In paragraph 4(3)(vi). 

(vi) Measuring systems equipped with 
volumetric meters 

The periodic variation of a volumetric 
meter shall be less than half the 
minimum specified volume deviation. 

When a volumetric meter is approved 
separately, the pattern approval 
certificate shall indicate the value 
of its cyclic volume. 
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(vii) Measuring systems equipped with 
turbine meters 

{a) The pressure downstream of the 
meter shall satisfy the 
manufacturer's specification. The 
minimum pressure shall be 
indicated on the data plate of the 
meter. 

{b) Measuring systems equipped with 
turbine meters shall be fitted with 
flow straightening devices for 
preventing, as far as possible, the 
liquid from any possible rotation 
and for.regulating the flow at the 
Inlet of the meter. These are 
straight pipes, or flow 
straighteners, or a combination of 
straight pipes and a flow 
straightener. 

The flow straightening device shall 
be placed immediately upstream 
of the meter and Its internal 
diameter shall be equal to the 
diameter of the inlet of the meter. 
The length of the necessary 
straight pipes and the 
characteristics of the flow 
straighteners are specified by the 
pattern approval of turbine 
meters. 

(c) Each turbine meter shall be 
followed by a straight pipe having 
an Internal diameter equal to the 
outlet diameter of the meter and 
a length of at least five times this 
diameter. 

(viii) Measuring systems equipped with 
electromagnetic meters 

(a) Measuring systems equipped with 
electromagnetic meters shall be 
fitted with a straight pipe 
upstream of the meter and with a 
straight pipe downstream of the 
meter. 
The upstream pipe shall have an 
Internal diameter equal to the inlet 
diameter of the meter and a 
length of at least ten times this 
diameter. 

The downstream pipe shall have 
an internal diameter equal to the 
outlet diameter of the meter and 
a length of at least five times this 
diameter. 

r 
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(b) The time neoessaryfordetermining 
the minlm~m measured quantity at 
maximum flow rate, must be at 
least twenty times the duration of 
one complete cycle for meters 
using a.c. or pulsed d.c. field 
excitation. 

(c) The maximum permissible cable 
length between primary and 
secondary devices, shall be not 
more than 100 metres or not more 
than the· value L expressed In 
metres according to the following 
formula, whichever is smaller: 

L = (kx c)/(fx C) 

Where: 

k = 2 x 10- 'm 

cis the conductivity of the liquid, 
in 5/m 

fis the field frequency during the 
measuring cycle, in Hz 

C is the effective cable 
capacitance per metre, in F/m 

(2) Indicating device 

(i) General provisions 

(a) Reading of the Indications shall be 
precise, easy and non-ambiguous 
whatever position the indicating 
device comes to rest; if the device 
comprises several elements, it shall 
be arranged in such a way that the 
reading of the measured volume can 
be made by simple juxtaposition of 
the indications of the different 
elements. The decimal sign shall 
appear distinctly. 

(b) The scale interval of indication shall 
be in the form 1 x 10', 2 x 10' or 
5 x 10" authorized units of volume, 
where n is a positive or negative 
whole number, or zero. 

(c) Non-significant scale intervals should 
be avoided. This does not apply to 
price indications. 

(d) The minimum specified volume 
deviation shall be equal to or greater 
than the following value:-

(i) for continuous indicating devices, 
the volume corresponding to 2mm 
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. ·on the scale or to one-fifth of the 
:scale interval ( ofttie first element 
·for. mechanicalindicating devices), 
. whichever is greater, 

(li) Jor .discontinuous indicating 
. device, the volume corresponding 
to'two scale intervals. 

(ii) Mechanical.indicating device 

(a) ·when the graduation of an element 
:is :entirely visible, the value of one 
:revolution of that element shall be 
'in the form 10" authorized units of 
.volume; this rule however, does not 
·apply to the element corresponding 
to the maximum range of the 
:indicating device. 

(b) .0n an indicating device having 
several elements, the value of each 
revolution of an element whose 

· graduation is entirely visible must 
correspond to the .scale Interval of 
the following element. 

(c) An element of the indicating device 
may have continuous or 
discontinuous movement, but when 
elements other than the first have 
only part of their scales visible 
through the windows, these 
elements shall have discontinuous 
movement. 

(d) The advance by one figure of any 
element having discontinuous 
movement shall occur and be 
completed when the preceding 
element passes from 9 to o. · 

(e) When the first element has only a 
part of its scale visible through a 
window and has a continuous 
movement, the dimension of that 
window shall be at least equal to 1.5 
times the distance between two 
consecutive graduated scale marks. 

(f) All scale marks shall have the same 
width, constant along the line and 
not exceeding one quarter of the 
scale spacing. The apparent scale 
spacing shall be equal to or greater 
than 2 mm. The apparent height of 
the figures shall be equal to or 
greater than 4 mm, unless otherwise 
specified in the requirements for 
particular measuring systems. 

(iii) Electronic indicating device 

The continuous display of volume during the 
period of measurement is only mandatory 
in the case of direct selling to the public. 
However, if interrupting the display of volume 
interrupts the action of some checking 
facilities that are mandatory or necessary 
to ensure correct measurement, the volume 
passing through the meter during each 
interruption shall be smaller than or equal 
to the minimum measured quantity. 

(iv) Zero setting device for volume indicating 
device 

(a) A volume indicating device may be 
provided with a device for setting the 
indication to zero either by manual 
operation or by means of an 
automatic system. 

(b) The zero setting device shall not permit 
any alteration of the measurement 
result shown by the volume indicating 
device (other than by making the result 
disappear and displaying zeros). 

(c) Once the zeroing operation has begun 
it shall be impossible for the volume 
indicating device to show a result 
different from that of the 
measurement which has just been 
made, until the zeroing operation has 
been completed. 

Indicating devices on fuel dispensers 
and electronic measuring systems 
shall not be capable of being reset to 
zero during measurement. On other 
measuring systems, either this 
provision shall be fulfilled or a clearly 
visible notice shall be provided on the 
indicating device stating that this 
operation is prohibited. 

(d) On continuous indicating devices, the 
residual indication after return to zero 
shall not be more than half the 
minimum specified volume deviation. 

(e) On discontinuous indicating devices, 
the indication after return to zero shall 
not be zero without any ambiguity. 

(3) Price indicating device 

(i) A volume indicating device with aligned 
figures and zero setting may be 

/ 
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complemented with a price indicating device, 
also with aligned figures and zero setting. 

(li) The selected unit price shall be displayed by 
an indicating device before the start of the 
measurement. The unit price shall be . 
adjustable; changing the unit price may be 
carried out either directly on the measuring 
system or through peripheral equipment. 

The Indicated unit price at the start of a 
measurement operation shall be valid for 
the whole transaction. A new unit price shall 
only be effective at the moment a new 
measurement operation may start. 

A time of at least 5 s. shall elapse between 
indicating a new unit price and before the 
next measurement operation can start, if 
the unit price is set from peripheral 
equipment. 

(iii) The provisions in paragraph 3.(2) relating 
to volume indicating devices apply also, by 
analogy, to the price indicating devices. 

(iv) The monetary unit used, or its symbol, shall 
appear in the immediate vicinity of the 
indication. 

(v) The zero setting devices of the ·price 
indicating device and of the volume 
indicating device shall be designed in such ·.z: · 
a way that zeroing either indicating device 
automatically Involves zeroing the other. 

(vi) The minimum specified price deviation shall 
be greater than or equal to the following 
value:-

• for continuous indicating devices, the 
price corresponding to 2 mm on the scale 
or to one-fifth of the scale interval (of 
the first element for mechanical 
indicating devices), whichever is greater, 

• for discontinuous indicating devices, the 
price corresponding to two scale 
intervals. · 

However, the interval of onecfifth of the 
scale interval or of 2 mm in the case of the 
first hyphen or the scale interval in the case 
of the second hyphen needs not correspond 
to a value less than that of the smallest 
coin in circulation in the country in which 
the equipment is used. 

(vii) The difference between the indicated price 
and the price calculated from the unit price 
and the indicated volume shall not exceed 
the minimum specified price deviation. 

t,7tr "1 dl/1- 13t;'"' 
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However, this difference need not be less 
than the smallest monetary value as defined 
in paragraph 3(3)(vl). · 

Moreover, this requirement does not apply 
when the unit price has been changed 
between two measurements. 

(viii) On continuous Indicating devices, the 
residual indiCation after zeroing shall not 
exceed half the minimum specified price 
deviation. However, this indication need not 
be less than the smallest monetary value 
as defined in paragraph 3(3)(vi). · 

(ix) On discontinuous i~dicatlng devices, the 
indication after zeroing snail be zero without 
any ambiguity. 

(4} Printing device 

(i) The printed scale interval shall be in the 
form of 1 x 10", 2 x 10" or 5 x 10" authorized 
units of volume, n being a positive or 
negative whole number, or zero, and shall 
not be greater than the minimum specified 
volume deviation. 

The printed scale interval shall not be 
smaller than the smallest scale interval of 
the indicating devices\•· 

(ii) The volume printed shall be expressed in 
one of the units authorized for the indication 
of volume. 

The figures, the unit usect or its symbol and 
the decimal sign, if any, shall be printed on 
the ticket by the device, · · 

(iii) The printing device may also print 
information identifying the measurement 
such as: sequence number, date, 
identification of the dispenser, type of liquid, 
etc. 

If the printing device is connected to more 
than one measuring system, it must print 
the identification of the relevant system. 

(iv) If a printing device allows repetition of the 
printing before a new delivery has started, 
copies shall be clearly marked as such, for 
example by printing, "duplicate". 

(v) If the volume is determined by the 
difference between two printed values, 
even if one is expressed in zeros, it shall 
be impossible to withdraw the ticket from 
the printing. device during measurement. 

(vi) Where .the printing device and volume 
indicating device each have a zeroing 

_L ____ -- ----------
----------------------------
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. that resetting one of them to zero also resets 
the other. 

(vii) The printing device may print, in addition to 
the measured quantity, either the 
corresponding price or this price and the 
unit.prlce. 

In the case of "direct selling to the public" 
· it may. also print only the price to be paid 

(without the volume) when it is connected 
to a volume Indicating device and to a price 
indicating device both of which are visible 
to. the purchaser. 

The figures, the monetary unit used or its 
symbol. and the decimal sign, If any, shall 
be printed by the device. 

(viii) The printed price scale interval shall be in 
the form 1 x 10", 2 x 10" or 5 x 10" monetary 

· units;, n being a positive or negative whole 
number, or zero; it shall not exceed the 

· minimum specified price deviation. 
. However, it need not be less than the 

smallest monetary value specified in 
paragraph 3(3)(vi). 

(ix) Ifthe volume indicating device Is not fitted 
with a price Indicating device, the difference 
between the printed price and the price 
calculated on the basis of the Indicated 

. volume and the unit price shall comply with 
•the requirements in paragraph 3(3)(vii). 

(x) Electronic printing devices are also subject 
to the requirements in paragraph 4(3)(v). 

{5) Memory device 

(i) Measuring systems may be fitted with a 
memory device to store measurement 
results until their use or to keep a trace of 

. commercial transactions, providing proof in 
· case of a ·dispute. Devices used to read 
··stored Information are considered as 

included In· the memory devices. 

{ii) The medium on which data are stored must 
have sufficient permanency to ensure that 
the data are not corrupted under normal 
storage conditions. There shall be sufficient 
memory storage for any particular 
application. 

(iii) When the storage is full, it Is permitted to 
delete ·memorized data when both the 

· following conditions are met: 

•Jdata are deleted in the. same order 
.:as:the recording order and the rules 
•established for the particular 
.. application are respected, 

• • deletion is carried out after a special 
manual operation. 

· (iv) Memorization shall be such that it is 
, Impossible in normal use to modify stored 
·.values. 

(v) Memory·devices shall be fitted with 
checking facilities according to paragraph 

'4(3)(v). The aim of the checking facility is 
. to ensure that stored data correspond to 
·the data provided by the calculator and that 

... restored data correspond to stored data. 

(6)' Pre-setting device 

(i). The selected quantity is pre-set by 
. operating a device provided with scales and 
scale marks or a numerical device which 
indicates that quantity. The preset quantity 

.. shall be indicated before the start of the 
measurement. 

(ii) Where pre-setting Is effected by means of 
several controls which are independent of 
each other, the scale interval corresponding 

. to one control shall be equal to the pre
setting range of the control of the next 
lower order. 

(iii) ·Pre-setting devices may be so arranged that 
·· the repetition of a selected quantity does 
·not require a new setting of the controls. 

(iv) Where it is possible to view simultaneously 
the figures of the display device of the pre
setting device and those of the volume 

. Indicating device, the former shall be clearly 
distinguishable from the latter. 

. (v)>Indication of the selected quantity may, 
:during measurement, either .remain 

· unaltered or return progressively to zero. 
·'However, for an electronic pre-setting 
device it is acceptable to indicate the 
present value on the Indicating device for 
volume or price by means of a special 
operation with the restriction that this value 
shall be replaced by the zero indication for 
volume or price. before the measurement 
operation can start. 

. (vi) In the case of a prepaid or·pre-ordered 
delivery, the difference found under normal 
operating conditions, between· the pre-set 

.quantity and the quantity shown by the 
· .. ·volume or price indicating device at the end 
. Of' the measurement operation,.!stiall not 
, exceed the minimum specified volume or 
, price deviation. 
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·(vii} The pre-set quantities and the quantities 
shown by the volume indicating device shall 
be expressed in the same unit. This unit 
(or its symbol) shall·be marked on the pre
setting mechanism. 

(viii) The scale Interval of the pre-setting device 
shall not be less than the scale interval of 
the indicating device. 

(ix) Pre-setting devices may incorporate a 
device to permit the flow of liquid to be 
stopped quickly when necessary. 

(x) Measuring systems with a price indicating 
device may also be fitted with a price pre
setting device which stops the flow of the 
liquid when the quantity delivered 
corresponds to the pre-set price. The 
requirements in paragraph 3(6)(i) to 
3(6)(ix) apply by analogy. 

{7) Conversion device 

( i) Measuring systems may be fitted with a 
conversion device as defined in paragraph 
1(12) of Part 1. The provisions of the 
paragraph 3(7) mainly apply to electronic 
conversion devices in which conversion 
calculations are made numerically by an 
electronic computer. Analogous provisions 
could apply by analogy to mechanical 
conversion devices. 

(ii) The calculation of the conversion factor 
shall be made according to these 
specifications. 

(iii) As a rule, the parameters which 
characterize the measured liquid and which 
intervene In the conversion formula shall 
be measured using associated measuring 
instruments. However, some of these 
parameters may be not measured; or 
associated measuring instruments may be 
not subject to control when their Influence 
on the conversion factor is negligible (less 
than one-tenth of the maximum permissible 
error as specified in paragraph 2(5)(i). 

For example, in many .cases it is possible 
to make a conversion to volume in· base 
conditions by measuring temperature only, 
when pressure and density vary little. 

(iv) Associated measuring instruments shall 
comply with applicable International 
Recommendations and Standards. In 
.addition, maximum permissible errors for 
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these instruments are those specified ·in 
paragraph 2(7)(il). 

(v) Associated measuring instruments shall be 
installed near the meter so as to determine 
therelevantquantltles as they exist in the 
meter in a sufficiently accurate way. 

The changes in Indication due to the 
location of the measuring points shall not 
exceed 0.2 times the maximum permissible 
error for the measuring system. Subject 
to fulfilment of this requirement, the same 
associated measuring Instruments may be 
used for making conversions ·(and 
corrections) for several meters. 

These instruments shall not affect the 
correct functioning of the meter(s). 

Note : These requirements are checked 
by calculation. 

(vi) All the parameters which are not measured 
and which are necessary for the conversion 
shall be present in the calculator at the 
beginning of the measurement operation. 
It must be possible to print or to indicate 
them from the calculator. 

For a mechanical conversion device that 
cannot print or indicate these values, a seal 
must be broken to change any setting. · 

(vii) ln addition to the volume at metering 
conditions and the volume in base 
conditions or the mass, which shall be 
displayed according to paragraph 2(9)(11) 
the values of other measured quantities 
(density, pressure, temperature) shall be 
accessible for each test measurement. 

Scale intervals for density, pressure··and 
temperature shall be smaller than or equal 
to one quarter of the maximum permissible 
errors fixed in paragraph 2(7)(ii)' for 
associated measuring Instruments. 

(B) Calculator 

All parameters necessary· for the 
elaboration of indications that are subject 
to legal metrology control, such as• unit 
price, calculation ta'ble, correction 
polynomial, etc. shall be present in 'the 
calculator at the beginning of ·the 
measurement operation. ' 

The calculator may be provided with 
interfaces permitting the coupling of 
peripheral equipment. When ·these 
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interfaces are used, the instrument shall 
continue to function correctly and its 
metrological functions shall not be capable 
of being affected. · 

4. Measuring systems equipped with electronic 
devices 

(1) General requirements 

(i) Electronic measuring systems shall 
be designed and manufactured such 
that their errors do not exceed the 
maximum permissible errors as 
defined in paragraph 2(5) under 
rated operating conditions. 

(a) Interruptible electronic measuring 
systems shall be designed and 
manufactured such that, when 
they are exposed to the 
disturbances specified in 
paragraph 4 of Annexure A. 

• either (a) significant faults do not 
occur, 

• or (b) significant faults are 
detected and acted upon by 
means of checking facilities. 

This provision may apply separately 
to: 

• each individual cause of significant 
fault and/or 

• each part of the measuring 
system. 

(b) Non-interruptible measuring 
systems shall be designed and 
manufactured in such a way that 
no significant faults occur when 
they are exposed to the 
disturbances specified in 
paragraph 4 of Annexure A. 

(ii) It Is the responsibility of the 
manufacturer to decide whether a 
given pattern of measuring system 
Is Interruptible or not, taking ·into 

. account the applicable rules. of 
security. However, measuring 
systems for direct selling to the public 
. shall be Interruptible. 

When, at the time of pattern 
approval, it is not possible to specify 
the future utilization of the 

. Instrument, the requirements in 
paragraph 4(1)(i)(b) apply. 

(iii) The requirements in paragraph 4(1)(i) 
shall be met durably. Forth is purpose 
electronic measuring systems shall be 
provided with the checking facilities 
specified in 4(3). 

(lv) A pattern of a measuring system is 
presumed to comply with the 
requirements In paragraph 4(l)(i) 
and paragraph 4(1)(iii) if it passes 
the inspection and tests specified in 
paragraph 6(l)(xl)(a) and paragraph 
6(1)(xi)(b). 

(v) Measuring systems shall permit the 
retrieval of the information relating 
to the measured volume contained 
within the Instrument when a 
significant fault occurred and was 
detected by checking facilities. 

(2) Power supply device 

(i) When the flow is not interrupted 
during the failure of the principal 
power supply device, the measuring 
system shall be provided with an 
emergency power supply device to 
safeguard all measuring functions 
during that failure. 

(II) When the flow Is Interrupted during 
the failure of the principal power 
supply device, the provisions in 
paragraph 4(2)(ii) shall be met, or 
data contained at the moment of the 
failure shall be saved and displayable 
on an indicating device subject to 
legal metrology control for sufficient 
time to permit the conclusion of the 
current transaction. 

The absolute value of the maximum 
permissible error for the indicated 
volume in this case is increased by 
5% of the minimum measured 
quantity. 

. (3) Checking facilities 

(I) Action of checking facilities 

The detection by the checking 
facilities of significant faults shall 
result in the following actions, 
according to the type: . 

(a) Checking facilities of type N: a 
visible or audible alarm for the 
attention of the operator. 

(b) Checking facilities of type I or P: 

(aa) for non-interruptible measuring 
systems: 



['ll'T 1!-~ 3(i)] 

• automatic correction of the fault, 
or 

• stopping only the faulty device 
when the measuring system 
without that device continues to 
comply with the regulations, or 

• a visible or audible alarm for the 
operator; this alarm shall continue 
until the cause of the alarm is 
suppressed. In addition, when the 
measuring system transmits data 
to peripheral equipment, the 
transmission shall be accom
panied by a message indicating 
the presence of a fault. 

Note : The third hyphen is not 
applicable for the disturbances 
specified in Para 4 of Annexure A. 
In addition, the instrument may 
be provided with devices to 
estimate the amount of liquid 
having passed through the 
installation during the occurrence 
of the fault. The result of this 
estimate shall not be capable of 
being mistaken for a valid 
Indication. 

(bb) for Interruptible measuring 
systems, in particular for fuel 
dispensers: 

• automatic correction of the fault, 
or 

• stopping only the faulty device, 
when the measuring system 
without that device continues to 
comply with the regulations, or 

• stopping the flow. 

(ii) Checking facilities for the 
measurement transducer 

The objective of these checking 
facilities is to verify the presence of 
the transducer, its correct operation 
and the correctness of data 
transmission. 

(a) When the signals generated by 
the flow sensor are In the form of 
pulses, each pulse representing 
an elementary volume, at least 
security level B defined by ISO 
6551 Cabled transmission of 
electric and/or electronic pulsed 
data Is required. 
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These checking facilities shall be 
of type P and the checking shall 
occur at time intervals not 
exceeding the duration of the 
measurement of an amount of 
liquid equal to the minimum 
specified volume deviation. 

It shall be possible during pattern 
approval and initial verification to 
check that these checking facilities 
function correctly: 

(aa) by disconnecting the 
transducer, or 

(bb) by interrupting one of the 
sensor's pulse generators, or 

(cc) by Interrupting the electrical 
supply of the transducer. 

(b) For electromagnetic meters only, 
where the amplitude of the signals 
generated by the measurement 
transducer is proportional to the 
flowrate, the following procedure 
may be used: 

A simulated signal with a shape 
similar to that of the 
measurement signal is fed into the 
input of the secondarY device, 
representing a flowrate between 
the minimum and maximum 
flowrate of the meter. The 
checking facility shall check the 
primary and the secondary device. 
The equivalent digital value Is 
checked to verify that it is within 
predetermined limits given by the 
manufacturer and consistent with 
the maximum permissible errors. 

This checking facility shall be of 
type P or I. In the latter case, the 
checking shall occur at least every 
five minutes. 

Note : Following this procedure, 
additional checking facilities (more 
than two electrodes, double signal 
transmission etc.) are not 
required. 

(c) For other technologies checking 
faciiities providing equivalent 
levels of security remain to be 
developed. 

--- _L __ - -----------------
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(ill) Checking facilities for the calculator 

The objective of these checking 
.facilit'les· is· to verify that the 
. calculator osystem 'functions 
correctly and to .ensure the validity 

·.of the calculations made. 

There .are no special •means 
. . required for indicating.thatthese 
:.checking· facilities Junction 
•:correctly. 

(a) Tile checking of the·.functioning of 
the:.calculation •system ·shall 'be of 
type;P.or·I.Jn'the latter case, the 
checking -shall .occur at ·least every 
five· minutes, cexcept :in the case of 
fJJel dispensers, for which it shall 
occur'!lt each delivery.The{)bjective 
of:the-checking is to verify that: 

r(aa) the values of all 
' · permanently memorized 

Instructions and data are 
··correct, by such means as-

• summing up an instructions 
and data codes and 
comparing the sum with a 
fixed value, 

• line and column parity bits 
(LRC and VRC), 
cyclic redundancy check 
(CRC 16), 

• double Independent 
storage of data, 

• storage of data In "safe 
coding", for example 
protected by checksum, line 
and column parity bits, 

(bb) all procedures of internal 
transfer and storage of data 
relevant to the measure
ment result are performed 
correctly, by such means 
as: 

· • write-read routine, 

• conversion and re-
conversion of codes, 

• use of "safe coding" (check 
sum, parity bit), 

• double storage. 

(b) The checking of the validity of 
calculations shall be of type P. This 

·consists of checking the correct value 
of all data related to the 
measurement whenever these data 
are Internally stored or transmitted 

to peripheral equipment through an 
Interface; this check may be carried 
out by such means as parity bit, 
check sum or double storage. In 
addition, the calculation system shall 
be provided with a means of 
controlling the continuity of the 
calculation program . 

(iv) Checking facility for the Indicating device 

The objective of this checking facility is to 
verify that the primary Indications are 
displayed and that they correspond to the 
data provided by the calculator. In addition, 
it aims at verifying the presence of the 
Indicating devices, when they are 
removable. These ·checking facilities shall 
either have the form as defined in 
paragraph 4(3)(iv)(a) or the form as 
defined in paragraph 4(3)(iv)(b). 

(a) The checking facility of the indicating 
device is of type P; however, it may 
be of type I If a primary indication is 

. provided by another device of the 
measuring system, or if the indication 
may be easily determined from other 
primary indications (for example, In 
the case of a fuel dispenser It Is 
possible to determine the price to 
pay from the volume and the unit 
price). 

· Means may include, for example: 
(aa) for indicating devices using 

incandescent filaments or LEDs, 
measuring the current in the 
filaments, 

(bb) for indicating devices using 
fluorescent tubes, measuring 
the grid voltage, 

(cc) for indicating devices using 
electrom.agnetic shutters, 
checking the impact of each 
shutter, 

(dd) for indicating devices using 
multiplexed liquid crystals, 
output checking of the control 
voltage of segment lines and 
of common electrodes, so as to 
detect any disconnection or 
short circuit between control 
circuits. 

(b) The checking facility for the 
indicating device shall include type I 
or type P checking of the electronic 
circuits used for the indicating device 
(except the driving circuits of the 
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display itself); this checking shall 
meet the requirements in paragraph 
4(3)(1)(a). 

It shall also provide visual checking 
of the entire display which shall meet 
the following description:-

(aa) for fuel dispensers: 

(bb) 

• displaying all the elements 
(''eights" test) 

• blanking all the elements ("blank" 
test) 

• displaying "zeros" 

• Each step of the sequence shall 
last at least 0.75 second. 

for all other measuring systems, the 
test sequence as described under (a) 
or any other automatic test cycle 
which Indicates all possible states for 
each element of the display. 

This visual checking facility shall be 
of type I for fuel dispensers and of 
type N for other measuring systems, 
but It is not mandatory for a 
malfunction to result In the actions 
described in paragraph 4(3)(i). 

(c) It shall be possible during verification 
to determine that the checking 
facility of the indicating device is 
working, either: 

· • by disconnecting all or part of the 
Indicating device, or 

• by an action which simulates a 
failure in the display, such as using 
a test button. 

(v) Checking facilities for ancillary devices 

An ancillary device (repeating device, 
printing device, self-service device, memory 
device, etc.) with primary indications shall 
include a checking facility of type I or P. 
The object of this checking facility is to 
verify the presence of the ancillary device, 
when It Is a necessary device, and to verify 
the correct transmission of data from the 
calculator to the ancillary device. 

In particular, the checking of a printing 
device alms at ensuring that the printing 
controls correspond to the data transmitted 
by the calculator. At least the following shall 
be checked: 
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• presence of paper, 

• the electronic control circuits (except 
the driving circuits of the printing 
mechanism Itself). · 

It shall be possible during pattern approval 
and other verifications to check that the 
checking facility of the printing device is 
functioning by an action simulating a 
printing fault, such as using a test-button. 

Where the action of the,checking facility Is 
a warning, this shall be given on or by the 
ancillary device concerned. 

(vi) Checking facilities for the associated 
measuring instruments 

Associated measuring instruments shall 
include a checking facility of type P. The 
aim of this checking facility is to ensure that 
the signal given by these associated 
Instruments is inside a pre-determined 
measuring range, 

Examples: 

• four wire transmission for resistive 
sensors, 

• frequency filters for density meters, 

• control of the driving current for 
4-20 rnA pressure sensors. 

5. Requirements specific to certain types of 
measuring systems 

(1) Fuel dispensers 

Except w~ere otherwise specified, ·the 
requirements In this sub-clause do not apply to LPG 
dispensers. 

( i) By design, the ratio between the maximum 
flowrate and the minimum fiowrate for 
these systems shall be at least ten; on site, 
this ratio may be smaller provided that it is 
not less than five.· 

(ii) When the measuring system includes Its 
own pump, a gas elimination device sliall ... 
be installed, immediately upstream of th.e 
meter inlet. Where a gas indicator is fitted, 
It shall not have a venting 'device as 
mentioned in paragraph 2(11). 

(iii) When the measuring system is intended 
for installation in a centrally pumped 
system, or for a remote pump, the general 
provisions in paragraph 2(10) shall be 
applied. 

If It is not intended to install a gas 
elimination device the manufacturer or 



544 THE ·GAZETTE DF INDIA: EXTRAORDINARY [PART II-SEC. 3(i)] 

installer has to prove thanhere 'Is no ·risk 
for air Intake or gas release. In this case 
the minimum level in the storage tank. must 
be automatically secured·and.any leakage 
shall be ·.checked :[see .also ,paragraph 
2(10)(11)]. 

(iv) Fuel dispensers shall be .equipped with a 
device for resetting the volume indicating 
device to:zero. 

The minimum heightfor-thefigures of the 
resettabie volume-indicator is 10 mm. 

If these systems .also include a price 
indicating devlce;.this·indicating device shall 
be fitted with ·a zero resetting device. The 
minimum height for the price indicator 
remalns·4 mm [paragraph 3(2)(11)(f)]. 

(v) When only one nozzle can be used during 
a deliver,y, and after the nozzle has been 
replace<J, •the next delivery shall be Inhibited 
until the ;Indicating device has been reset 
to zero. 

When :two or more nozzles can be used 
simultaneously or alternately, and after the 
·utilized nozzles have been replaced, the 
next dellxery shall be inhibited until the 
indicating device has been reset to zero. 
Moreover, by design, the provisions in the 
first paragraph of paragraph 2(16)(i) shall 
be. fulfilled.' 

The above requirements do not apply when 
an auxiliary hand pump is used. 

(vi) Measuring systems having a maximum 
· flowrate not greater than 3.6 m3/h shall 

have a minimum delivery not exceeding 
5L. 

(vii) When the measuring system is fitted with 
a ticket printing device which is subject to 
control, this printing device shall comply 
with the relevant requirements in 3.4. In 
addition, any printing operation shall 
prevent the continuation of the delivery until 
a reset to zero has been performed. · 
However, the printing operation shall not 
change the quantity indicated on the 
indicating device. 

(viii) fuel dispensers shall be interruptible. 

(ix) In addition to requirements in paragraph 
4(2)(il), electronic fuel dispensers shall be 
such that the minimum duration of 
operation of the display shall be either-

( a) at least 15 min continuously and 
automatically after the failure of the 
principal electrical supply, or 

(b) a total of at least 5 min in one or 
several periods controlled manually 
during one hour after the failure. 

Note : If a test during pattern approval is 
necessary to verify that the fuel 
dispenser fulfils this requirement, the 
instrument has to be supplied with 
electric power normally for the 12 
hours which preceded the test. 
Before this supply the battery (If 
provided) may be unloaded. 

In addition, fuel dispensers shall be 
designed so that an interrupted 
delivery cannot be continued after 
the power supply device has been 
re-established if the power failure 
has lasted more than 15 s. 

· (x) Electronic fuel dispensers shall be 
such that the delay time between the 
measurement value and the 
corresponding Indicated value shall 
not exceed 500 ms. 

Several fuel dispensers may have a 
common indicating device if and only 
if the first provision in paragraph 
2(9)(vi) is met. 

(xi) The checking of the operation of the 
calculator, as described in paragraph 
4(3)(iii)(a), shall be performed at 
least once for each delivery. 

(xii), It is not required to display volumes, 
·and prices if applicable, that 
correspond to a small number of 
scale intervals at the beginning of 
the delivery, and to start the display 
with that volume and the 
corresponding price. 

The volume thus hidden shall not 
be greater than two times the 
minimum specified volume 
deviation. The hidden price shall 
not be greater than the price 
corresponding to that volume. 

(2) Measuring systems on road tankers for the 
transport and delivery of liquids of low 
viscosity (S. 20 MPa.s) and stored at 
atmospheric pressure with the exception 
of potable liquids 

(i) The provisions hereafter apply to 
measuring systems mounted on road 
tankers or transportable tanks. 
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(ii) Tanks equipped with measuring 
systems may comprise one or more 
compartments. I 

(iii) The compartments of road tankers 
shall be fitted with an anti-s~1ir\ 
device, except when the measufing 
system is fitted with a gas separ~tor 
which complies with paragraph 
2(10)(viii). I 

(iv) When a tank comprises more than 
I 

one compartment, each compart-
ment shall be provided withl an 
individual (manual or automatic) 
closing device in each outlet line. 

(v) In conformity with natio~al
regulations on their use, e~ch 
measuring system shall be allocated 
to a specific product or to a rang

1

e of 
products for which the meter 1

1

has 
been approved. 

The pipework shall, as far1 as 
possible, be designed so that 
products cannot become mixed in 
the measuring system. I 

(vi) Subject to the requirements in 
paragraph 2(16), a measufing 

I 
system mounted on a road tanker 

I 
may Include empty or full hoses or 
both. Where several hoses I are 
intended to operate alternatively, the 
changing of the delivery path shall 
be impossible during a measurement 
operation. To this end, the chdnge 
of the delivery path may be lir\ked 
to the resetting to zero of the volume 
Indicating device. I 

(vii) The volume indicating device shall 
Include a zero resetting de~ice 
complying with paragraph 3(2)(iv). 

I 

When the measuring system is fitted 
with a ticket printing device, I any 
printing operation shall prevent the 
continuation of the delivery uhtil a 

I 
reset to zero has been performed, 
except for printing dev'ices 
determining the delivered volume by 
means of two consecu

1

tive 
indications. I · 

(viii) Measuring systems mounted on road 
tankers may be designed to operate 
by pump only, or by gravity only, or 
with the choice of either pum'p or 
gravity, or by gas pressure. ! 

I 
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(a) Measuring systems fed by pump 
only may operate either empty 
hose or fu II hose. 

(b) If there is a risk that the 
requirements in paragraph 
2(10)(ii) related to the absence 
of air or gas cannot be complied 
with, the meter shall have one of 
the following gas elimination 
devices upstream of it: 

• a suitable gas separator 
conforming to paragraph 
2(10)(viii), 

• a special gas extractor, 
conforming to paragraph 
2(10)(ix), 

• a gas extractor, conforming 
to paragraph 23(10)(1x). 

When, in a measuring system, the 
pressure at the outlet of the meter 
can be lower than the 
atmospheric pressure while 
remaining higher than the 
saturated vapour pressure of the 
measured product, the above 
devices shall be combined with an 
automatic system for slowing 
down and stopping the flow to 
prevent any air from entering the 
meter. 

When the pressure at the outlet 
of the meter cannot be lower than 
atmospheric pressure (this Is 
especially the case for systems 
operating solely full hose), the use 
of automatic devices for slowing 
down and stopping the flow Is not 
required. 

(c) The special gas extractor shall be 
fitted with a sight glass. 

(d) Measuring systems operating 
solely by gravity shall comply with 
the following requirements·. 

(e) The equipment shall be so 
constructed that the total contents 
of the compartment(s) can be 
measured at a flowrate greater 
than or equal to the minimum 
f\owrate of the measuring system. 

(f) If there are connections with the 
gas phase in the tank of the road 
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tanker, appropriate devices shall 
prevent any gas from entering the 
meter. 

(g) Tht! requirements in paragraph 
2(10)(iii) concerning non-pumped 
flow shall apply. 

A pump downstream of the 
transfer point for increasi~g the 
flowrate may be authorized if the 
foregoing provisions are complied 
with. This pump shail not cause~ 
fall in pressure in the meter. 

(h) For measuring systems which 
include a manual releaie to the 
atmosphere immediately 
downstream of the transfer point, 
a gas indicator is ,,-,andatory. 

(i) Measuring·:systems capable of 
being operated either by gravity 
or by pump shall comply with the 
requirements in paragraph 
5(2)(viii)(a) and 5(2)(viii)(b). 

(j) Measuring systems operated by 
means of gas pressure may 
operate empty hose or full hose. 
The pipework which links the 
meter to the device intended to 
prevent any gas from entering the 
meter as specified in point 
paragraph 2(10)(iii) shall have no 
constriction or component likely 
to cause a pressure loss which 
could generate gas pockets by 
releasing the gas dissolved in the 
liquid. 

These systems shall include a 
pressure gauge which indicates 
the pressure in the tank. The dial 
of this gauge shall indicate the 
range of permissible pressures. 

(3) Measuring systems for the unlt;~ading of 
ships' tanks and of rail and road tankers using an 
intermediate tank 

(i) Measuring systems designed to measure 
volumes of liquids during the unloading of 
ships' tanks and of rail and road tankers 
may include an intermediate tank in which 
the liquid level determines the transfer 
point. This intermediate tank may be 
designed to ensure the elimination of gas. 

The cross section of the intermediate tank 
shall be such that a volume equal to the . 

minimum specified volume deviation 
corresponds to a difference in level of at 
least 2 mm. 

(ii) In the case of road and rail tankers, the 
intermediate tank shall automatically 
ensure a constant level, visible or 
detectable, at the beginning and at the end 
of the measurement operation. The level 
is considered to be constant when it settles 
within a range corresponding to a volume 
of no more than the minimum specified 
volume deviation. 

(iii) In the" case of ships' tanks, it is not 
necessary to provide for the automatic 
maintenance of a constant level. Where 
such a provision is not made, it shall be 
possible to measure the contents in the 
intermediate tank. 

If the ship's tank is unloaded by means of 
pumps located in the bottom of the ship, 
the intermediate tank may be used only at 
the beginning and at the end of the 
measurement operation. 

( 4) Measuring systems for liquefied gases under 
pressure (other than LPG dispensers) 

(i) Only full hose measuring systems are 
authorized. 

(ii) A pressure maintaining device, located 
downstream of the meter, shall ensure that 
the product in the meter remains in a liquid 
state during the measurement. The 
necessary pressure may be maintained 
either at a fixed value or at a value adjusted 
to suit the measurement conditions. 

(a) When the pressure is maintained at 
a fixed value, this value shall be at 
least equal to the vapour pressure 
of the product at a temperature 15°C 
above the highest possible operating 
temperature. It shall be possible to 
protect the adjustment of the 
pressure maintaining device with a 
seal. 

(b) When the pressure is adjusted to suit 
the measurement conditions, this 
pressure shall exceed the vapour 
pressure of the liquid during the 
measurement by at least 100 kPa 
(1 bar). This adjustment shall be 
automatic. 

(c) For stationary measuring systems for 
industrial use, the competent 
metrology service may authorize 
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manually-adjustable pressure 
maintaining devices. The pressure at 
the meter outlet shall then be at least 
equal to the Vapour pressure of the 
product at a temperature 15"'C above ' .:, . ··' ' · · 
the temperature of the measurement. t · 
It is then necessary to attach a 
diagram to the measuring system, 
giving the vapour pressure of the 
measured product as a function of 
its temperature. If it is anticipated 
that these measuring systems may 
have to operate unsupervised over 
long periods, the temperature and 
pressure shall be registered 
continuously by means of 
appropriate instruments. 

(iii) A gas elimination device shall be 
fitted upstream of the meter. 
However, if it is demonstrated that 
no vapour release will occur during 
measurements a gas elimination 
device is not mandatory. This 
demonstration shall include tests 
under the worse conditions. 

(a) The gas separator shall comply 
with the general requirements in 
paragraph 2(1D)(i), either for the 
liquefied gas itself or for a liquid 
of higher viscosity. 

However, because of the low 
viscosity of liquefied gases and 
due to the difficulty of control, it 
is accepted that when the length 
of the pipework linking the meter 
to the feed tank does not exceed 
25 m, a gas separator may be 
approved if its useful volume is at 
least equal to 1.5% of the volume 
delivered in one minute at 
maximum flowrate. When the 
length of this pipework exceeds 
25 m, the useful volume of the 
gas separator shall be at least 
equal to 3% of the volume 
delivered in one minute at 
maximum flowrate. 

The gas outlet pipe of the 
separator may be connected to 
the space in the feed tank which 
contains the gaseous phase, or to 
an independent pressure 
maintaining device set to a 
pressure from 50 to 100 kPa (0.5 
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to 1 bar} lower than the pressure 
at the meter outlet. This pipe may 
incorporate a shut-offvalve, which 
meets the requirements In 
paragraph 2(1D)(v). 

(b) Thevolume of the condenser tank 
• depends on the volume of the 
' pipework between the supply tank 
valve and the pressure maintain
ing valve, downstream of the 
meter. The volume of this 
condenser tank shall be at least 
equal to twice the reduction in 
volume of the liquid which is likely 
to occur between these valves if 
the temperature drops by a value 
conventionally fixed at lQ•C for 
exposed pipes and 2"C for 
insulated or underground pipes. 

To calculate the contraction, the 
coefficient of thermal expansion 
shall be rounded to 3 x 10"3 per 
degree Celsius for propane and 
propylene and 2 x 10-3 per degree 
Celsius for butane and butadiene. 
For other products with a high 
vapour pressure, the values of the 
coefficient to be adopted shall be 
specified by the competent 
metrology service. 

The condenser tank shalf be fitted 
with a manual blow off valve. It 
shall be fitted at the high point in 
the pipework of the measuring 
system of which it is part. 

The volume resulting from the 
above calculation may be divided 
between several condenser tanks 
located at high points in the 
pipework. 

(iv) A thermometer well or, when this 
thermometer well is not imposed by 
specific professional practices, 
another means for measuring 
temperature, shall be provided close 
to the meter. The thermometer used 
shall have a scale interval not 
exceeding o.s•c and shall be 
verified. 

Provisions shall be made for fitting a 
pressure measuring device between 
the meter and the pressure 
maintaining device. This measuring 
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device shall be available for 
verification. If necessary, provisions 
for sealing shall be made. 

(v) When the volume is measured using 
a system mounted on a road tanker, 
any connection between the gaseous 
phases of the vehicle's tank and of 
the receiving tank is prohibited 
unless it is essential for completing 
a measurement, in which case a non
return valve is mandatory. 

For other measuring systems for 
liquefied gas, such connections are 
permitted when the volumes of gas 
transferred via these connections are 
measured by means of suitable 
measuring instruments. 

(vi) Safety valves may be incorporated 
in measuring systems in order to 
prevent abnormally high pressures. 
If they are located downstream of 
the meter, they shall open to the 
atmosphere or be connected to the 
receiving tank. 

In no case shall the safety valves 
located upstream of the meter be 
connected to the valves located 
downstream by pipes whi~h bypass 
the meter. 

(vii) When the conditions of operation 
require the use of detachable hoses, 
these hoses shall remain full if their 
volumes are greater than the 
minimum specified volume deviation. 

Detachable full hoses shall be fitted 
with special connections for full 
hQses, so-called couplers or self
sealing valves. Manually operated 
blow-off devices shall be provided at 
the ends of these hoses, if necessary. 

(viii) The control valve of the double 
closing device mentioned in 
paragraph 2(1'6)(iii) for pipework 
bypassing the meter, if provided, may 
be closed for safety reasons. In this 
case, any leakage shall be monitored 
by a pressure gauge located between 
the two shut off valves or by any 
other equivalent system. 

(ix) For measuring systems mounted on 
road tankers the volume indicating 
device and its printing device, if 
provided, shall comply with the 
requirements in paragraph 5(2)(vii). 

(x) The provisions in paragraph 5(4) also 
apply for measuring systems for 
liquefied carbon dioxide with the 
following exceptions: 

• only empty hose measuring 
system [are authorized (see 
paragraph 5( 4)(i)], 

• the connection between the 
gaseous phases of the vehicle's 
tank and of the receiving tank is 
authorized if (i) a device is 
installed to allow compensation of 
the delivered quantity by an 
amount relating to the quantity of 
vapour returned in the gas line, 
or (ii) compensation is made by 
auoomatic or manual calculation. 
However, in both cases, flow from 
the delivery tank to the receiving 
tank by means of the gas return 
line shall be securely prevented 
[see paragraph 5( 4)(v)], 

• the requirements of paragraph 
5( 4 )(vii) are not mandatory for 
these systems. 

(5) Measuring systems for milk 

(i) The following requirements apply to 
transportable measuring systems which are 
mounted on road tankers and used for the 
collection of milk, to fixed measuring 
systems used for the reception of milk at 
the dairy, and to fixed or transportable 
measuring systems used for the delivery 
of milk. 

(ii) The transfer point in reception installations 
is defined by a constant level in a tank 
upstream of the meter. It must be possible 
to check this constant level before and after 
each measurement. The level shall be 
established automatically. 

(a) When the meter is fed by means of 
a pump, the constant level tank may 
be placed either upstream of the 
pump or between the pump and the 
meter. 

(b) If the constant level tank is placed 
upstream of the pump, the tank itself 
may be fed by gravity, by emptying 
milk churns, by means of an auxiliary 
pump or by means of a vacuum 
system. 

If the milk is introduced by means of 
a pump or a vacuum system, a gas 
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elimination device is necessary. This 
device may be combined with the 
constant level tank. 

(c) If the constant level tank is placed 
between the pump and the meter, 
this tank shall ensure that gas is 
eliminated. 

(d) Notwithstanding the requirements of 
paragraph 2(13)(iii), the meter may 
be fed by means of a vacuum 
system. In this case, the pressure 
Inside the pipework connecting the 
constant level tank to the meter will 
be lower than atmospheric pressure 
and the tightness of the joints of this 
connection must be particularly well 
ensured. It must be possible to check 
the tightness and a notice plate 
drawing attention to this checking 
shall be provided. 

(e) In all installations for reception, the 
pipework upstream of the constant 
level device shall empty completely 
and automatically under the rated 
operating conditions. 

(f) The constant level is monitored by 
means of a sight glass or a level 
Indicating device. The level is 
considered to be constant when it 
settles within a range defined by two 
marks at least 15 mm apart and 
corresponding to a difference in 
volume of no more than twice the 
minimum specified volume deviation. 

(g) If, In order to meet the above 
condition, devices for reducing the 
flowrate are incorporated in the 
measuring system, the flowrate 
during the period of reduced flowrate 
shall be at least equal to the 
minimum flowrate of the meter. 

(h) If, In a reception installation at a 
dairy, the measured liquid flows to a 
level lower than that of the meter, a 
device shall automatically ensure 
that the pressure at the outlet of the 
meter remains above atmospheric 
pressure. 

(i) If a volume of liquid is required to 
fill the measuring system prior to the 
first measurement, It shall be 
indicated on the data plate of the 
measuring system so that it can be 
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taken into account, by calculation, in 
the first measurement of a reception 
period. The first volume measured by 
the measuring system during a 
reception period shall be equal to or 
greater than the volume which Is 
necessary for the complete filling of 
the measuring system. 

(iii) Measuring systems used for delivery shall 
comply with the general requirements in 
clause 2 and with those In clause 3. 

(iv) Notwithstanding the general requirements 
In paragraph 2(10) concerning the 
elimination of air or gases, the gas 
elimination devices shall comply with the 
requirements in paragraph 2( lO)(i) solely 
under the conditions of use, i.e. with entry 
of air at the beginning and end of each 
measuring operation of delivery. 

The mounting of delivery installations sh~ll 
be such that the pressure of the liquid at 
the level of the joint to the supply tank Is 
always greater than atmospheric pressure. 

(v) The volume indicating device of a 
transportable measuring system and Its 
printing device, if provided, shall comply 
with the requirements in paragraph 
5(2)(vii). 

(6) Measuring systems on pipeline and systems 
for loading ships 

(i) The ratio between the maximum flowrate 
and the minimum flowrate of the meter of 
the measuring system may be less than 
the value specified In the relevant 
paragraph in paragraph 3(1)(i)(c). 

In this case, the measuring system shall 
be fitted with an automatic checking device 
to verify that the flowrate of the liquid to 
be measured is within the restricted 
measuring range of the measuring system. 

This checking device shall be of type P and 
shall meet the requirements in paragraph 
4(3)(i)(b). 

The maximum and minimum flowrates may 
be determined in relation to the liquid to 
be measured and manually introduced into 
the calculator. 

(ii) Prevention of gas flow 

The measuring system shall be provided 
with a means of eliminating any air or gas 
contained in the liquid unless the entry of 
air Into the liquid or release of gas from 
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the liquid is prevented by the configuration 
of the pipework or by the arrangement and 
operation of the pump(s). 

(iii) Special conditions of installation 

Reserve flow of the liquid to,be measured 
in the measuring system shall be prevented 
by a suitable device, unless otherwise 
approved.· 

(iv) Sampllng.devlce 

The measuring .system may include a 
sampllng·device;intended to determine the 
prop·ertles.of>theliquid to·be measured. 

It is not necessary to take into account the 
volume of the sample in the results of the 
measurement If this sample is less than 0.1 
times the maximum permissible error of the 
meas~rlr,~g system. 

(v) Testing devices 

Measuri"'J systems in pipelines should be 
provided with devices allowing verification 
of the systems in situ. However, this 
•principle may be waived provided that: 

• the meters are verified on a control 
test station with liquids having the 
same characteristics as those to be 
measured at the place of installation. 
The verification is carried out on the 
measurement transducer only, 
associated with a compatible and 
equivalent indicating device, 
provided that all the elements having 
a direct mechanical link with the 
measurement transducer and being 
able to influence the. measurement 
are verified at the same time, 

o the meters benefiting from this 
exemption shall be subject to 
periodic calibration controlled and 
fixed by the metrology service, and 

o to complete the verification, the 
measuring systems concerned shall 
be subjected to a qualitative check 
of function and installation, In situ. 

Subject to this exemption, the measuring 
systems shall be constructed so that a 
standard of appropriate size can be fitted 
for testing the meters. When a test can 
only be carried out with the pumps running, 
which normally does not allow for testing 
with the meter stopped at the start and at 

lv the end of the test, the standard shall be 
·, , suitable for continuous operation (for 

example, volume standard with a flow 
diverting mechanism, pipe prover etc.). 

Moreover, these capacities shall represent 
at least 10,000 scale intervals of the 
indicating device of the meter to be verified 
or of the auxiliary Indicating device used 
for the test or 10,000 electrical pulses of 
the measurement transducer. However, a 
lower capacity may be permitted if a visual 
or automatic interpolation allows one to 
ascertain the indication of the meter with 
an error. smaller than or equal to one per 
ten thousand of this capacity. 

Furthermore, it shall be possible to carry 
out a metrological test of the associated 
measuring instruments which may be 
Incorporated and which aim at measuring 
density, viscosity, pressure and 
temperature, under actual operating 
conditions. 

(1) Fuel dispensers for liquefied gases under 
pressure (LPG dispensers) 

(i) Requirements in paragraph 5(1)(i), 
5(1)(iv)) and 5(1)(vii) to 5(1)(xii) are 
applicable to LPG dispensers for motor 
vehicles. However, the ratio between the 
maximum flowrate and the minimum 
flowrate shall be at least five by design. 

(ii) Requirements in paragraph 5(4)(i), 5(4)(11), 
5(4)(ii)(a), 5(4)(1i)(b), 5(4)(iii), 5(4)(ili)(a) 
and ?(4)(iii)(b) are applicable to LPG 
dlspe'nsers for motor vehicles. 

(iii) The manufacturer or the owner of the 
measuring system shall provide a 
thermometer well or an equivalent means 
for measuring the temperature close to the 
meter. The thermometer used shall have a 
scale interval not exceeding 0.5°C and shall 
be verified. 

(iv) Connection between the gas phases of the 
feed tank and of the vehicle's tank Is 
prohibited. 

(v) When only one nozzle can be used during 
a delivery, and after the nozzle has been 
replaced, the next delivery shall be inhibited 
until the indicating device has been reset 
to zero. 

When two or more nozzles can be used 
simultaneously or alternately, and after the 
utilized nozzles have been replaced, the 
next delivery shall be inhibited until the 
Indicating device has been reset to zero. 
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Moreover, by design, the provisions in the 
first paragraph of 2(16)(i) shall be fulfilled. 

Moreover, in both cases, when the flow is 
stopped by emergency means and a 
predetermined delay is exceeded, the 
current delivery shall be stopped and the 
next delivery shall be preceded by a reset 
to zero. 

(vi) A non-return valve, located between the 
gas elimination device and the meter, is 
mandatory. The pressure loss caused by it 
shall be sufficiently low to be considered 
negligible. 

(vii) Hoses shall be fitted with special 
connections for full hoses, so-called 
couplers or self-sealing valves. 

(viii) Safety features shall not affect the 
metrological performance. 

(ix) When the measuring system is provided 
with a conversion device, it shall be possible 
to verify separately the indications of 
volume at measuring conditions and 
associated measuring instruments. 

(x) Closing valves in vapour return lines shall 
automatically result in stopping the delivery 
or preventing the start of the next delivery, 
unless these valves have been sealed in 
the open position. 

(xi) The construction of the nozzle shall be such 
that, at the moment of coupling or 
uncoupling, the loss of liquid does not 
exceed the minimum specified volume 
deviation. 

(B) Measuring systems intended for the 
refuelling of aircraft 

. The requirements of this sub-clause also apply 
to the refuelling of helicopters. 

(i) General .. 
(a) Measurlng.§ystems intended for 

refuelling aircraft. are full hose 
measuring systems: 

(b) The gas elimination device function 
may be performed by a microfilter 
water elimination device provided 
that provisions in paragraph 2(10) 
are fulfilled. 

(c) They shall be interruptible measuring 
· systems. 
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(il) Stationary measuring systems 

(a) The requirements applicable to fuel 
dispensers apply to stationary 
measuring systems intended for the 
refuelling of aircraft, except those in 
paragraph 5{1)(1). 

(b) These systems may include their own 
pumps or be designed for installation 
in a centrally pumped system. 

(c) The micro.filter-water elimination 
device shall be fitted upstream of the 
gas elimination device when these 
devices are separate one from 
another. 

(iii) Mobile measuring systems 

(a) General 

(b) If more than one transfer point is 
provided, interlocks should prevent 
the usage of two or more together 
unless the arrangement is such that 
it would be difficult to use them on 
different aircrafts at the same time. 

(c) They may be designed for defueiilng 
aircraft provided that the connecting 
point for defuelling is located 
upstream of the gas elimination 
device. A weir-type sight glass is not 
mandatory. 

Interlocks may also be necessary to 
prevent bypassing metered liquid 
through the return line back to the 
supply tank while delivering fuel to 
the aircraft. 

(d) Where the microfilter-water 
elimination device may be used to 
perform the function of the gas 
elimination device, it may be verified 
by an examination of documents only 
if provisions In paragraph 2(10) are 
fulfilled. 

(e) Each installation shall be provided 
with or accompanied by-

• instructions for use, 

• a liquid circulation plan, 

• a description of necessary 
operations for use, 

• a description of control and 
connecting devices positions 
related to their use. 

(f) Aircraft refuelling tanker measuring 
systems 
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The ·reqlJirements'rin-paragraphs 
5(2)(ii); 5(2)(iii), 5(2)(1v), ,5(2)(vi), 
5(2)(vii) and 5(2)(viii)(a)apply. 

Note: For good, practice' in the use 
of the .system, when the -aircraft 
refuelling tanker· measuring system 
Is fitted with a device used to.perform 
the,gas ·extractor or special gas 
extractor ·function, a :manometer 
should be. provided upstream of the 
pump·ln.orderJo detect.depressions 
when :they :occur. Us ,Jndications 
should .be easily ·11Jslble by the 
qperator. 

(g) ·Aircraft,hydrant measuring systems 

(h) The-gas-elimination device may be 
,a :.device performing the function of 
.;a ;gas extractor when the under
.gl'lMtd pipe-

• :Js designed for easy elimination 
'Of the air contained in the pipe 
with appropriate devices, 

• ls fitted with special connecting 
devices for full hoses, 

• is supplied so that, in designed 
supply conditions, no gaseous 
formation can occur or enter the 
underground pipe. 

(i) When the aircraft hydrant measuring 
system is equipped with a device for 
froth recovery and re-Injection, it 
shall be located upstream of the gas 
elimination device and It shall not 
permit permanent introduction of gas 
Into the meter. 

(J) Depressurization valves for the hoses 
so that connection and disconnection 
can be easily made, shall be 
accompanied with interlocks to 
prevent metered liquid from being 
diverted. 

(9} Blend dispensers 

(i) The requirements in paragraph S(l)(i) to 
5(1)(1v) and 5(1)(vi) to S(l)(xll) are 
applicable to both parts of the multigrade
dispenser and to the gasoline part of the 
gasoline-oil-dispenser. However, by design, 
the ratio between the maximum flowrate 
and the minimum fiowrate may be at least 
five in the case of multigrade-dispensers. 

(ii) When only one nozzle can be used during 
a delivery, and after the nozzle has been 

replaced, the next delivery shall be inhibited 
until the indicating device has been reset 
to zero. 

When two or more nozzles can be used 
simultaneously or alternately, and when the 
utilized nozzles have been replaced, the 
next delivery shall be Inhibited until the 
Indicating device has been reset to zero. 
Moreover, by design, the provisions in the 
first paragraph of paragraph 2(16)(i) shall 
be fulfilled. 

(iii) The requirements In paragraph 5(9)(1v) 
through paragraph 5(9)(vili) do not apply 
if the designations of the various mixtures 
do not allow conclusions to be drawn 
concerning the ratio of volumes of the two 
components. 

Examples for such designations: 

• number of stars (2, 3, 4 starts), 

• octane-number (92, 95, 98 octane), 

• two-stroke-mixture (without designation 
such as 5%). 

Moreover, the requirement In paragraph 5(9)(1v) 
or 5(9)(v) only applies where the measuring 
system provides the indication of the mixed 
volume and the price of the mixture depends on 
the blending ratio. It does not apply where the 
measuring system provides-

' an Indication of the mixed volume and the 
price pees not depend on the blending ratio, 
or 

• a volume indication for each component of 
the mixture and does not provide an 
indication of the mixed volume. 

To permit compliance with the requirement In 
paragraph 5(9)(iv) or paragraph 5(9)(v) to be 
verified, It is necessary-

• for multigrade-dispensers to measure the 
volumes of both components, 

• for gasoline-oil-dispensers to measure 
either the volumes of oil and gasoline or 
the volumes of oil and mixture, 

• for both types to make the separate 
col.lection of both components feasible 
duri~g verification. 

(lv) The accuracy of the blending ratio for 
multigrade-dispensers shall be as follows:-



['11'1 II-~ 3(i)] 

The designations of the various mixtures 
being Indicated as the ratio of volumes of 
the two components (for example 1:1), the 
real ratio of the volumes of two components 
shall be within the limits of ±5%, I.e. the 
real ratio k,., = V ,IV, of volumes of both 
components determined during the 
verification shall be equal to the nominal 
(indicated) ratio k.om' within the limits: 

km,, = koom -0.05 koom and ~" = k,,m + 0. OS 
knom 

Examples: 

Designation 3:1 1:1 1:3 

Knom 

Kmlo 

K .. , 

0.333 1.00 3.00 

0.316 0.95 2.85 

0.350 1.05 3.15 

(v) The accuracy of the blending ratio for 
gasoline-oil-dispensers shall be as 
follows:-

If V 
1 

Is the volume of the minority 
component in the mixture and V2 the 
volume of the majority component, the real 
volumetric ratio related to the minority 
component, expressed as a percentage 
[T = 100 x V,f(V1+V,)], shall be equal to the 
nominal ratio within a limit of plus or minus: 

• 5% in relative value, 

• 0.2% absolute, whichever is greater. 

In other words, T being the real volumetric 
ratio as a percentage, and T,m the nominal 
volumetric ratio as a percentage, the 
following must be satisfied:-

! T- Tnom I/ T""" s 0.05. 

if the nominal volumetric ratio is at least 
4%, and 

IT- Toom I s 0.02%. 

if the nominal volumetric ratio Is less than 
4 per cent. 

(vi) If the blend dispenser is capable of 
delivering more than one mixture with the 
same nozzle, the installation of two hoses 
and a special blending device close to the 
transfer point Is required. 

If the blend dispenser can deliver only one 
. mixture per nozzle, the blending device may 

be installed inside the dispenser, using a 
single hose per nozzle. 

I 
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(vii) If the blend dispenser Is capable of delivering 
one or both single components (in addition 
to the mixtures) with a common nozzle, a 
device shall prevent the liquid flow through 
the unused part of the blend device. 

(viii) The lubricating oil part of a gasoline-oil· 
dispenser shall be designed so as to prevent 
air bubbles in the oil passing through the 
oil measuring device. There shall also be a 
device to detect the presence of oil. In the 
absence of oil, delivery has to be stopped 
by means, e.g. of:· 

• an interme.diate oil reservoir and a device 
which stops the delivery when the oil 
reservoir is empty, 

• a pressure detecting device which stops 
the delivery in the case of an oil pressure 
drop. 

(10) Self-service arrangement with fuel 
dispensers 

The following requirements apply to measuring 
systems covered by paragraph 5(1), 5(7) or 5(9) 
when fitted with self-service arrangements. 

(i) General requirements 

(a) Marking, sealing and connection of 
the components are left to 
appropriate authority approving the 
pattern .. 

(b) Where the self-service device serves 
two or more dispensers, each 
dispenser shall. be provided with a 
dispenser identification number that 
shall accompany any primary 
indication provided by the self
service device. 

(c) The primary indications on indicating 
devices and printing devices of the 
self-service arrangement shall not 
indicate any mutual differences. 

The scale intervals of the primary 
indication on Indicating devices and 
the printing devices and memory 
devices of the self-service 
arrangement shall be the same. 

(d) Printing devices on the self-service 
arrangement shall not reproduce the 
indications of a dispenser as the 
difference between two printed 
values. 

(e) Indication of Information that is not 
subject to metrological control is 
allowed, provided that it cannot be 

---~-4-----·-
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confused with metrological 
information. 

(f) The control device of:the self-service 
device should be capable of 
Indicating the status of the 
dispensers (e.g. running, authorized 
or unauthorized)that are connected 
to the self-service device and in the 
case ·of multiple modes of service 
and/or .type .of payment also that 
particular status .of the measuring 
~ystem. 

(g) 'A change of the type of payment 
·and/or mode of operation shall not 
be effective before the end of the 
current measurement operation. 

(h) The self-service arrangement, 
.including provisions related to clearly 
defined methods of operation, shall 
be such that at least one primary 
Indication for the benefit of the 
customer must be available at least 
up to the settlement of the 
transaction to enable the delivered 
quantity and the price to pay to be 
checked. · 

(i) In the case of a self-service 
arrangement that totalizes the 
delivered volumes for different 
registered customers over the course 
of time, the minimum measured 
quantity is not affected by the scale 
Interval used for such totallzations. 

(ii) Attended service mode 

If the dispenser indicating device provides 
the only primary indication, provisions shall 
be made to Inform the customer that the 
next authorization of a particular dispenser 
can only be given by the supplier after 
settlement of the current transaction. 

(a) Attended post-payment 

(b) Where the self-service arrangement 
includes a device that provides an 
additional primary Indication 
(additional to those of the indicating 
device of the dispenser), it shall 
consist of at least one installation for 
the reproduction of the volume and/ 
or the price indicated by the 
dispenser indicating device, 
consisting of-

• a printing device for the issue of 
a receipt of the customer, or 

• an Indicating device for the benefit 

of the supplier together with a 
display for the benefit of the 
customer. 

Note: As a consequence of 
paragraph 3(4)(vll), the reproduction 
of the volume and price is necessary 
when the dispenser can be 
authorized before the settlement of 
the transaction. 

(c) For self-service devices with 
temporary storage (temporary 
storage mode) of measurement data 
of dispensers the following 
requirements apply:-

( a) temporary storage of 
measurement data shall be 
restricted to one delivery for each 
dispenser, 

(b) the primary indication shall be 
accompanied by a clear mark 
representing the sequence. For 
example, the number 1 or 2. or 
the letter A or B, 

(c) when a primary indication of the 
self-service device is out of 
service, the self-service 
arrangement may continue its 
operation provided that it no 
longer uses any temporary 
storage, and that the dispenser 
indicating device remains the 
primary indication, 

(d) where the mandatory primary 
indication for the benefit of the 
customer Is provided by a device 
in the form of a separate 
constructional unit and this unit 
becomes uncoupled, or if the 
checking facilities detect a 
malfunction, the temporary 
storage mode shall be prohibited 
and the dispenser indicating 
device remains the primary 
indication, 

(e) pre-payment in attended service 
mode, 

(f) the requirements of paragraph 
3(6) are applicable, 

(g) a printed or hand-written receipt 
of the pre-paid amciunt shall be 
provided. 
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(iii) Unattended service mode 

(a) General 

(b) The self-service arrangement shall 
provide additional primary indica
tions by means of-

• a printing device for the issue of 
a receipt of the customer, and 

• a device (printing or memory 
device) on which measurement 
data are registered for the benefit 
of the supplier. 

(c) When the printing devices or 
memory device, as required by 
paragraph 5(10)(iii)(b), are not able 
to provide any indication or become 
unserviceable, the customer shall be 
clearly warned by automatic means 
before the operation commences. 

Passing from attended to unattended 
service mode shall not be possible 
before correct operation of the . 
arrangement is concluded as feasible 
by the checking facilities, Including 
compliance with the above provision. 

(d) Where the self-service arrangement 
Is used by registered customers, the 
provisions of paragraph 5(10)(iii)(b) 
and 5(10)(iii)(c) do not apply to 
measurements related to such 
customers. An additional individual 
volume totalizer is considered to 
provide a primary indication. 

(e) Micro-processors, which upon 
disturbance or interference Influence 
the measurement operation, shall be 
equipped with means for controlling 
the continuity of the processor 
programme and for ensuring the 
discontinuation of the current 
delivery when the continuity of the 
processor program Is no longer 
ensured. 

The next effective. acceptance of 
notes, cards or other equivalent 
mode of payment shall only take 
place If the continuity of the 
processor programme is re
established. 

(f) When a power supply failure occurs, 
the delivery data shall be memorized. 
The requirements of 5(1)(\x) apply. 

·-·'---·---
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(g) Delayed-payment 

The printed and/or memorized 
indications as mentioned in 5.10.3.1 
shall contain sufficient information 
for further checking and at least, the 
measured quantity, the price to pay 
and information to identify the 
particular transaction (e.g. the 
dispenser number, location, date, 
time). 

(h) Pre-payment In unattended service 
mode. 

(i) Following the termination of each 
delivery, the printed and/or 
memorized indications as intended 
in paragraph S(lO)(iii)(a) shall be 
made available, clearly indicating the 
amount which has been pre-paid and 
the price corresponding to the liquid 
obtained. 

These printed and/or memorized 
indications may be divided into two 
parts as follows:-

( a) one part provided prior to the 
delivery on which the pre-paid 
amount Is shown and 
recognizable as such, 

(b) one part provided following the 
termination of delivery, provided 
that it is clear from the 
information provided on both 
parts that they are related to 
the same delivery. 

(j) The requirements of 3(6) are 
applicable. 

(11) Other self-service arrangements 

Measuring systems, especially those for loading 
road or rail tankers, may be designed in such a way 
that the transaction is not settled when the customer 
leaves the loading site, in Implicit agreement with 
the supplier. 

. In this case, national or international regulations 
may prescribe. that the self-service arrangement 
provide additional primary Indications by means of-

• a printing device for the issue of a receipt 
to the customer, and 

• a device (printing or memory device) on 
which measurement data ·a're registered for 
the benefit of the supplier. 
The printed and/or memorized indications 
shall contain sufficient information for 
further checking and at least the measured 
quantity and information to identify the 
particular transaction (e.g. the system 
number, location, date, time). 
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Moreover, after a delivery, measuring 
systems shall not be capable of being reset 
to zero and authorized until measurement 
data are memorized or printed out. 

·6. Metrological control · 

When a test Is conducted, the expanded 
uncertainty of the determination of errors on 
Indications of volume or mass shall be less than one
fifth of the maximum permissible error applicable 
for that test on pattern approval and one-third of 
the maximum permissible error applicable for that 
test on other verifications. 

{1) Pattern approval 

(i) General 

Measuring systems subject to legal 
metrology control shall be subject to 
pattern approval. In addition, the 
constituent elements of a measuring . 
system, mainly those listed below, 
and the sub,systems which include 
several. of these elements, may be 
subject to separate pattern approval: 

~ 

• metE!r, 

• tranSclucer, 

• gas separator, 

• . gas.extractor, 
,(:'• 

• special gas extractor, . 
~·. 

• electronic calculator (Including the 
Indicating device), 

• conversion device, 

• ancillary devices providing or 
memorizing measurements 
results, 

• pre-setting device, 

• densitometer, 

• temperature sensor. 

The constituent elements of a 
measuring system shall comply 
with the relevant requirements 
even when they have not been 
subject to separate pattern 
approval (except, of course, In the 
case of ancillary devices that are 
exempted from the controls). 

Unless otherwise specified in this 
Recommendation, a measuring 
system should fulfil the 
requirements without adjustment 
of the system or of its devices 
during the course of the tests. If 

an adjustment is carried out, this 
condition shall still be considered 
as valid. 

(ii) Documentation 

(a)The application for pattern 
approval of a measuring system 
or of a constituent element of a 
measuring system shall include 
the following documents :-
• a description giving the 

technical characteristics and 
the principle of operation, 

• a drawing or photograph, 
• a list of the components with 

a description of their 
constituent materials when 
this has a metrological 
influence, 

• an assembly drawing with 
identification of different 
components, 

• for measuring systems, the 
references of the· approval 
certificate of the constituent 
elements, if any, 

• for measuring systems and 
meters fitted with correction 
devices, a description of how 
the correction parameters are 

· determined, 

• a drawing showing the 
location of seals and 
verification marks, 

• a drawing of regulatory 
markings. 

(b) In addition, the application for 
pattern approval of an electronic 
measuring system shall include-

• a functional description of the 
various electronic devices, 

• a flow diagram of the logic, 
showing the functions of the 
electronic devices, 

• any document or evidence which 
shows that the design and 

. construction of the electronic 
measuring system comply with 
the requirements of this 
specification in particular 
paragraph 4(3). 

(c) The applicant shall provide the body 
responsible for the evaluation with 
an 'instrument representative of the 
final pattern. 
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Other specimens of the pattern 
may be considered necessary by the 
body responsible for the pattern 
evaluation to . estimate the 
reproducibility of the measurements. 

(iii) Pattern approval certificate · 

The following Information shall appear on 
the pattern approval certificate :-

name and address of the recipient 
of the approval certificate, 

name and address of the 
manufacturer, if it is not the recipient, 

type and/or commercial designation, 

principal metrological and technical 
characteristics, 

pattern approval mark, 

period of validity, 

environmental classification, if 
applicable, 

Information on the location of marks 
for pattern approval, initial 
verification and sealing (e.g. picture 
or drawing), 

list of documents accompanying the 
pattern approval certificate, 

specific remarks. 

When applicable, the version of the 
metrological part of the evaluated 
software shall be indicated in the 
pattern approval certificate or in its 
annexes. 

(iv) Modification of an approved pattern 

. (a) The recipient of the pattern approval 
shall inform the body responsible for 
the approval of any modification or 
addition which concerns an approved 
pattern. 

(b) Modifications and additions shall be 
subject to a supplementary pattern 
approval when they influence, or are 
likely to Influence, the measurement 
results or the instrument's regulatory 
conditions of use. 

The body having approved the Initial 
pattern shall decide to which extent 
the examinations and tests described 
below shall be carried out on the 
modified p;3ttern in relation with the 
nature of the modification. 

~7 e. 4 6)11 -llto 
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(c) When the body having approved the 
initial pattern judges that th.e 
modifications or additions are not 
likely to influence the measurement 
results, this body allows the modified 
instruments to be presented for initial 
verification without granting a 
supplementary pattern approval. 

A new or supplementary .pattern 
approval must be Issued whenever 
the modified pattern no longer fulfils 
the provisions of the initial pattern 
approval. 

(v) Pattern approval of a meter or of a 
measurement transducer 

(a) A pattern approval may be given for 
a complete nieter; It may also be 
given for the measurement 
transducer only when this is intended 
to be connected to different types of 
calculators. 

The following examinations and tests 
shall be carried out on the meter 
alone or on the measurement· 
transducer when It is the subject of 
a separate application for pattern 
approva[.:They may also be carried 
o'ut on the whole measuring system. 
Tests are·normally carried out on the 
complete meter, fitted with an 
indicating device, with all the 
ancillary devices and with the 
correction device, if any. However, 
the meter subject to testing need not 
be fitted with Its ancillary devices 
when the latter are not likely to 
influence the accuracy of the meter 
and when they have been verified 
separately (for example : electronic 
printing device). The measurement 
transducer may also be tested alone 
provided that the computing and 
indicating device has been subject 
to a separate pattern approval. If this 
measurement transducer is intended 
to be connected to a calculator fitted 
with ·a correction device, the 
correction algorithm as described by. 
the manufacturer must be applied to 
the output signal of the transducer 
to determine its errors. 

(b) Accuracy tests 

(c) The errors of the meter shall be 
determined at a minimum of six 

·.· .. 
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. flowrates which are distributed over 
. the measuring range at regular 
Intervals. At each flowrate.the errors 
shall be determined. at !least three 
.times,. independently .• Each error 
shall ·not be •greater than the 

··maximum permissible error (in 
cabsolute value). 'In addition, .for 
,quantities equal.to•or greater than 
, flve•.tlmes the·:minimum ·measured 
:;quantity, :the :repeatability 
· ret:~ulrement in;paragraph .3( 1 )(li)(b) 
. <;~pplles. 

(d) ·,rests:should .be carried out at the 
.limits of the field of operation, i.e. at 
the limits of pressure, temperature 
and viscosity. However, pressure 
tests are not ;necessary when the 
tetlhnology of the meter Is such that 
it is•passibleto calculate the Influence 
of pressure and to show that it is 
negligible (for example: meter with 
pressure-balanced measuring 
chambers). 

Note : It is often unnecessary to 
carry out tests with liquids having a 
temJ)erature which differs from the 
ambient temperature when the 

. meter Is Intended to measure liquids 
having a temperature between 
- 10°C and +sooc. 

(e) The following tests shall also be 
carried out:-

accuracy test at minimum 
measured quantity, 

determination of the 
periodic variation, if appropriate, 

tests with flow disturbances, 
If appropriate. 

For tests with flow disturbances, 
the applicable maximum 
permissible errors are those fixed 
In paragraph 2(5) for the 
measuring system and not those 
fixed in paragraph 3(1)(ii) for the 
meter. 

(f) When preliminary verification of the 
meter Is planned to be carried out 
with a liquid which differs from the 
liquid the meter is Intended to 
measure, comparative tests with 
these two liquids shall also be carried 
out to determine the maximum 
permissible errors on preliminary 

. ,_ 

verification. It may be necessary to 
have several specimen of the pattern 
available. 

Example: It Is necessary to make a 
distinction between a pattern of a 
meter intended to measure several 
products (In the same measuring 
system) and a pattern of a meter of 
which different copies may be used 
for measuring different products (in 
different measuring systems), each 
copy being Intended to measure a 
given product only. 

For example, meter A may be 
intended to measure butane and 
propane alternatively, whereas meter 
B is intended to measure either 
butane or propane. Both meters will 
be subject to accuracy tests with 
butanl'! and with propane at the time 
of pattern approval. For meter A, the 
error curves for propane and for 
butane shall both be within the 
maximum permissible errors as 
specified in paragraph 3(1)(ii). 

For meter B, the error curves for 
butane on the one hand, and for 
propane on the other hand, shall 
satisfy the maximum permissible 
errors; unlike meter A, however, 
these error curves may be 
determined using different copies of 
the meter, or alternatively on the 
same copy whose adjustment (or 
correction parameters) has been 
modified between the test with 
butane and the test with propane. 

Copies of meter A will bear the 
mention of butane and propane on 
their data plate and they may also 
be used to measure mixtures of 
butane and • propane in any 
proportion. 

Copies of meter B will bear either 
the mention "butane" or the mention 
"propane" and shall be used for 
measuring the corresponding 
product exclusively. 

The preliminary verification of 
pattern A copies may be carried out 
with either butane or propane, 
indifferently (with, if appropriate, a 
reduction of the maximum 
permissible errors range). 



In general, the preliminary 
verification of pattern B copies will 
be carried out with the liquid 
intended to be measured; however, 
it may be carried out with the other 
liquid provided that the maximum 
permissible errors have been shifted. 
The value of shifting shall be 
determined at the time of pattern 
evaluation by evaluating the 
deviation between the error curves 
determined with butane and with 
propane, on the same meter, without 
modification of the adjustment. The 
deviations shall be reproducible from 
one copy of the meter to another. To 
check this, it is necessary to carry 
out accuracy tests on several 
instruments. 

(g) Endurance tests 

Endurance tests should be carried out at 
the maximum fiowrate of the meter using 
the liquid the meter is intended to measure 
or a liquid with similar characteristics. When 
the meter is intended to measure different 
liquids, the test should be carried out with 
the liquid that provides the most severe 
conditions. 

An accuracy test shall precede the 
endurance tests. 

In principle the duration of the endurance 
test shall be 100 hours in one or several 
periods. In specific cases (e.g. new 
technologies, new alloys, new liquids) the 
duration may be increased up to 200 hours. 

The test shall be carried out at a flow rate 
between 0.8 x Q and Q . max max 

As far as possible, the meter is subjected 
to the endurance test on a test bench. 
However, It Is accepted that the meter be 
temporarily mounted in a measuring system 
in normal operation, in which case it is 
necessary that the nominal operating 
flowrate of the measuring system is more 
than 0.8 x Q,,. 

After the endurance test, the meter is again 
subject to a new accuracy test. The 
deviations between the errors determined 
before and after the endurance test shall 
remain within the limits specified in 
paragraph 3(1)(ii)(c) without any changes 
of the adjustment or corrections. 

(vi) Pattern approval of a gas elimination device 
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As a rule, tests shall be carried out to prove 
that the air or gas. eliminating devices 
satisfy the requirements In paragraph 
2 (lO)(viii) or 2(10)(1x). 

It is however acceptable that tests are not 
carried out atflowrates greater than 100 
m3/h and that the air separating devices 
are approved by analogy with devices of 
the same design, having smaller 
dimensions. 

Annexure B describes tests which should 
be carried out on these devices. The tests 
are given as examples only. 

(vii) Pattern approval of an electronic calculator 

When an electronic calculator is submitted 
to separate pattern approval, pattern 
approval tests are conducted on the 
calculator alone, simulating differentinputs 
with appropriate standards. 

(a) Accuracy tests include an accuracy 
test on the indications of 
measurement results (volume at 
metering conditions or price topay). 
For this purpose, the error obtained 
on the indication of the result is 
calculated considering the true value. 
is the one calculated taking Into 
account the value of the simulated 
quantities applied to inputs of the 
calculator and· using standard 
methods for calculation. The 
maximum permissible errors are 
those fixed in paragraph 2(8). 

(b) When the calculator carries out 
calculations for a conversion device, 
tests specified in paragraph 
6(1)(vii)(a) are performed for the 
calculation of volume at base 
conditions or mass. 

Accuracy tests also include an 
accuracy test on the measurement 
of each characteristic quantity of the 
liquid. For this purpose, the error 
obtained on the indication of each 
of these characteristic quantities 
these indications are mandatory 
considering paragraph 3(7)(vii) is 
calculated by considering the true 
value as that provided by the 
standard connected to the inputs of 
the calculator and which simulates 
the corresponding associated. 
measuring instrument. For each of 
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:·these quantities, the maximum 
: .:permlsslble.error5 fixed in paragraph 
'•2{7)(111) shall be applied. 

·rt IS'then·necessary to perform a test 
; .to check the presence and.operation 
•.oU:hecki~g •facilities :relevant to 
. :associated rmeasuring :instruments 
mentioned in. paragri!ph4(3)(vl). 

· (c)E.Examinations and:tests.desctlbed in 
:~(.l)(x,l) for •electronic 'instruments 
;shall: be performed. 

' 
(viii) Pattern::approvailofa.conversion device 

(a) :.General· case 

• It Is• necessary .to verify whether the 
(Conversion device connected to all 
Its-associated measur.lng Instruments 
..complies with provisions In 2(7)(i). 
For :that purpose, the volume at 
metering .conditions which is 
.converted is supposed to be without 
:any error. 

:It •may also be verified that the 
·provisions in paragraph 2(7)(vi) [and 
paragraph 2(7)(v) if applicable] are 
fulfilled. 

In ·the· case of an electronic 
. coriversio.n device, the tests and 
examination described In paragraph 
6(1)(ix) shall be performed, 

(b) Electronic conversion device 

Instead of the procedure in 
paragraph 6(1)(viii)(a), it is also 
possible-

to verify separately the accuracy 
of associated measuring 
instruments [see paragraph 
2(7)(ii)], 

to verify that the provisions in 
paragraph 6(1)(vil)(b) are fulfilled, 
and 

to perform examinations and tests 
. described in paragraph 6(1)(xi). 

(ix) Pattern approval of an ancillary device 

(a) When an ancillary device that 
provides primary Indications is 
intended to be approved separately, 
Its Indications shall be compared with 
those provided by an Indicating 
device that has already been 
approved and which has the same 
scale Interval, or a smaller one. 

The results shall satisfy the 
provisions in paragraph 2(9)(v). 

As far as possible, the necessary 
conditions for compatibility with 
other devices of a measuring system 
are stated In the pattern approval 
certificate . 

(b) Electronic devices may be approval 
·separately when they are used for 
the transmission of primary 
indications or other information 
necessary for their determination, 
e.g. a device which concentrates 
information from two or more 
calculators and transmits it to a single 
printing device. 

When at least one of the signals of 
this information is analogue, the 
device shall be tested in association 
with another device whose maximum 
permissible errors are provided by 
this Recommendation. 

When all the signals of this 
information are digital,. the above 
provision may be applied; however, 
when the inputs and outputs of the 
device are available, the device can 
be tested separately, in which case 
it shall introduce no error; only errors 
due to the testing method may be 
found out. 

!n both cases and as far as possible, 
the necessary conditions for 
compatibility with other devices of a 
measuring system are stated in the 
pattern approval certificate. 

(x) Pattern approval of a measuring system 

The pattern approval of a measuring system 
consists of verifying that the constituent 
elements of the system, which have not 
been subject to separate pattern approvals, 
satisfy the· applicable requirements, and 
that these constituent elements are 
compatible with one another. 

Tests for carrying out the pattern approval 
of a measuring system shall therefore be 
determined on the basis of the pattern 
approvals already granted for the 
constituent elements of the system. 

When none of the constituent elements has 
been subject to separate pattern approval, 
all the tests provided for in paragraph 
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6(1)(v), 6(1)(vi) and 6(1)(vii) (in particular) 
shall be performed on the complete 
measuring system. On the contrary, when 
the various constituent elements are all 
approved separately, it is possible to replace 
pattern approval based on tests by pattern 
approval of drawings. 

It is also appropriate to reduce the pattern 
evaluation program when the measuring 
system Includes constituent elements 
identical to those which equip another 
measuring system that has already been 
approved, and when the operating 
conditions of these elements are identical. 
For example, It Is not necessary to perform 
the expansion test of a hose in a fuel 
dispenser when the hose in this measuring 
system Is Identical to the hose equipping 
another measuring system already 
approved with the same minimum 
measured quantity. 

Note : It Is advisable that constituent 
elements be subject to separate pattern 
approval when they are intended to equip 
several patterns of measuring systems. This 
is particularly advisable when the various 
measuring systems have different 
manufacturers and when the bodies in 
charge of pattern approval are different. 

(xi) Pattern approval of an electronic device 

In addition to the examinations or tests 
described In the preceding paragraphs, an 
electronic measuring system or an 
electronic constituent element of this 
system shall been subject to the following 
tests and examinations:-

( a) Design Inspection 

This examination of documents aims 
at verifying that the design of 
electronic devices and their checking 
facilities comply with the provisions 
of this specification, clause 4 in 
particular. 

It Includes-

( a) an examination of-the mode of 
construction and of the electronic 
sub-systems and components 
used, to verify their 
appropriateness for their intended 
use, 

(b) consideration of faults likely to 
occur, to verify that In all 
considered cases these devices 
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comply with the provisions of 
paragraph 4(3), 

(c) verification of the presence and 
effectiveness of the test device( s) 
for the checking facilities. 

(b) Performance tests 

These tests aim at verifying that the 
measuring system complies with the 
provisions of paragraph 4(1)(i) with 
regard to Influence quantities. These 
tests are specified In Annexure A. 

(a) Perfomnance under the effect of 
influence factors: 

When subjected to the effect of 
influence factors as provided for 
in Annexure A, the equipment 
shall continue to operate 
correctly and the errors shall not 
exceed the applicable maximum 
permissible errors. 

(b) Perfomnance under the effect of 
disturbances: 

When subjected to external 
disturbances as provided for In 
Annexure A, the equipment shall 
either· continue to operate 
correctly or detect and indicate 
the presence of any significant 
faults. Significant faults shall not 
occur on non-interruptible 
measuring systems. 

(c) Equipment under test (EVT) 

Tests are carried out on the 
complete measuring system 
where size and configuration 
permit, except where otherwise 
specified in Annexure A. 

Where tests are not carried out 
on a complete system, they shall 
be carried out on a sub-system 
comprising at least the following 

·devices:-

."\ measuring transducer, 

calculator, 

indicating device, 

power supply device, 

correction device, if 
appropriate. 

This sub-system shall be included 
in a simulation set-up 
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representative of the normal 
operation of the .measuring 
system .. For example, the 
movement of.the .liquid may be 
simulated by an appropriate 
device. 

'The calculator shall be !in its final 
housing. 

In all cases, peripheral equipment 
may be.tested separately. 

(2) Initial verification 

(i) General 

Initial ·verification of a measuring 
system:is carried out in a single stage 
when the system can be transported 
without .dismantling and when it is 
verified under the intended 
conditions of use; in all other cases, 
ltils carried out in two stages. 

Ihe first stage concerns at least the 
measurement transducer, alone or 
fitted with associated ancillary 
.devices, or possibly included in a sub
system. Tests of the first stage may 
be carried out on a test bench, 
possibly In the factory of the 
manufacturer, or on the installed 
measuring system. At this stage, the 
metrological examinations may be 
carried out with different liquids than 
those which the system is intended 
to measure. 

The first stage also concerns the 
calculator and the density sensor. If 
necessary, the measurement 
transducer and the calculator can be 
verified separately. 

The second stage concerns the 
measuring system in actual working 
condition. It is carried out at the 
place of installation under operating 
conditions and with the Intended· 
liquid of use. However, the second 
stage may be carried out in a place 
chosen by the verification body when 
the measuring system can be 
transported without dismantling and 
when the tests can be performed 
under the operating conditions 
intended for the measuring system. 

Initial verification of electronic 
systems shall include a procedure for 

verifying the presence and correct 
operation of checking facilities by the 
use of test devices as specified In 
paragraph 4(3). 

(ii) Tests 

(a) When initial verification takes place 
in two stages, the first stage shall 
include--

an examination for conformity of 
the meter, including the 
.associated ancillary devices 
(conformity with the respective 
patterns), -

a metrological examination of the 
meter, Including the associated 
ancillary devices. 

The second stage shall include-

an examination for conformity of 
the measuring system, including 
the meter and the ancillary and 
additional devices, 

a metrological examination of the 
measuring system; if possible, this 
examination is carried out within 
the limits of operating conditions 
for the system, 

an operational test of the gas 
elimination device, where 
appropriate, with no need to verify 
that the maximum errors 
applicable to this device and 
specified in 2.10 are met, 

an inspection of the adjustment 
of the prescribed pressure 
maintaining devices where 
appropriate, 

when necessary, a test of the 
variations of the internal volume 
of the hoses in full hose measuring 
systems, e.g. in the case of a hose 
reel, an operational test of the 
control valve preventing the 
emptying of the hose during non
operating periods, for full hose 
measuring systems, 

a determination of the resldu~l 
quantities In empty hose 
measuring systems. 

(b) When initi~l verification takes place 
in one stage, all tests In paragraph 
6(2)(ii)(a) shall be perfomned. 
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(3) Subsequent verification 
(i) Subsequent verification of a measuring 

system may be identical to initial 
verification. 

(ii) The preliminary examination of the meter 
should only be repeated if the protective 
marks on the measuring element of the meter 
have been damaged. This examination may 
be replaced by a test of the measuring system 
if the conditions for the preliminary 
examination are met and if the measuring 
system can undergo testing with a volume 
of liquid corresponding to the minimum 
measured quantity. For the detennination of 
the error curve, at least 60% of the maximum 
flowrate should be reached. 

(iii) The ancillary devices shall be considered 
ashavlng been subjected to the preliminary 
examination if the protective marks are not 
damaged. It is sufficient to carry out a 
reduced number of measurements during 
the simplified examination of the ancillary 
devices. 

ANNEXURE A. 
PERFORMANCE TEST FOR ELECTRONIC 

MEASURING SYSTEMS. 
(MandatorY). 

1. General 
This Annexure defines the program of 

performance tests intended to verify that electronic 
measuring systems may perform and function as 
intended in a specified environment and under 
specified conditions. Each test indicates, where 
appropriate, the reference conditions for determining 
the intrinsic error. 

These tests supplement any other prescribed 
test. 

When the effect of one influence quantity is 
being evaluated, all other influence quantities are to 
be held relatively constant, at values close to 
reference conditions. 
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2. Severity levels 
For each performanc~ test, typical test 

conditions are indicated: they correspond to the 
climatic and mechanical environment conditions to 
which measuring systems are usually exposed. 

Measuring systems are divided into three 
.classes according to climatic and mechanical 
environmental conditions: 

Class B for fixed Instruments installed in a 
building, 

Class C for fixed Instruments installed 
outdoors, 

Class I for mobile Instruments, in particular 
measuring systems on trucks. 

However, the applicant for pattern approval may 
indicate specific environmental conditions in the 
documentation supplied to the metrology service, 
based on the intended use of the Instrument. In this 
case, the metrology service carries out performance 
tests at severity levels corresponding to these 
environmental conditions. If pattern approval Is 
granted, the data plate shall indicate the 
corresponding limits of use. Manufacturers shall 
infonn potential users of the conditions of use for 
which the instrument is approved. The metrology 
service shall verify-that the conditions of use are met. 
3. Reference conditions 
Ambient temperature 

Relative humidity 

Atmospheric pressure 
Power voltage 
Power frequency 

: 2o•c ± s•c 
: 60% ± 15% 

: 86 kPa to 106 kPa 
: Nominal voltage (Vnom) 
: Nominal frequency 

(Fnoml 
During each test, the temperature and relative 

humidity shall not vary by more than s•c or 10% 
respectively within the reference range. 

4. Performance tests 
The following tests can be carried out in any 

order:-

Test Nature of the influence quantity Severity level for the class 

8 c I 

1. Dry heat In,fluence factor 2 3 3 

2. Cold Influence factor 2 3 3 
3. Damp heat, cyclic Influence factor 1 2 2 
4. Vibration (sinusoidal) Influence factor l 
5. Power voltage variation Influence factor l I 
6. Short time power reductions Disturbance la &. lb Ia &. lb Ia &.lb 
7. Bursts Disturbance 2 2 ~ 

B. Electrostatic discharge Disturbance 1 I I 
9. Electromagnetic susceptibility Disturbance 2, 5, 7 2, 5, 7 2, 5, 7 

10. Disturbances on d.c. voltage powered equipment 
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The above tests• involve the electronic part of 
the measuring ~ystem or its devices. 

The following :rules :shall 'be :taken ·into 
consideration for these tests:-

(i) Tests volumes 

Some :influence .quantities should have a 
constant effect on•measurementresults and 
not a :propor:tional ·effect •related to the 
measu[ed wolume. '"he value of the 
significantifault is :related to .the measured 
volume; ttherefore, <in order to be able to 
compare. results obtained in different · 
laboratories, .it ·is ·necessary to perform a 
test on :a ·volume corresponding to that 
delivered 'In one minute at the maximum 
flowrate, !but not less than the minimum 
measured ·.quantity. Some tests, however, 
may require more than one minute, in 
which case they shall be carried out in the 
shortest .possible time. 

(ii) Influer:~ce of the liquid temperature 
Temperature tests concern the ambient 
temperature and not the temperature of 
the liquid used. It is therefore advisable to 
use a simulation test method so that the 
temperature of the liquid does not influence 
the test results. 

{1) Dry heat 

Test method: 

Object of the test: 

Test procedure 
in brief: 

Dry heat (non-condensing) 

To verify compliance with the 
provisions in paragraph 
4(1)(i) under conditions of 
high temperature. 

The test consists of exposure 
of the ELJT to a temperature of 
55°C (classes C or I) or 40°C 
(class B) under "free air" 
conditions for a 2-hour period 
after the EUT has reached 
temperature stability. The ELJT 
shall be tested at least one 
flowrate (or simulated 
flowrate): 

at the referen'ce 
temperature of 20°C 
following conditioning, 

at the temperature of 55°C 
or 40°C, 2 hours after 
temperature stabilization, 

after recovery of the ELJT at 
the reference temperature 
of 20°C. 

Test severities: (1) .Temperature : severity 
level 2: 40°C 

severity level 3: ssoc 

(2) Duration : 2 hours 

Number of test Cycles: One cycle 

Maximum allowable · All functions shall operate as 
designed. 

variations: All errors shall be within the 
maximum permissible errors. 

(2) Cold 

Test method: Cold 

Object of the test: To verify compliance with the 
provisions In paragraph 4(1){1) 
under conditions of low 
temperature. 

Test procedure in brief: The test consists of 
exposure of EUT to a 
temperature of-25°C (classes 
cor I) or -10°C (class B) under 
"free air" conditions for a 2-
hour period after the ELJT has 
reached temperature stability. 
The ELJT shall be tested at least 
one flowrate (or simulated flow 
rate): 

at the reference 
temperature of 20°C 
following conditioning, 

at a temperature of -25°C 
or -10°C, 2 hours after 
temperature stabilization, 

.after recovery of the ELJT 
at the reference 
temperature of 20°C. 

Test severities: (1) Temperature: severity level 
2: -10°C 
severity level 3: -25°C 

(2) Duration : 2 hours 

Number of test cycles: One cycle 

Maximum allowable All functions shall operate as 
designed. 

variations: All errors shall be within the 
maximum permissible errors. 

(3) Damp heat, cyclic 

Test method: Damp heat, cyclic (condensing) 

Object of the test: To verify compliance with the 
provisions in 4.1.1 under 
conditions of high humidity 
when combined with cyclic 
temperature changes. 

Test procedure in brief: The test consists of exposure 

I 

.I 
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Test severities: 

of the ElJT to cyclic temperature 
variations between, 25°C and , 
the upper temperature of 55°C 
(class Cor I) or 40°C (class B), 
maintaining the relative humidity : 
above 95% during the 
temperature changes and 
during the phases at low 
temperature, and at 93% at ; 

. the upper temperature phases. 
Condensation should occur on 
the EUT during the 
temperature rise. Standard . 
stabilizing period before and · 
recovery after the cyclic 
exposure are indicated in IEC . 
Publication 68-2-30. The power 
supply is not on when the ' 
influence factor is applied. 

(1) Upper temperature: 
severity level 1: 40°C 
severity level 2: 55°C 

(2) Humidity : > 93% 

(3) Duration: 24 hours 

Number of test cycles: Two cycles 

Maximum allowable After the application of the 
variations : influence factor and recovery: 

all functions shall operate as 
designed, and 

{4} Vibration 

all errors shall be within the 1 

maximum permissible 
errors. 

Test method : Sinusoidal vibration 

Object of the test: To verify compliance with the . 
provisions in paragraph 4(1)(i) 
under conditions of sinusoidal 
vibration. 

This test should normally apply 
to mobile measuring systems · 
only. 

Test procedure in brief: The EUT shall be tested by 
sweeping the frequency in the 
specified frequency range, at 
1 octave/minute, at the 
specified acceleration level with . 
a specified number of sweep 
cycles per axis. The EUT shall · 
be tested in its three, mutually ' 
perpendicular main axes, 
mounted on a rigid fixture by 
its normal mounting means. It i 

Test severities: 
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shall normally be mounted so 
that the gravitational force acts 
in the same direction as it would 
in normal use. 
The instrument Is non
operationa I when the influence 
factor is applied. 
(1) Frequency range: 10-150 Hz 
(2) Max. acceleration level 
20 m.s-2 · 

Number of test cycles: 20 sweep cycles per axis 
Maximum allowable After the application of the 

·variations: . influence factor and recovery: 

all functions shall operate as 
designed and 

all errors shall be within the 
maximum permissible 
errors. 

(5) Power voltage variation 

Test method: Variation in a.c. mains power 
supply (single phase) 

Object of the test: To verify compliance with the 
provisions in paragraph 4(1)(i) 
under conditions of varying a.c. 
mains power supply. 

Test procedure in brief: The test consists of exposure 
of the EUT to power voltage 
variations, while the EUT is 
operating under normal 
atmospheric conditions. 

Test severities: Main voltage : upper limit 
Vnom +10% 
lower limit: Vnom -15% 

Number of test cycles: One cycle 

Maximum allowable All functions shall operate as 
variations: designed. 

All errors shall be within the 
maximum permissible errors. 

(6) Short time power reduction 

Test method: Short time interruptions and 
reductions in mains voltage. 

Object of the test: To verify compliance with the 
provisions in paragraph 4(1}(i) 
under conditions of short time 
mains voltage interruptions and 
reductions. 

Test procedure in brief: The test consists of subjecting 
the EUT to voltage 
interruptions from nominal 
voltage to zero voltage for a 
duration equal to half a cycle 
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Of line frequency, and 
reductions from nominal voltage 

, to 50% of nominal for a duration 
equa! to one .-cycle of Jine 
frequency. The: mains voltage 
· lntHruptions and reductions 
··sha!! tA repeatedten times with 
a time interval of .at least ten 
~econds. 

Test severities: .lL'Co% voltage interruption for a 
, p'2ri,xL equal to half a cycle: 
5 0'io .voltage .reduction for a · 
.;:>;;hod equal to one cycle. · 

Number of test c.ycle:;: . !east .ten intermptions and 
te;; reductions, each with a 
-r:tnirnurn o.f ten seconds 
b::tween tests. 
The interruptions and 
-reductions are repeated 
throughout the time necessary 
to perform the whole test; for 
this reason, more than ten 
interruptions and reductions 
may be necessary. 

Maximum allow'"''' (a) Rx interruptit:ie measuring 
variations: sy~tems, either tne difference 

be• •1een t~e vo!<•ne indication 
d.oJ •ng the tc•:;t and the 
ir :iication und0r reference 
c:~ndit!ons shaH >1ot exceed the 
F'·iues given in p'1ragraph 3(12) 
:;c•;t-l :Jr the measuring system 
·;ha!! detect <.:1nd act upon a 
;)!g(d'f1cant faL'i~; in compliance 
w!U'~ par0.grar~h 4(3)(1). 

(7) Bursts 

(t: :: For nun~interruptible 

IT,··osurin9 systems, the 
r: :fi'<;rence br:tween the volume 
':•.:!ica~ion during the test and 

~n·~~ication under reference 
.ono:i.':ions '.hall not exceed the 
•:a!ues given in paragraph 3(12) 
(:i'llt-1. 

Test method: dectrical bursts 
Object ofthe test: ro verify compliance with the 

provisions in paragraph 4( 1 )(i) 
under conditions where 
·~:!ectrical bursts are 
;uperimposed on the mains 
vo!tage. 

Test procedure in txt;:'; The test consists of subjecting 
t.h~ EIJT to bursts of double 
8xponentiai waveform 

transient voltages. Each spike 
shall have a rise time of 5 ns 
and a half amplitude duration 
of 50 ns. The burst length shall 
be 15 ms, the burst period 
(repetition time interval) shall 
be 300 :'\'1s. All bursts shall be 
applied during the same 
measurement or simulated 
measurement in symmetrical 
mode and asymmetrical mode. 

Test severities : Ampiitude (peak value) 1000 V 

Number of test cycles: At !cast ten positive and ten 
nefptive randomly phased 
bursts shal! be applied at 

Maximum allowab'·:' 
variations: 

The burst.c;; are applied during 
o;!i tlie time necessary to 
f/c' f.;:m the test; to that 
P')' oose more bursts than 
incicated above may be 
r·e:essary. 

For interruptible measuring 
· stems, either the difference 
· 'tween the vorume indication 
.<dng the test and the 
<iication under reference 
)nditions shdl not exceed the 

··dlues given;., paragraph 3(12) 
:•ort-1 or the measuring system 
':all detect and act upon a 
'gnificant fault, in compliance 

:h para;)"aph 4(3)(i). 

·) For '10n-interruptibie 
.. · ·,asuri•:g systems, the 
c .'·;rene :;.~tween the volume 
ir, ,::atir during the test and 
tho. inc'· ·.tion Ulider reference 
::.·.·lit'· 5 shall not exn•.-o;d the 
v;': , ... , :rJen in paragra,.h 3(12) 
pc . 

(8) Electrostaik' dischar, 

Test method: Ele .. static discharge (ESD) 

Object of the test· To · !fy compliance with the 
•::r <ons in paragraph 4(1)(1) 
· '"' ,,., conditions of direct and 
:nc: . ,. ':electrostatic di&!Jarges. 

Test procedure in blic<: A •::acitor of 15C pF Is 
ch : :;ed by a sultai;le DC 
vc. ::.•1pe source. The capacitor 
io '''en discharged through the 
t·. rr by connecting one 
· ,,:minal to ground (chassis) 
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Te::::t sEverities: 

.. ···---~---·--- ·--··~--· . 

and the other via 330 ohms to 
surfaces which are normally 
accessible to the operator. 

The test includes the paint 
penetration method, if 
appropriate. For direct 
discharges the air discharge 
sha!l be used where the contact · 
discharge method cannot be 
applied. 

8 kV for air discharges 

6 kV for contact discharges 

[ic:r,;r:;or ci t:cc;t cydes: At each test point, at least ten 
direct discharges shall be· 
applied at intervals of at least 
ten seconds between 
discharges, during the same. 
measurement or simulated: 
measurement. As for indirect 
discharges, a total of ten 
discharges shall be applied on · 
the horizontal coupling plane, · 
and a total of ten discharges 
for the various positions of the 
vertical coupling plane. 

, 1cxirnum :Yowilble (a) For interruptible measuring 
•;riatio;;,,; systems, either the difference ' 

between the volume indication 
during .the test and the 
indication under reference 
conditions shall not exceed the' 
values given in paragraph 3( 12) 
of part-! or the measuring 
system shall detect and act 
upon a significant fault, in 
compliance with paragraph 
4(3)(i). 

(b) For non-interruptibl· 
measuring systems, th<· 
difference between the volume 
indication during the test and 
the indication under reference 
conditions shall not exceed the 
values given in paragraph 3( 12), 
of part-!. 

(.'!) Ele·.:'romagnetic susceptibility 

1€·ct • ··: dhod: Electromagnetic fields (radiated) 

C>'; ';'tl of the test: To verify compliance with the 
provisions in paragraph 4(1)(i) 
under conditions of 
electromagnetic fields. 

Test procedure in brief: The EUT shall be exposed to 
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electromagnetic field strength 
as spe~ifled by the severity 
level. 

The field strength can be 
. generated In various ways: 

the strip line is used at low 
frequencies below 30 MHz 

· (or In some cases 150 
MHz) for small ELJTs; 

th.e long wire is used at low 
frequencies (below 30 
MHz) for larger EUTs; 

dipole antennas or 
antennas with circula·r 
polarization placed 1 m 
from the EUT are used at 
high frequencies. 

The specified filed strength 
shall be established prior to the 
actual testing (without EUT in 
the field). 

The field shall be generated in 
two orthogonal polarizations 
and the frequency range shall 
be scanned slowly. If antennas 
with circular polarization i.e. 
log-spiral or helical antennas 
are used to generate the 
electromagnetic field, a change 
In the position of the antennas 
is not required. 

When the test is carried out In 
a shielded enclosure to comply 
with international laws 
prohibiting interference to radio 
communications, care should 
be taken to handle reAections 
from the walls. Anechoic 
shielding may be necessary. 

FreqCJency range 26-500 MHZ 5()1} 1000 MHz 

rield strength 3 Vfm l V{m 

~odulation 80% AM 1kHz Sine wave 

'-1a.,imun: aliQNable 
·\_;a dation>;; 

(a) For interruptible measuring 
systems, either the difference 
between the volume indication 
during the test and the 
indication under reference 
conditions shall not exceed the 
values given in paragraph 3(12) 
of part-! or the measuring 
system shall detect and act 
upon a significant fault, In 
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compliance With paragraph 
4(3)(i). 

(b) F,or non-inte~~uptitile 
measuring •systems, the 
:difference between the volume 
indication .during the test and 

:the indication under reference 
conditions shall not exceed the 
values given in paragraph 3(12) 

.of:part'I. 

(lO)''RerturbatiQns .on de voltage powered 
instruments · 

Electronic measuring systems supplied with de 
voltage shaii·Julfll the tests in Annexure A 4(1) to 
Annexure A, paragraph 4(9), with the exception of 
Annexure A, ·paragraph 4(5), 4(6) and 4(7) which 
are to be replaced by the following provisions:-

General :provision 

For under-voltages or over-voltages all 
errors .shall be within maximum permissible 
errors when the instrument is still operating. 

The under-voltage or over-voltage is applied 
for a complete measurement or part of a 
measurement. 

Provision applicable to instruments fed by 
the battery of a vehicle 

Tests pulses 1, 2 and 3 of the relevant part 
of ISO 7637 Electrical disturbance by 
conduction and coupling, Part 1: Vehicles 
with nomina112 V supply voltage, and Part 
2: Commercial vehicles with nominal 24 V 
supply voltage, are applied at the various 
severity levels specified in this Standard. 

Pulses are repeated for as long as necessary 
to complete the test. 

The pattern approva I certificate shall 
indicate, for each type of pulse, the 
maximum severity level met by the 
instrument. 

ANNEXURE B 
TESTING OF GAS ELIMINATION DEVICES 

(Informative) 

1. Testing of a gas elimination device as a unit 
separate from the measuring system for which 
it is intended 

(1) General provisions 

In order to examine whether the pattern of a 
gas elimination device complies with the 
requirements in, paragraph 2(10), a specimen of the 

pattern must be installed on a suitable test bench 
equipped with a meter and a conventional proving tank. 

Note: In tests on gas elimination devices, the 
proving tank may be replaced by any appropriate 
standard. 

The efficiency of the gas elimination device is 
determined with reference to the meter error at the 
same flowrate. 

The test bench must, as far as possible, comply 
with the following provisions:-

(i) The capacity of the proving tank should be 
at least equal to the greater of the following 
two values: volume delivered in one minute 
at maximum flowrate, or 1000 times the 
scale interval of the meter of the test bench. 

(ii) It is recommended that an adjustable non
return valve be installed downstream of the 
meter in order to prevent back flow of the 
liquid which has been measured and to 
obtain the minimum back pressure required 
for the proper operation of the gas 
elimination device. 

(iii) There should be no reverse gradient in the 
pipework downstream of the meter so that 
gas bubbles are allowed to escape in the 
normal way in order to keep this pipework 
filled to the same level at the beginning 
and end of the test. 

(iv) The liquid used for the tests should either 
be the same as that for which the device is 
intended or should be of a viscosity which 
is at least equal to that of the liquid for 
which it is intended. 

Tests on gas elimination devices should be 
carried out for flowrates up to a maximum of 100 
m'/h. For higher flowrates, characteristics may be 
determined by analogy with equipment of the same 
design and smaller dimensions. "By analogy" means 
that parameters like Reynolds number, Froude 
number, etc., are to be taken into account for the 
gas elimination device. 

(2) Tests on gas separators 

The volume of air or gas continuously entering 
may be measured by a gas meter and isothermally 
converted to atmospheric pressure on the basis of 
the indication of a pressure gauge fitted upstream 
of the gas meter. 

A pressure gauge positioned upstream of the 
meter for liquid makes it possible to determine the 
lowest pressure at which the gas separator still meets 
the efficiency requirements. 
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Before starting a test, the whole apparatus is 
made to operate at the desired liquid and gas 
flowrates so that all parts of the apparatus (except 
the proving tank) fill up under set conditions as regards 
the entry of air or gas. · 

The air may be introduced either by injection 
downstream of the pump or by suction upstream of 
it (see Figures 1, 2 and 3, which are given as 
examples). 

In the former case, which makes it possible to 
operate without changing the performance of the 
pump due to the entry of air, the liquid and gas flows 
are adjusted by means of control valves. The air or 
gas is introduced through a tube positioned in the 
centre of the pipework for the liquid, for example at 
an elbow. 

In the latter case, which reproduces the 
conditions encountered in reality (pressure reduction 
by suction), the pump must be set to the maximum 
flowrate of the separator. If the pump has too great 
a flow rate, .it must be possible to regulate it with a 
speed reducer. The pump should preferably be of 
the volumetric type but it may also be of the 
centrifugal type if the supply tank feeds the pump 
by gravity. The pressure reduction must then be 
regulated by a valve positioned upstream of the 
pump, and the air Inlet must be equipped with a 
non-return valve which prevents any leakage at the 
movement of switching off. 

(3) Test on gas extractors 

An example of test bench is shown in Figure 4. 

It includes a container for creating a pocket of 
air to be removed with a volume equal to the 
minimum measured quantity of the gas extractor (the 
minimum measured quantity of the system being not 
yet specified). When the test is carried out with a 
proving tank having such a great capacity that the 
maximum permissible error cannot be evaluated 
correctly on the basis of a single operation of the 
gas extractor, the number of operations during the 
same test shall be multiplied by 2, 3 or 4, to obtain 
the required accuracy. 

( 4) Tests on special gas extractors 

Special gas extractors, mainly used for 
measuring systems on road tankers, are principally 
intended to prevent measurement errors which may 
arise from the complete emptying of one 
compartment. They must also separate and 
continuously remove introduced air, although to a 
lesser degree than a gas separator. 

In the case of separate approval, they should 
be tested on a test bench which corresponds in 
principle to Figure 5. 
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This test bench is similar to that in Figure 1 but 
it differs In order to reproduce the actual conditions of 
delivery from road tankers to underground tanks, as 
is the case when service stations are supplied with 
petrol, and domestic fuel oil deliveries are made. Thus, 

1 the supply tank is located above the special gas 
extractor and the meter, i.e. at a level corresponding 
to that of road tanker, and the proving tank is 
approximately 4 m below the meter. 

In order to detenmine the additional error arising 
from the complete emptying of a road tanker, which 
may be caused by the air drawn In at the end of the 
delivery by the formation of a vortex, the supply tank 
is filled with a volume of liquid equivalent to that of 
the proving tank. The liquid is then emptied through 
the meter into the proving tank without operating 
the shut-off valve. 

For delivery by gravity, pipework is used which 
bypasses the pump. 

Due to the existence of the automatic shut-off 
valve in the hydraulic circuit connected to the gas 
extractor, the pocket of air to be evacuated (described 
in Annexure-B, paragraph 1(3)) may be created by 
emptying the pipework between the tank and the 
gas extractor. 

Furthermore, given that a special elimination 
device should also perfonm the function of a separator 

,~for a small percentage of air introduced continuously 
it is necessary to carry out this test in a manner 
comparable to the tests described for separators In 
Annexure-B, 1(2), with air being either injected into 
the supply pipework or drawn in upstream of the 

. pump by creating an entry of air and partly closing 
the valve of the supply tank. 

2. Tests on gas elimination devices forming 
part of a measuring system during pattern 
approval 

The tests are carried out with a proving tank of 
the capacity specified in Annexure B, paragraph 1(1) 
or any appropriate standard. 

( 1) Tests on a gas separator 

This examination particularly applies to 
patterns of separators included in 
measuring systems which can be mass 
produced and transported without 
dismantling, such as petrol pump fed by 
their own supply pumps. 

The essential part of the test bench (Figure 
6) is the measuring system itself(in this 
case, the fuel dispenser). 

In accordance with conditions encountered 
in actual use, the liquid is drawn up from a 
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tank on a lower level than the meter. The 
air is drawn in by suction through a special 
Inlet eqyipped with.a control .valve. The air 
can be measured by. a gas•meter, .However, 
It is not necessaryto.use a .. gas meter ifthe 
separator is capable >~Jf •Separating and 
eliminating !the :air 'introduced in any 
proportion, as ;provided in, paragraph 
2(10)(viii). 

The,requlrements :in, p.aragraph 2(10)(i) 
and ~(10)(vlll) •should be complied with 
under test :conditions such that the 
maximum flowrate•of the measuring system 
is reached when .no air enters. 

(2) Tests on a gas extractor and a special gas 
extractor 

The measuring system comprising the gas 
elimination device must be constructed so 
that the tests can be carried out as 
described in Annexure B, Paragraph 1(3) 
or 1(4). 

3. Tests on gas elimination devices forming 
part of a measuring system during verification 

The gas elimination devices are tested without 
it being necessary to verify that the maximum 
permissible errors for the individual units are complied 
with. 

Gas separator to be tested 
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TEST BENCH FOR GAS SEPARATORS 
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PARTV 

VOLUMETRIC CONTAINER TYPE. UQUIO 
:MEASURING DEVICE 

1. General 

The volumetric container type.liquld measuring 
device consists of..a·butket, a'float ·and a:dlp stick 
suitably graduated to Indicate the volume:.of liquid 
at different heights In the bucket. The ·device is 
generally used Jor-measuring.the ·.quantity• of ,milk :at 
milk purchasing centres. 

2. Nominal Cllpacltles 

(a) The unit .of .,volume ·shall 'be the cubic 
decimetre,or. litre; ;or the cubic centimetre 
(em) or mlllllltre. 

(b) The volumetric conta·iner type liquid 
measuring ·device may .be one of the 
followlng,capaclties .: 

5 dm3, .1D dm', .20 dm' and SO dm' 

(c) The value of the smallest graduation on 
the dipstick .shall be of the form of 1 x 10n, 
2 x 10n or 5 .x 10n where 'n' represents a 
whole number, positive or negative or is 
equal to zero. 

3. General requirements 

(a) The bucket shall be made of suitable metal 
or alloy. The metal or alloy used shall be 
thermally stable, shall resist deformation, 
shall not have an unduly high coefficient of 
cubical expansion, and shall not affect the 
liquid being measured in any way or be 
injurious to health. Some of the materials 
considered suitable are : 

(i} mild steel, 

(il} stainless steel, 

(iii) brass sheet, 

(iv) copper sheet, 

(v) aluminium alloy. 

(b) The wall thickness of the bucket shall be 
so selected that the bucket will not get 
dented In normal use or become unusable 
after a few years in service. 

(c) The bucket shall be free from surface 
defects and indentation. External and 
internal surfaces of the bucket made of mild 
steel, copper sheet and brass sheet shall 
be well tinned or tin plated. 

(d) All seams shall be filled and smoothened 
to prevent the entrapment of air or liquid .. 

(e) The bucket shall be provided with a well 
· formed and proportionate spout to facilitate 

pouring of liquid. 
(f) The bucket shall be cylindrical in form. The 

bottom of the bucket shall be slightly 
concave to prevent change of shape due 
to the weight of the liquid. The maximum 
depth of the concavity shall not be more 
than 20 mm. 

(g) The bottom of the bucket shall be reinforced 
with angle strip of thickness not less than 
5 mm. 

(h) The upper edge of the bucket shall be 
reinforced round the circumference with a 
reinforcing band having a thickness not less 
than 5 mm. 

(i) The bucket shall be provided with a suitable 
handle on the side opposite the spout. 

(j) The top of the bucket shall be provided with 
a cross band across the diameter. The band 
shall have groove of appropriate size and 
centrally located for Inserting the dip stick. 

(k) The float shall be suitably fabricated so as 
to be free from holes, pockets, dents or 
crevices. A dip stick shall be firmly welded 
on the upper centre of the float. The dip 
stick together with the float shall be so 
constructed that the device so formed 
maintains verticality In all positions. 

(I) The dip stick shall have a rectangular cross· 
section of minimum dimensions 20mm x 
10mni. The graduations shall be made by 
engraving or other means on both sides of 
the vertical surface. 

(m) The dip stick shall be graduated at suitable 
Intervals throughout the nominal capacity 
of the measure. 

(n) The. graduation lines on the dip stick shall 
be clear straight, perpendicular to the axis 
of the stick and of uniform thickness not 
exceeding 1 mm. 

( o) The dip stick shall be Identified with the 
bucket by a number of Identifications, which 
shall be clearly legible and indelible. 

4. Marking 
The following inscriptions shall be clearly and 

indelibly marked at a conspicuous place on the bucket 
or on a special plate securely attached to the 
bucket:-

(a) nominal capacity, 
. (b) manufacturer's name or trade mark, 
(c) the words "for edible liquids". 
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5.Sealing 
A suitable plate or other device shall be provided 

to receive the stamp or seal of the verification 
authority. 

PART VI 
CLINICAL THERMOMETER 

PART A 
CLINICAL THERMOMETER-SOLID STEM 

TYPE 
Scope : This part specifies the requirements 

and methods of tests for solid stem type mercury in 
glass clinical thermometers having a maximum 
Indicating device. 
1. Terminology 

For the purpose of this standard the definitions 
given in IS 2527-1979 Glossary of terms relating to 
liquid-in-glass thermometers (first Revision) as 
revised from time to time in addition to the following, 
shal~ apply. 
2. Types 

The thermometers shall be of the solid stem 
mercury-in-glass type. 
3. Temperature Scale 

· The thermometers shall be graduated in 
degrees Celsius (°C) and shall have a range from 
35° to 42°C or 35° to 43°C. 
4. Testing 

Thermometers shall be tested for total vertical 
immersion. 
5. Requirements 

(1) Patterns-There shall be two patterns of 
bulb, namely, oral and rectal as follows:

( a) Oral-for thermometers for use in 
mouth and 

(b) Rectal-for thermometers for use in 
rectum 

Note 1: Oral thermometers may also be used 
in armpit or groin. 

Note 2: Rectal thermometers may also be used 
in the mouth, anmplt or groin after proper disinfection. 
Rectal thermometers If used orally, may however give · 
slightly lower reading. 

(2) Materials 
(i) Glass tubing-The thermometers 

shall be made from glass tubing 
conforming to IS 4529-1958 
Specification for glass tubes for 
medical thermometers. 

(ii) Bull>-The thenmometer bulb shall be 
made from a type of glass which 
assures that the depression of zero, 
determined in accordance with the 
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procedure given in Appendix D, does 
not exceed 0.07°C. The glass shall 
be identified· visillle and indelible, 
either by the glass manufacturer or 
by the manufacturer of the 
thermometer. 

(iii) The types of glass used for the 
maximum device, capillary tube, and 
bulbs shall meet the following 
requirements:-

When the glass is analyzed 
according t<i the requirements of IS 
2303 (Part !/Section 1), the quantity 
of alkali passed Into solution for lg 
of glaSS must correspond to not more 
than 263 .5g of Na,O. 

(lv) Thermometric liquid ~ The 
thermometric liquid shall be pure, dry 
mercury. 

(3) Construction 
(I) The stem shall be in alignment with 

the bulb. 
(a) The free end of the stem shall be 

finished smooth, preferably 
hemispherical in shape, as shown 
in Figure 1. 

FIGURE 1 STEM OF CLINICAL THERMOMETER 
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(ii) Maximum ·indiGating ,device 
· (constriction)-:The thermometers 
. shaW have ·a. maximum .indicating 
:Jdevlce (constriction) constructed .in 
~'the. capillary,· between .the ·mercury 
bulb and the scale in order to prevent 

. the mercury iin the .stem .from 
returning to the bulb on ·COOling. It 
shall be located in the bore between 

: the top of the bulb and the bottom 
::ofthe.scale. 

'(a) .The •maximum indicating device 
shall •pass the hardness test 
prescribed'in Appendix A when an 
•acceleration of 600 m/sec2 is 
applied .at the closed end of the 
bulb for a period of at least 2 
.minutes. 

(iii) :Locato~ Jocator may be drawn on 
the stem before the start of the scale 
to facilitate positioning the 
·the~mometer so that the mercury 
column Is in full view. The locator 

TABLE 1 

may comprise a thick ( 1 mm of 
more) dot or line or a rectangle of 
1 x 3 mm . 

(lv) Bu/1>-The bulb shall be cylindrical 
with a smooth rounded end and shall 
be in alignment with the stem, 

(a) The diameter of bulb and the joint 
of bulb with stem shall nowhere 
exceed that of the stem. The joint 
shall be smooth and regular. 

(b) The bulb shall be hemispherical 
at the tip. 

(v) The bulb, capillary tube and mercury 
shall be sufficiently free from 
entrapped gas, debris and foreign 
bodies in order to ensure the correct 
functioning of the thermometer. 

( 4) Dimensions 

The dimensional and scale requirements for 
solid stem type clinical thermometers, shall 
be as given in Table 1. 

DIMENSIONAL AND SCALE REQUIREMENTS FOR SOLID STEM CLINICAL THERMOMETERS 

Sf. No. Characteristic Requirements 

(1) (2} 

(i) Scale range, oc 
(ii) Smallest scale division, °C 

(iii) Over all length, mm 

(iv) Scale length, mm 

(v) External diameter of stem, mm 

(vi) Bulb length, mm 

(a) Oral thermometer 

(b) Rectal thermometer 

(vii) External diameter of bulb, mm 

(a) Ora I thermometer 

(b) Rectal thermometer 

(viii) Distance from top of the 
constriction to the 35.5°C mark, 
mm, Min. 

(ix) Distance from the 
highest graduation line 
to top of stem, mm, Min 

(x) Scale spacing, mn'l Min 

Note: See Figure 3 in IS 8757 : 1977 

(3} 

35.0 to 42.0 or 35.0 to 43.0 

0.1 

100 to 115 
40 to 65 

4 to 6 

12 to 18 

Not more than 9 

2.0 to 3.5 

3.0 to 6.0 (But not exceeding that of stem) 

10 

8 

0.5 
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(5) Graduation and Numbering 
(i) The thermometer scale shall be sub

divided in 0.1 oc as shown In Figure 
55Q. 

(ii) The graduation lines shall be equally 
spaced and at right angles to the axis 
of the thermometer. 

(iii) All graduation lines shall be of eq'ual 
and uniform thickness of not more 
than 1/4 of the length of the smallest 
scale division or 0.15 mm whichever 
Is less. 

(iv) The pattern of graduation and 
numbering shall be as follows:

(a) Every tenth graduation line 
shall be a long line (about 2 
mm) which shall be numbered. 

(b) There shall be a medium line 
(about 1.5 mm) midway 
between two consecutive long 
lines, and 

(c) There shall be four short lines 
(about 1 mm) equally spaced 
between consecutive medium 
and long lines. 

(v) When the thermometer Is held in a 
vertical position and viewed from the 
front, the left-hand ends of the 
graduation lines shall lie on an 
imaginary vertical lif1e (see Figure 
55Q). 

(vi) The numbers shall be pla~ed to the 
right of the axis in such a way that 
extension of the line to which they 
refer, would bisect them. The figures 
shall be placed parallel to the axis of 
the thermometer. 

(vii) A distinguishing mark (say, an arrow) 
shall be marked at 37.0°C mark to 
indicate the normal temperature. 

(viii) All graduation lines and numbering 
shall be clearly and permanently 
marked or etched on the stem and 
filled with a pigment. The marking 
shall pass the test for permanency 
given in Annex B. 

Note : The pigment may be black, red, green 
or blue as agreed to between the purchaser and the 
supplier. 

6. Performance requirements 
( 1) Appearance 

When heated to 42°C or so the mercury 
column shall look like a strip of uniform 
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width with clarity and brightness 
throughout. 

· Note : This test takes care of all visual 
defects, for example, twist in the glass, 
aberrations, cloudiness, devitrification, etc. 

(2) Ageing and Accuracy 

(i) The clinical thermometers shall meet all the 
requirements after ageing by natural or 
artificial means. 

Natural Ageing involves holding the 
thermometers at room temperature for four 
months after completion of the 
construction. Artificial ageing method 
involves heat treatment of the bulb and 

. constriction of the unfilled thermometer at 
a temperature and duration to be specified 
by the manufacture of the glass tubing. 

(II) Clinical thermometers shall after ageing 
ensure that their accuracy as measured by 
the method prescribed In Appendix C shall 
be ± 0.1 °C for at least one year after the 
first official verification. 

(3) lnffuence of Immersion Time 

If a thermometer at temperature t, ( 15°C t
1 

< 
30°C) is suddenly immersed in a well-stirred water 

· bath having a constant temperature t, (35.5°C < t, 
< 42°C) and is withdrawn after 20 seconds the 
thermometer reading, after cooling to ambient 
temperature ( 15°C to 30°C) 

(I) shall comply with maximum permissible 
error requirement, and 

(II) shall not deviate from its stabilized reading 
for temperature t, °C by more than 0.005 
(t2 - t 1)

0 C. 

This stabilized reading is the thermometer 
reading obtained when the thermometer has been 
cooled to ambient temperature, after reaching 
complete thermal equilibrium with the water bath at 
a temperature t2°C. This reading shall also meet the 
maximum permissible error requirements stipulated 
in paragraph 6(2)(ii). 

Note : A free choJce of test method Is 
permitted, provided the Jaw of the variation of the 
indication of the thermometer as a function of 
immersion time is known. 

7. Marking and Packing 

(1) Marking 

Each clinical thermometer shall be legibly and 
indellbly marked on its stem with the following:-

L __ ---.------~---------! 



578 THErGAZElTE OF .INDIA :.EXTRAORDINARY [PART 11-SEc. 3(i)] 

(a) TheJetter °C near the top of the. scales; 

(b) The word.Oral or Rectal,.as the case may 
be; ... 

(c) The manufacturer's name or his recqgnized 
trade~mark;•Jf any; 

(d) A code number~to·trace the ·batch of 
manufacture; 

(e) A recognlzedmarkoftheverifying.authority 
showing. the year:of initial .verification; 

(f) An Indication Jdentifyingthe glass.used for 
the bul~;lf the glass is not already Identified 
by its maker;:antl 

(g) The StandartfMark of.the:Bureau oflndian 
Standards. 

(2) Packing 

Clinical thermometers shall be .securely packed, 
individually and: collectively, in any manner acceptable 
to the purchaser so•astominimizethe risk of damage 
in handling, transport and .storage. 

APPENDIX A 
TEST FOR HARDNESS OF MAXIMUM INDICATING 

DEVICE 

1. Apparatus 

(1) Centrifuge-A centrifuge with radial arms 
15 em each. Each arm shall be provided with a pocket 
for keeping one or more clinical thermometers. Speed 
of the centrifuge shall be either fixed or adjustable 
to 600ppm. 

2. Procedure 

(1) Place the thermometers for sometime in 
water at a temperature anywhere between 42°C -
43°C. Then put them In the pockets of all the 
centrifuge, bulb facing outwards, that Is away from 
the axis of the centrifuge while in rotation. 

Let the centrifuge work steadily at Its correct 
speed for at least 2 minutes. Then stop it. 

Take the thermometers out of the pockets and 
observe the mercury column. 

Thermometers shall be taken as having satisfied 
the requirement of this test, if the mercury rests 
below or at 35°C mark. 

Important-It Is necessary that the room 
temperature does not exceed 34.5°C during the test. 

APPENOIXB 
TEST FOR PERMANENCY OF MARKING 

1. Procedure 

(1) Place the thermometers in a 5 per cent (m/ 
v) solution of phenol In water maintained at 37 ± 
0.5°C for a period of 20 minutes. · 

· (2) Wipe the thermometers dry with a piece of 
·soft cloth and examine. 

(3) The thermometers shall be considered to 
'have passed the test if, after this treatment, the 
marking does not peel off anywhere. · 

APPEND/XC 

TEST FOR ACCURACY 

1. Apparatus 

( 1) Comparator Bath-Either screw type or 
bubbler type, as prescribed In IS 6274-1971 Method 
of calibrating liquid-in-glass thermometers, filled with 
water. · 

(2) Reference Thermometers-Calibrated 
reference thermometers (see schedule mark ISTI of 
IS 4825 : 1968) 

2. Procedure 

(1) After preliminary check of the clinical 
thermometers, carry out the accuracy test In 
accordance with 6.2 of IS 6274-1971 at 37.0 ± 
0.5°C, 39.0 ± 0.5°C and 41.0°C ± 0.5°C respectively. 

(2) The thermometers shall be considered to 
have passed this test if the accuracy so determined 
lies within limits prescribed In paragraph 6(2)(ii). 

APPENOIXD 

DmRMINATION OF THE MEAN DEPRESSION OF 
ZERO OF THERMOMETERS 

1. It Is not possible to determine the depression 
of zero of cllnicq~l thermometers (mercury-in-glass, 
with the maximum indicating device) covered by this 
specification. Therefore, special test thermometers 
(paragraph 2) shall be manufactured from the glass 
being examined in order to conduct the necessary 
measurements. 

2. The test thermometers must meet the 
following requirements-

(!) Scale Range 
At least from - 3.0°C to + 3.0°C. 

(2) Scale Interval 
0.02°C, o.osoc or 0.1 oc 

(3) The scale spacing must be at least 1.0 mm. 

(4) The expansion chamber must be large 
enough to allow the thermometers to be 
heated to 400°C without damage. 

(5) The thermometers must be properly 
stabilized by the manufacturer and must 
meet the requirements of the stabilization 
test (see paragraph 3). 
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3. The proper stabilization of each test 
thermometer must be tested in accordance with the 
following provisions:-

( 1) The thermometer is heated In a test bath 
(liquid bath or metal block type oven) from 
ambient temperature up to 350°C ± 10•c 
and keep at this temperature for at least 
five minutes. It is then cooled to so•c in 
the test bath, which decreases in 
temperature by 10 to 15°C/h. 

(2) When the thermometer has reached a 
temperature of so•c, it is removed from 
the test bath and its o•c correction value 
(K,) is determined with the help of a zero 
point (0°C) Ice bath, which consists of a 
Dewar flask filled with finely crushed ice 
covered over with water. The water used 
to make the Ice and the water in which ice 
is submerged must be pure. Its electrical 
conductivity must not exceed lD-3 S.ml 
at 2o•c. The Ice must be carefully tamped 
so that there are no air bubbles In the ice
water mixture. It must be compacted as 
much as possible both prior to 
measurement and periodically during 
measurement. 

It is recommended that a water purifier, a 
refrigerator with ice trays and an ice crusher 
be employed for preparing the ice-water 
mixture. 

(3) The thermometer is then heated a second 
time to 350°C ± 10•c in the test bath and 
kept at this temperature for 24 hours. It is 
then cooled to so•c, as before {paragraph 
3(1)}. 

(4) When the thermometer has reached a 
temperature of so•c, it is removed from · 
the test bath and its o•c correction value 
(K2) Is determined once more. 

(5) K, must not differ from K1 by more than 
0. 15°C. Thermometers which do not meet , 
this requirement must not be used to 
determine the depression of zero. 

4. The mean depression of zero is determined 
in accordance with the following provisions:-

(!) At least three test thermometers must be 
used. They must be manufactured from the 
glass being tested, must have met the 
requirements of the stabilization test 
(paragraph 3), and not have been heated 
above the ambient temperature once value 
K, has been determined. [paragraph 3( 4)]. 
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(2) Each of these thermometers must be tested 
at least three times io accordance with the 
provisions of [paragraphs 4(2)(i), 4(2)(11) 
and 4(2)(iii) below]. 

(I) The thermometer is kept in a test 
bath at 10o•c ± 1.o•c for 30 
minutes. It is then removed from 
the bath and allowed to cool in air. 
While it is cooling to ambient 
temperature, its bulb must not come 
into contact with other objects. 

(II) The o•c correction of the 
thermometer is determined not later 

. than 15 minutes after the 
thermometer has been removed 
from the test bath. The correction 
value obtained is designated by the 
symbol K,. 

(Ill) The thermometer Is then kept for one 
week at a temperature between 
2o•c and 25°C. At the end of the 
week the o•c correction Is 
determined. This correction value Is 
designated K,. The procedures 
described In paragraphs 4(2)(1) and 
4(2)(ii) are then repeated, and a o•c 
correction value, designated K.• Is 
obtained. 

(iv) The procedures described In 
paragraph 4(2)(iii) are repeated to 
obtain a series of n differences K2 • 

K3, K,- K., K,,- K,..,. These are the 
values of the thermometer's 
depression of zero from the first, 
second and n the series of 
measurements, respectively. 

(v) When n series of measurements 
have been made with m test 
thermometers, the following 
expression is obtained for the mean 
depression of zero of these 
thermometers. 

_.I ~ ~(k<'>- k<'>)+ (k<'l- ko>)+ (k<'>- k<'l )l ~ r 2 3 4 ' 2n 2n+l 
1j mn t•l 

which must not exceed 0.07°C {paragraph 
7(2)(11)} 

In accordance with the provisions of paragraphs 
4(1) and 4(2), the conditions m 3 and n 3 must be . 
met for m and n, and the standard deviation ofthe · 
mean depression of zero determined in' accordance 
with the aforementioned provisions, must not exceed 
± o.o1•c. 

__ L ___ _ 
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(vi) \If: a ·more accurate value for ·the 
·c mean.depression of zero is reguired, 
• .. atleast.five.series:of measurements 

on .. ·at least: five: test thermometers 
. must be carried·.out. 

.::PARTS 
CLINICAL THERMOMETER-ENCLOSED 

SCALE TYPE 

Scope : This.:Part specifies the requirements 
and methods ottesnor.enclosed:scaletype Clinical 
thermometers ·having-a:maximum ·indicating device. 

1. Terminology 
(1) For the purpose of this standard the 

definitions given .ln.rs :2627'1979 Glossary of terms 
relating to liquid'fn,glass thermometers as revised 

. from time to time,; in addition to the following, shall 
apply. 

(2) Glass:tubes-Sheath tubes, capillary tubes 
and bulb tubes. 

2. Type 
The thermometers shall be of the enclosed

scale mercuryiin-glass type. 

3. Temperature.Satle 
The thermometers shall have a translucent 

paper or plastic .material strip duly graduated in 
degrees Celsius (0 C) and shall have a range from 35 
to 42°C or 35 to 43°C. 
4. Immersion 

Thermometers shall be calibrated for total 
vertical/horizontal immersion. 

5 .. Requirements 
(1) Pattern9-There shall be two patterns of 

bulb, namely, oral and rectal as follows: 
(c) Oral-for thermometers for use in mouth, 

and 
(d) Rectal-for thermometers for use in rectum. 
Note J : Oral thermometers may also be used 

in armpit or groin. 
Note 2: Rectal thermometers may also be used 

in the mouth, armpit or groin after proper disinfection 
(2) Materials 

(I) Glass tubing-The thermometers shall be 
made from glass tubing conforming to IS 
4529-1968 Specification for glass tubes for 
medical thermometers . 

· (II) Thermometric liquid-The thermometric 
liquid shall be pure, dry mercury. 

(Ill) Strip-The strip bearing the scale shall be 
of a translucent or plastic material suitable 
for the temperature to be read. 

( 3) Construction 

(I) The thermometer sheath shall be In 
alignment with the bulb and it shall be 
round or oval. 

(a) The free end of the sheath shall be 
finished smooth, preferably 
hemispherical In shape as shown In 
Figure 2 

FIGURE-2 CLINICAL THERMOMETER : ENCLOSED SCALE lYPE 

(ii) Maximum Indicating device (constriction)
The thermometers shall have a maximum 
indicating devices (constriction) constructed 

.. '•.• , in the caplllary, between the mercury bulb 
. : :••::: and the scale in o;der to prevent the 

k · mercury In the stem from returning to the 
-,. bulb on cooling. ·· 

(a) The maximum indicting device shall 
pass the hardness test prescribed in 
Appendix A when an acceleration of 

600 mtsec' Is applied at the closed 
end of the bulb for a period of at 
least 2 minutes. 

(Ill) Bulb-The bulb of the oral thermometers 
shall be cylindrical with a smooth rounded 
end and shall be in alignment with the 
sheath. The bulb of the rectal 
thermometers shall be pear-shaped. 

(a) The diameter of bulb and the joint 
of bulb with sheath shall no where 
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exceed that of the sheath. The joint 
shall be smooth and regular. 

(b) The bulb shall be hemispherical at 
the tip. 

(iv) Strip bearing the scale-It shall be placed 
tightly against the capillary tube Inside the 
sheath and shall be firmly and securely 
fastened at the top of the thermometer in 
such a way that it can freely expand in 
length. The fixing shall not obscure the 
scale. 
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Note : A suitable method of fixing is by 
fusing a glass tube ·or rod to the sheath 
and to the upper end of the strip bearing 
the scale. 

(v) Capilfary tube-The capillary tube shall be 
smooth and uniform. 

(4) Dimensions-The dimensional and scale 
requirements for clinical thermometers, enclosed 
scale shall be as given in Table 2. 

TABLE 2 

DIMENSIONAL AND SCALE REQUIREMENTS FOR CUNICAL TilERMOMETERS, ENCLOSED SCALE 

51. No. Characteristic 

(1) (2) 

(i) Scale range, °C 

(ii) Smallest scale division, oc 
(iii) Over all length, mm, Max 

(iv) Scale length, mm 

(v) External diameter of sheath, mm 
(round or oval), max 

(vi) External diameter of capillary, mm 

(vii) External diameter of the bulb, mm 

(viii) Bulb length, mm, max 

(ix) Thickness of strip, mm 

(x) Distance above the constriction 
upto the 35°C mark, mm, Min 

(xi) Distance from the highest 
graduation line to top of sheath, 
mm, Min 

(5) Graduation and Figuring 

(i) The thermometer scale shall be sub-divided 
in 0.1 °C as shown in Figure 55R. 

(ii) The graduation lines shall be of black 
pigment, marked permanently on the strip. 
They shall be equally spaced and at right 
angles to the axis of the thermometer. 

(iii) All graduation lines shall be of equal and 
uniform thickness of not more than 0.2 mm. 

(d) Every tenth graduation line shall be 
a long line (about 2 mm) which shall 
be figured. 

(e) There shall be a medium line (about 
1.5 mm) midway between two 
consecutive long lines, and 

Requirements 

(3) 

35 to 42 or 
35 to 43 

0.1 

120 

45 to 65 

12 

2± 0.2 

4 ± 0.5 

21 

0.6 ± 0.1 

10 

8 

(f) There shall be four short lines (about 
1 mm) equally spaced between 
consecutive medium and long lines. 

(iv) When the thermometer Is held in a vertical 
position and viewed from the front, the left
hand ends of the graduation lines shall lie 
on an Imaginary vertical line (see Figure 
55R). 

(v) The figures shall be placed to the right of 
the axis in such a way that extension of 
the line to which they refer, would bisect 
them. The figures shall be placed parallel 
to the axis of the thermometer. · 

(vi) A distinguishing mark (say, an arrow) shall 
be marked at 37.0°C mark to indicate the 
normal temperature. 

-·- _ _L ____ -- -~----'----~ 
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(vii) All graduation lines and'figures shall be 
clearly ,visible. 

6. Performance requirements 

(1) Appearance-'-:When: heated•to 42°C or so 
the mercury column,shalllook like acstrip·ofuniform 
width with clarity arid brjghtness·throughout. 

Note: This testtakes care of all ,visual defects, 
for example,: twist:in .the ,glass, aberrations, . 
cloudiness, devitrification,etc. 

(2) Agei!Jg and Accuracy-Clinical 
thermometers;shall be ,adequately aged to ensure 
that their accuracy.:as :measured :by the method 
prescribed in Appendlx:B.shall'be± 0.1 •c for at least 
one year after the. firstcofficialverification, 

(3) Time of1Response-'--The time of response 
of clinical thermometers, as checked by the method 
prescribed iniApp.endix C shall .not exceed 8.0 
seconds. 

When the·temperature is rising very slowly at 
a uniform rate, ,the~umping of the meniscus of the 
thermometric llquld,does.mot exceed one-half of the 
smallest scale division, 

7. Marking and:Packlng 

(1) Marking-Each clinical thermometer shall 
be legibly and indelibly marked on its stem with the 
following:- , 

(a) The letter •c near the top of the scales; 

(b) The word Oral or rectal as the case may 
be; 

(c) The manufacturer's name or his recognized 
trade-mark, If any; 

(d) A code number to trace the batch of 
manufacture; and 

(e) A recognized mark of the verifying authority 
showing the year of initial verification; 

(f) The Standard Mark of the Bureau of Indian 
Standards, · 

(2) Packin~llnlcal thermometers shall be 
securely packed, Individually and collectively, in any 
manner acceptable to the purchaser so as to minimize 
the risk of damage In handling, transport and storage. 

APPENDIX A 

TEST FOR HARDNESS OF MAXIMUM 
INDICATING DEVICE 

1. Apparatus 

(1) Centrifuge-A centrifuge with radial arms 
15 em each. Each arm shall be provided with a pocket 
for keeping one or more clinical thermometers. Speed 

of the centrifuge shaiJ be either fixed or adjustable 
to 600 rpm. 

2. Procedure 

(1) Place the thermometers for some time in 
water at a temperature anywhere between 42 and 
43•c. 

(2) Then put them In the pockets of all the 
centrifuge, bulb facing outwards, that is away from 
the axis of the centrifuge while In rotation. 

(3) Let the centrifuge work steadily at its correct 
speed for at least 2 minutes. Then stop it. 

( 4) Take the thermometers out of the pockets 
and observe the mercury column. 

(5) Thermometers shall be taken as having 
satisfied the requirement of this test, if the mercury 
rests below or at 35°C mark. 

Important-It is necessary that the room 
temperature does not exceed 34.5°C during the test. 

APPENOIXB 

TEST FOR ACCURACY 
1. Apparatus 

( 1) Comparator Bath-Either screw type or 
bubbler type, as prescribed In IS 6274-1971 Method 
of calibrating liquid-in-glass thermometers, filled with 
water. 

(2) Reference Thermometers-Calibrated 
reference thermometers [see Schedule Mark 8 and 
9 of the IS 4825-1982 specification of liquid-in-glass 
solid-stem reference thermometers (first revision)]. 

2. Procedure ' 

(1) After preliminary check of the clinical 
thermometers, carry out the accuracy test In 
accordance with 6.2 ofiS 6274-1971 at 37.6 ± o.s•c, 
39.0 ± o.s•c and 41 ± o.s•c respectively. 

(2) The thermometers shall be considered to 
have passed this test if the accuracy so determined 
lies within limits prescribed in paragraph 6(2). 

APPEND/XC 

TEST OF TIME OF RESPONSE 

1. Apparatus 

Same as in paragraphs 1(1) and 1(2) of 
Appendix B provided that some automatic 
arrangement is made to switch off stirring at the 
instant the bulb of thermometers under test touch 
the water surface and to switch it again immediately 
after the thermometers are taken out of the water. 

2. Procedure 

(1) Set the comparator bath at a temperature 
of 41 ± o.s•c. Note the temperature on the reference 
thermometer. 



['WI ll-"!!N 3(i)] 

(2) Shake down the clinical thermometers under 
test to maximum extent. 

Note: Centrifuge mentioned under para 1(1) 
of Annexure A may be used for this purpose, if 
required. 

(3) Plunge the clinical thermometers Into the 
bath upto 35°C mark. Take out suddenly after 7.5 to 
8.0 seconds wipe and dry. Take their readings. 

( 4) Thermometers shall be considered to have 
passed this test, If they indicate temperature within 
± 0.1 °C of the comparator bath temperature noted 
in paragraph 2( 1) of this Appendix. 

Important-It Is necessary that the room 
temperature does not exceed 34.5°C during the test. · 

PARTC 
CLINICAL ELECTRICAL THERMOMETERS 

WITH MAXIMUM DEVICE 

1. Scope 

(1) This Part specifies the metrological and 
technical requirements for clinical electrical 
thermometers with a maximum device. Such 
instruments are designed to measure human or 
animal body temperature. They indicate a maximum 
temperature measured after a steady state is reached 
or predicted after a time specific to the design of the 
instrument. Until the maximum temperature is 
indicated, the actual temperature may be indicated 
by the thermometer. 

(2) The measuring range of clinical 
thermometer shall be either of 35°C to 42°C or 35°C 
to 43°C. Two accuracy classes, class I and class II, 
are covered by this specification. 

(3) This specification applies to battery-powered 
instruments which provide a digital Indication of 
temperature. 

( 4) Clinical electrical thermometers designed 
to measure skin temperature are not covered by this 
specification. 

(5) This specification does not exclude the use 
of any contract device based on other measurement 
principles that meets equivalent performance 
standards in determining maximum body 
temperature at specified time intervals. 

2. Terminology 

(1) A clinical electrical thermometer, as covered 
by this specification is a contact thermometer 
comprising a temperature probe and an indicating 
unit, and that Is designed to measure human or 
animal body temperature. 

(2) A temperature probe is the component of a 
thermometer of which part is applied to a body cavity 
or tissue with which It establishes thermal equilibrium. 
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It comprises a temperature sensor with associated 
parts includ;ng coverage, seals, Inner leads, and 
connecting plug, where appropriate. 

Notes: 1. A body or tissue may be the mouth 
(sublingual), rectum, or armpit. 

2. The part of the probe In contact With a body 
cavity or tissue is called the 'applied part'. 

3. An Indicating unit is the component of a 
thermometer that process the output signal of the 
temperature sensor and displays the measured 
temperature. 

4. A maximum device is the component of a 
thermometer that monitors over a specified time the 
temperature measured by a probe in contact with a 
body cavity or tissue, at which it indicates the 
maximum temperature and maintains the indication 
until reset by the user. 

5. Predicting clinical electrical thermometer 
calculates the maximum temperature of a probe In 
contact with a body cavity or tissue, without waiting 
for thermal equilibrium to occur, by using heat transfer 
data and a mathematical algorithm. 

3. Description of the instrument 

(1) A complete thermometer consists of a 
temperature probe connected to any indicating unit. 

The Instrument may be of the following type:..:. 

-Indicating unit that is compatible with 
the characteristic response of a probe. 

4. Metrological requirements 

( 1) Unit of measurement-measuring range-5Ci11e 
interval · 

(a) The unit of temperature shall be the degree 
Celsius oc. 

(b) The measurement range shall be a 
minimum of 35°C to 43°C or 35°C to 42°C. 
Greater measuring ranges may be sub· 
divided into partial ranges; however, the 
range 35°C to 42°C shall be continuous. 

(c) The scale interval or digital increment shall 
not exceed-

• 0.01 oc for class I thermometers, 

• 0.1 oc for class II thermometers. 

(2) Maximum permissible errors 

(a) The maximum permissible error under 
reference conditions for the temperature 
range 32.0°C to 42.0°C for the two accuracy 
classes covered shall be as follows:-

·--- --·- -------- _j ____ _ 
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Maximum·permissible errors'(range:32:ooc 
to 42:0oC) 

Accuracy Complete .·Indicating ;Temperature 
dass thermometer unit ·probe 

Class I ± O.!S'C ±.O.OS'C .±·O;l'C 

Class II + o.2ec + 0:1 'C + O.l'C 

(b) Outside.the -temperature range '32°C to 
42°C,.the maximum .errors.shall be at twice 
the values,speclfied ;in :paragrapl:t 4(2)(a) .. 

( 3) Reference conditions 

The reference.condltio~sJor the requirements 
of paragraph 4~}:shall be: 

ambiennemperature of 27°C ± 5°C 

relative'humldlty to 50%± 20% 

the instrument operating within the 
specified range of battery voltage (specified 
power:sup,ply conditions). 

(4) Time~ponse 

The thermometer shall be submitted by 
, the manufacturer to a testing laboratory 
to determine Its time response. The test 
shall .be based on any analysis of a 
significant sample of human subjects. 

The difference between the displayed 
calculated temperature and the 
corresponding measured temperature at 
thermal equilibrium of calculating 
(predicting) thermometer shall not exceed 
0.2°C. 

5. Technical requirements 

(1) Temperature probe 

(i) For an Interchangeable probe of the 
resistance type, the manufacturer shall 
specify the maximum power that may be 
supplied to the probe by an Indicating unit; 
this power shall not cause energy 
dissipation (I'R) giving rise to any Increase 
in temperature by more than 0.02°C when 
immersed In a reference water bath 
maintained at a temperature range of 
36.9°C to 37.1°C. 

Note :(1) For a description of the reference 
water bath, see Annexure A. 

(2) A test of this requirement Is only 
applicable to inter-changeable probes 
submitted for pattern approval without a 
specific Indicating unit. When a probe is 
submitted with an associated Indicating 
unit, the requirement in 5(2)(7) applies. 

(il) The thermal stability of the probe, after 
exposure for 100 hours at 80°C ± 2°C or 
300 hours at 55°C ± 2°C, shall be such 
that the requirement for maximum 
permissible errors specified in paragraph 
4(2) Is met. 

(Ill) The electrical insulation of the probe shall 
be sufficient to prevent a change In 
Indicated temperatures greater than 
± 0.02°C when the probe is immersed In 
an electrically conducting liquid having an 
Insulation resistance of 80 MW at 20°C. This 
Insulation includes that between the Inner 
lead wires, that between the wires and the 
surface of the probe, and that encasing and 
protecting connections and transitions. 

(lv) The locations of the sensors in the probe 
shall be such that, when the probe Is 
Immersed to depths greater than 50 mm 
from its tip in a reference water bath at a 
temperature does not vary by more than 
0.05°C from that Indicated at a depth of 
50 mm. 

(v) The probe shall be strong enough to 
withstand mechanical stresses expected 
under normal conditions of the use. 

(vi) If the probe is inter-changeable, it shall be 
fitted with either a plug-in or quick dis
connectable electrical connector. The 
contact resistance of the connector or the 
Insulation resistance between the circuits 
of the' connector or to ground shall not 
cause a variation In the indicated 
temperature greater than 0.02°C. 

Note : The connectors may not be required to be 
water resistant. 

(vii) The probe shall meet the requirements for 
maximum permissible errors specified In 
paragraph 4(2) when the applied part has 
been subjected to the cleaning In and 
disinfecting procedure specified by the 
manufacturer. 

Notes: ( 1) For small compact thermometers this 
applies to the complete instrument. 

(2) The materials of the probe that come 
into contact with the body should be 
selected for compatibility with body tissue. 

(viii) The output signal of the probe shall not 
vary by more than ± 0.05°C when the 
temperature of the cable connecting It to 
an Indicating unit varies by 20°C. 
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(2) Indicating unit 

(i) When connected to a resistance-type 
temperature probe, the indicating unit shall 
provide an energizing potential sufficiently 
low so that energy dissipation ( 1' R) In the 
probe shall not cause an increase in 
indicated temperature of over 0.01 •c when 
the probe Is immersed in a reference water 
bath at a temperature within the specified 
measuring range. 

(ii) The indicating unit shall not Indicate a 
temperature when connected to a battery 
charger. 

(iii) The digital display of temperature shall be 
at least 4 mm In height or it shall be optically 
magnified so as to appear at least 4 mm in 
height. 

(iv) The Indicating unit shall provide a clear 
indicating or warning signal when the 
measured temperature is outside the 
specified measuring range. 

(v) The Indicating unit shall Include a self
checking device that meets the 
requirements of the paragraph 4(2). This 
device, which may be manual or automatic, 
shall input a predetermined electrical signal. 
Failure shall be clearly indicated. 

Note : This device checks only the operation of 
the indicating unit and does not ensure that 
a temperature measurement Is correct. It 
provides a means of detecting a faulty 
operation caused by a defective component 
or other disturbance. 

(vi) In the case of a predicting thermometer, 
the Indicating unit shall provide a means 
of displaying the measured temperature 
after reaching the thermal equilibrium. 

(3) Complete thermometer 

Note : The reference thermometer Is that 
indicated (either before the test, or before and after 
the test, as appropriate) by the thermometer probe 
immersed in the reference water bath according to 
the paragraph 1 of Annexure A, the temperature 
being held constant within the working range of the 
thermometer. 

(i) The thermometer shall provide a clear 
indication or warning signals when the 
battery voltage Is outside the specified limits 
and It shall meet the requirement specified 
in paragraph 4(2) when the voltage Is within 
these limits. 

u7 (f' r;rj!l- 14 7 
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(ii) The indicated temperature shall not vary 
by more than ± 0.1 •c from the reference 
temperature when the temperature of the 
thermometer casing varies from 1o•c to 
4o•c. 

(Iii) The indicated temperature shall not vary 
more than ± 0.1 •c from the reference 
temperature after a thermal shock resulting 
from an abrupt change In temperature from 
-5•c to+5o•c. 

(lv) The indicated temperature shall not vary 
by more than ± 0.1 •c from the reference 

·temperature after storage for 24 hours at· 
20•c ± 2•c and at Go•c ± 2•c. 

(v) The indicated temperature shall not vary 
by more than ± 0.1 •c from the reference 
temperature after storage at a relative 

· humidity of 91% to 95% at a temperature 
constant within± zoe In the range 20°C to 
32•c. 

(vi) The indicated temperature shall not vary 
by more than ± 0.3°C from the reference 
temperature during exposure to 
electromagnetic field having a frequency 
between 150 kHz and 500 MHz and a field 
strength of 10V/m. 

(vii) The indicated temperature shall not vary 
· by more than ± 0.1 •c from the reference 

temperature after fall on to a hard surface 
from a height of lm from three different 
orientations. 

(viii) Small and compact complete thermometers 
shall be water resistant. 

6. Practical Instructions 

(1) Manufacturers shall provide an operating 
manual, or Instructions, including the following 
informatlon:-

description of appropriate uses and means 
of applications, 

Identification of the specified temperature 
measuring range of the complete 
thermometer taking into account, If 
applicable, the specified measuring ranges 
of both the interchangeable probes and the 
Indicating unit, 

Instructions and precautions for cleaning 
and disinfecting the complete thermometer 
or the inter-changeable probes, 

Identification of components and suitable 
Inter-changeable parts such as probes and 
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batteri~s-'dncluding nominal voltage,; if 
applicable, 

• minimum time. for .. achievlf!g :.thermal 
equilibrium, 

• description of transition from the·predicted 
temperaturecmeasuring •mode Into •the 
actual ,temperature,measuring mode, 

instruction for the selkhecklng device, 

• information on the:correct •environmental 
conditions .of use, :storage, and .transport 
of thee thermometer. 

(2) Specific' information should be proVided by 
the manufacturer, on request, regarding possible sub
standard performance 'if used under the following 
conditions:-

outsld.e 'the •presoribed environmental 
temperature .and humidity rcmge, 

after an accidental mechanical shock. 

7. Metrological controls 

(1) Pattem.evaluation 
(i) Manufacturers shall provide the following 

information:-

location of sen5or from tip of probe, 

description and principles of 
measurements of complete 
thermometer, 

description of electrical principles and 
of any necessary equlpments 
provided, 

description of test for self-checking 
device, 

specified working range for battery, 

nominal and specified temperature 
measuring ranges, 

nominal values of calibrations data 
for type of temperature probe, as 
applicable, 

precautions for cleaning and 
disinfecting complete thermometer 
or temperature probes, as 
appropriate, including test results as 
specified in paragraph 3 of Annexure 
B, 
Indicating on instrument if a 
displayed value is calculated, 

test results, 

results of clinical test of time 
responses [paragraph 4(4) and 
Annex D], 

operating manual and/or instructions 
(see clause 6). 

(ii) Thermometers shall be subjected to the 
following tests:-

Note : Requirements for the reference water bath 
and the test for maximum permissible 
errors are provided In Annexure A. The 
performance requirements for the 
Instrument and Its major components are 
provided in paragraphs 4 and 5. Where 

Probe 

· appropriate, an additional description of 
required tests is provided In Annexure B. 

maximum permissible errors [4(2) 
and paragraph 2(2)(i) of Annexure 
A] 
long-term thermal stability [5(1)(11)] 

electrical insulation and water 
resistance [5(1)(1i1) and paragraph 
2 of Annexure B]. 

location of sensor [5(1)(iv)] 

mechanical strength [5(1)(v)] 

electrical contact resistance of 
connector [5(1)(vi)] 

cleaning and disinfecting [5( 1 )(vii) 
and paragraph 3 of Annexure B] 

stability with changes in temperature 
of cables [S(l)(vill] 

Indicating unit 

maximum permissible errors [4(2) 
and Annexure A] 

power provided to probe [5(2)(1) and 
paragraph 1 of Annexure B] 

indication when connected to battery 
charger [5(2)(ii)] 

indication If the thermometer 'IS 
outside the specified measuring 
range [5(2)(1v)] 

self-checking device [5(2)(v)] 

display of predicting thermometer 
[5(2)(vi)] 

Complete thermometer 

maximum permissible errors [4(2) 
and Annexure A] 

low battery Indication [5(3)(1) and 
paragraph 4 of Annexure B] 

ambient temperature [5(3)(ii) and 
paragraph 6 of Annexure B] 
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thermal shock [5(3)(iil) and. 
paragraph 6 of Annexure B] 

storage temperatures [5(3)(1v)] 

humidity [5(3)(v) and paragraph 7 
of Annexure B] 

electromagnetic radiation inter
ference [5(3)(vi) and paragraph 8 of 
Annexure B] 

mechanical shock. [5(3)(vli) and 
. paragraph 9 of Annexure B] 

water resistance of small compact 
thermometers [5(3)(vlll) and 
Annexure C] 

Instructions and precautions for 
cleaning and disinfecting the 
complete thermometer or the inter
changeable probes, 

Identification of components and 
suitable inter-changeable parts such 
as probes and batteries, Including 
nominal voltage, if applicable, 

minimum time for achieving thermal 
equilibrium by an indicating energy 
dissipation requirements [S(l)(a) 
and paragraph 1 of Annexure B] 

(iii) A report of the results of tests required in 
paragraphs 7(1)(ii) and 7(1)(111) shall be 
prepared. 

(2) Marks and labels 

(i) Manufacturers shall provide a space for 
marks and labels. · 

(ii) Manufacturers shall affix on the thermo
meter or Indicating unit, if separate, the 
following marks or labels:-

name and address of manufacturer 
or supplier, and/or trademark, 

model or type designation, and serial 
or lot number, 

temperature values or Indications 
given by the self-checking device, 

indication of the orientation or 
position in sue, where appropriate, 

indication if a displayed value is 
calculated. 

(iii) Inter-changeable temperature probes shall 
bear the following marks or labels::-

name and address of manufacture 
and/or trademark, 

type designation, 

..... . ~-· •'''·""·· "" ' -·~ .. ~--
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serial or lot number, or relevant 
manufacturing production data. 

(iv) A single-use temperature probe shall be 
sealed In a package on which the 
information specified In paragraph 7(2)(iii) 
and the measuring range shall be indicated. 
In addition, suffident space on the package 
shall be provided for the application of 
official approval mark.s. It shall be clear If 
the package has been opened and the 
Instructions shall stipulate that the user only 
opens the package Immediately before use. 

(v) The testing l.aboratory shall permit the 
application in a conspicuous place, of the 
following:-

(3) Verfflcatlon 

pattern approval mark or label, on 
each complete thermometer or 
indicating unit and associated 
temperature probe(s). 

indication of. the specified 
temperature measuring range If the . 
total range of the thermometer Is 
greater. 

(I) The laboratory shall examine the 
Information provided by manufacturers as 
specified in paragraph 6. 

(II) The laboratory shall examine the 
Instrument's pattern approval certificate 
mark(s) or label(s). 

(Ill) The laboratory shall carry out any of the 
tests indicated in paragraph 7(1)(ii) that 
may be critical for the designated 
application of the Instrument. 

Note: The tests indicated In paragraph 2 of 
Annexure A may be sufficient for 
verification. 

(lv) The laboratory shall provide a verified 
Instrument with a mark. or label. 

(v) The water resistance of small and compact 
complete thermometers shall be examined 
by means of the proeedure described In 
paragraph 2 of Annexure C. 

(vi) The laboratory shall indicate the period of 
validity of the verification. 

ANNEXURE A 

ESTABLISHING REFERENCE TEMPERA1URES AND 
DmRMINING MAXIMUM PERMISSIBLE ERRORS 

(Mandatory) · 

1. Reference temperatures 

(1) A well-regulated and stirred water bath 
containing at least one litre In volume shall be used 
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to establish reference temperatures :over the 
measuring range for conducting various. performance 
tests on an instrument. The·bath shall be·.controlled 
to a temperature stability oLbetter than ± ·o.02°C 
over the specified.temperature·range:and shall not 
have a temperature_gradientgreater:than .±'0.01 oc 
within its workl!)g space·at a specified temperature. 
This temperature gradient shaiLbe assured under all 
conditions and. methods of loading temperature 
probes. 

Note : The ,water 'bath ·.desc~ibed above is 
referred to as :a ·-·~reference ·.water :bath" In this 
specification. 

(2) A referencethermometerwith an expanded 
uncertainty not,greater.than 0.03°C (calculated for 
a coverage factor k·= 3).shall .be used to determine 
the temperature. of!the .water bath. The calibration 
shall be traceable to .national measurement 
standards. 

2. Detl!rminlng .maximum permissible errors 

( 1) Complete :thermometer 

(i) The temperature probe of a complete 
thermometer shall be immersed in a 
reference water bath at a constant 
temperature until temperature equilibrium 
is established. The temperature Indicated 
by the thermometer shall be compared to 
that indicated by the reference 
thermometer. The bath temperature shall 
then be increased or decreased, the 
temperature equilibrium re-established, 
and the measurement process repeated. 
The difference between the measured and 
reference temperatures shall meet the 
requirements for maximum permissible 
errors as specified in paragraph 4(2). 

(ii) The number of measurements at different 
temperatures depends on the measuring 
range of the instrument; however, 
measurements shall be carried out for at 
least the following number of temperatures 
within the me:asuring range:-

Measuring range 

:;10°C 

Number of temperatures 

3 

;:, 10°C 5 

(2) Inter-changeable and single-use probe 

(i) An inter-changeable or single-use probe 
shall be Immersed Jn a reference water bath 
as specified In paragraph 2(1)(1) of 
Annexure A measured physical property of 
the probe shall be converted to a 

temperature value by using an appropriate 
instrument to measure a change in that 
property as a function of temperature. For 
a resistance-type probe, an appropriate 
instrument for measuring Its output signal 
may be an ohm meter that can apply power 
to the probe at a level below the limit 
specified in paragraph 5(2)(i) and the 
temperature value Is obtained from the 
manufacturer's data of resistance versus 
temperature. The expanded measurement 
uncertainty of the appropriate instrument 
shall not be greater than a value equivalent 
to 0.01°C (calculated for a coverage factor 
k = 3), referring to the manufacturer's data 
at a temperature of 37°C. The calibration 
shall be traceable to national measurement 
standards. Each temperature value 
obtained for the probe In this way shall be 
compared to that Indicated by the reference 
thermometer in the bath. The difference 
between these temperature values shall 
meet the requirements for maximum 
permissible errors as specified in paragraph 
4(2). 

(II) The number of measurements required 
shall be the same as specified in paragraph 
2(1)(ii) of Annexure A. 

(3) Indicating unit 

(I) The performance of an indicating unit shall 
be tested using a device that simulates the 
relevant physical properties of the 
appropriate probe type. The expanded 
measurement uncertainty of the simulating 
device shall not be greater than a value 
equivalent to 0.01 °C (calculated for a 
coverage factor k = 3}, referring to the 
manufacturer's data at a temperature of 
37°C. The calibration shall be traceable to 
national measurement standards. 

·, 
Note : For example, a calibrated decade resistance 

box may be used to provide a variable 
resistance to simulate a resistance-type 
probe. Values of resistance for input to 
the Indicating unit over its specified 
measuring range shall be selected from the 
manufacturer's data of resistance· versus 
temperature. Similarly, variable voltage 
sources may be used to simulate a 
thermocouple. 

(il} The difference between the temperatures 
displayed by the indicating unit and the 
corresponding simulated values of 
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temperature shall meet the requirements 
for maximum permissible errors specified 
in paragraph 4(Z). 

(iii) The number of measurements shall be the 
same as specified in paragraph Z(1)(ii) of 
Annexure A. 

ANNEXUREB 

BRIEF DESCRIPTION OF INSTRUMENT 
PERFORMANCE TESTS 

(Mandatory) 

1. Energy dissipation of a resistance-type 
Interchangeable probe 

( 1) The probe shall be placed in a reference 
water bath as specified in paragraph 1(1) of Annexure 
A at a temperature of 37°C ± 1 °C. Measurements 
shall be carried out at three or more DC currents 
with the highest power being ZmW. For each applied 
current, the voltage and current shall be measured. 

(Z) The equivalent resistance values shall be 
calculated and then converted to temperature values 
using the manufacturer's characteristic (resistance 
versus temperature) table for the probe type. A linear 
(least-squares fit) curve of temperature as a function 
of applied power shall be drawn. From this curve, 
power corresponding to the maximum energy 
dissipation that will cause a change in indicated 
temperature by 0.01 °C for reusable, interchangeable, 
or single-use probes shall be determined. This value 
is the maximum power that may be provided by an 
indicating unit for the type of probe tested and the 
manufacturer's specified value shall be equal to or 
less than the value determined. 

2. Electrical Insulation resistance of the probe 

(1) The resistance of the temperature probe 
shall be determined at one or more temperatures 
using the procedure specified in paragraphs Z(1)(i) 
or Z(Z)(ii) of Annexure A. The probe shall then be 
immersed to a length equal to that intended to be in 
contact with the body, or 50 mm, whichever is greater, 
in a physiological saline solution (9.5g of NaCI per . 
litre of distilled water). 

(Z) After at least one minute, the resistance 
between the electrical connections of the probe taken 
together and an electrode immersed in the 
physiological saline solution shall be measured using 
an instrument that applies a voltage of 10 V ± 1 V 
between the probe connections and the electrode. 
The resistance measured shall be greater than the 
shunt resistance that would correspond to a change 
in indicated temperature of o.ozoc. 

(3) The probe shall be left in the physiological 
saline solution for 24 hours, after which its resistance 
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shall be re-measured as specified in paragraph Z(1) 
of Annexure B. The difference in indicated 
temperature between measurements shall not be 
greater than O.OZ°C. 

3. Cleaning and disinfecting the probe 

(1) The applied part of the temperature probe 
or of the complete compact thermometer shall be 
cleaned and disinfected twenty times according to 
the manufacturer's instructions. 

(2) After cleaning and disinfecting as specified 
in paragraph 3(1) of Annexure B, the requirements 
of paragraph 4(Z) shall be met. 

4. Low battery indication 

Note: Paragraphs 4 to 9 of Annexure Bit is to 
be understood that the temperature indication of a 
complete thermometer shall be generated within the 
measuring range by inserting the probe in a reference 
water bath or in another bath with similar qualities. 
The temperature indication of an indicating unit 
designed for use with interchangeable probes shall 
be generated by replacing the probe by an auxiliary 
device, such as an appropriate precision resistor 
simulating the temperature of a resistance probe. 
The reference temperature indication is that obtained 
under the reference conditions described in paragraph 

. 4(3). 

( 1) The battery shall be replaced by a variable 
DC voltage source. 

(2) The voltage of the source shall be reduced 
unit a low battery indication or warning signal is 
activated at the level specified by the manufacturer. 
The test shall be carried out at three different 
temperatures; 37°C ± 1 oc, and the lower and upper 
limits of the measuring range. 

5. Ambient temperature 

( 1) The oomplete thermometer or indicating unit 
shall be placed in a test chamber, and the 
temperature of the chamber varied from 10°C to 40°C 
with each temperature setting oonstant within± zoe. 
Sufficient time shall be allowed at each temperature 
setting to permit the complete thermometer or 
indicating unit to reach thermal equilibrium with the 
chamber. 

(2) At each temperature tested, the 
requirements specified in paragraph 4(Z) shall be 
met. 

6. Thermal shock 

(1) The indicating unit shall be placed in a test 
chamber at - soc± zoe. . . 

(2) After thermal equilibrium has been. 
established, the complete thermometer or Indicating 

-------- -~ - - .. 
-- _L ____ _ 



590 THE .GkZETTE OF INDIA: EXTRAORDINARY [PART II-SEC. J(i)] 

unit shall be placed in a test chamber atsooe_± zoe 
until thermal equilibrium has been-established and 
all traces of condensed moistureihave.evaporated. -

(3) The process.described in~paragraphs 6(1) 
and 6(Z) of Annexure B shall be performed five times. 

( 4) The indicating uri it shall ·be allowed to 
achieve thermal· equilibrium .at room temperature 
after which the· indicated temperature shall not 
change by more than_± 0.1 oCas a result of exposure 
to the thermal shocks-described rin paragraphs 6(1) 
and 6(Z) by Annexure .B. 

Note : Thermal equilibrium may be achieved 
more quickly and completely iby opening the casing 
of the thermometer, .lf·possilile. 

7. Humidity 

( 1) The complete thermometer or indicating unit 
shall be stabilized ata.temperatureJwlthln the range 
zooe to 3Z0e for-4 hours or more. During this time, 
t shall remain constant within± zoe. 

(Z) After achieving a stable temperature as 
specified in paragraph 7(1) of Annexure B, the 
complete thermometer or indicating unit shall be 
placed in a humidity test chamber containing air at a 
temperature between .t and t + 4°C and a relative 
humidity between 91% and 95% for a period of 48 
hours. 

(3) After exposure as specified In paragraph 
7(Z) of Annexure B, the complete thermometer or 
indicating unit shall be removed from the test 
chamber and allowed to stabilize at room 
temperature for 48 hours. The indicated temperature 
shall not vary by more than ± 0.1 oe as a result of 
this test. 

8. Electro-magnetic radiation interference 
(1) The complete thermometer or Indicating unit 

shall be exposed to an electromagnetic field with a 
field strength of 10 V /m at frequencies between 150 
kHz and 500 MHz modulated by a 1 kHz sine wave 
and 80% amplitude modulation. 

(Z) The specific field strength shall be 
established prior to testing and without the 
instrument being placed In the electro-magnetic field. 
The field strength may be generated as follows :-

a strip line for low frequencies (below 3 
MHz) or In some cases 150 MHz) for small 
instruments, 

dipole antennas, or antennas with circular 
polarization, placed 1m from the Instrument 
at higher frequencies. 

(3) The field shall be generated with two 
orthogonal polarizations and then slowly scanned 
through the frequency range. Antennas with circular 

• ~ i ' • 

polarization may be used to generate the electro
magnetic field without a change in their positions. 
The test shall be carried out in a shielded enclosure 
to comply with international laws prohibiting 
interference with radio communications, but care 
shall be taken to minimize reflections. 

(4) During the test, the requirements specified 
in paragraph 5(3)(vi) shall be met. 

9. Mechanical shock 

(1) The complete thermometer or indicating unit 
shall be allowed to fall from a height of 1m on to a 
hard surface (for example, a block of hard wood of 
density greater than 700 kg/m3 and of suitable size 
lying flat on a rigid base). The drop shall be 
performed once for three different orientations of 
the complete thermometer or indicating unit. 

(Z) After the test, the requirements specified 
in paragraph 5(3)(vii) shall be met. 

ANNEXURE C 

TEST OF WATER RESISTANCE OF COMPLETE 
THERMOMmRS 

(Mandatory) 

1. Pattern approval 

(1) A total of 10 samples shall be tested. 

(2) The battery casing shall be opened and 
closed severa I times before . the tests If the 
thermometer Is equipped with replaceable batteries. 

(3) The thermometer shall be totally immersed 
in an equivalent physiological solution (9.Sg Nael per 
litre of distilled water) to a depth of 15 em and at 
temperatures of 50°C and zooc for the following 
periods of time and in the sequence indicated :-

1 hour at 50°C ± 2°C 
1 hour at 20°( ± Z°C 
24 hours at 50°e ± 2°e 
24 hours at zooc ± zoe 

( 4) The Indicated values shall be measured at 
two or more temperatures near the lower and upper 
limit of the measuring range before the first 
immersion and after the second and last immersion. 
The thermometers shall have reached equilibrium 
with room temperature before recording the indicated 
values. After the last immersion, the thermometers 
shall be stored for 14 days in air at room temperature 
before taking the last measurement. 

(5) The test may be discontinued if it is obvious 
that water has penetrated Into the casing of a 
thermometer. 

(6) The thermometer pattern shall be declared 
to be water resistant if, for nine out of ten 
thermometers, the difference in indicated 



['ITIT II-~ 3(i)] 

temperatures for any, individual thermometer is less 
than-

• 0,04°C for thermometers with a minimum 
digital increment of 0.01 oc (class I), 

• 0.1°C for thermometers with a minimum 
digital increment of 0.1 oc (class !1). 

2. Verification 

(1) The thermometers shall be totally immersed 
In an equivalent physiological solution at a 
temperature of 50°C ± zoe to a depth of 15 em for 
one hour, after which they shall be immersed for 
another hour under same conditions but at a 
temperature of Z0°C ± zoe. Before the first 
immersion and after the second immersion, the 
indicated values shall .be measured at two 
temperatures. 

(Z) A thermometer shall be accepted if the 
performance requirements specified In paragraph 

· 1(6) are met. 

ANNEXURE D 

CLINICAL TEST OF RESPONSE TIME 

(Mandatory) 

1. Non-predicting clinical electrical 
thermometers 

The minimum time for achieving thermal 
equilibrium at each appropriate body site shall be 
determined on the basis of testing at least ten 
persons. 

2. Predicting (calculating) clinical electrical 
thermometers 

(1) The difference between the displayed 
calculated temperature and the corresponding 
measured temperature at thermal equilibrium of a 
calculating (predicting) thermometer shall be 
determined on the basis of testing at least 100 
persons. The predicted temperature of each person 
at an appropriate body site shall be determined by 
the method specified by the manufacturer. After the 
predicted indication, the thermometer shall remain 
at the site for measuring and indicating the actual 
temperature of Its sensor. The total time allowed 
shall be sufficient to attain thermal equilibrium. The 
difference In the first and second Indicated 
temperatures for 95% of the persons tested shall 
not be more than O.Z°C, 

(Z) If an oral (sublingual) test has been carried 
out, the minimum number of persons required f\)r 
rectal measurement shall be twenty. 

... :c. ·--.·-·· '.,,!,,,, -·· 

591 

PART VII 

MANOMETERS OF INSTRUMENTS FOR 
MEASURING ARTERIAL BLOOD PRESSURE 

(SPHYGMOMANOMETARS) 

PART VII-A 

NON-INVASIVE MECHANICAL 
SPHYGMOM!\NOMETERS 

1. Scope 
This Part specifies general performance, 

efficiency and mechanlcal·and electrical safety 
requirements, including test methods for type 
approval, for non-Invasive mechanical 
sphygmomanometers and their accessories which, 
by means of an inflatable cuff, are used for the non
invasive measurement of arterial blood pressure. The 
application of the cuff Is not limited to a particular 
extremity of the human body (e.g. the upper arm). 

Within the scope of this specification are 
sphygmomanometers with a mechanical pressure 
sensing element and display, used In conjunction with 
a stethoscope or other manual methods for detecting 
Korotkoff sounds and for cuff Inflation. 

Note : Luer locks shall not be used with these 
devices. 

2. Terminology 

(1) Bladder: 
The Inflatable component of the cuff is called 

bladder. 

(2) l'ressure in a blood vessel: 
It refers to pressure In the arterial system of 

the body. 

(3) Cuff: 
It is that component of the sphygmomanometer, 

comprising a bladder and a sleeve, which is wrapped 
around the limb of the patient. 

(4) Diastolic blood pressure (value): 
The minimum value of the arterial blood 

pressure as a result of relaxation of the systemic 
ventricle Is called diastolic blood pressure. 

Note: Because of hydrostatic effects, this value 
should be measured with the cuff at the heart level. 

(5) Mean arterial blood pressure (value) : 
It Is the value of the integral of one cycle of the 

blood pressure curve divided by the time of one heart 
beat period. 

Note: Because of hydrostatic effects, this value 
should be measured with the cuff at the heart level. 

( 6) Non-invasive blood pressure measurement: 
Indirect measurement of the arterial blood 

pressure without arterial puncture is called non
invasive blood pressure measurement. 

---- -·--- -- - ___J_~--~ 

---------------------------------
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(7) Pneumatic-system : 

A system·that;:includes .all pressurized and 
pressure-controlling .. parts :such :as ·cuff, ·tubing, 
connectors, valves,' transducer .and :pump is called 
pneumatic system. 

(8) Sleeve: 

It is essentially· Inelastic •part of the cuff that 
encloses the bladder. 

(9) Sphygmomanometer: 

It is an Instrument :.used for the non-Invasive 
measurement oUhe arterial :blood •pressure. 

{10) Systollc·bloodpressure (value): 

The maximum ·value of the arterial blood 
pressure as a result-of the contraction of the systemic 
ventricle is called.sy&tolic blood pressure. 

Note: Becauseof.hydrostatic effects, this value 
should be measur,el!lowlth the cuff at the heart level. 

(11) Mechanlc~lsphygmomanometer:. 

The. sphygmomanometer which uses either a 
mercury or an aneroid· manometer or another 
mechanical measuring device for the non-Invasive 
measurement of the arterial blood pressure by means 
of an inflatable cuff, is called mechanical 
sphygmomanometer. 

(12) Auscultatory method: 

It is that technique whereby sounds (known as 
Korotkoff sounds) are heard over an occluded artery 
as the occluding pressure is slowly released, the 
appearance of sounds coinciding with the systolic 
blood pressure and the disappearance of sounds with 
the diastolic blood pressure in adult-s. In children 
under age of 13, "k4" {I.e. 4th phase Korotkoff sound) 
may be appropriate. 

(13) Deflation valve: 

The valve used for controller exhaust of the 
pneumatic system during measurement. 

(14) Rapid exhaust valve: 

The valve used for rapidly exhausting the 
pneumatic system. 

(15) Tamper proofing : 

It is that means of preventing the user from 
gaining easy access to the measuring· mechanism of 
the device. 

3. Description of the category of Instrument 

The basic component-s of a sphygmomanometer 
are a cuff and bladder that can be wrapped around 

a patient's limb, a manual system for applying and 
releasing pressure to the bladder, and a means of 
measuring and displaying the Instantaneous pressure 
in the bladder. Mechanical sphygmomanometers, 
which use either mercury or an aneroid manometer 
or another mechanical measuring device for the non· 
invasive measurement of the arterial blood pressure 
by means of an inflatable cuff. · 

Notes : Components of these devices are 
manometer, cuff, valve for deflation (often In 
combination with rapid exhaust valve), hand pump 
or electro-mechanical pump and connection hoses. 
These devices may also contain electro-mechanical 
component-s for pressure control. 
4. Units of measurement 

The blood pressure shall be indicated either In 
kilo-Pascal (kPa) or in millimetres of mercury (mmHg). 
s. Metrological requirements 

· (1) Maximum permissible errors of the cuff 
pressure Indication 

{I) Under ambient conditions 
' For any set of conditions within the ambient 

temperature range of 15°C to 25°C and the 
relative humidity range of 20% to 85%, 
both for increasing and for decreasing 
pressure, the maximum permissible error 
for the measurement of the cuff pressure 
at any point of the scale range shall be ± 
0.4 kPa (± 3 mmHg) in case of verifying 
the first time and ± 0.5 kPa (± 4 mmHg) 
for sphygmomanometers in use. Testing 
shall be carried out In accordance with 
paragraph 1 of Annexure A. 

(II) Under storage conditions 
The sphygmomanometer shall maintain the 
maximum permissible error requirement-s 
specified in this paragraph 5(1)(i) after 
storage for 24 h at a temperature of -20°C 
and for 24h at a temperature of 70°C and a 
relative humidity of 85% (non-condensing). 
Testing shall be carried out in accordance 
with paragraph 3 of Annexure A. 

{Ill) Under varying temperature conditions 
For the ambient temperature range of 10°C 
to40°Cand the relative humidityof85% (non
condensing), the difference of the cuff pressure 
Indication of the sphygmomanometer shall not 
_exceed± 0.4 kPa (± 3 mmHg). Testing shall 
be carried out in aocordance with paragraph 
2 of Annexure A. 

6. Technical requirements 
(1) Technical requirements for the cuff and 

bladder 

The cuff shall contain a bladder. For 
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reusable cuffs the manufacturer shall 
indicate the method for cleaning in the 
accompanying documents. · 

Note : The optimum bladder size is one with 
dimensions such that its width is 40% of the limb 
circumference at the midpoint of the cuff application, 
and its length is at least 80%, preferably 100%, of 
the limb circumference at the midpoint of cuff 
application. Use of the wrong size can affect the 
accuracy of the measurement. 

(2) Technical requirements for the pneumatic 
system 

(i) J!ir leakiJge 
Air leakage shall not exceed a pressure drop 
of 0.5 kPafmin ( 4 mmHg/min). 
Testing shall be carried out in accordance 
with paragraph 4 of Annexure A. 

(ii) Pressure reduction rate 
Manually operated deflation valves shall be 
capable of adjustment to a deflation rate 
from 0.3 kPa{s to 0.4 kPa/s (2 mmHg/s to 
3 mmHg/s). Manually operated deflation 
valves shall be easily adjusted to these 
values. Deflation valves shall be tested 
in accordance with paragraph 5 of 
Annexure A. 

(iii) Rapid exhaust 
During the rapid exhaust of the pneumatic 
system, with the valve fully opened, the 
time for the pressure reduction from 35 kPa 
to 2 kPa (260 mmHg to 15 mmHg) shall 
not exceed lOs. 
Testing shall be carried out in accordance 
with paragraph 6 of Annexure A. 

(3) Technical requirements for the pressure 
indicating devices · 

(i) Nominal range and measuring range 

I . 
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The nominal range shall be equal to the 
measuring range. . 
The nominal range for the cuff gauge 
pressure shall extend from 0 kPa to at least 
35 kPa (0 mmHg to at least 260 mmHg). 

(ii) Analogue indk;ation 
(a) Scale 

The scale shall be designed and arranged 
so that the measuring values can be read 
clearly and are easily recognized. Testing 
shall be carried out by visual inspection. 

(b) First scale mark 
The graduation shall begin with the first 
scale mark at 0 kPa (0 mmHg). 
Testing shall be carried out by visual 
inspection. 

(c) Scale interval 
The scale interval shall be-

0.2 kPa for a scale graduated in kPa; 
or 
2 mmHg for a scale graduated in 
mmHg. Each fifth· scale mark shall 
be indicated by greater length and 
each tenth scale mark shall be 
numbered. An example of a scale in 
mmHg is given In Figure 1. Testing 
shall be carried out by visual 
inspection. · 

(d) Scale spacing and thickness of the scale 
marks 
The distance between adjacent scale marks 
shall be not less than 1.0 mm. ihe thickness 
of the scale marks shall not exceed 20% of 
the smallest scale spacing. 
All scale marks shall be of equal thickness. 
Testing shall be carried out in accordance 
with par<;~graph 7 of Annexure A. 

(Figure 1 Example of an aneroid manometer scale division In mmHg without a tolerance zone at zero) 

--- _L_ -----
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(4) Additional technical requirements for 
mercury manometers 

(i) Internal diameter of the tube containing 
mercury 

The nominal internal diameter of the 
mercury tube shall be at least 3.5 mm. The 
tolerance on diameter shall not exceed ± 
0.2mm. 

Testing shall be carried out in accordance 
with paragraph 8 of Annexure A. 

(ii) Portable devices 

A portable device shall be provided with 
an adjusting or locking mechanism to 
secure It In the specified position of use. 

Testing shall be carried out by visual 
inspection. 

(iii) Devices to prevent mercury from being 
spilled during use and transport 

A device shall be placed in the tube to 
prevent mercury from being spilled during 
use and transport (for example: stopping 
device, locking device, etc.). This device 
shall be such that when the pressure in the 
system drops rapidly from 27 kPa to 0 kPa 
(from 200 mmHg to 0 mmHg), the time 
taken for the mercury column to fall from 
2? kPa to 5 kPa (from 200 mmHg to 40 
mmHg) shall not exceed 1.5 s. This time is 
known as the "exhaust time". 

Testing shall be carried out In accordance 
with paragraphs 9 and 10 of Annexure A. 

(iv) Quality of the mercury 

(a) The mercury shall have a purity of 
not less than 99.99% according to 
the decla.ration of the supplier of the 
mercury. 

(b) The mercury shall exhibit a clean 
meniscus and shall not contain air 
bubbles. 

(v) Graduation of the mercury tube 

Graduations shall be permanently marked 
on the tube containing mercury. 

If, numbered at each fifth scale mark, the 
numbering shall be alternately on the right 
and left-hand side of, and adjacent to, the 
tube. 

Testing shall be carried out by visual 
·inspection. 

(5)'Additlonal technical requirements for 
aneroid manometers · 

(I) Scale mark at zero 

If a tolerance zone Is shown at zero it shall 
notexceed ± 0.4 kPa (± 3 mmHg) and shall 
be clearly marked. 

A scale mark at zero shall be indicated. 
Note : Graduations within the tolerance 
zone are optional. 

Testing shall be carried out by visual 
Inspection. 

(II) Zero 

The movement of the elastic sensing 
. element including the pointer shall not be 
obstructed within 0.8 kPa (6 mmHg) below 
zero. 
Neither the dial nor the pointer shall be 
adjustable by the user. Testing shall be 
carried out by visual inspection. 

(iii) Pointer 

The pointer shall cover between 1/3 and 
2/3 of the length of the shortest scale mark 
of the scale. At the place of indication It · 
shall be not thicker than the scale mark. 
The distance between the pointer and the 
dial shall not exceed 2 mm. Testing shall 
be carried out by visual Inspection. 

(lv) Hysterisis error 

The hysterisis error throughout the pressure 
range shall be within the range 0 kPa to 
0.5 kPII (0 mmHg to 4 mmHg). Testing shall 
be carried out in accordance with paragraph 
11 of Annexure A. 

( v) Construction and materials 

The construction of the aneroid manometer 
and the material for the elastic sensing 
elements shall ensure an adequate stability 
of the measurement. The elastic sensing 
elements shall be aged with respect to 
pressure and temperature. After 10,000. 
alternating pressure cycles the change In 
the pressure indication of the aneroid 
manometer shall be not more than 0.4 kPa 
(3 mmHg) throughout the pressure range. 
Testing shall be carried out in accordance 
with paragraph 12 of Annexure A. 

(6) Safety requirements 

(i) Resistance to vibration and shock 

The sphygmomanometer shall comply 
with the requirements of paragraph 
5(1)(i). . 
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(ii) Mechanical safety 

It shall be possible to abort the blood 
pressure measurement at any time by 
activating the manual rapid exhaust 
valve, which shall be easily accessible. 

(iii) Tamper proofing 

Tamper proofing of the manometer shall 
be achieved by requiring the use of a 
tool or breaking a seal. 

Testing shall be carried out by visual. 
inspection. 

7. Metrological controls 

(1) Model approval 

At least three samples of a new type of 
sphygmomanometer shall be tested. The tests to 
verify conformity to metrological and technical 
requirements shall be carried out according to 
Annexure A. 

(2) Verification 

(i) Initial verification 

At initial verification the requirements of 
paragraphs 5(1)(i), 6(2)(i) and 6(4)(1v) shall 
be fulfilled. 

Testing shall be carried out according to 
paragraphs 1, 4 and 11 of Annexure A. 

(ii) Subsequent verification 

Each instrument of an approved type of 
sphygmomanometer shall be verified every 
2 years or after repair. Requirement of 
paragraphs 5(1)(i) and 6(2)(1) shall be 
fulfilled and tests must be carried out 
according to paragraph 1 of Annexure A. 

(3) Seaiing 

(i) Control marks will be put on lead seals for 
which corresponding punched screws shall 
be attached whenever necessary. These 
seals shall prevent, without destruction of 
the control marks: 

in the case of mercury manometers: the 
separation of reservoir and Sc:ale; 

in the case of all other manometers: the 
opening of the casing. 

(ii) If the construction of the Instrument 
guarantees security against any 
interference, the metrological control marks 
or the security marks may be attached in 
form of labels. 
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(iii) All seals shall be accessible without using 
a tool. 

{4} Marking of the device 

The device shall be marked with the 
following informatlon:-

name and/or trademark of manufacturer; 

serial number and year of fabrication; 

measuring range and measuring unit; 

model approval number; 

centre of the bladder, Indicating the correct 
position for the cuff over the artery; and 

marking on the cuff Indicating the limb 
circumference for which it is appropriate In 
paragraph 6(1). 

· The following additional markings are 
required for mercury manometers:-

lndlcation of the internal nominal diameter 
and the tolerance of the tube containing 
mercury in paragraph 6(4)(i). 

(5) Manufacturer's information 

(i) The manufacturer's Instruction manual shall 
contain the following information::-

(a) explanation of the operating 
procedures which are important for 
correct application (such as the 
selection of the appropriate cuff size, 
positioning of the cuff. and 
adjustment of the pressure reduction 
rate); 

(b) a warning to users of equipment 
intended for use in environments 
employing Intravascular fluid systems 
not to connect the output of the 
blood pressure measuring device to 
such systems as ·air might 
inadvertently be pumped into a blood 
vessel if, for example, Luer locks 
were used; 

(c) methods for cleaning reusable cuffs; 

(d) nature and frequency of the 
maintenance required to ensure that 
the device operates correctly and 
safely at a !I times; it is recommended 
that the performance should be 
checked at least every 2 years and 
after maintenance and repair, by re
verifying at least the requirements 
in paragraphs S(l)(i), 6(2)(i) (testing 
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•,:at least at7 kPa (SO mmHg) and 27 
kPa (200 mmHg). and ,paragraph 
;6(4)(1v); 

(e) Internal- nominal diameter and 
tolerance. of:the _tube containing 
mercury; and 

(f) :'detailed' instructions .for the safe 
·'handellng of.-mercucy. 

, ANNEXURE:A 
TEST PROCEDURES: (Mandatory) 

1. Method oftesttor.the.maximum,p_ermlsslble 
errors of the cliff pressureOintlicatlon 

(1) Apparatus 

(i) rigid metal.vesselwith.a-capaclty of 500 ml 
± s %; 

(ii) calibrated :reference manometer with an 
uncertainty less than O.li<Pa (0.8 mmHg); 

(iii) pressure .generator, e.g. ball pump (hand 
pump )cwlth a .deflation valve; 

(iv) T-piece;connectors and hoses. 
(2) Procedure 

Replace the cuff with the vessel. Connect the 
calibrated refe~ence manometer by means of a 
T-piece connector and _hoses to the pneumatic system 

!OOml 

'(see Figure 2). After disabling the electro-mechanical 
:_pump (if fitted), connect the pressure generator into 
the pressure system by means of another T-piece 
-connector. Carry out the test In pressure steps of not 
;more than 7 kPa (SO mmHg) between o kPa (0 
mmHg) and the maximum pressure of the scale 
·range. 

(3) Expression of results 

Express the results as the differences between 
the indicated pressure of the manometer of the device 
to be tested and the corresponding readings of the 
reference manometer. 
2. Method of test for the Influence of 
temperature on cuff pressure Indication 

(1) Apparatus 

(I) apparatus as specified In paragraph 1(1) 
of this Annexure plus 

(II) a climatic chamber. 
(2) Procedure 

Replace the cuff with the vessel. Connect the 
calibrated reference manometer by means of a 
T-piece connector to the pneumatic system (see 
Figure 3). After disabling the electromechanical pump 
(if fitted) connect the additional pressure generator 
into the pneumatic system by means of another 
T-piece connector. 

1 -- Reference manometer 

3 - Metcii vessel 

2 - Manometer of the device to be tested 

4 - Pressure generator 

Figure 2. Measurement system for determining the limits of error of the cuff pressure indiaJtion 
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1 - Reference manometer 

3 - Manometer of the device to be tested 

5 - Pressure generator 

2 - Climatic chamber 

4 - Metal vessel 
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Figure 3. Measurement system for determining the Influence of temperature 

For each of the following combinations of (see Figure 3). After disabling the electro-mechanical 
temperature and humidity, condition the device for pump (If fitted), connect the additional pressure 
at least 3 h In the climatic chamber to allow the generator Into the pneumatic system by means of 
device to reach steady conditions:- another T-plece connector. 

10°C ambient temperature, 85% relative Store the instrument under test for 24 h at a 
humidity (non-condensing); temperature of -2ooc and subsequently for 24 hours 

20°C ambient temperature, 85% relative 
humidity (non-condensing); 

40°C ambient temperature, 85% relative 
humidity (non-condensing). 

carry out the test of the cuff pressure Indication 
as described in paragraph 1(2) of this Annexure for 
each of the combinations of temperature and 
humidity mentioned above. 

(3) Expression of results 

Express the results as the differences between 
the indicated pressure of the manometer of the device 
to be tested and the corresponding readings of the 
reference manometer at the relevant temperature 
value. 

3. Method of test for the maximum permissible 
error after storage ' 

(1) Apparatus 

• apparatus as specified in paragraph 1(1) 
of this Annexure. 

(2) Procedure 

Replace the cuff with the vessel. Connect the 
calibrated reference manometer by means of a 
T-piece connector to the pneumatic system 

at a temperature of 70°C and a relative humidity of 
85% (non-condensing). 

Note : This is one test and not two separate 
tests. 

carry out the test in pressure steps of not more 
than 7 kPa (50 mmHg) between 0 kPa (0 mmHg) 
and the maximum pressure of the scale range. 

{3) Expression of results 
Express the results as the differences between 

the indicated pressure of the manometer of the device 
to be tested and the corresponding readings of the 
reference manometer. 

4. Method of test for air leakage of the 
pneumatic system 

{1) Apparatus 
rigid metal cylinder of an appropriate size; 

pressure generator, e.g. ball pump (hand 
pump) with a deflation valve; 

time measuring device. 

(2) Procedure 
Wrap the cuff around the cylinder. 

Note : Electro-mechanical pumps which are 
part of the device may be used for the test. 

carry out the test over the whole measuring 
range at least five equally spaced pressure steps 

_j ____ _ 
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(e.g.) 7 kPa (50 mmHg), 13 kPa (100·mmHg),-20 
kPa (150 mmHg),. 27 'kPa (200 mmHg) and· 34 kPa 
(250 mmHg). Test the air leakage over a. period of 5 
min and determine-the measured value: from this. 

{3) Expression of results 

Express the air.Jeakage:as·the :rate of the 
pressure loss per minute. 

5. Method of test .for pressure. reduction ,rate 
for deflation valves 

{1} Apparatus 

T-piece~connector; 

calibrated reference manometer with signal 
output and an uncertainty less than 0.1 kPa 
(0.8 mmHg); 
artiflcialllnibs [see Notes.under paragraph 
5(2) of this;Annexure]. 

recording,unit. 

(2) Procedure 

Measure the •pressure reduction rate either on 
human limbs or ,artifrcial limbs. 

Note 1 : 'The intention is to use artificial limbs, 
but as these are stili under 
consideration, measurements 
performed with human volunteers 
are .acceptable. 

Note 2 : It is Intended that the properties of 
. the artificial limbs reflect some 
elastic properties of human limbs. 

Because cuff deflation rate may be influenced 
by the way that a cuff is applied, the cuff should be 
applied and removed for each of at least ten repeated 
measurements, on at least two different limb sizes. 
These two limb sizes should be equal to the upper 
and lower limits of limb circumferences for which a 
particular size of cuff is recommended to be used. A 
resetting of the deflation valve is permitted during 
the test. 

Connect the calibrated reference manometer 
to the cuff by means of a T-piece connector. Connect 
the output of the calibrated reference manometer to 
the recording unit. 

Plot the pressure reduction in the form of a 
pressure curve as a function of time. 

(3) Expression of results 

Determine the rate of pressure reduction by 
graphical evaluation (by drawing tangents) at the 
pressure values of 8.0 kPa (60 mmHg), 16.0 kPa (120 
mmHg) and 24.0 kPa (180 mmHg). The pressure 
reduction rate is the mean value calculated separately 
for these three pressure values and for the various 
limb circumferences. 

6. Method of test for the rapid exhaust 
Naive 

(1) Apparatus 

rigid metal vessel, with a capacity of 500 
mi±S %; 

calibrated reference manometer, with an 
uncertainty less than 0.1 kPa (0.8 mmHg); 

· T-piece connector; 

· time measuring device. 

(2) Procedure 

Carry out the test with the vessel in place of 
the cuff. Connect the calibrated reference manometer 
by means of a T-piece to the pneumatic system. 
Inflate to the maximum pressure and open the rapid 
exhaust valve. 

{3) EXpression of results 

Measure the time between the pressure values 
specified in paragraph 6(2)(111). 

7. Method of test for the thickness of the scale 
marks and the scale spacing 

(1) Apparatus 

· scaled magnifying lens or similar device. 

{2) Procedure 

Determine the thickness of the scale marks and 
the scale spacing using the scaled magnifying lens . 

8. Method of test for the internal diameter of 
the mercury tube 

(1) Apparatus 

· limit plug gauges or similar devices, with a 
tolerance less than 0.05 mm. 

(2) Procedure 

Test the nominal internal diameter of the tube 
at each end by using the limit plug gauge. 

9. Method of test for security against mercury 
losses 

(1) Apparatus 

collecting vessel of an adequate size; 

calibrated reference manometer, with an 
uncertainty less than 0.1 kPa (0.8 mmHg); 

T -piece connector; 

• pressure generator, e.g. ball pump (hand 
pump) with a deflation valve. 

(2} Procedure 

Place the sphygmomanometer to be tested in 
the collecting vessel. Connect the pressure generator 
and a T-plece connector attached to a calibrated 
reference manometer directly to the hose leading to 
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the mercury reservoir. Use the pressure generator to 
raise the pressure in the manometer to 13.3 kPa (100 
mmHg) greater than the maximum indicated scale 
reading on the test manometer. Maintain this pressure 
for 5s and then release the pressure in the system. 

Check that no mercury has spilled. 
r 

10. Method of test for the influence of the 
mercury stopping device 

{1} Apparatus 

time measuring device, e.g. a stopwatch 
or an electronic timing device; 

pressure generator, e.g. ball pump (hand 
pump) with a deflation valve. 

(2} Procedure 

Connect the pressure generator directly to the 
hose leading to the mercury reservoir, I.e. without 
connecting a cuff. When a gauge pressure of more 
than 27 kPa (200 mmHg) has been reached, occlude 
the tube and remove the pressure generator. 

After removing the occlusion from the tube, 
measure the time taken for the mercury column to 
fall from the 27 kPa (200 mmHg) mark to the 5 kPa 
(40 mmHg) mark. 

Check that the exhaust time does not exceed 
1.5 s. 

11. Method of test for the hysterlsis error of 
the aneroid manometer 

(1} Apparatus 

(i) rigid metal vessel, with a capacity of 500 
ml±5%; 

(ii) calibrated reference manometer, with an 
uncertainty less than 0.1 kPa (0.8 mmHg); 

(iii) pressure generator, e.g. ball pump (hand 
pump) with a deflation valve; 

(iv) T-piece connectors. 

(2) Procedure 

Replace the cuff with the vessel. Connect the 
calibrated reference manometer by means of a 
T-piece connector to the pneumatic system. After 
disabling the electro-mechanical pump (If fitted) 
connect the additional pressure generator Into the 
pneumatic system by means of another T-piece 
connector. · 

Test the device with increasing pressure steps 
of not more than 7 kPa (50 mmHg) to the scale 
maximum, at which point hold the pressure for 
5 minutes and then decrease it by_ the same steps. 
Disconnect the calibrated reference manometer 

.J 

during the 5 minutes at maximum pressure. 

(3} Expression of results· 
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Express the results as the difference between 
the Indicated va.lues on the manometer at the same 
test pressure steps when increasing the pressure and 
when decreasing the pressure. 
12. Method of test for the construction 

(1} Apparatus 
alternating pressure generator, which 
generates a sinusoidal pressure variation 
between 3 kPa and 30 kPa (20 mmHg and 
220 mmHg) at a maximum rate of 60 cycles 
per minute. · 

(2} Procedure . 
Carry out the procedure specified in paragraph 

1 of this Annexure. 

Connect the aneroid manometer directly to the 
alternating pressure generator and perform 10,000 
alternating pressure cycles. 

One hour after the stress test carry out the 
procedure as specified in paragraph 1 of this 
Annexure at the same test pressure levels as before 
the stress test. 

(3} Expression of results 
Express the results as the differences between 

the indicated values on the manometer at the same 
test pressure steps before and after the stress test; 

PARTVll·B 
NON-INVASIVE AUTOMATED 

SPHYGMOMANOMETERS 

1.Scope 
This specification gives general performance, 

efficiency and mechanical and electrical safety 
requirements, including test methods for type 
approval, for non-invasive electronic or automated 
sphygmomanometers and their accessories which, 
by means of an inflatable cuff; are used for the non
invasive measurement of arterial blood pressure. 

This specification only applies to devices 
measuring at the upper arm, the wrist or the thigh. 

Note : Luer locks sha II not be used with these 
devices [see paragraphs 6(11)(iii) and 7(5)]. 
2. Terminology 

(1} Bladder: 
It Is the Inflatable component of the cuff. 
(2) Pressure in a blood vessel: 
It refers to pressure in the arterial system of 

the body. . 

(3) Cuff: 
It Is that component of the sphygmomanometer, 
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comprising a bladder and.a sleeve, which is wrapped 
around the limb. of the· patient. 

( 4) Diastolic b/(}()Q pressure( value).: 

The minimum value ·of the ,arterial ,blood 
pressure as a result" of relaxation: oflthe -systemic 
ventricle. 

Note: Because of hydrostatic effects; this value 
should be measured. with the cuff atthe.heart level. 

(S) Mean arterialblood.pressure (value) : 

It is the value.of..the· integral of-one cycle of the 
blood pressure curv.e dlvided:by.the.time·.of.one heart 
beat period. 

Note: Because of:~ydrostatic effects, this value 
should be measured wlth,the cuff.atthe .heart level. 

(6} Non-Invasive blood pressure measurement: 

Indirect measurement of the arterial blood 
pressure without ;arterial ·puncture is called non
lnvasiye blood pressure ,measurement. 

(7} Pneumatic "System: 

A system that ilncludes all pressurized and 
pressure-controlling parts such as cuff, tubing, 
connectors, valves, tlansducer and pump Is called 
pneumatic system. 

(8} Sleeve: 

It is essentially Inelastic part of the. cuff that 
encloses the bladder. 

(9} Sphygmomanometer: 

It is an instrument used for the non-invasive 
measurement of the arterial blood pressure. 

(10) Systolic blood pressure (value); 

The maximum value of the arterial blood 
pressure as a result of the contraction of the systemic 
ventricle is called systolic blood pressure. 

Note: Because of hydrostatic effects, this value 
should be measured with the cuff at the heart level. 

(11) Electro-mechanical blood pressure 
measuring system : 

It is that system that consists of: 
(i) at least one cuff, which is connected to the 

pneumatic system; 
(ii) at least one electro-mechanical transducer 

to measure cuff pressure; 
(iii) at least one measured value display; and 
(iv) if needed, signal inputs and outputs. 
(12) Electro-mechanical pressure transducer : 
It is that component that transforms pressure 

signals into electrical signals. 
(13) Oscillometric method : 
It is that method, wherein a cuff Is placed on 

the limb and the pressure in the cuff Is Increased 

until .the blood flow in the artery is interrupted and 
then the pressure in the cuff is slowly reduced. 

Note; During the inflation and deflation of the 
cuff small pressure changes (oscillations) occur In 
the cuff as a result of the arterial blood pressure 
pulses. These oscillations, which first increase and 
then decrease, are detected and stored together with 
the corresponding cuff pressure values in the 
measurement system. With these stored values the 
systolic, diastolic and mean arterial blood pressure 
values can be mathematically derived using an 
appropriate algorithm. It is possible to carry out the 
measurement during the inflation phase. 

(14) Zero setting : 
The procedure that corrects a deviation of the 

pressure reading to 0 kPa (0 mmHg) at atmospheric 
pressure (gauge pressure: 0 kPa (0 mmHg)] is called 
zero setting. 

(15) Patient simulator : 

Device for simulating the oscillometric cuff 
pulses and/or auscultatory sounds during inflation 
and deflation. 

Note : This device is not used for testing 
accuracy but is required in assessing stability of 
performance. · 

(16) Auscultatory method : 

It is that technique whereby sounds (known as 
Korotkoff sounds) are heard over an occluded artery 
as the occluding pressure Is slowly released, the 
appearance of sounds coinciding with the systolic 
blood pressure and the disappearance of sounds with 
the diastolic biobd pressure. In children under the 
age of 13, "k4" (i.e. 4th phase Korotkoff sound) may 
be appropriate. 

(17) Self-linearizing deflation valve : 
The valve used for controlled linearizing exhaust 

of the pneumatic system during measurement. 
3. Description of the category of instrument 

The basic components of a sphygmomanometer 
are a cuff and bladder that can be wrapped around 
a patient's limb, a system for applying and releasing 
pressure to the bladder, and a means of measuring 
and displaying the instantaneous pressure In the 
bladder. 
4. Units of measurement 

The blood pressure shall be indicated either in 
kilo-pascals (kPa) or in millimetres of mercury 
(mmHg). 

5. Metrological requirements 
(1) Maximum permissible errors of the cuff 

pressure Indication 
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For any set of conditions within the ambient 
temperature range of 1S°C to 2S°C and the relative 
humidity range of 20% to 8S%, both for increasing 
and for decreasing pressure, the maximum 
permissible error for the measurement of the cuff 
pressure at any point of the scale range shall be ± 
0.4 kPa (± 3 mmHg) in case of verifying the first 
time and ± O.S kPa ( + · 4 mmHg) for 
sphygmomanometers in use. 

Testing shall be carried out in accordance with 
para 2 of Annexure A. 

(2} Maximum permissible errors of the overall 
system as measured by clinical tests* 

The following maximum pennissible errors shall 
apply for the overall system:-

maximum mean error of measurement : + 
0.7 kPa ± S mmHg); -

maximum experimental standard deviation 
: 1.1 kPa (8 mmHg). 

(3) Environmental performance 

(i) Storage : 

Blood pressure measuring systems shall 
maintain the requirements specified after 
storage for 24 h at a temperature of ·S°C 
and for 24 hours at a temperature of sooc 
and a relative humidity ·of 8S% (non
condensing). 

Testing shall be carried out at 
· environmental conditions In accordance 

with paragraph 2 of Annexure A after the 
test sample has been placed for 24 h at a 
temperature of ·S°C and immediately 
afterwards for 24 hours at a temperature 
of sooc In a climatic chamber. 

Note : Integrated multi-parameter 
monitors may contain components which 
may be damaged during storage. The 
general temperature range as stated in para 
3 of Annexure A has therefore been 
reduced. 

(ii) Temperature, relative humidity: 

For the ambient temperature range of 10°C 
to 40°C and a relative humidity of 8S% 
(non-condensing), the difference of the cuff 
pressure Indication of the sphyg· 
momanometer shall not exceed + 0.4 kPa 
(±3 mmHg). -

Testing shall be carried out in accordance with 
paragraphs 2 and 11 of Annexure A. 

The signal processing for the determination of 
the blood pressure values shall not be Influenced 
within the range of temperature and relative humidity. 

. For any set of conditions all the deviations between 
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the reference pressure and the Indicating cuff 
pressure of the instrument must be less than or equal 
to the maximum permissible error. 

6. Technical requirements 

( 1) General : 

Equipment, or parts thereof, uslrig materials or 
having forms of construction different from those 
detailed In this Recommendation shall be accepted 
If it can be demonstrated that an equivalent degree 
of safety and perfonnance ls.obtalned. 

(2) Technical requirements for the cuff and 
bladder: 

The cuff shall contain a bladder. For reusable 
cuffs the manufacturer shall indicate the method for 
cleaning In the accompanying documents. 

Note : The optimum bladder size is one with 
dimensions such that its width is 40% of the limb 
circumference at the midpoint of the cuff application 
and Its length is at least 80%, preferably 100% of 
the limb circumference at the midpoint of cuff 
application. Use of the wrong size can affect the 
accuracy of the measurement. . 

(3) Technical requirements for the display: 

The display shall be designed and arranged so 
that the Information including measuring values can 
be. read and easily recognized. 

Testing shall be carried out by visual inspection; 

If abbreviations are used on the display they 
shall be as follows:-

"5" or "SYS" : systolic blood pressure 
(value); 

"D" or "DIA" : diastolic .blood pressure 
(value); 

"M" or"MAP": mean arterial blood pressure 
(value). 

Single letter abbreviations shall be positioned 
in such a way to avoid confusion with 51 units. 

{4) Effect of voltage variations of the power 
source 

(i) Internal electrical power source 

(a) Changes of the voltage within the 
working range detennined according 
to para 4(1) of Annexure A shall not 
influence the cuff pressure reading 
and the result of the blood pressure 
measurement. 

(b) Outside this working range no cuff 
pressure reading and no result of the 
blood pressure measurement shall 
be displayed . 

,, 
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Testing shall.be .carried out in accordance with 
paragraphs 4(1) and 5(1).of Annexure A. 

(ii) External-electrical power source 

(a) ·chal]ges of the voltage within the 
•. working range specified by the 
; manufacturer shall not influence the 
:.cuff pressure reading and the result 
.of. the: blood pressure measurement. 

(b) .Incorrect ·values resulting from 
voltage variations outside the limits 
·given In paragraph 6(4)(11)(a} shall 
•not:be displayed. 

.·Testing shall be carried out according to para 
4(4) (alternating current) and para 4(5) (direct 
current) of Annexure A. 

Note: In the case of any malfunction of the 
equipment, deflation to below 2 kPa (15 mmHg) must 
be guaranteed within lBOs in the case of adult 
patients and to.below 0.7 kPa (5 mmHg) within 90s 
in the case of neonatal/Infant patients. 

(5) Pneumatic system 

(i) Air leakage: 

Air leakage shall not exceed a pressure drop 
of 0.8 kPa/mln (6 mmHg/min). 

Testing shall be carried out In accordance 
with paragraph 6 of Annexure A. 

(ii) Pressure reducing system for devices using 
the auscultatory method: 

The pressure reducing system for manually 
operated and automated deflation valves 
shall be capable of maintaining a deflation 
rate of 0.3 kPa/s to 0.4 kPa/s (2 mmHg/s 
to 3 mmHg/s) within the target range of 
systolic and diastolic blood pressure. For 
devices which control the pressure 
reduction as a function of the pulse rate, a 
deflation rate of 0.3 kPa/pulse to 0.4 kPa/ 
pulse (2 mmHg/pulse to 3 mmHg/pulse) 
shall be maintained. 

Note: Manually operated deflation valves 
should be easily adjustable to these values. Testing 
shall be carried out In accordance with paragraph 7 
of Annexure 7. 

(iii) Rapid exhaust: 

During the rapid exhaust of the pneumatic 
system, with the valve fully opened, the 
time for the pressure reduction from 35 kPa 
to 2 kPa (260 mmHg to 15 mmHg) shall 
not exceed 10 seconds. 

For blood pressure measuring systems 
having the capability to measure in a 

neonatal/in-fant mode, the time for the 
pressure reduction from 20 kPa to 0.7 kPa 
(150 mmHg to 5 mmHg) during the rapid 
exhaust of the pneumatic system with the 
valve fully opened shall not exceed 5s. 

Testing shall be carried out In accordance with 
paragraph 8 of Annexure A. 

(lv) Zero setting: 

Blood pressure measuring systems shall be 
capable of automatic zero setting. The zero 
setting shall be carried out at appropriate 
Intervals, at least starting after switching 
on the device. At the moment of the zero 
setting a gauge pressure of 0 kPa (0 mmHg) 
shall exist and be displayed thereafter. 
Devices performing zero setting only 
Immediately after switching on, shall switch 
off automatically when the drift of the 
pressure transducer and the analog signal 
processing exceeds 0.1 kPa (1 mmHg). 

Testing shall be carried out In accordance with 
para 9 and paragraph 10 of Annexure A. 

(6) Electromagnetic compatibility 

Either: 

electrical and/or electro-magnetic 
Interferences shall not lead to degradations 
In the cuff pressure Indication or in the 
result of the blood pressure measurement; 
or 

If elettrical and/or electro-magnetic 
Interferences lead to an abnormality, the 
abnormality shall be clearly indicated and 
It shall be possible to restore normal 
operation within 30 s after cessation of the 
electro-magnetic disturbance. 

(7) Stability of the cuff pressure indication 

The change in the cuff pressure indication shall 
not' be more than 0.4 kPa (3 mlnHg) throughout the 
pressure range after 10,000 simulated measurement 
cycles. 

Testing shall·be carried out in accordance with 
paragraph 12 of Annexure A. 

(8) Pressure indicating device 

(i) Nominal range and measuring range: 

The nominal range for the cuff pressure 
measurement shall be specified by the 
manufacturer. The measuring and indication 
ranges of the cuff pressure shall be equal 
to the nominal range. Values of blood 
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pressure measurement results outside the 
nominal range of cuff pressure shall be 
dearly indicated as out of range. 

Testing shall be carried out by visual inspection. 

( ii) Digital indication : 

The digital scale interval shall be 0.1 kPa 
(1 mmHg). If the measured value of a 
parameter is to be indicated on more than 
one display, all the displays shall indicate 
the same numerical value. Measured 
numerical values on the display(s), and the 
symbols defining the units of measurement 
shall be arranged in such a way so as to 
avoid misinterpretation. Numbers and 
characters should be clearly legible. 

Testing shall be carried out by visual Inspection. 

(9) Signal input and output ports 

The construction of the signal input and output 
ports (excluding Internal interfaces, e.g. microphone 
signal input) relevant to the non-invasive blood 
pressure measurement shall ensure that Incorrectly 
fitted or defective accessories shall not result in 
erroneous indication of cuff pressure or erroneous 
indication of blood pressure. 

Testing shall be carried out in accordance with 
paragraph 13 of Annexure A. 

(10) Alarms 

If alarms are used they shall be of at least 
medium priority. 

(11) Safety 

(i) Cuff pressure: 

It shall be possible to abort any blood 
· pressure measurement at any time by 

single key operation and this shall lead to 
a rapid exhaust. 

Testing shall be carried out in accordance with 
paragraph 14 of Annexure A. 

(ii) Unauthorized access : 

All controls which affect accuracy shall be 
sealed against unauthorized access. 

Testing shall be carried out by visual Inspection. 

(iii) Tubing connectors: 

Users of equipment intended for use in 
environments employing intravascular fluid 
systems shall take all necessary precautions 
to avoid connecting-the output of the blood 
pressure measuring device to such systems 
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as air might inadvertently be pumped Into 
a blood vessel if, for example, Luer locks 
were used. 

(lv) Electrical safety: 

Electronic or automated sphygmomano
meters shall comply with the relevant 
natlona I safety regulations. 

(v) Resistance to vibration and shock: 

After testing, the device shall comply with 
the requirements of paragraph 5(1). 

7. Metrological controls 

(1) Model approval 

At least three samples of a new type of 
sphygmomanometer shall be tested. 

The tests to verify conformity to metrological 
and technical requirements shall be carried out 
according to Annexure A. 

(2) Verification 

(I) Initial verification 

At Initial verification the requirements of 
paragraphs 5(1) and 6(5)(i) shall be 
fulfilled. · 

Testing shall be carried out according to 
paragra'phs 2 and 6 of Annexure A. 

(II) Subsequent verification 

Each instrument of an approved type of 
sphygmomanometer shall be verified every 
2 years or after repair. Requirement of 
paragraphs 5(1) and 6(5)li) shall be fulfilled 
and tests must be carried out according to 
paragraphs 2 and 6 of Annexure A. 

(3) Sealing 

(I) Control marks will be put on lead seals for 
which corresponding punched screws shall 
be attached whenever necessary. These 
seals shall prevent, without destruction of 
the control marks: 

(a) in the case of patient-monitors In 
which the sphygmomanometer Is 
one part of a system: the 
manipulation of the metrologically 
relevant parts for measuring blood 
pressure; 

(b) in the case of all other manometers: 
the opening of the· casing. 
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(ii) If the::construetion of the :InStrument 
guarantees .'security against any 
interference; the metrological control marks 
or the:security.marks may be·attached in 
the form of. labels. 

(iii) All seals shall: be accessible without using 
a tool. 

(4) Marking of the. device 

The device:shall'be:marked with the following 
information:-

(i) name:•and/or<trademark of manufacturer; 

(ii) serial, number :and year of fabrication; 

(iii) measuring :range and measuring unit; 

(iv) model.approval number; 

(v) centre ofthe bladder. indicating the correct 
position .for·,the cuff over the artery; and 

(vi) marking on the cuff indicating ttie limb 
circumfere~:~ce for which it Is appropriate. 

(5} Manufacturer's information 

(i) The manufacturer's instruction manual shall 
contalm the following information: 

(a) explanation of the operating 
,procedures which are important for 
correct application (such as the 
selection of the appropriate cuff size, 
positioning of the cuff and 
adjustment of the pressure reduction 
rate); 

(b) a warning to users of equipment 
Intended for use in environments 
employing intravascular fluid systems 
not to connect the output of the 
blood pressure measuring device to 

. such systems as air might 
Inadvertently be pumped into a blood 
vessel if, for example, Luer locks 
were used; 

(c) methods for cleaning reusable cuffs; 

(d) nature and frequency of the 
maintenance to ensure that the 
device operates properly and safely 
at all times; it is recommended that 
the performance should be checked 
at least every 2 years and after 
maintenance and repa!r, by re
verifying at least the requirements 
in paragraphs 5(1) and 6(5)(i) 
(testing at least at 7 kPa (50 mmHg) 
and 27 kPa (200 mmHg)); 

(e) a reference method for clinical tests 

·I 

'f• 

·:, carried out according to Annexure C 
· or an equivalent method; 

(f) a list of all components belonging to 
the pressure measuring systems, 
including 

(g) a description of the operating 
principles of the blood pressure 
measuring device; 

(h) remarks on the environment or 
operational factors which affect the 
performance ( e.g. electro- magnetic 
fields, arrhythmia); 

(I) specification of the single input/ 
output ports( s); 

(J) specification of the rated voltage, If 
applicable; 

(k) specification of the intended power 
source, if applicable; 

(I) nominal range for the result of the 
blood pressure measurement; 

(m) warm up time , If applicable; 

(n) description of the meaning .of the 
"out of range signal" and 

(o) description of the alarms, If 
applicable. 

ANNEXURE A 
TEST PROCEDURES 

(Mandatory) 

1. General 
For digital i~dications an uncertainty of 0.1 kPa 

(1 mmHg) shall allowed in any displayed value, 
because the display system cannot indicate a change 
of less than one unit. 

2. Method oftestforthe maximum permissible 
errors of ,the cuff pressure Indication 

Requirements in paragraph 5( 1) shall apply. 

(1} Apparatus 

(a) rigid metal vessel with a capacity of 500 ml 
:1: 5%; 

(b) calibrated reference manometer with an 
uncertainty less than 0.1 kPa (0.8 mmHg); 

(c) pressure generator, e.g. ball pump (hand 
pump) with a deflation valve; 

(d) T-plece connectors and hoses. 

(2) Procedure: 

Replace the cuff with the vessel. Connect the 
calibrated reference manometer by means of a 
T-piece connector and hoses to the pneumatic circuit 
(see Figure 1). After disabling the electro-mechanical 
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0 0 
1 - Reference manometer 2 - Device to be tested · 

3 - Metal vessel 4 - Pressure generator 

Figure 1: Measurement system for determining the limits of error of the cuff pressure indication 

(3) Expression of results: pump (if fitted), connect the additional pressure 
generator into the pressure system by means of 
another T,piece connector. Carry out the test in 
pressure steps of not more than 7 kPa (SO mmHg) 
between 0 kPa (0 mmHg) and the maximum pressure 
of the scale range. 

Express the results as the differences between 
the indicated pressure of the manometer of the device 
to be tested and the corresponding readings of the 
reference manometer. 

1 - Reference manometer 

3 - Device to be tested 

2 - Climatic chamber 

4 - Metal vessel 5 - Pressure generator 

Figure 2: Measurement system for determining the Influence of temperature 
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3. Method of test for the influence of 
temperature on cuff pressure indication 

( 1) Apparatus 
apparatus as specified in paragraph 2(1) 
of Annexure A; 

climatic chamber. 

(2) Procedure: 

Replace the cuff with the vessel. Connect the 
calibrated reference manometer ·by means of a T
piece connector to the pneumatic system{see Figure 
2). After disabling<. the electro"mechanical pump (if 
fitted), connect the additional pressure generator into 
the pneumatic system ~y:means.oLanother T-piece 
connector. 

For each of ·the following combinations of 
temperature and·humidity, condition the device for 
at least 3 h in 'the •climatic chamber to allow the 
device to reach :steady .conditions: 

(i) 10°Cambient temperature, 85% relative 
humidity (non-condensing); 

(ii) 20°C ,ambient temperature, 85% relative 
humidity (non-condensing); 

(iii) 40°C ambient temperature, 85% relative 
humidity (non-condensing). 

carry out the test of the cuff pressure Indication 
as described in paragraph 2(2) of Annexure A for 
each of the combinations of temperature and 
humidity mentioned above. 

( 3) Expression of results: 

Express the results as the differences between 
the indicated pressure of the manometer of the device 
to be tested and the corresponding Indications of 
the reference manometer at the relevant temperature 
value. 

4. Test methods for the effect of voltage 
variations of the power source on the cuff 
pressure indication 

(1) Internal electrical power source 

(i) Apparatus 

adjustable direct current voltage 
supply; 

voltmeter with an uncertainty of less 
than 0.5% of the measured value; 

calibrated reference manometer with 
an uncertainty of less than 0.1 kPa 
(0,8 mmHg). 

(II) Procedure: 

Replace the internal electrical power sou nee 
of the blood pressure measuring system 
with a DC voltage supply having an 
Impedance which Is equiv<!lent to the 
Impedance of the Internal electrical power 
source specified by the manufacturer. 
Measure the variation In applied DC voltage 
supply with a voltmeter. Test the blood 
pressure measuring system by altering the 
DC voltage supply In steps of 0.1 V and 
determine the lowest voltage limit at which 
the cuff pressure reading is still displayed. 

Carry out the test with the maximum 
permissible impedance of the internal 
electrical power source. 

Carry out the test according to the 
procedure specified In paragraph 2 of 
Annexure A at the lowest voltage limit 
Increased by 0.1 V and also at the nominal 
voltage. 

(Ill) Expression of results: 

Express the results as the difference 
between the cuff pressure Indication of the 
blood pressure measuring system to be 
tested and that of the reference manometer 
at the lowest voltage limit increased by 
0.1 V and at nominal voltage. 

(2) Externpl electrical power source-alternating 
current 

(I) Apparatus 

(a) adjustable alternating current 
voltage supply; 

(b) voltmeter with an uncertainty of less 
than 0.5 %of the measured value; 

(c) calibrated reference manometer with 
an uncertainty of less than 0.1 kPa 
(0.8 mmHg). 

(II) Procedure : 

Connect the blood pressure measuring 
system to the adjustable alternating current 
voltage supply. Measure the variation in AC 
voltage supply with the voltmeter. 

Carry out the test according to the 
procedure specified in paragraph 2 of this 
Annexure. 
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the maximum rated voltage, 
declared by the manufacturer, 
Increased by 10%; 

the mean value of the maximum and 
minimum rated voltage, declared by 
the manufacturer; 

the minimum rated voltage, declared 
by the manufacturer, decreased by 
10%, 

(iii) Expression of results: 

Express the results as the difference 
between the cuff pressure indication of the 
blood pressure measuring system to be 
tested and that of the reference 
manometer. 

{3) External electrical power source-direct 
current 

(i) Apparatus: 

Use the apparatus listed In paragraph 
4( 1 )(I) of this Annexure. 

(ii) Procedure: 

Connect the blood pressure measuring 
system to the DC voltage supply. Control 
the DC voltage supply by reference to a 
voltmeter. 

Carry out the test according to the 
procedure specified in paragraph 2 of 
Annexure A at-

( a) the maximum rated voltage, 
declared by the manufacturer, 
Increased by 10%; 

(b) the mean value of the maximum and 
minimum rated voltage, declared by 
the manufacturer; 

(c) the minimum rated voltage, declared 
by the manufacturer, decreased by 
10%. 

(iii) Expression of results : 

Express the results as the difference 
between the cuff pressure indication of the 

·blood pressure measuring system to be 
tested and that of the reference 
manometer. 

( 4) Voltage variations of the external electrical 
power source - alternating current 
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(I) Apparatus: 

Use the apparatus· listed in paragraph 
4(2)(i) of this Annexure. 

(ii) Procedure: 

Connect the blood pressure measuring 
system to the AC voltage supply. Measure 
the variation in the AC voltage supply with 
the voltmeter. Test the blood pressure 
measuring system by altering the DC 
voltage supply in steps of SV and determine 
the lowest voltage limit at which the cuff 
pressure reading Is displayed. 

Carry out the test according to the 
procedure specified In paragraph 2 of this 
Annexure at the lowest voltage limit 
increased by SV and also at the rated 
voltage. 

(iii) Expression of resufts: 

Express the results as the difference 
between the cuff pressure Indication of the 
blood pressure measuring system to be 
tested and that of the reference manometer 
at rated voltage and the lowest voltage limit 
Increased by SV. 

(5) Voltage variations of the extemaf electrical 
power source - direct current 

(I) Apparatus: 

Use the apparatus listed in paragraph 
4(1)(1) of this Annexure. 

(ii) Procedure: 

Connect the blood pressure measuring 
system to the DC voltage supply. Measure 
the variation in the DC voltage supply with 
the voltmeter. 

Test the blood pressure measuring system 
by altering the DC voltage supply in steps 
of 0.1 V and determine the lowest voltage 
limit at which the cuff pressure reading Is 
displayed. 

Carry out the test according to the 
procedure specified in paragraph 2 of 
Annexure A at the lowest voltage limit 
Increased by 0.1 V and also at the rated 
voltage. 

(Iii) expression of results: 

Express the results as the difference 
between the cuff pressure indication of the 
blood pressure measuring system to be 

~-- --- .. 1~-----------------
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tested.and;that of the reference manometer 
at rated voltc!ge and at. the lowest voltage 
limit increased.by. o:r.v. 

5. Test methods·ror the ·effect .of .voltage 
variations of the power source on.the,result of 
the blood pressure measurement 

(1) Internal electrical power source 

(i) Apparatus 

adjustable direct .cu~rent voltage 
s~pply; . 

.voltmeter ·with ·an ·uncertainty less 
~than .O.S%.ofthe measured value; 

, patient simulator [see paragraph 
'2(1~)] ,for the auscultatory and/or 
•oscillometric method, having 
raddltional deviations originating from 
the•slmulator of not more than 0.27 
.kPa\(2 mmHg) for the mean value of 
<the ,measurements and generating 
·signals for blood pressure values of 
,approximately 

-.systolic: 16 kPa (120 mmHg); 

-diastolic: 11 kPa (80 mmHg); 

- pulse rate: 70 min-1-BOmln-1. 

(ii) Procedure: 

Replace the Internal electrical power source 
of the blood pressure measuring system 
by a DC voltage supply having an 
impedance which is equivalent to the 
impedance of the internal electrical power 
source specified by the manufacturer. 
Devices Intended to be used with consumer 
batteries shall be tested with an Impedance 
of less than 1112. · 

Control the DC voltage supply by reference 
to the voltmeter. 

Connect the blood pressure measuring 
system to the patient simulator. Carry out 
the test at the maximum permissible 
impedance of the internal electrical power 
source. 

Carry out 20 simulated blood pressure 
measurements at the lowest voltage limit 
as determined in paragraph 4(1)(11) of 
Annexure A increased by 0.1 V and at 
no'minal voltage. 

(ill) Expression of results: 

Determine the mean value (systolic and 
diastolic values separately) of the 20 
consecutive readings taken at each voltage 
level. 

(2) External electrical power source • 
alternating current 

(I) Apparatus: 

adjustable alternating current 
voltage supply; 

voltmeter with an uncertainty less 
than 0.5% of the measured value; 

patient simulator as described in 
paragraph 5( 1 )(I) of Annexure A. 

(II) Procedure: 

Connect the blood pressure measuring 
system to the AC voltage supply. 

Control the AC voltage supply by reference 
to the voltmeter. Connect the blood 
pressure measuring to the simulator. 

Carry out 20 simulated blood pressure 
measurements each at: 

the maximum rated voltage, 
declared by the manufacturer, 
increased by 10%; 

'the mean value of the maximum and 
minimum rated voltage, declared by 
the, manufacturer; 

the minimum rated voltage, declared 
by the manufacturer, decreased by 
10%. 

(iii) Expression of results : 

Determine the mean value (systolic and 
diastolic values separately) of the 20 
consecutive readings taken at each voltage 
level. 

(J) External electrical power source - direct 
current 

(I) Apparatus 

(a) adjustable direct current voltage 
supply; 

(b) voltmeter with an uncertainty less 
than 0.5 % of the measured value; 
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(c) patient simulator as described in 
paragraph 5(1)(i) of Annexure A. 

(ii) Procedure: 

Connect the blood pressure measuring 
system to the DC voltage supply. 

Control the DC voltage supply by reference 
to the voltmeter. Connect the blood 
pressure measuring system to the 
simulator. 

Carry out 20 simulated blood pressure 
measurements each at: 

(a) the maximum rated voltage, 
declared by the manufacturer, 
increased by 10%; 

(b) the mean value of the maximum and 
minimum rated voltage, declared by 
the manufacturer; 

(c) the minimum rated voltage declared . 
by the manufacturer, decreased by 
10%. 

(iii) Expression of results: 

Determine the mean value (systolic and 
diastolic values separately) of the 20 
consecutive readings taken at each voltage 
level. 

6. Method of test for air leakage of the 
pneumatic system 

( 1) Apparatus: 

6(1)(i) rigid metal cylinder of an 
appropriate size; 

6(1)(ii) pressure generator, e.g. ball pump 
(hand pump) with deflation valve; 

6(1)(iii) stopwatch. 

(2) Procedure 

If because of technical reasons, the test as 
described in this sub-clause cannot be performed, 
use an alternative test procedure specified by the 
manufacturer. 

Carry out the test at constant temperature in 
the range l5°C to 25°C. 

Before beginning the test, allow the blood 
pressure measuring system to reach working 
temperature. 

Lf7lf c;I/11-/~3 
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Wrap the cuff around the cylinder (see 6.2) such 
that, for devices measuring a.t the upper arm and 
the thigh, the circumference of the applied cuff does 
·not exceed that of the cylinder by more than 7%. 

Note 1 :Electro-mechanical pumps which are 
a part of the system may be used for the test. Valves 
which are permanently opened may be disconnected 
for the test. 

Note 2 : For this test no calibrated reference 
manometer is required because the cuff pressure 

. display of the unit under test can be used when the 
e·rror of the cuff pressure Indication is taken Into 
account. The advantage of this test Is that the unit 
under test Is In its original configuration. Additional 
connections can increase the leakage. 

Carry out the test over the whole measuring 
range at least five equally spaced pressure steps [e.g. 
7 kPa(SO mmHg), 13 kPa (100 mmHg), 20 kPa (150 
mmHg), 27 kPa (200 mmHg) and 34 kPa (250 
mmHg)]. Because the thermodynamic equilibrium is 
influenced by decreasing or Increasing the pressure 
when changing to the next pressure step, wait at 
least 60 s before reading the values. Test the air 
leakage over a period of 5 minutes and determine 
the measured value from this. 

_ ( 3) Expression of results: 

Express the air leakage as the rate of pressure 
loss per minute. 

7. Method of test for the pressure reduction 
rate 

( 1) Apparatus 

(I) T-piece connectors; 

(ii) calibrated reference manometer with 
signal output port and an uncertainty 
less than 0.1 kPa (0.8 mmHg); 

(iii) artificial or human limbs; 

(iv) recording unit. 

(2) Procedure 

Measure the pressure reduction rate either on 
human subjects or artificial limbs. 

Note 1 :The intention Is to use artificial limbs, 
but as these are still under consideration, 
measurements performed with human volunteers are 
acceptable. 

Note 2: Two limb sizes should be used, being 
equal to the upper and lower limits of limb 
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circumferences with whlch·a particular size of cuff is 
recommended for use. 

Note 3: It Is Intended that the characteristics 
of the artificial limbs reflect some elastic 
characteristics of human limbs. 

Because the cuff deflation rate may be 
influenced by the way that a cuff is applied, apply 
and remove the cuff for each of at least ten repeated 
measurements on at least two different limb sizes. 
The deflation· may be reset. 

Connect the calibrated reference manometer 
to the cuff by means of aT-piece. Connect the output 
part of the calibrated reference manometer to the · 
recording unit. 

(3} Expression of results 

Determine 'the rate of pressure reduction (e.g. 
by graphical evaluation and drawing tangents) at the 
pressure values 8 kPa (60 mmHg), 16 kPa (120 
mmHg) and 24 .kPa (180 mmHg). Calculate the 
pressure reduction rate as the mean value calculated 
separately for the pressure values 8 kPa (60 mmHg), 
16 kPa (120 mmHg) and 24 kPa (180 mmHg) and 
for the various limb circumferences. 

If the pressure reduction rates are dependent 
on the pulse, record the pulse rate. In this case, 
express the result as pressure reduction rate per 
pulse. 

8. Method of test for the rapid exhaust valve 

( 1) Apparatus 

two rigid vessels with capacities of 
100 m1 ± 5% and 500 ml ± 5%, 
respectively; 

calibrated reference manometer with. 
an uncertainty less than 0.1 kPa (0.8 
mmHg); 

T-plece connector; 

stopwatch. 

(2) Procedure · 

Carry out the test with the 500 ml vessel in 
place of the cuff. For blood pressure 
measuring systems having the capability of 
measuring In a neonatal/infant mode and 
for devices measuring at the wrist, carry 
out the test with the 100 ml vessel in place 
of the cuff. 

Connect the calibrated reference 

manometer by means of a T-piece to the 
pneumatic system. 

Inflate at least to the maximum pressure 
given in paragraph 6(5)(iii), wait 60 seconds 
and activate the rapid exhaust valve. 

Measure the time between the pressure 
values specified in paragraph 6(5)(iii) using 
the stopwatch. 

(3) Expression of results 

Express the results as the measured 
exhaust times. 

9. Test method for the zero setting 

(1} Apparatus 

(I) rigid vessel with a capacity of 500 
ml ± 5%; 

(II) calibrated reference manometer with 
an uncertainty less than 0.1 kPa (0.8 
mmHg); 

(ill) electro-mechanical pressure/suction . 
pump; 

(lv) pressure generator, e.g. ball pump 
(hand pump) with deflation valve; 

(v) T-piece connectors; 

(vi) hoses. 

(2} · Procedure and evaluation 

If, because of technical reasons, the test 
as described in this sub-clause cannot be 
performed, use an alternative test 
procedure specified by the manufacturer. 

To test the function of the zero setting, 
apply a pressure of+ 0.8 kPa ( + 6 mmHg) 
and subsequently- 0.8 kPa (- 6 mmHg) to 
the pneumatic system and initiate a zero 

·setting of the device. Ensure that all 
displayed pressure values have a systematic 
error of - 0.8 kPa (- 6 mmHg) and + 0.8 
kPa ( + 6 mmHg), respectively. 

Before beginning the test, allow the blood 
pressure measuring system to reach 
working temperature . 

Set up the blood pressure measuring 
system to be tested as follows:-
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replace the cuff with the 500 ml 
vessel; 

insert the calibrated reference 
manometer into the pneumatic 
system by means of a T-piece 
connector; 

insert the pressure/suction pump 
into the pneumatic system by means 
of a T-piece connector; 

insert the pressure generator into the 
pneumatic system by means of a T
plece connector. 

Note: If convenient, one adjustable pump may 
be used in place of the pressure/suction pump and 
pressure generator to generate the pressures. 

Proceed in the following way:-

( a) Initiate a zero setting as described by the 
manufacturer. Set the blood pressure 
measuring system to the service mode, if 
available. Raise the pressure to 13 kPa (100 
mmHg) immediately afterwards and record 
the displayed value. 

(b) Generate a constant gauge pressure of 
+ 0.8 kPa ( + 6 mmHg) in the pneumatic 
system by using the pressure/suction pump 
at the moment of zero setting. During this 
period close the deflation valve of the device 
under test or close the hose to It, e.g. by 
pinching the hose tightly. Set the blood 
pressure measuring system to the service 
mode, if available. Raise the pressure to 
13 kPa. (100 mmHg) immediately 
afterwards. The zero setting is operating 
correctly if the displayed value decreases 
by 0.8 kPa (6 mmHg) compared to the value · 
taken in (a). 

(c) Repeat (b) with a constant gauge pressure 
of- 0.8 kPa (- 6 mmHg) in the pneumatic 
system. Set the blood pressure measuring 
system to the service mode, if available. 
Raise the pressure to 13 kPa. ( 100 mmHg) 
immediately afterwards. The zero setting 
is operating correctly if the displayed value 
increases by 0.8 kPa (6 mmHg) compared 
to the value taken in (a). 

10. Test method for the drift of the cuff 
· pressure indication 

(1) General 

This test applies for devices performing zero 
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setting only immediately after switching on. 

(2) Apparatus 

rigid vessel with a capacity of 500 ml ± 
5%; 

calibrated reference manometer with an 
uncertainty less than 0.1 kPa (0.8 mmHg); 

stopwatch; 

T-piece connectors; 

patient simulator as described in paragraph 
5(1)(i) of this Annexure. 

(3) Procedure and evaluation 

Replace the cuff with the 500 mi vessel. Insert 
the calibrated reference manometer and the patient 
simulator Into the pneumatic circuit by means of T
piece connectors. 

Before beginning the test, allow the blood 
pressure measuring system to reach operating 
temperature as described in the Instructions for ~se. 

Test the stability of the cuff pressure indication 
after the zero setting at a pressure value of 7 kPa 
(50 mmHg} according to the procedure specified In 
paragraph 2 of this Annexure. 

Under the same environmental conditions 
determine the time (t,) until the change of the cuff 
pressure indication exceeds 0.1 kPa (1 mmHg). 
Switch off the device and switch on afterwards. 
Perform one blood pressure measurement and walt 
until the device has switched off automatically. 
Determine the time (t,) between switching on and 
automatically switching off. The time (t,) shall be 
less than or equal to the time (t

1
}. 

11. Test method for the stability of the blood 
pressure determination. (influence of 
temperature and humidity) 

( 1) Apparatus 

(I) patient simulator as described In 
paragraph 5(1)(i) of this Annexure. 

(II) climatic chamber, capable of adjustment 
to an accuracy of 1 oc for the 
temperature and 5% for the relative 
humidity. 

(2) Procedure 

Carry out the testing of the signal processing 
by means of the patient simulator. For each of the 

- _______ _L 
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following combinations of temperature and humidity, 
place the blood pressure measuring system for at 
least 3 h in the climatic chamber to allow the system 
to reach steady conditions: 

(i) 10°C ambient temperature, 85% relative 
humidity (non-condensing); 

(ii) 20°C ambient temperature, 85% relative 
humidity (non-condensing); 

(iii) 40°C ambient temperature, 85% relative 
humidity (non-condensing). 

For each combination of temperature and 
humidity, take 20 consecutive readings of the blood 
pressure measuring system under test. 

Place the blood pressure measuring system in 
the climatic chamber for at least 3 hours. At each 
combination of temperature and humidity switch on 
the blood pressure measuring system before starting 
the test. Wait until the warm up time (described in 
the instructions'for use) has elapsed, carry out the 
measurement (20 consecutive readings) and switch 
off the blood pressure measuring system afterwards. 

( 3) Expression of results 
Determine the mean value (systolic and diastolic 

values separately) of the 20 consecutive readings 
taken at each combination of temperature and 
humidity. 

Note: Because the testing of the influence of 
temperature and humidity for the signal processing 
can riot be separated from the temperature/humidity 
effect on the pressure transducer and the deviations 
originating from the simulator, both contributions 
should be taken into account for the evaluation of 
the test. 

12. Test methods for the stability of cuff 
pressure indication following prolonged usage 

(1) Procedure 

Carry out the test according to the procedure 
specified in paragraph 2 of this Annexure prior to 
prolonged usage. 

Perform 10,000 simulated measurement cycles 
with the complete blood pressure measure-ment 
system at which at least the following cuff pressure 
values shall be reached: 

· adult mode: 20 kPa (150 mmHg); 

· neonatal/Infant mode: 10 kPa (75 mmHg). 

Note 1: For devices which measure with the 
auscultatory and oscillometric method this test should 
be carried out for both modes. 

Note 2 : For devices which measure In both 
modes (adult and neonatal/infant) the test should 
be carried out In both modes. 

(2) Expression of results 
Express the result as the difference between 

the cuff pressure indication before and after 10,000 
simulated blood pressure measurement cycles at the 
same test pressure and under the same 
environmental conditions. 
13. Test methods for the effect of external 
voltages and abnormal connections to the 
signa/Input/output ports 

( 1) Apparatus 
rigid vessel with a capacity of 500 ml 
:!: 5%; 
calibrated reference manometer with an 
uncertainty less than 0.1 kPa (0.8 mmHg); 
T·plece connectors; 
pressure generator, e.g. ball pump (hand 
pump) with deflation valve. 

(2) Procedure 
Replace the cuff with the 500 ml vessel, insert 

the calibrated reference manometer into the 
pneumatic system by means of aT-piece and proceed 
as follows:-

(i) Raise the pressure to 13 kPa (100 mmHg) 
and record the displayed value. 

(ii) Repeat (i) whilst short circuiting all contacts 
of the signal input/output ports belonging 
to the non-invasive blood pressure 
measuring system. 

(Ill) Repeat (i) whilst applying the maximum 
voltage specified by the manufacturer to 
each contact belonging to the non-invasive 
blood pressure measuring system. 

(3) Evaluation 
Compare the indicated value under (i) with the 

indicated values under (ii) and (IIi). 
14. Test method for the cuff pressure deflation 
following an aborted measurement 

{1) Apparatus 
{I) calibrated reference manometer with 

an uncertainty less than 0.1 kPa (0.8 
mmHg); 

(If) T-piece connectors. 
(2) Procedure and evaluation 
Insert the calibrated reference manometer into 

the pneumatic system by means of a T-piece. 
Start a blood pressure measurement. Abort the 

measurement during inflation. Start an-other 
measurement and abort it during the pressure 
reduction. If interval measurements are possible 
repeat the test in this mode. 

Check by visual inspection whether the rapid 
exhaust is activated. 
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1.. Terminology 

PART VIII 
TAXIMETERS 

(a) '7aximeter'--A measuring instrument which 
totalizes continuously and indicates at any moment 
of the journey the charges payable by the passenger 
of a public vehicle as function of the distance travel lee 
and, below a certain speed, of the length of time 
occupied, independent of supplementary charges, 
according to the authorised tariffs. 

(b) Basic distance tariff-The tariff for distance 
corresponding to all the Intervals except the initial 
interval. · 

(c) Basic time tariff-The tariff for time 
corresponding to all the Intervals ext:ept the Initial intervaL 

(d) Cleared-A taximeter is clearec when no 
indication of fare Is shown and when all parts are in 
the positions In which they are designed to be, when 
the vehicle on which the taximeter is lnstallec Is not 
engaged by a passenger. 

(e) Reading face-The side of a taximeter upon 
which the indications of interest to the passenger 
are indicated. 

(f) Fare-That portion of the charge for the 
hire of a vehicle that Is automatically calculated by a 
taximeter through the operation of the distance or 
time mechanism. 

(g) Flag-A device by which the operating 
conditions of a taximeter is controlled. 

(h) Initial distance or time inteNai-The Interval 
corresponding to the Initial money drop. 

(i) Money drop-An increment of fare Indication. 

(j) Initial money drop-The Initial charges 
appearing on the reading face of the taximeter at 
the time when It Is hlrec by passenger. 

(k) Distance of time inteNals-The intervals 
corresponding to money drops following the initial 
money drop. 

(I) Constant 'k'ofthe taxlineter-The constant 
'k' of a taximeter Is a characteristic quantity showing 
the type and number of signals which the Instrument 
must receive in order to indicate correctly a covered 
distance of 1 km. 

This constant 'k' Is expressed-
(i) in 'revolutions per indicatec kilometre' (rev/ 

km) If the information relating to the 
distance coverec by the vehicle Is lntroducec 
into the taximeter in the fonn of a number 
of revolutions of its main shaft (drive shaft 
at entry point to the instrument). 

(ii) in 'impulse per indicatec kilometre' (imp/ 
km) if this information is introduced in 
the form of electrical signals. 

613 

According to the construction of the instrument 
the constant 'k' may be fixec or may be adjustable 
by fixed amounts. · 

( m) Characteristic coemcient 'w' of the vehicle
The characteristic coefficient 'w' of a vehicle Is a 
quantity Indicating the type and number of signals 
intended to drive the taximeter which appear at the 
component provided for this purpose, for a distance 
travelled of 1 km. 

This coefficient 'w' is expressed-

(!) In 'revolutions per kilometre travelled' 
(rev/km.); or 

(II) In 'impulse per kilometre travelled' (Imp/ 
km), 

depending on whether the Information relating to 
the distance travelled by the vehicle appears In the 
form of a number of revolutions of the component 
driving the taximeter or in the form of electrical 
signals. 

This coefficient varies as a function of several 
factors, principally the wear and pressure of the tyres, 
.the load carried by the vehicle, the conditions under 
which the vehicle makes a journey. It shall be 
measured under the standard test conditions for the 
vehicle. 

( n) Adapting device-A special device which 
allows the values of'k' and 'w' to be adjusted in such 
a way that maximum permissible error laid down In 
paragraph S(c) shall not· be exceeded. 

2. General 

(a) The following units of measurements shall 
be used for taximeters:-

( I) the metre or kilometre, for distance 

(II) tlle second, minute or hour for time. 

(b) The fare for the journey shall be expressec 
In the legal monetary units. 

· 3. Technical characteristics 

(A) General constructional features 

(a) The taximeter shall be robust and well· 
constructed. The functional parts of the 
taximeter shall be made of materials 
which guarantee adequate strength and 
stability. 

(b) The casing of the taximeter and that of 
the adapting device as well as the covers 
of the transmission devices shall be so 
made that the essential parts of the 
mechanism are out of reach from outside 
and are protected against dust and 
humidity. 

·-------,-- ------- _L ___ --- -------
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Access to devices for. adjustment shall be 
made impossible without damage to the 
sealing arrangements. 

(c) In the case of electronic'taxlmeters,the 
electronic devices which calculate the 
charge payable .shall .. operate without 
failure;:and.at any time· it shall.be possible 
to check their correct operation. 

This may· be achieved :by means of a 
speclal·.control !programme which .is 
automatlc ... or manually:actlvated. 

Any fault :identitied :by this control 
programme shcill be clearly Indicated. 

{B) Measuring device-Calculating device 

(a) Except when the taximeter Is being 
cleared, indications offare shall be clearly 
visible:at:all times. 

(b) The taximeter shall be so designed that it 
calculates and indicates the fare for the 
journey sOlely on the basis of: 

{i) the distance travelled when the 
vehicle moves at a speed higher than 
the changeover speed; or 

(ii) the period of time when the vehicle 
moves at a speed less than the 
changeover speed. 

The changeover speed Is attained 
by dividing the time tariff by the 
distance tariff and may vary 
according to the variation In these 
tariffs. 

(c) The distance drive shall be made through 
the medium of the wheels, and the reverse 
motion shall not cause a reduction in the 
fare or distance shown. 

{d) The time drive shall be obtained by a 
mechanical or electronic movement of the 
clock work, which can be activated only 
by operating the mechanism of the 
taximeter. 

(e) If the working of the clockwork 
mechanism Is operated by manual 
winding, It shall work for at least 8 hours 
without rewinding or for at least two hours 
if rewinding Is necessary at each manual 
operation before it is set in opeiation. 

The electronic clockwork, shall be capable 
of functioning at any time. 

(f) During the distance drive, the first 
increment of fare indication (money drop) 
shall occur after travelling the Initial 

distance. The subsequent money drops 
shall correspond to equal distance 
between each of them. 

{g) During the time drive, the first increment 
of fare indication (money drop) shall occur 
after the initial time interval. The 
subsequent money drops shall correspond 
to equal time intervals between each of 
them. 

{h) Without change of drive, the ratio 
between the Initial distance and the 
subsequent distances shall be the same 
as the ratio between the initial time and 
subsequent time Intervals. 

{i) An adapting device, situated inside or 
outside the instrument case, shall allow 
the adaptation of the taximeter constant 
to the characteristic coefficient of the · 
vehicle on which It Is mounted, with an 
accuracy such that the maximum 
permissible errors laid down in paragraph 
S(c) shall not be exceeded. 

U) The taximeter shall be so designed as to 
facilitate necessary adjustment of the 
calculating device for making it conform 
to the changes In the tariff. 

(k) If the number of tariffs provided on the 
Instrument is greater than the number of 
tariffs in force, the taximeter shall, In the 
superfluous positions, calculate and 
Indicate a fare based on one of the 
authorised tariffs. 

(C) Control mechanism 
(a) The mechanism of the taximeter shall be 

capable of being set In motion after having 
been engaged by a single control 
mechanism. 

For the electronic taximeter this 
mechanism may consist of various push 
buttons and switches for special 
operations. 

The mechanism of the taximeter shall be 
capable of being set in motion in one of 
the positions indicated in clauses (b), (c) 
and (d). 

(b) FREE position (for hire) 

In this position-

(!) there shall be no indication of the 
fare to be paid or, this indication shall 
be equal to zero or to a value of the 
initial money drop but in the latter 
case, the indication shall be covered 

· by a shutter; 
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(ii) the distance drive and the time drive 
shall not operate the device which 
Indicates the fare to be paid; 

(iii) the totalizer indicating the total _ 
distance travelled shall remain 
turned off; 

(iv) the window through which possible 
extras are seen shall be blank or 
Indicate "Zero". 

(c) "WORKING" position (hired)-In this 
position, the time and distance drives and 
the extras Indicator, if any, shall be 
engaged. 

(d) "TO PAY" position-In this position, which 
shows the final total fare due from the 
passenger for the journey excluding any 
extras, the time drive shall be 
disconnected and the distance drive shall 
remain connected to the authorised tariff. 
In case of electronic taximeters it is 
permitted, by operating a special button 
in the TO PAY position, to add any possible 
extras to the fare, and to indicate on the 
indicator, the total fare payable by the 
passenger. When this button Is released 
the two amounts shall be indicated 
separately. 

(e) The control mechanism, shall be so 
designed that starting froni FREE position, 
the taximeter can be set successively in 
WORKING position and TO PAY position. 

(f) The operation of the control mechanism 
is subject to the following restrictions:-

(i) Starting from the WORKING position, it 
shall not be possible to put the taximeter 
back in the "FREE" position without going 
through the "TO PAY" position. 

(ii) Starting from the TO PAY position, It shall 
not be possible to put the taximeter in 
the WORKING position without going 
through the FREE position. 

(D) Indicating device 

(a) The "reading face" of the taximeter shall 
be so designed that the indications of 
interest to the passenger can be easily 
read by him. · 

(b) The fare to be paid, excluding possible 
extras, shall be ascertained from the fare 
indicator by simple reading of an indication 
in aligned figures having a minimum 
height of 10 mm. 
When electronic indicating elements are 
used it shall be possible to check the 
operation of the indication. 

·---~-----·-- ·--- __ . 
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(c) As soon as the instrument is put Into 
operation from the FREE position by 
operating the control mechanism, the 
shutter, if any, covering the Indication of 
fare to be paid, shall retract and a fixed 
amount corresponding to the initial money 
drop shall appear. 

The fare indicator shall thereafter advance 
by successive steps of a constant 

· monetary value, as soon as the amount 
of the initial money drop has been used 
up. 

(d) · The taximeter shall be provided with a 
device indicating at any moment on the 
reading face the engaged working 
position. 

(e) The taximeter shall have a means for 
illuminating the readings appearing on the 
reading face and it shall be possible to 
replace the light bulbs without opening 
the sealed parts of the meter. 

In the case of self-luminous indications 
no additional illumination is required If 
readability of the indications of interest 
to the passenger Is ensured. 

(E) Optional additional devices 

The taximeter may in addition be provided with 
supplementary devices, such as-

( a) an Indicator of extras Independent of the 
fare indicator mentioned in clause 3(D)(b) 
and automatically returning to zero In the 
FREE position. In the TO PAY position It Is 
permitted to add the extras to the fare by 
operating a push button; 

(b) totalizers which give, In aligned figures 
having a minimum height of 4 mm, 
Indications of-

(1) the total distance travelled by the 
vehicle; 

(li) the total distance travelled on hire; 

(Ill) the total number of "engagement"; 

(iv) the total number of money drop. 

The totalizers may be also non-erasable 
electronic memories which can be recalled 
and indicated in the FREE position of the 
taximeter. The data In the memory shall 
be protected for at least 72 hours after a 
power supply failure; 

(c) a device detecting the presence of a 
" passenger (pressure sensor): 

~-- -- ------- -------- j_" ___ ----------------
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4. Inscription 

(a) Every taximeter shall bear the following 
indications:- · 

(i) name and address of the 
manufacturer or his trade mark. 

(ii) the constant 'k' in rev/km. or lmp/km. 

(b) Every taximeter shall have places to 
permit: 

Affixation of marks of initial and periodical 
verifications. 

(c) In the vicinity of the windows of ail 
indicating devices the meanings of the 
values shown shall be given clearly, legibly 
and unambiguously. 

(d) The name or the symbol of the monetary 
unit shall be alongside the fare Indication 
for the journey and the indication of extras 
to be paid. 

5. Maximum permissible errors 

(a) During drive by distance the maximum 
dispersion of the indications shall not 
exceed: 

.-' 
(i) for the Initial distance, 2 per cent of 

the true value. However, for initial 
distances less than 1000 metres, the 
dispersion may be up to 20 metres; 

(ii) for distances succeeding the initial 
distance 2 per cent of the true value. 

(b) During drive by time the maximum 
dispersion of the indications shall not 
exceed-

(i) for the initial time : 3 per cent of 
the true value however, for Initial 
times less than 10 minutes, this error 
may be up to 20 seconds, 

(ii) for times succeeding the Initial time: 
3 per cent of the true value. 

(c) The adaptlon shall be carried out under 
the standard test conditions such that the 
constant 'K' of the taximeter differs by less 
than 1 per cent from the characteristic 
number 'W' of the vehicle on which it is 
mounted. 

6. Protection and guarantee seals 

(a) The under mentioned part of the 
taximeter shall be so constructed that they 
can be sealed with .lead or by marks of 
protection and guarantee: 

(i) the case enclosing the Internal 
mechanism of the taximeter; 

(II) the case of adjusting device (if this 
device is outside the case of the 
taximeter); 

· (iii) the covers of electrical or mechanical 
devices forming the connection 
between the entrance of the 
taximeter and the corresponding 
part provided on the vehicle for 
alignment with the instrument, 
including the detachable parts of the 
adjusting device. 

(b) A plate of approved size and pattern shall 
be attached to the taximeter gear box or 
to the taximeter Itself In such a manner 
that it cannot be removed without either . 
removing the seals affixed by the testing 

. authority or opening the taximeter or 
taximeter gear box. The plate shall show 
In raised or sunken words and figures, the 
type of cab on which the taximeter Is to 
be used. 

These seals shall be such that all access 
to protected components particularly the 
components of adjustment is impossible 
without damaging the seal. 

7. standard test conditions for the vehicle 

(a) The load carried by the vehicle 
corresponds to the weight of four adult 
persons including the driver. 

(b) The tyres are inflated to the pressure 
presc.ribed by the vehicle manufacturer 
and are in good condition (e.g., 
conforming to the road safety rules).· 

(c) The vehicle is moving, under its own 
power, on level ground in a straight line, _ 
at a speed less than 40 km/h. 

8. Test methods 

To determine compliance with distance 
tolerances a distance test of the taximeter shall be 
conducted utilizing anyone of the following test 
methods:-

(a) Road test method-A road test consists 
of driving the vehicles over a precisely 
measured road course. 

(b) Fifth wheel test method-This test 
consists of driving the vehicle over any 
reasonable road course and determining 
the distance actually travelled through the 
use of a mechanism known as "fifth 
wheel" that is attached to the vehicle and 
that independently measures and 
Indicates the distance. 
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(c) Simulated road test method_;_This test 
consists of determining the distance 
travelled by computation from rolling 
circumference and wheel turn data. 

9. Test procedure 

(a) The distance test of a taximeter, whether 
(a), (b) or (c) shall include at least 
duplicate runs of sufficient length to cover 
at least the third money drop or one km., 
whichever Is greater, and shall be at a 
speed approximating the average speed 
travelled by the vehicle in normal service. 

(b) If the taximeter is equipped with a 
mechanism through which charges are 
made for time intervals, a test shall be 
conducted to determine whether there is 
interference between the time and 
distance mechanism. During this test, the 
vehicle Is operated at a speed of 3 or 4 
km./h faster than changeover speed. 

PART IX 

COMPRESSED GASEOUS FUEL (CNG) 
MEASURING SYSTEMS FOR VEHICLES 

HEADING-A 

1. Scope 

( 1) These specifications lay down the 
metrological and technical requirements applicable 
to compressed gaseous fuel measuring systems for 
vehicles. It also specifies the requirements for the 
approval of constituents elements of the measuring 
systems (meter, etc.). Measuring systems for liquid 
petroleum gas are not in the scope of this 
specification as the fluid is at liquid state. 

(2) In general, the measuring systems that are 
covered by this specification are intended for the 
refuelling of roadside motor vehicles, small boats, 
aircraft and for trains. ' 

In principle, these specifications apply to all 
measuring systems fitted with a meter as defined in 
paragraph 1, sub-paragraph (1) (continuous 
measurement), whatever be the measuring principle 
of the meters or their application. 

TERMINOLOGY 

1. Measuring system and its constituents 

(1) Meter 

An instrument intended to measure 
continuously, memorizes and display the quantity of 
gas passing through the measurement transducer 
at metering conditions. 

Note: A meter Includes at least a transducer, a 
calculator (including adjustment or correction devices, 
if present) and an indicating device. 
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(2) Measurement transducer 

A part of the meter which transforms the flow 
of the gas to be. measured Into signals which are 
passed to the calculator. It may be autonomous or 
use an external power source. 

Note: For the purposes of these specifications, 
the measurement transducer Includes the flow or 
quantity sensor. 

(3) Calculator 

A part of the meter that receives the output 
signals from the transducer(s) and, possibly, from 
associated measuring instruments, transforms them 
and, If appropriate, stores In memory the results until 
they are used. In addition, the calculator may be 
capable of communicating both ways with peripheral 
equipment. · 

(4) Indicating device 

A part of the meter, which displays continuously 
the measurement results. 

Note: A printing device which provides an 
indication at the end of the measurement is not an 
indicating device. 

(S) Ancillary device 

A device intended to perform a particular 
function, directly involved in elaborating, transmitting 
or>displaying measurement results. 

Main ancillary devices are:

( a) zero setting devices, 

(b) repeating indicating device, 

(c) printing device, 

(d) memory device, 

(e) price indicating device, 

(f) totalizing indicating device, pre-setting 
device, and 

(g) self-service device. 

(6) Additional device 

A part or a device, other than an ancillary 
device, required to ensure correct measurement or 
intended to facilitate the measuring operations, or 
which could In any way affect the measurement. 

Main additional devices are:

( a) filter, 

(b) device used for the transfer point, 

(c) anti-swirl device, 

(d) branches or bypasses, 

(e) valves, and 

(f) hoses. 
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(1) Measuring system 

A system which comprises the meter itself,and 
ail the anciliary.devices.and additional· devices. 

(8) Compressed gaseous fuel measuring systems for 
vehicles 

A measuri~g system intended for the· refuelling 
of motor vehicles with compressed gaseous fuel. 

(9) Pre-setting device 

A device which permits ·the selection of the 
quantity to be measured and .which ·automatically 
stops the flow :of -:the gas at the end of the 
measurement ofthe selected· quantity. 

Note: The; pre-set quantity may be the mass 
or the related price,to pay. 

(1 0) Adjustment device 

A device incorporated ,in the meter, that only 
allows shifting of the -eHor curve generally parallel 
to itself, with a wiew to -bringing errors within the 
maximum permissible errors. 

(11) Associated measuring instruments 

Instruments connected to the calculator or the 
correction device, for measuring certain quantities 
which are characteristics of the gas, with a view to 
making corrections. 

(12) Correction device 

A device connected to or incorporated in the 
meter for automatically correcting the mass, by taking 
into account the flow rate or the characteristics of 
the gas to be measured (viscosity, temperature, 
pressure) and the pre-established calibration curves 
or both. 

{13) Ti'ansfer point 

A point at which the gas is defined as being 
delivered. 

2. Self-service measuring systems 

(1) Self-service arrangement 

An arrangement that allows the customer to 
use a measuring system for the purpose of obtaining 
gas for his own purchase. 

(2) Self-service device 

A specific device that is part of a self-service 
arrangement and which· allows one or more 
measuring systems to perform in this self-service 
arrangement. 

Note: The self-service device includes ail the 
elements and constituents that are mandatory so 
that a measuring system performs in a self-service 
arrangement. 

The arrangement is made of a self-service 
-device and connected measuring systems. 

(3) Attended service mode 

An operating mode of a self-service 
arrangement in which the supplier is present and 
controls the authorization for the delivery. 

(4) Unattended service mode 

An operating mode of a self-service 
arrangement in which the self-service arrangement 
controls the authorization for a delivery, based on 
an action of the customer. 

Note: In unattended service mode, the end of 
the measurement operation is the end of the 
registration (printing and/or memorizing) of 
information concerning the measurement operation. 

(S) Pre-payment 

A type of payment in attended or unattended 
service mode requiring payment for a quantity of 
gas before the delivery commences. 

(6) Attended post-payment (or post-payment) 

A type of payment in attended service mode 
requiring payment for the delivery but before the. 
customer leaves the site of the delivery. 

(7) Unattended post-payment (or delayed payment) 

A type of payment in unattended service mode 
in which payment for the delivered quantity is 
required after the delivery, but in which the 
transaction is not settled when the customer leaves 
the site, following an implicit agreement with the 
supplier. 

(8) Authorization of a measuring system 

An operation that brings the measuring system 
into a condition suitable for the commencement of 
the delivery. 

3. Metrological characteristics 

(1) Primary Indication 

An indication (displayed, printed or memorized) 
which is subject to legal metrology control. 

Note: Indications other than primary 
indications are commonly referred to as secondary 
indications. 

(2) Absolute error of measurement 

The result of a measurement minus the 
(conventional) true value of the measurand. 

(3) Relative error 

The absolute error of measurement divided by 
the (conventional) true value of the measurand. 
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(4) Maximum permissible errors 

The extreme values permitted by the 
specification for an error. 

(5) Minimum measured quantity of a measuring 
system 

The smallest mass of gas for which the 
measurement Is metrologically acceptable for that 
system. 

Note: In measuring systems intended to 
deliver, this smallest mass is also referred to as the 
minimum delivery. 

(6) Minimum specified mass deviation 

The absolute value of the maximum permissible 
error for the minimum measured quantity of a 
measuring system. 

(7) Minimum specified price deviation 

The price to pay corresponding to the minimum 
specified mass deviation. 

(8) Repeatability error 

For the purposes of this specification, the 
difference between the largest and the smallest 
results of successive measurements of the same 
quantity carried out under the same conditions. 

(9) Intrinsic error 
The error of a measuring system determined 

under reference conditions. 

(1 0) Initial intrinsic error 
The intrinsic error of a measuring system as 

determined prior to all performance tests. 

(11) Fault 
The difference between the error of Indication 

and the (initial) intrinsic error of a measuring system. 

(12) Significant fault 

For the mass, a fault means magnitude of which 
is greater than the larger of these two values :-

(ii) one-tenth of the magnitude of the · 
maximum permissible error for the 
measuring system and for the measured 
mass, 

(iii) the minimum specified mass deviation. 

For the price to pay, the price corresponding to 
the significant fault for the mass. 

Note: No fault is allowed for the unit price. 

The following are not considered to be 
significant faults :-

(v) faults arising from simultaneous and 
mutually Independent causes In the 
measuring instrument Itself or In its 

· checking facilities; 
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(vi) tran'sitory faults being momentary 
variations in the Indication, which cannot 
be interpreted, memorized or transmitted 
as a measurement result. 

(13) Durablfity 

The capability of the measuring system to keep 
its performance characteristics over a period of use, 
for electron lc purposes. 

4. Tests and test conditions 

{1) Influence quantity 

A quantity which is not the subject of the 
measurement but which Influences the value of the 
measurand or the indication of the measuring system. 

{2) Influence factor 
An influence quantity having a value within the 

rated operating conditions of the measuring system, 
as specified in these specifications. 

(3) Disturbance 

An influence quantity having a value outside 
the specified rated operating conditions of the 
measuring system. 

Note: An influence quantity is a disturbance if 
for that Influence quantity the rated operating 
conditions are not specified. 

(4) Rated operating conditions 

Conditions of use, giving the range of values of 
influence quantities for which the metrological 
characteristics are intended to be within the 
maximum permissible errors. 

(5) Reference conditions 

A set of specified values of influence factors 
fixed to ensure valid inter comparison of results of 
measurements. 

(6) Performance test 
A test Intended to verify whether the measuring 

system under test (EUT) is capable of accomplishing 
its intended functions. 

(7) Endurance test 
A test intended to verify whether the meter or 

the measuring system is able to maintain Its 
performance characteristics over a period of use. 

(B) Bank 

A test reservoir or a set of test .reservoirs 
manifolded together which forms part of a multi
segment gas storage system. The segments operate 
at different pressure levels from one another In 
refuelling systems fitted with or using a sequential 
control device. 

Note: Testing by using banks generate 
transient now rates. 

------------------- --~--- --------------
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{9) Sequential control device 

A device which, allows· switching from a bank to 
another one. This device may. be indudedln a measuring 
system or may be part:of the refuelling,statlon. 

5. Electron/cor electrical eqli.Jpment 
(1) Electronic device 

A device employing electroniC'sub,assemblles 
and performing;acspeclfic function. 

Note: Electronic .devices, .as defined above, 
may be completermeasuring .systems :or ,part of 
measuring systems. 

(2) Electronic sub">'Jssembly 

A part of:an electronic device, employing 
electronic components and having a .recognizable 
function of its own. 

(3) Electronic component 

The smallest-ptwsical entity which uses electron 
or hole conduction .111 semi-conductors, gases, or in 
a vacuum. 

( 4) Checking facility 

A facility Which Is Incorporated In a measuring 
system and which enables significant faults to be 
detected and acted upon. 

Note: The checking of a transmission device 
alms at verifying that all the information which is 
transmitted is fully received by the receiving 
equipment. 

(5) Automatic checking facility 

A checking facility operating without the 
intervention of an operator. 

(6) Permanent automatic checking facility (type P) 

An automatic checking facility operating during 
the entire measurement operation. 

(7) Intermittent automatic checking facility (tupe l) 

An automatic checking facility operating at least once, 
either at the beginning or at the end of each 
measurement operation. 

(8) Power supply device 

A device which provides the electronic devices 
with the required electrical energy, using one or 
several sources of a.c. or d.c. 

HEADING-S 

1.. General requirements 
(1) Constituents of a measuring system 

A meter itself is not a measuring system. A 
measuring system includes at least-

( a) a meter, 

(b) a transfer point, 

(c) a gas circuit with particular characteristics 
which must be taken into account. 

The measuring system may be provided with 
other ancillary and additional devices [paragraph 2 
sub-paragraph (2)). 

·If several meters Intended for separate 
measuring operations have common elements 
calculator filter, etc.) each meter Is considered to 
form, with. the common elements, a measuring 
system. 

A measuring system shall Include only one meter. 

(2) Ancillary and additional devices 

(I) Ancillary devices may be a part of the 
calculator or of the meter, or may be 
peripheral equipment, connected through 
an Interface to the calculator. These 
devices shall bear a legend which is clearly 
visible to the user to indicate that they 
are not controlled when they display a 
measurement result visible to the user. 
Such a legend shall be present on each 
print-out likely to be made available to 
the customer. 

(II) By definition, additional devices likely to 
be Installed in a measuring system shall 
not corrupt the metrological behaviour of 
the measuring apparatus. 

(3) Field of operation 

(I) The field of operation of a measuring 
system is determined by the following 
characteristics:-

minimum measured quantity, 

measuring range limited by the 
'minimum flow rate, Qmin and the 
maximum flow rate, Qmax 

' maximum pressure of the gas, 

Pmax, 
minimum pressure of the gas, Pmln 

' if appropriate, nature and 
characteristics of the gases to be 
measured, 

maximum temperature of the gas, 

Tmax• 
minimum temperature of the gas, 

Tmin• 
environment class 

The environmental class may be 
different according to devices of the 
measuring system, provided each 
device is used according to its own 
environmental class. In particular 
this is applicable to some parts of a 
self-service device which can be 
used at different temperatures than 
the rest of the measuring system. 
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(ii) The minimum measured quantity of 
a measuring system shall have the 
form 1 x wn, 2 x 10n or 5 x 10n 
authorised units of mass, where n 
Is a positive or negative whole 
number, or zero. 
The minimum measured quantity 
shall satisfy the conditions of use of 
the measuring system. Except in. 
exceptional cases, the measuring 
system shall not be used for 
measuring quantities, less than this 
minimum measured quantity. 
Measuring systems having a maxi
mum flow rate not greater than 30 kg/ 
min shall have a minimum measured 
quantity not exceeding 2 kg. 
Measuring systems having a 
maximum flow rate larger than or 
equal to 30 kg/min but not greater 
than 100 kg/min shall have a 
minimum measured quantity not 
exceeding 5 kg. 

(iii) The measuring range shall satisfy 
the conditions of use of the 
measuring system; the latter shall 
be designed so that the flow rate is 
between the minimum flow rate and 
the maximum flow rate, except at 
the beginning and at the end of the 
measurement or during inter
ruptions. 
In normal conditions of use, the 
measuring system shall not be 
capable of delivering quantities at 
flow rates smaller than the minimum 
flow rate. The measuring range of a 
measuring system shall be within the 
measuring range of each of its 
elements. 
The ratio between the maximum 
flow rate and the minimum flow rate 
shall be at least fifteen. 

(iv) A measuring system shall exclusively 
be used for measuring gas having 
characteristics within Its field of 
operation, as specified In the model 
approval certificate. The field of 
operation of a measuring system 
shall be within the fields of 
measurement of each of its 
constituent elements, In particular 
the meter. 

{4) Indications 
{i) Measuring systems shall be provided with 

621 

an indicating device gMng the mass of 
gas measured. If the system is fitted with 
a price indicating device, then-

1(4){i)(a) indications of unit price and 
price to be paid are related only to mass. 

1{ 4)(i)(b) these indications are displayed 
only when displaying the mass. 

(II) Mass shall only be indicated in kilogram. 
The symbol or the name of the unit shall 
appear in the immediate vicinity of the 
Indication. 

(Ill) A measuring system may have several 
devices indicating the same quantity. Each 
shall meet the requirements of this 
specification if subject to control. The scale 
Intervals of the various indications shall 
be the same. 

(lv) For any measured quantity relating to the 
same measurement, the indications 
provided by various devices shall not 
deviate one from another. 

(v) The use of the same indicating device for 
the indications of several measuring 
systems {which then have a common 
Indicating device) is authorized provided 
that it is impossible to use any two of these 
measuring systems simultaneously, and 
that the measuring system providing the 
Indication is clearly identified. 

(vi) The scale interval shall be in the form 1 x 
10n, 2 x 10n or 5 x 10n authorized units 
of mass, where n is a positive or negative 
whole n urn ber, or zero. 

The scale interval shall be equal to or 
smaller than half the minimum specified 
mass deviation. 

However non-significant scale intervals 
should be avoided. Thus does not apply 
to price indications. 

(vii) When relevant, the provisions relating to 
mass indications apply also to price 
Indications by analogy, and to secondary 
Indications of other quantities as well. 

(5) Suitability of additional devices 

{I) Measuring systems shall incorporate a 
transfer point. This transfer point Is 
located down stream of the meter. 

(II) No means shall be provided by which any 
measured gas .can be diverted down 
stream of the meter during the filling 
operation. 

{Ill) 1\No or more delivery transfer points may 

---- ----~ ~--- ~ --
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be permanently installed and operated 
simultaneously or alternately provided so 
that any diversion of gas to other than 
the Intended receiving receptacle(s) 
cannot be readily accomplished or is 
readily apparent. Such means Include, for 
example, physical barriers, visible valves 
or Indications that make it clear which 
transfer points are in operation, and 
explanatory signs, if necessary. 

(iv) When only one-transfer point can be used 
during a delivery, and after the transfer . 
point has been replaced, the next delivery 
shall be Inhibited until the indicating 
device· has been reset to zero. 

When two or more transfer points can be 
used simultaneously or alternately, and 
after. the utilized transfer points have been 
replaced, the next delivery shall be, 
inhibited :until the indicating device has 
been ;resetto zero. Moreover, by design, 
the ·provisions of paragraph 2 sub
paragraph (5) clause (iii) shall be fulfilled. 

( v) . The system shall be designed In order to 
ensure that the measured quantity is 
delivered. In particular if the hose down 
stream of the meter is likely to be de
pressurized between two deliVeries, this shall 
lead for Instance to systematic correction or 
re-pressurizing before counting. 

Whatever is the operating principle, in 
particular what constitutes the hose or the 
transfer point, in the worst measuring 
conditions, the mass which Is measured 
but not delivered shall be smaller than or 
equal to half the minimum specified mass 
deviation. 
Note:The purpose of this provision is not 
to allow a systematic deviation. This shall 
be verified by design examination, tests 
or calculation. 

(vi) Ifthere Is a risk that the supply conditions 
can overload Qmax of the meter, a flow 
limiting device shall be provided. It shall 
be possible to seal it. 

(vii) A pressure gauge shall be permanently 
installed on the measuring system In order 
to check Pmax and Pmin· 

2. Metrological requirements for measuring 
systems and meters 
(1) Maximum permissible errors and other 
metrological characteristics 

(i) Without prejudice to paragraph 2 sub
paragraph (1) clause (iii) the maximum 

permissible relative errors on mass 
indications, positive or negative, at model 
approval are, 

- ± 1% of the measured quantity for the 
meter alone, and 

- ± 1.5% of the measured quantity for 
the complete measuring system. 

(if} The maximum permissible relative errors 
on mass indications, positive or negative, . 
at initial verification or subsequent 
verifications and when these verifications 
are performed under rated operating 
conditions on-site of use, are ± 2% of 
the measured quantity for the complete 
measuring system. 

(Iii) The maximum permissible errors 
applicable to the minimum measured 
quantity are twice the corresponding 
values stated in paragraph 2, sub
paragraph (1), clause (i). 

So the minimum specified mass deviation 
(Eminl for the measuring system is given 
by the formula: 

Emin = 3 x Mmin/100 

Where Mmin is the minimum measured 
quantity having the form specified In 
paragraph 1, sub-paragraph (3), clause 
(II}. 

Note: The minimum specified mass 
deviation is an absolute maximum 
permjssible error. 

(lv} Whatever the,measured quantity may be, 
the magnitude of the maximum 
permissible error (expressed as an 
absolute error) for the complete system 
Is never less than the minimum specified 
mass deviation. 

(v) For any quantity equal to or greater than 
1000 scale intervals, the repeatability error 
of the meter shall not be greater than ± 
0.6%. 

(vi) Within their field of operation, meters shall 
present a magnitude of the difference 
between the initial intrinsic error and the 
error after the endurance test equal to or 
less than ± 1%. 

The requirement on repeatability applies 
after the endurance test. 

(2) Conditions for applying maximum permissible 
errors 

(I) Maximum permissible errors apply for all 
gas, all temperatures and all pressures of 
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the gas, and all flow rates for which the 
system or the meter is intended to be 
approved. 

A measuring system or a meter shall be 
capable of fulfilling all requirements 
without adjustment or modifiCation during 
the relevant evaluation procedure. 

(ii) When stated in the model approval 
certificate, a verification of a measuring 
system or of a meter intended to measure 
gas may be carried out with air (or with 
another fluid). In this case and if 
necessary, the pattern approval certificate 
provides a smaller range or a shift for 
maximum permissible errors, so that 
maximum permissible errors are fulfilled 
for. gas. 

3. Requirements for meters and ancillary 
devices of a measuring system 

The meter and ancillary devices of a measuring 
system shall meet the following requirements, 
whether or not they are subject to a separate model 
approval:-
{1) Meter 

(I) Field of operation 

The field of operation of a meter is 
determined at least by the following 
characteristlcs:-
minimum measured quantity, 

measuring range limited by the minimum 
flow rate, Qmin' and the maximum flow 
rate, Qmax, 
maximum pressure of the gas, Pmax, 
if appropriate, nature and characteristics 
of the gases to be measured, 
maximum temperature of the gas, T max 

' minimum temperature of the gas T min. 
The temperature range shall be + lOOC to 
+ 40°C. 

(II) Metrological requirements 

See paragraph 2 under Heading-B. 
(iii) Connections between the now sensor and 

the indicating device 

The connections between the flow sensor 
and the indicating device shall be reliable 
and, for electronic devices, durable. 

(iv) Adjustment device 
Meters may be provided with an 
adjustment device which permits 
modification of the ratio between the 

I 
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indicated mass and the actual mass of gas 
passing through the meter, by a simple 
command. · · 

When this adjustment device modifies this 
ratio in a discontinuous manner, the 
consecutive values of the ratio shall not 
differ by more than 0.001. 

Adjustment by means of a by pass of the 
meter is prohibited. 

(v) Correction device 

Meters may be fitted with correction 
devices; such devices are always 
considered as an Integral part of the 
meter. The whole of the requirements 
which apply to the meter, in particular the 
maximum permissible errors specified in 
paragraph 3 sub-paragraph (1) clause (Ill) 
of Heading-S, are therefore applicable 
to the corrected mass. 

In normal operation, non-corrected mass 
shall not be displayed. 

The aim of a correction device is to reduce 
the errors as close to zero as possible. 

Note: The use of this device for adjusting 
the errors of a meter to values other than 
as close as practical to zero is forbidden, 
even when these values are within the 
maximum permissible errors. 

The correction device shall not allow the 
correction of a pre-estimated drift In 
relation to times or mass, for example, 

The accuracy of associated measuring 
Instruments shall be good enough to 
permit that the requirements on the meter 
be met as specified In paragraph 2, su (). 
paragraph (3) of Heading-B. 

Associated measuring instruments shall be 
fltted with checking devices, as specified 
In paragraph 4, sub-paragraph (3) clause 
(vi) of Heading-B. 

(2} Indicating device 

(I) Measuring systems shall be equipped with 
digital indicating devices. The decimal sign 
shall appear distinctly. 

(II) The continuous display of mass during the 
period of measurement is mandatory. 

(iii) The height for the figures of the indicating 
device shall be equal to or greater than 
10 millimetre. 

~··..l------- ----------------
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(3) Zero setting device 

(i) Measuring systems shall be equipped with 
a device for resetting the mass indicating 
device to zero. 

(a) The zero setting device shall not 
perm It any a Iteration of the 
measurement result shown by the 
mass Indicating device (other than 
by making the result disappear and 
displaying zeros). 

(b) Once the zeroing operation has 
begun It shall be impossible for the 
mass Indicating device to show a 
result different from that of the 
measurement which has just been 
made, until the zeroing operation 
has been completed. 

The measuring system shall not be 
capable of being reset to zero· during 
measurement. 

(ii) If the system also includes a price 
indicating device, this indicating device 
shall be fitted with a zero resetting device. 

The zero setting devices of the price 
indicating device and of the mass 
indicating device shall be designed In such 
away that zeroing either indicating device 
·automatically involves zeroing the other. 

(iii) If the measuring system Is fitted with a 
printing device, any printing operation 
shall not be possible in the course of a 
measurement and further delivery shall 
only be possible after a reset: to zero has 
been performed. However, the printing 
operation shall not change the quantity 
indicated on· the indicating device. 

(iv) If the measuring system is designed so 
that registration of mass could occur 
without any effective flow rate, a device 
shall register this apparent flow rate and 
compensate the measurement result for 
it. 

( 4) Price indicating device 

(i) A mass indicating device. may be 
complemented with a price Indicating 
device Which displays both the unit price 
and the price to be paid. 

The.monetary unit used or its symbol shall 
appear ~n the immediate vicinity of the 
indmloln. 

(ii) The selected unit price shall be displayed 
by an !Indicating device before the start 

of the measurement to unit price shall be 
adjustable; changing the unit price may 
be carried out either directly on the 
measuring system or through peripheral 
equipment. 

The indicated unit price at the start of a 
measurement operation shall be valid for 
the whole transaction. A new unit price 
shall only be effective at the moment a 
new measurement operation may start. 

A time of at least five seconds shall elapse 
between indicating a new unit price and 
before the next measurement operation 
can start, if the unit price is set from 
peripheral equipment. 

(Iii) Only rounded errors pertaining to the least 
significant digit of the price to be paid are 
authorized. 

(5) Printing device 

(I) The mass printed shall be expressed In 
multiples or sub-multiples of kilogram for 
the indication of mass. 

The figures, the unit used or its symbol 
and the decimal sign, if any, shall be 
printed on the ticket by the device. 

(ii) The printing device may also print 
Information identifying tlie measurement 
such as: sequence number, date, 
Identification of the measuring system, 
type of gas, etc. If the printing device Is 
conriected to more than one measuring 
system, it must print the identification of 
the relevant system. 

(Ill) If a printing device allows repetition of 
the printing before a new delivery has 
started, copies shall be clearly marked as 
such, for example by printing "duplii:ate". 

(iv) The printing device shall print, in addition 
to the measured quantity, either the 
corresponding price and the unit price. 

(v) The printing devices are also subject to 
the requirements In paragraph 4, sub
paragraph (3), clause (v) of Heading-B. 

(6) Memory device 

(I) Measuring systems may be fitted with a 
memory device to store measurement 
results until their use or to keep a trace 
of commercial transactions, providing 
proof in case of a dispute. Devices used 
to read stored information are considered 
as included in the memory devices. 
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(ii) The medium on which data are ·stored 
must have sufficient permanency to 
ensure that the data are not corrupted 
under normal storage conditions. There 
shall be sufficient data memory storage 
for any particular application and for 
roadside measuring systems data storage 
for at least one month corresponding to 
normal use shall be available. 

(iii) When the storage is full, it is permitted to 
delete memorized data when both the 
following conditions are met:-

( a) data are deleted in the same order 
as the recording order and the rules 
established for the particular 
application are respected, 

. (b) deletion Is carried out after a special 
manual operation. 

(iv) Memorization shall be such that it is 
impossible In normal use to modify stored 
values. 

(v) Memory devices shall be fitted with 
checking facilities according to paragraph 
4, sub-paragraph (3), clause (v) of 
Heading-B. The aim of the checking 
facility Is to ensure that stored data 
correspond to the data provided by the 
calculator and that restored data 
correspond to stored data. 

(7) Pre-setting device 

(i) The selected quantity Is pre-set by 
operating a digital device which indicates 
that quantity, The pre-set quantity shall 
be indicated before the start of the 
measurement. 

(ii) Where It Is possible to view simultaneously 
the figures of the display device of the 
pre-setting. device and those of the mass 
indicating device, the former shall be 
clearly distinguishable from the latter. 

(iii) Indication of the selected quantity may, 
during measurement, either remain 
unaltered or return progressively to zero. 

(iv) The difference found under normal 
operating conditions, between the pre-set 
quantity and the quantity shown by the 
mass Indicating device at the end of the 
measurement operation, shall not exceed 
the minimum specified mass deviation. 

(v) The pre-set quantities and the quantities 
shown by the mass indicating device shall 
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be expressed in the same unit. This unit 
or Its symbol shall be marked on the pre
setting device. 

(vi) The scale interval of the pre-setting device 
shall be equal to the scale interval of the 
Indicating device. 

(vii) Pre-setting devices may incorporate a 
device to permit the flow of gas to be 
stopped quickly when necessary. 

(viii) Measuring systems with a price indicating 
device may also be fitted with a price pre
~tting device which stops the flow of the 
gas when the quantity delivered 
corresponds to the pre-set price. The 
requirements in clauses (i) to (vii) of sub
paragraph (7) of paragraph 3 of Heading
S apply by analogy . 

{8) Calculator 

(I) The maximum permissible errors, positive· 
or negative, on the gas quantity 
Indications applicable for the calculators 
when they are checked separately shall 
be 0.05 per cent of the true value. 

(if) All factors necessary for the elaboration 
of indications such as unit price, 
calculation table, correction polynomial, 
etc. shall be present in the calculatorat 
the beginning of the measurement 
operation. 

(Iii) The calculator may be provided with 
Interfaces permitting the coupling of 
peripheral equipment. When these 
Interfaces are used, the instrument shall 
continue to function correctly and Its 
metrological functions shall not be capable 
of being affected. 

4. Technical requirements for electronic 
devices· 

( 1) General requirements 

(I) Electronic measuring systems shall be 
designed and manufactured such that 
their errors do. not exceed the maximum 
permissible errors as defined in paragraph 
2 sub-paragraph (1) under rated operating 
conditions. 

(II) Electronic measuring systems shall be 
designed and manufactured such that, 
when they are exposed to the 
disturbances: 

either (a) significant faults do not 
occur1 
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-Qr (b) significant faults are detected 
and acted upon by means of 
checking facilities. 

This provision may apply separately to: 

each individual cause of significant 
fault and/or. 

each part of the measuring system. 

. (iii) The requirements in paragraph 4, sub
paragraph (1), clause (i) and paragraph 
4, sub-paragraph (1), clause (Ji) of 
Headlng-B shall be met durably. For this 
purpose, electronic measuring systems 
shall be provided with the checking 
facilities specified in paragraph 4, sub
paragraph (3) of Heading-B. 

(iv) Electronic measuring systems shall be 
such that the delay time between the 
measurement value and the 
corresponding indicated value shall not 
exceed 500 millisecond. 

(v) A model of a measuring system is 
presumed to comply with the 
requirements in sub-paragraph (1) of 
paragraph 4 of this Heading If It passes 
the examination and tests specified in 
paragraph 7, sub-paragraph (1) clause (ix) 
sub-clauses (a) and (b) of Heading-B. 

(2) Power supply device 

(I) A measuring system shall be provided with 
an emergency power supply device 
allowing 

either (a) to safeguard all measur
ing functions during a 
failure of the principal 
power supply, 

or (b) that data contained at 
the moment of a failure 
leading to stopping the 
flow are saved and 
displayable on an 
indicating device for 
sufficient time to permit 
the conclusion of the 
current transaction. 

The absolute value of the maximum 
permissible error for the Indicated 
mass, In the second case, is 
Increased by 5 per cent of the 
minimum measured quantity. 

(ii) In case of a failure leading to stopping 
the slow, measuring systems shall be such 
that the minimum duration of operation 
of the <display shall be either 

continuously and automatically at 
least 15 minutes following 
immediately the failure of the 
principal electrical supply, or 

a total of at least 5 minutes In one 
or several periods controlled 
manually during one hour following 
immediately the failure. 

Note : During model approval the instrument 
has to be supplied with electric power normally for 
12 hours which preceded the test. Before this supply 
the battery (If provided) may be uncharged. 

In addition, measuring systems shall be 
designed so that an interrupted delivery cannot be 
continued after the power supply device has been 
re-established if the power failure has lasted more 
than 15 seconds. 

(3) Checking facilities 

{I) Action of checking facilities 

The detection by the checking facilities of 
significant faults shall result in the 
following actions:-

( a) automatic correction of the fault, or 

(b) stopping only the faulty device, 
when the measuring system without 
that device continues to comply with 
the regulations, or 

(c) stopping the flow. 
' 

{II) Checking facilities for the measurement 
transducer 

The objective of these checking facilities 
Is to verify the presence of the transducer, 
Its correct operation and the correctness 
of data transmission. 

These checking facilities shall be of type 
P and the checking shall occur at time 
Intervals not exceeding the duration of the 
measurement of an amount of gas equal 
to the minimum specified mass deviation. 

It shall be possible during model approval 
and initial verification to check that these 
checking facilities function correctly-

(a) by disconnecting the transducer, or 

(b) by interrupting one of the sensor's 
pulse generators, or 

(c) by interrupting the electrical supply 
of the transducer. 
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(iii) Checking facilities for the calculator 

The objective of these checking facilities 
is to verify that the calculator system 
functions correctly and to ensure the 
validity of the calculations made. 

There are no special means required for 
indicating that these checking facilities 
function correctly. 

(a) The checking of the functioning of 
the calculation system shall be of 
type P or I. In the latter case, the 
checking shall occur at least every 
five minutes in the course of a 
delivery but at least once during a 
delivery. 

The objective of the checking is to 
verify that-

(a-l)the values of all permanently 
memorized instructions and data are 
correct, by such means as 

summing up all instruction and 
data codes and comparing the 
sums with a fixed value, 

line and column parity bits, 

cyclic redundancy check, 

double independent storage of 
data, 

storage of data In "safe coding'~ 
for example protected by check 
sum, line and column parity bits. 

(a-2)all procedures of internal transfer 
and storage of data relevant to the 
measurement result are performed 
correctly, by such means as 

write-read routine, 

conversion and re-conversion of 
codes, 

use of"safe coding" (check sum, 
parity bit), 

double storage. 

(b) The checking of the validity of 
calculations shall be of type P. This 
consists of checking the correct 
value of all data related to the 
measurement whenever these data 
are Internally stored or transmitted 
to peripheral equipment through an 
interface; this check may be carried 
out by such means as parity bit, 
check sum or double storage. In 

- - - --- ----· 
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addition, the calculation system shall 
be provid~d with a means of 
controlling the continuity of the 

· calculation program. 

(lv) Checking facility for the indicating device 

The objective of this checking facility is to 
verify that the primary indications are 
displayed and that they correspond to the 
data provided by the calculator. In 
addition, it aims at verifying the presence 
of the indicating devices, when they are 
removable. The c6ntrol may be performed 
according to either the first possibility In 
paragraph 4, sub-paragraph (3), clause 
(lv) sub-clause (b) or the second 
possibility in paragraph 4, sub-paragraph 
(3), clause (iv) sub-clause (c) of 
Heading-B. 

(a) It shall be possible during verification to 
detenmine that the checking facility of the 
Indicating device Is working, either 

by disconnecting all or part of the 
indicating device, 

or by an action which simulates a 
failure in the display, such as using 
a test button. 

(b) The first possibility is to control 
automatically the complete indicating 
device. The checking facility of the 
Indicating device is of type P; however, It 
may be of type I if a primary indication Is 
provided by another device of the 
measuring system, or if the indication may 
be easily determined from other primary 
Indications (for example, in the case of 
the presence of a price indicating device 
It Is possible to determine the price to pay 
from the mass and the unit price). 

Means may include, for example 

__ l --------

for indicating devices using 
incandescent filaments or light 
emitting diode, measuring the 
current in the filaments, 

for indicating devices using 
fluorescent tubes, measuring the 
grid voltage, 

for indicating devices using electro
magnetic shutters, checking the 
impact of each shutter, 

for indicating devices using 
multiplexed liquid crystals, output 
checking of the control voltage of 
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segment lines and of common 
electrodes, so as to detect any 
disconnection or short-circuit 
between ·control circuits. 

(c) The second .possibility is on the one hand 
to check automatically the electronic 
circuits used for the indicating device 
except the driving circuits of the display 
itself and on the other hand to check the 
display. 

The automatic checking facility of the 
electronic circuits used for the indicating 
device is of type P; however, it may be of 
type I if a primary indication is provided 
by another device of the measuring 
system, or if the indication may be easily 
determined from other primary indications 
(for example, in the case of the presence 
of a price indicating device it is possible 
to determine the price to pay from the 
mass and the unit price). 

The checking facility of the display shall 
provide visual checking of the entire 
display which shall meet the following 
description:-

displaying all the eiements·("eights" 
test if appropriate) 

blanking all the elements ("blank" 
test) 

displaying "zeros" 

Each step of the sequence shall last 
at least 0.75 second. 

This visual checking facility shall be 
of type I but it is not mandatory for 
a malfunction to result in the actions 
described in paragraph 4, sub
paragraph (3), clause (i) of 
Heading-B. 

(v) Checking facilities for ancillary devices 

An ancillary device (repeating device, 
printing device, self-service device, 
memory device, etc.) with primary 
indications shall include a checking facility 
of type I or P. The object of this checking 
faciUty is to verify the presence of the 
ancllla7y device, when it is a necessary 
devace, and to verify the correct 
transmission ·of data from the calculator 
to the :ancillary device. 

In pantloular, the 'checking of a printing 
de\iiae aims at ensuring that the printing 

controls correspond to the data. 
transmitted by the calculator. At least the 
following shall be checked:-

(a) presence of paper, and 

(b) the electronic control circuits (except 
the driving circuits of the printing 
mechanism itself). 

It shall be possible during model 
approval and other verifications to 
check that the checking facility of the 
printing device is functioning by an 
action simulating a printing fault, 
such as using a test button. 

Where the action of the checking 
facility is a warning, this shall be 
given on or by the ancillary device 

- concerned. 
(vi) Checking facilities for the associated 

measuring instruments 

Associated measuring instruments shall 
include a checking facility of type P. The 
aim of this checking facility is to ensure 
that the signal given by these associated 
Instruments is inside a pre-determined 
measuring range. 

Examples: 

four wire transmission for resistive 
sensors, 

frequency filters for density meters, 

control of the driving current for 
4-20 rnA pressure sensors. 

5. Technltal requirements, for measuring 
systems with self-service arrangement 
(1) General requirements 

(I) Where the self-service device serves two 
or more measuring systems, each 
measuring system shall be provided with 
a measuring system Identification number 
that shall be accompanied by a primary 
indication provided by the self-service 
device. 

(II) Indication of information that is not 
· subject to metrological control is allowed, 

provided that it cannot be confused with 
metrological information. 

(iii) The control device of the self-service 
device should be capable of indicating the 
status of the measuring system (e.g. 
running, authorized or unauthorized) that 
are connected to the self-service device 
and in the case of multiple modes of 
service and/or type of.payment also that 
particular status of the measuring system. 
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· (iv) A change of the type of payment and/or 
mode of operation sha II not be effective 
before the end of the current 
measurement operation. 

(v) The self-service arrangement, Including 
provisions related to clearly defined 
methods of operation, shall be such that 
at least one primary indication for the 
benefit of the customer must be available 
at least up to the settlement of the 
transaction to enable the delivered quantity 
and the price to pay to be checked. 

(vi) In the case of a self-service arrangement 
that totalizes the delivered mass for 
different registered customers over the 
course of time, the minimum measured 
quantity Is not affected by the scale 
interval used for such tantallzations. 

(2) Attended service mode 
· If the measuring system indicating device 

provides the only primary indication, provisions shall 
be made to inform die customer that die next 
authorization of a particular measuring system can 
only be given by the supplier after settlement of the 
current transaction. 

(i) Attended post-payment 
(a) Where the self-service arrangement 

includes a device that provides an 
additional primary indication (additional 
to those of the indicating device of the 
measuring system}, it shall consist of at 
least one Installation for the reproduction 
of the mass and/or the price Indicated by 
the measuring system indicating device, 
consisting of 

a printing device for the Issue of a 
receipt to the customer, or 

an Indicating device for the benefit 
of the supplier together with a 
display for the benefit of the 
customer. 

(b) For self-service devices with temporary 
storage (temporary storage mode) of 
measurement data of measuring system 
the following requirements apply:

(b-1) temporary storage of measurement 
data shall be restricted to one 
delivery for each measuring system, 

(b-2}the primary indication shall be 
accompanied by a clear mark 
representing the sequence. For 
example, the number 1 or 2 or the 
letter A or B, 
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(b-3) when a primary Indication of the self
service device Is out of service, die · 
self-service arrangement may 
continue Its operation provided that 
it no longer uses any temporary 
storage, and that the measuring 
system indicating device remains the 
primary indication. 

(c) Where the mandatory primary indication 
for the benefit of the customer is provided 
by a device in the form of a separate 
constructional unit and this unit becomes 
uncoupled, or If the checking facilities 
detect a malfunction, the temporary 
storage mode shall be prohibited and the 
measuring system Indicating device 
remains the primary Indication. 

(li) Pre-payment in attended service mode 

(a) The requirements of paragraph 3, 
sub-paragraph (7) of Heading-Bare 
applicable. 

(b) A printed or hand-written receipt of 
the pre-paid amount shall be 
provided. 

(3) Unattended service mode 

(I) Genei-ar 

(a) The self-service arrangement shall 
provide . additional primary 
indications by means of 

a printing device for the Issue 
of a receipt to the customer, and 

a device (printing or memory 
device) on which measurement 
data are registered for the 
benefit of the supplier. 

(b) When the printing devices or 
memory device, as required In 
paragraph 5, sub-paragraph (3), 
clause (i), sub-clause (a) are not 
able to provide any indication or 
become unserviceable, the customer 
shall be clearly warned by automatic 
means before the operation 
commences. 

Passing from attended to 
unattended service mode shall not 
be possible before correct operation 
of the arrangement is concluded as 
feasible by the checking facilities, 
including compliance with the above 
provision. 
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(c) Where the self-service arrangement 
Is used by registered customers, the 
provisions of sub-clauses (a) and (b) 
of clause (i) of sub-paragraph (3) of 
paragraph 5 do not apply to 
measurements related to such 
customers. An additional Individual 
mass totalizer is considered to , 
provide a primary indication. 

{d) Micro-processors, which upon 
disturbance or interference influence 
the measurement operation, shall be 
equipped with means for controlling 
the continuity of the processor 
program and for ensuring the 

. discontinuation of the current delivery 
when the continuity of the processor 
program is no longer ensured. 

The next effective acceptance of 
notes, cards or other. equivalent 
mode of payment shall only take 
place If the continuity of the 
processor program is re-established. 

(e) When a power supply failure occurs, 
the delivery data shall be 
memorized. The requirements of 
paragraph 4, sub-paragraph {2), 
clause (ii) of Heading·B shall apply. 

(ii) Delayed payment 
The printed and/or memorized Indications 
as mentioned in paragraph 6 sub
paragraph (3) clause (i) of Headlng-B shall 
contain sufficient information for further 
checking and at least, the measured 
quantity, the price to pay and information 
to identify the particular transaction (e.g., 
the measuring system number, location, 
date, time). 

(iii) Pre-payment in unattended seNice mode 
(a) Following the termination of each 

delivery, the printed and/or memorized 
lndh:ations as intended in paragraph 
5, sub-paragraph (3), clause (i) of 
Heading·B shall be made available, 
clearly indicating the amount which has 
been pre-paid and the price 
corresponding to the gas obtained. 

These printed and/or memorized 
Indications may be divided Into two 
parts as follows:-

(a) one part provided prior to the 
delivery on which the pre-paid 
amount is shown and 
recognizable as such, 

(b) one part provided following the 
termination of delivery, provided 
that it is clear from the information 
provided on both parts that they 
are related to the same delivery. 

(b) The requirements of paragraph 3 
sub-paragraph {7) are applicable. 

6. Markings and sealing 
(1) Marking 

{I) Each measuring system, component or 
sub-system for which model approval has 
been granted shall bear, placed together 
legibly and indelibly either on the dial of 
the indicating device or on a special data 
plate, the following information:-

(a) model approval sign, 

(b) manufacturer's identification mark or 
trademark, 

(c) designation selected by the 
manufacturer, if appropriate, 

(d) serial number and year of 
manufacture, 

(e) characteristics as defined In 
paragraph 1, sub-paragraph (3), 
clause (i) and paragraph 3, sub
paragraph (1), clause (i) of 
Heading+ 

(f) where relevant, the maximum 
allowed speed for the sequential 
control device (the tested one). 

, Note:The indicated characteristics 
should be the actual characteristics 
of use, if they are known when the 
plate is affixed. When they are not 
known, the indicated characteristics 
are those allowed by the !JlOdel 
approval certificate. 

However, the minimum and the 
maximum t<omper·atures of the gas 
shall appear on the data plate only 
when they d!ff,,r from -10 degree 
Centigrade and +40 degree 
Centigrade respectively. 

The minimum measured quantity of 
the measuring system shall In all 
cases be clearly visible on the dial 
of any indicating device visible to the 
user during the measurement. 

When a measuring system can be 
transported without being 
dismantled, the markings required 
for each component may also be 
combined on a single plate. 
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(ii) Any information, markings or diagrams 
specffled shall be clearly visible on the dial of 
the indicating device or within proximity to it. 

The markings on the dial of the Indicating 
device of a meter forming a part of a 
measuring system shall not contravene those 
on the data plate of the measuring system. 

{2) Sealing devices and stamping plate: 
(i) General 

Sealing Is preferably carried out by means 
of lead seals. However, other types of 
sealing are permitted on fragile Instruments 
or when these seals provide sufficient 
integrity, electronic seals for Instance. 
The seals shall, in all cases, be easily 
accessible. · 
Sealing should be provided on ali parts of 
the measuring system which cannot be 
materially protected in any other way 
against operations liable to affect the 
measurement accuracy. 
Sealing devices shall prohibit changing of 
any parameter that participate In the 
determination of measurement results 
(parameters for correction and conversion 
in par):lcular). 
A plate, referred to as the stamping plate, 
aimed at receiving the control marks, shall 
be sealed or permanently attached on a 
support of the measuring system. Jt may 
be combined with the data plate of the 
measuring system referred to In paragraph 
6, sub-paragraph (1) of Heading-B. 

(ii) Electronic sealing devices 
(a) When access to parameters that 

participate In the determination of results 
of measurement is not protected by 
mechanical sealing devices, the 
protection shall fulfil the following 
provlsions:-
(a-1) access shall only be allowed to 
authorized people, by means of a special 
device (hard key, etc.). Only a code is 
not considered as fulfilling this provision; 
(a-2) It shall be possible for at least the 
last hundred interventions to be 
memorized; the record shall include the 
date with time and characteristic 
elements identifying the authorized 
person making the intervention [see (a) 
above] and the value of the parameters 
changed the traceability of these 
interventions shall be assured for at least 
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two years, if it Is not over-written on the 
occasion of a further intervention; If 
deletion of a preitlous Intervention must 
occur to permit a new record, the oldest 
record shall be deleted. 

(b) For measuring systems with parts which 
may be disconnected one from another by 
the user and which are Interchangeable, 
the following provisions shall be fuifilled:-

(b-1) it shall not be possible to access 
parameters that participate in the 
determination. of results of 
measurements through discon
nected points unless the provisions 
in paragraph 6, sub paragraph (2), 
clause (ii), sub clause (a) of 
Heading-S are fulfilled; 

(b-2) interposing any device which may 
influence the accuracy shall be 
prevented by means of electronic 
and data processing securities or, If 
not possible, by mechanical means. 

(c) For measuring systems with parts which may 
be disconnected one from another by the 
user and which are not interchangeable, the 
provisions in paragraph 6, sub-paragraph 
(2), clause (ii) sub-clause (b) of Headlng-B 
apply. Moreover, these measuring systems 
shall be provided with devices which do not 
allow them to operate if the various parts 
are not associated according to the 
manufacturer's configuration. 
Note: Disconnections which are not 
allowed to the user may be prevented, for 
example by means of a device that prevents 
any measurement after disconnecting and 
reconnecting. 

7. Metrofog/caf control 

When a test is conducted, the expanded 
uncertainty on the determination of errors on 
indications of mass shall be less than one-fifth of the 
maXimum permissible or tolerance applicable for that 
test on model approval and one-third of the maximum 
permissible error applicable for that test on other 
verifications. 

However, this provision may not be fulfilled for 
tests at the minimum measured quantity or twice 
this value. 

Note: The expanded uncertainty includes 
components of uncertainties that are in relation to 
the instrument to be verified, in particular its scale 
interval and, If applicable, the periodic variation. 
However the repeatability error of the meter or device 
to be verified shall not be included in the uncertainty. 
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(l}Model approval 
(i) General 

Measuring systems subject to legal 
metrology control shall be subjected to 
model approval. 

The test alms at verifying that the measuring 
system complies with the provisions of paragraph 2 
sub-paragraph (1), clauses (ii) and (Ill) within the 
field of operation. The test will be conducted as per 
the procedure outlined in Annexure. · 

ANNEXURE 
Tests for determination of error of compressed 

gaseous fuel measuring system fitted with mass flow 
meter at the time of verification/re-verification. 

1. Determine the tare weight of empty 
Compressed Natural Gas cylinder using 
weighing instrument of appropriate 
capacity, with verification scale Interval of 
10 g or less. 

2. Thereafter the cylinder be connected to the 
Compressed Gaseous fuel measuring 
system be filled to the extent of 

· approximately 10 kilogram. 

3. From the initial and final weight of the 
cylinder, the weight of the CNG actually 
filled in the cylinder (T) is determined. 

4. From the initial and the final readings of 
the measuring system, the CNG filled as 
indicated by the system (I) be determined. 

5. The percentage of error of the measuring 
system is given by the formula : 

I-T 
Error in percentage = --xl 00 

T 
NINTH SCHEDULE 

PROCEDURE FOR CARRYING OUT 
CALIBRATION OF VEHICLE TANKS, ETC. 

[See Rule 14] 
PART I 

CALIBRATION OF VEHICLE TANKS FOR 
PETROLEUM PRODUCTS AND OTHER 

LIQUIDS 
1. Definitions 

(a) Vehicle tank-An assembly used for 
measurement and delivery of liquids comprising a 
tank which may or may not be sub-divided into 
compartments, mounted upon a vehicle together with 
its necessary piping, valves, meters, etc. 

(b) Compartment-The entire tank, when this 
Is not sub-divided; otherwise any one of these sub
divisions of a tank designed to hold liquid. 

(c) Calibtatio~erification and stamping of the 
capacity of the vehicle tank or its compartments. 

(d) Dip stick-A square or rectangular metal 
bar of brass or any other suitable hard material used 
to determine the depth of the liquid in the tank. 

(e) Ul/agestick-A T-shaped metal bar of brass 
or other suitable- material used to determine the 
depth of the level of liquid from the proof level. 

(f) Ullage indicator-A device bolted to the 
inside of a manhole neck ring with the indicator set 
to any desired level to which liquid in the tank Is 
required to be filled. 

(g) Proof level-Reference level to which all 
depth measurements shall be related. 

(h) Dip pipe-A pipe rigidly attached at the top 
of the tank extending vertically downward up to 
approximately 15 em from the bottom of the tank. 
The pipe shall have perforations at the top above 
the maximum liquid level. 

2. Testing medium 
(a) Compartment testing-Water or other 

appropriate liquid shall be used as a testing medium 
in determining the capacity of vehicle tank 
compartment. 

(b) Meter testing-A vehicle tank meter shall 
be tested with a liquid of the same character or of 
approximately the same viscosity as the liquid to be 
measured through the meter. 

3. Equipment and tools 
The following equipment and tools are required 

for calibratlon,of vehicle tank. 

(a) Proving measures-when available, shall 
be checked for accuracy against an 
appropriate working standard measure. 

(b) Calibrated bulk meter-An accurate meter 
fitted with a pre-set valve, air eliminator 
and strainer. which has been checked for 
accuracy against an appropriate working . 
standard measure. 

(c) A set of standard commercial measures. 

(d) Other equipment and tools, viz. hose pipe, 
scriber, punch, try square, tyre pressure 
gauge, hammer, etc. 

4. Calibration procedure 
(a) Vehicle tanks used as measures shall be 

calibrated as capacity measures. In the case of meter 
equipped tanks the meter shall be treated as a separate 
measuring Instrument for purpose of calibration. 

(b) The compartment capacity or capacities 
shall be taken as including the capacities of the 
delivery lines leading from the emergency, safety or 
master valve to the outlet va!ve (discharge valve) 
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provided that in the case of vehicle compartment 
terminating in a single delivery pipeline fitted with 
an outlet valve, the compartment capacity or 
capacities shall be taken as excluding the Capacity 
of the delivery pipeline. A notice shall be prominently 
exhibited on the vehicle tank indicating clearly and 
Indelibly the following :-

Marked capacity includes capacity of delivery 
line; or 

Marked capacity excludes capadty of delivery 
line (as the case may be). 

The safety or master .valve shall be positioned 
at the lowest point of outlet from the compartment. 

(c) The proving measure or bulk meter should 
be mounted on an overhead gantry or a separate 
framework in a convenient position above a firm and 
level platform, preferably of concrete on which the 
vehicle stands during calibration. 

(d) The vehicle shall be placed in a level position 
before commencing calibration as the accuracy of 
calibration depends on the level of the tank; the 
sequence in which compartments are calibrated 
should be such as to minimise unequal spring 
deflection on the axles of the vehicle. 

(e) The front and rear tyres of the vehicle should 
be at the correct pressures. The tyres should be 
inspected for wear which should be reasonably even 
and there should not be excessive difference in the 
tread between the front set of tyres and the rear set 
at the time of calibration. 

(f) The interior of the compartment should be 
inspected and cleaned where necessary. 

(g) Before starting calibration, the pipelines, 
outlet valves and other connections shall be tested 
against leakage by partially filling and draining each 
compartment in turn through the outlet valve. During 
the process sufficient quantity of the testing medium 
should be introduced inside the compartment to wet 
the internal surface of the tank and pipelines. 

(h) After taking the precautions mentioned 
above, the compartment to be calibrated shall be 
filled with appropriate proving measures or bulk 
meters to the marked capacity of the compartment 
with the delivery lines leading to the outlet valve full 
or empty as provided In {b) above. The dip/ullage 
mark shall be taken carefully and the line shall be 
cut on the dip/ullage stick at right angles to the axis 
with the help of try-square and scriber. If an ullage 
indicator is used, It shall be correctly set and sealed. 

(i) A mark shall also be made on the dipstick to 
indicate the 'proof level'. In the case of ullage stick, 
the distance from the ullage point to the T-jolnt shall 
be marked on the stick. 
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Note: The sequence for calibrating 
compartments should be sequence of filling them. · 
The sequence of discharge shi!ll be in the reverse 
order to that of filling. 

{j) Each compartment should be left full before 
proceeding to the next in sequence. 

5 •. Maximum permissible en-or 

(a) Proving measures shall have the following 
capacities and shall be adjusted within the following 
permissible errors:-

Capacit}1 Utres Permissible error, millilitres ( ±) 

50 50 

100 100 

200 200 

sao 500 

1000 1000 

1500 1500 

2000 2000 

5000 5000 

(b) The maximum error for vehicle tank 
compartments shall be 0.05 per cent in excess of 
the marked capacity of the compartments. 

6. Markings '~l 
,r-;. 

(a) The vehicle shall have a brass plate riveted 
in a prominent position on it tg'. receive the Legal 
Metrology Officer's stamps. The braSs plate ?hall bear 
the following particulars: title of Legal Metrology Act, 
name of owner of vehicle, vehicle registration number, 
and the serial number and capacity of each 
compartment. Space should be provided on the plate 
for the Legal Metrology Officer's stamps. A simple 
design for a plate is shown below. 

{b) The capacity of the compartment shall be 
indelibly marked on the manhole cover of the 
compartment and also painted on each side of the 
compartment so that it is clearly visible. If there are 
more than one compartment, then each compartment 
shall have Its capacity marked separately as above 
and the compartment numbered serially. The number 
of the compartment shall also be marked on the 
discharge valve pertaining to the compartment. 

(c) The vehicle registration number as well as 
.the capacity of the compartment shall be indelibly 
.marked on the dip/ullage stick at the top end. If 
there Is more than one compartment, the. different 
faces of one dip stick may be used for markings and 
each face shall bear the vehicle number, the serial 
number of the compartment, the proof and dip lines 
of that compartment and the capacity of the 
compartment. 
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THE LEGAL METRO~OGY ACT,.2009 
Name of the company: ......... 0 ... , .................... .. 

Vehicle tank No ................ : ......... :.:·,,,,.,:,;:; .... , .. 

Compartment Compartment Space'for 
Number .capacity Legal Metrology 

,, ·{In litres) Officers stamp 

-NAME PLATE 
.PART II 

METHOD FOR·CAUBRATION OF VERTICAL 
OIL•STORAGE TANKS 

location: with the product to be stored to its working 
capacity or with water to its equivalent height, and 
such product or water has been held in the tank for 
at least 24 hours to allow for settling. · 

· 3. Interrupted measurements 
If the calibration of a tank is required to be 

interrupted, It may be resumed with minimum delay, 
without repetition of work previously completed 
provided that: :. 

(I) there is no major change in equipment and 
as far as possible, no change in personnel; 

· (II) all records of work done are complete and 
legible; and 

(Ill) same hydrostatic head as before Is 
1. Scope maintained in the tank. 

This Part prescribes methods for calibration of 4. Descriptive data 
vertical tanks by strapping and Internal (a) complete description data shall be entered 
measurements. These tanks are meant for bulk on the Tank Measurements Record Form being used. 
storage of petroleum and liquid petroleum products. A recommended Record Form is shown in Tabl~ 1. 

2. Conditions for measurements (b) Supplemental pencil sketches or notations 
(a) All data and methods, whereby each completed, identified, dated and signed, shall 

measurements are obtained, necessary for the form an Important part of field data. These shall be 
preparation. of calibration tables, shall be in made to indicate typical horizontal andverticaijolnts, 
accordance with sound engineering principles:. number of plates per course (ring), locations of 

(b) When drawings for the tank are available, courses (rings) at which thickness of plates changes, . 
all measurements shall be compared with those arrangement and size of angles of top and bottom 
obtainable from the drawings and measurements of shell, location and sizes of pipf!s and manholes, 
showing discrepancies g'reater than the tolerance dents and bulges in shell plates, direction of lean · 
specified in 9{C), shall. be verified. A stmliar·process from vertical, method used In by-passing a large 
of check shall be employed in all cases where reliable obstruction, such as clean-outbox or insulation box 
information' beyond the measurements taken, is located In the path of a circumferential measurement, 
available. location of tap~ path, location and elevation of 

{c) Measurements shall be taken only after the possible datum plate and all other items of interest 
tank has been filled at least once at its present and value which will be encountered. 

TABLE 1 . 
RECOMMENDED RECORD FORM FOR MEASUREMENTS OF VERTICAL TANKS [Oause 4(a)] 

Report No ................... .. 

Tank No ........................................................ ~ ... . 
Date ............................ ;. 

(Old Tank No.) ................................................... · 
Owner's name ................................................... . 
Plant or property name ...................................... . 
Location ............................................................ . 
Manufactured by ................................................ . 
Erected by ......................................................... . . , ... . 
Descnptron .. .. .. .. . .. .. .. .. .. .. .. .. . .. .. .. .. .. .. .. .. .. .. .. . .. .. .. .. . . . 
Prepare ......................... : .. ............... Copies ...... , ................................ Increments rn ...... : .......... • ........ .. 
Fraction to ....................... : ............................................ Table form or size desired ...... ; ...... : .............. .. 
Height: Shell ...................... , .. , ................................................. "" ......... Gauging ...................... : ............ . 
l'ype of roof.: .................................................. Werght of fioatrng roof ................................. ,: ............... . 

· · · A ,. 'd t •c ' Tank contents· ............. : .................... Name ......................................... vg. rqur emp., ·.: .............. . 
Gauge · ...... : .................................... em or mm innage to shelf floor or outage: · · 
HYdrometer reading ..... , .... , ........................ at ...... , .. .. .. .. .. .. .. .. .... .. .. . .. ... •c ................. Sample temPE!jture 

, GaUQi~g reference point to top of top angle ........... _. ........................... , em or mm ................ Norma o 
0 

Servrce ............................................................. . 
Shell circumferences or diameters: 
A ...... :.: ............ :. D ................. G ....... : ..... : ..... . 
B ....................... E ................. H ................... . 
C ....................... F ,0.............. I .................. .. 
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DESCRIPTIONS OF SHELL PlATES AND JOINTS 

Course Thickness Type of Set In or Width of Thickness No. of exposed Inside 
(Rings) vertical out lap strap of strap joints course course 
No. joint (ring) (ring) 

·height height 

5. ........... ........... ........... ........... . .......... . .......... '""""" .. ...... ;.. .. 
4. ........... ........... ........... ........... ........... .. ......... " ......... . .......... 
3. ........... ........... ........... ~ ........... ........... . .......... ........... .. .......... 

' 2. ........... ........... ........... ........... .. ......... ........... ........... . .......... ., 
1. ........... ........... ........... "" ........ ........... .. ......... ........... . .......... 

' 

BOTTOM COURSE (RING) SHELL CONNECTIONS: 

No. 

I. 

2. 

3. 

4. 

· Description 

''''"·~·~~'''"''''''~ 

...................... 

...................... 

...................... 

Elevation, top of floor to 
bottom of connection 

. .............................. . 

. ........... :·········· ....... .. 
:,-•· 

"""'"'••'n••••••••••••••un•• , 

. ............................ .. 
Type of bottom ................. : ........................... : .... : ..... :.·Height of. crown ................................................. . 

Deadwood and remarks (Use reverses/de if necessary y; · . ,• . ·. Elevation 

Description No. ::Size. From To 

,, . 

Thickness .. :: ......................... ,. .. 
Measurements by .................. Amount of tank 
lean from vertical 
Circumference tape used ......•. ; ..... ~ ......... : ... . 
Date checked .............. at. .................... : ... . 

·Tank measured by ...................... , ....... for ........ ,. 

Deadwood and tank bottom-Use separate 
sheets: For each piece or item of deadwood rei:ord 
description, size, number of occurrences, and'location 
related to other height measured data recorded. 

. Explimatory' notes (such as type of bottom, 
height or depth of crown, etc.) 

(c) All measurements made· by the tank 
calibrator shall be recorded on site and shall not be 
subjected to subsequent correction; 

' 5. Degree of accuracy 
In order to obtain maximum obtainable 

accuracy in calibration tables, adjustments for effects . 
of the following variables shall be incorporated in 
the tables:-. 

(i) Expansion and contraction of steel tank 
shell. due to liquid heads, 

. (ii) Tilt from upright position, and 
. ;c""(iii) Tank bottoms that are irregular in ~hape. 

Note: The degree of accuracy desired or 
required In the completed calibration table for a 
specific tank shall be the governing factory In 
determining the procedure to be followed. 

6. Expansion and contraction of steel tank 
shells due to liquid head and temperature 

These effects shall be eliminated by strapping 
·the tank when it is at least two-thirds full with water 

. ·,or approximately full with the product [See also 2(c)]. 
·The strapping record shall include water or product 
level from a known reference point, temperature of 
the tank contents and that of adjacent air. 

SECTION !-cALIBRATION BY STRAPPING 
.7. General 

(a) This method is based on the measurement 
of external circumferences which are subsequently 
corrected to yield the true internal circumstances. 

(b) Circumferences shall be measured under 
'conditions of liquid head as given under 2( c) and 6. 

(c) The stipulated number of external 
circumference measurements, together with the 
subsidiary measurements, where necessary, to 
correct for deviation of the tape from the true circular 
path shall.be obtained as described under 9 . 



636 THE GAZETTE OF INDIA: EXTRAORDINARY [PART !I-SEC. 3(i)] 

(d) An internal diameter may be measured at 
approximately the same height as that at which a 
circumference·has been measured, if verification of 
that circumferential measurement is desired. 

(e) It may be necessary in practice to refer all 
tank dips to a datum point other than the datum 
point used for the purpose of tank calibration. If so, 
the difference in level between these datum points 
shall be determined either by normal surveying 
methods or by other suitable means. 

(f) The overall height shall be measured, using 
dip-tape and dip-weight, from the dipping datum 
point to the reference point (the dipping reference 
point) on the dip hatch. This overall height shall be 
recorded and marked on the tank at the dip hatch. 

8. Equipment 

(a) Steel tapes-Shall comply with the 
specifications under Part VII of Sixth Schedule. The 
tape shall be greased well before use. 

(b) Spring balance-Reading up to 10 kg with 
· 0.1 kg graduations, for measuring the tension applied 
to the tape. It Is preferable to have two balances. 
Spring balance shall comply with specifications given 
under Heading 'K of Seventh Schedule. 

(c) Step-overs-The step-over Is a frame 
holding two scribing points rigidly and at such a 
distance apart as meets the conditions of use laid 
down under 9(d). The frame may be constructed of 
wood; it should be painted if required. This Is used 
to correct deviation of the tape from Its normal 
circular path, namely passing over fittings or joints 
between plates. 

(d) Dip-tape and dlp-weight-<:omplylng with 
the specifications given under Part IX of Sixth 
Schedule. 

(e) Loops and cords-one or more metal loops 
which can slide freely on the tape and to which are 
attached two cords each of sufficient length to reach 
from the top of the tanks to the ground. The tape is 
positioned and Its tension evenly distributed by 
passing these loops around the tank. 

(f) Accessory equipment 

(i) Rope 

(ii) Hooks 

(iii) Safety belts 

(iv) Ladders 

· (g) Miscellaneous equipment 

(i) · Steel rule 

(ii) · Spirit level 

(iii) Awl and scriber 

(iv) Marking crayon 

(v) Record paper 

(vi) Plumb line 
(vii) Dumpy level 
(viii) Positive displacement bulk meter 

9. Circumference measurements 
A. Strapping levels 

Circumference shall be measured by a minimum 
of two strapplngs per course (ring) at the following 
levels:-

(a) For riveted tanks: 

(I) At 7 per cent to 10 per cent of the 
height of exposed portion of each 
course (ring) above the level of the top 
of the bottom angle iron of the tank 
and above the upper edge of each 
horizontal overlap between courses 
(rings) (see A of Figure 56), and 

(II) at 7 per cent to 10 per cent of exposed 
portion of each course (ring) below the 
lower edge of each horizontal overlap 
between courses (ring) and below the 
level of the lowest part of the top angle 
Iron of the tank (see B of Figure 56). 

(b) For welded tanks : 
(I) Two levels (see A and B of Figure 57), 

the upper and the lower levels, at the 
top and bottom of courses (rings) shall 
be 20 per cent of the height of the 
exposed portion of the respective 
COIJrse (ring) away from the angle Irons 
or seams. 

(II) Circumferential tape parts, having been 
located at elevations as under (a) 
above shall be examined for 
obstructions and type of vertical joints. 
Projections of dirt and scale shall be 
removed along each path. 

(Ill) Occasionally, some feature of 
construction such as manhole or 
insulation box, may make It 
Impracticable to use a circumference 
evaluation at the prescribed location. 
If the obstruction can be spanned by a 
stepover then the circumference shall 
be measured at the prescribed 
elevation, using a suitable method 
given under 9(d). If the obstruction 
cannot be conveniently spanned by a· 
step-over, then a substitute path 
located riearer to the centre of the 
course (ring) may be chosen. The 
strapping record shall include the 
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location of the substitute path and 
reason for the departure. 

(iv) The type and characteristics of vertical 
joints shall be determined by close 
examination in order to establish the 
method of measurement and 

~ 

~ 
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A 

LOCATION OF MEASUREMENTS OF WELDED TANKS 

B. Strapping procedure 

(i) The tank shall be strapped by either of the 
methods described under (II) and (iii) 
below. In either case a tension of 4.5 ± 0.5 
kg shall be applied to the tape and, if 
necessary transmitted throughout Its length 
by suitable means, namely by means of 
metal loops sliding freely ori the tape, the 
loops being passed around the tank by 
operators with the aid of light chain or 
cords. The tape path shall be parallel with 
the circumferential seams of the tank. 

(ii) If the tape to be used is not long enough 
to encircle the tank completely, then after 
the level of the tape path has been chosen, 
fine lines shall be scribed perpendicular to 
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equipment required. If the tape is not 
In close ccntact with the surface of the 
tank throughout Its whole path owing 
to the vertical joints a stepover shall 
be applied so that a correction may be 
calculated to adjust the gross difference 
for this effect. 

; 

F 

F. 
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RIVETED 

B, 

~· 
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this path to allow the circumference to be 
measured in sections. The scribed lines shall 
be drawn in the middle circumferential third 
of any plate at such distances as will ensure 
that the whole of the length of the tape 
used is under the observation of one or 
other of the calibrators. Subject to the 
conditions under 9(a)(lll) and 9(a)(iv) the 
external circumference of the tank is then 
the sum of the lengths between the scribed 
lines. 

(iii) If the tape to be used can encircle the tank 
completely, then after the level of the tape 
path has been chosen, the tape is passed 
around the circumference and held so that 
the first graduated centimetre lies within 
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the middle circumferential third of any plate. 
The other end of the tape shall be brought 
alongside:; The tension is then applied 
through the spring balance and .transmitted 
throughout the length of the tape. 

(iv) After a. circumference has·been measured 
[see (ill) above),othe tape shall be shifted 
a little·around the tank, 'brought .to level 
and tension .. as above, and .the reading 
repeated. The final reading shall 'be the 
arithmetic average of the:readlngs. 

C. Tolerances 
Measurements ·ShaiLbe read to the nearest 1 

mm and within the following tolerances when 
re~dings are taken at the same point:-

Circumference 

Up to 30 metres 

Over 30 and I:JP to 50 metres 
Over 50 and up to 70 metres 

Over 70 and up to 90 metres 

Over 90 metres 

Tolerance 
:1:2mm 
:1:4mm 
:!:6mm 

:1: Bmm 

:1: 10 mm 
D. Step-overs: 

v 

(i) If the tape crosses obstructions, such as 
projections deformities, fittings or lapped 
joints, It will deviate from a true circular 
path and an erroneous circumferential 
measurement will result. In order to avoid 
such errors a 'step-over' is used to measure 
the correction to be applied for such 
obstructions. 

(ii) Construction-A step-over is a frame rigidly 
holding two scribing points, and of such 
dimensions that the points may be applied 
to the tape well clear of the obstruction 
and of its effects on the tape path, while 
the frame Itself does not touch either the 
obstruction or the tank shell. Rigidity of 
construction Is essential; suitable designs 
are illustrated In Figure 3 

..... 
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(ill) Use of step-overs 

(a) For obstructions, the strapping tape 
shall be stretched as if in measurement 
of a circumference on the tank which 
Is being calibrated, but not within 
30 em of any horizontal seam. The 
scribing points shall then be applied to 
the tape near the middle of a plate 
where the tape is fully in contact with 
the tank surface. The length between 
the points, as measured on the curved 
tape, is then read off as closely as 
possible, fractions of tape divisions 
being estimated. The readings shall be 
repeated on a minimum of two and 
maximum of four plates equally spaced 
around the circumference, and the 
average of the results taken, as the 
step-over will vary with the tank 
diameter and the course concerned 
since they are made on surface 
differently curved. 

(b) With the tape still in position and under 
the tension used in strapping, the step
over shall be applied to the tape on 
either side of each obstruction lying on 
the tape path, and readings shall be 
taken of the lengths of tapes included 
between the scribing points. All step
over readings shall be recorded for 
subsequent use in calculation. 

(c) care shall be taken in placing the 
instrument in a truly level position at 
each obstruction to avoid distortions In 
circumferential path. In the case of a 
step--over of relatively long space, the 
use of a spirit level is recommended as 
an aid in determining its correct 
position before scribed marks are struck 
off on the places. 

(d) When the butt-strap or lap joints, or 
tank shell, include rivets or other 
features which exert uneven effects on 
the resultant avoid between tape and 
tank from joint to joint, then a step
over will be required. The span of the 
Instrument should be measured prior 
to use in accordance with (a) above. 
The two legs shall be separated by a 
distance sufficient to span each void 
between tape and shell encountered. 
The legs shall be of sufficient length to 
prevent contact between the 
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interconnecting member and the tank 
plate or obstruction. StretCh the tape 
over the joints and place the step-over 
in position at each location of void 
between tape and shell, completely 
spanning the void so that the scribing 
points contact the shell at an edge of 
the tape. The length of tape 
encompassed by the scribing points, 
with the tape maintained In proper 
position and tension, should be 
estimated to the nearest 0.5 mm. At 
each step-over location, therefore, the 
difference between the length of tape 
encompassed by the scribing points 
and the known span of the Instruments 
is the effect of the void, at that point, 
on the circumference as measured. The 
sum of such difference In any given 
path, subtracted from the measured 
circumference, will give the corrected 
circumference. 

10. Shell plate thickness 

(a) Where the type of construction leaves the 
plate edges exposed, a minimum of four thickness 
measurements shall be made on each course (ring) 
at points approximately equally spaced about the 
circumference. The arithmetical average of the 
measurements for each course (ring) shall be 
recorded; all thickness measurements, properly 
identified, shall be noted on supplemental data sheet 
which shall form a part of the measurements record. 
Care shall be taken to avoid plate thickness 
measurements at locations where edges have been 
distorted by caulking. 

(b) Where plate edges are concealed by the 
type of construction, the strapping record shall be 
marked 'not obtainable at tank'. Alternately, plate 
thickness measurement may be obtained as 
described under (c) below. 

(c) Plate thickness measurements obtained 
before or during construction, and recorded on a 
properly identified strapping record may be 
acceptable. In the absence of any direct 
measurements of plate thickness obtained and 
recorded before or during construction either those 
shown on the fabricator's drawings may be accepted 
and so identified in the calculation records or any 
other practicable method may be used for 
measurements of plate thickness. 

11. Vertical measurements 

(a) A tape shall be suspended internally along 
the wall of the shell from the top curb angle to the 
bottom course (ring) and the height of the course 
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(ring) measured to the nearest millimetre. The 
difference In height between the datum plate at which 
dip is taken and the bottom ·course (ring) shall be 
measured and the headings of the course (ring) 
height shall be transferred to the datum plate by 
applying the correction (see Figure '1). 

Example: In Figure '1, the difference between 
bottom course (ring) and datum plate is 152-150.5 
em = 1. 5 em. Applying this correction the corrected 
height of the course (ring) at 

B-307.5 em C-468.5 em lr-623.5 em E-798.5 em 

• 

.. 

Bottom course (ring) 

Figure 4 

(b) When it is inconvenient to measure the 
course (ring) heights internally, then they shall be 
computed from external measurements, due 
allowance being made for the effect of horizontal 
seam overlaps. The heights obtained shall be the 
vertical distances, measured to the nearest 5 mm, 
between successive edges of the courses (rings) as 
exposed Internally in the tank. For this purpose, In 
the cases of lap joints, it will be necessary to 
determine the width of lap in each course (ring). 

(c) If necessary, heights at more than one 
vertical around the tank may be taken, and for each 
course (ring), an average of the results obtained. 

12. Deadwood 

(a) Any fitting which adds to or subtracts from 
the capacity of the tank is called deadwood. 
Deadwood shall be accurately accounted for, as to 
size and location to the nearest millimetre in order 
to permlt,-

(i) adequate allowance for volumes of 
liquid displaced or admitted by the 
various parts; and 
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(ii) adequate allocation of the effects at 
various elevations withln'.the tank. 

(b) Deadwood-should be measured, If possible, 
within the tank. Dlmensions·.shown on the builder's 
drawings may be accepted if actual measurement is 
impracticable. 

(c) Measurements .of deadwood ·should show 
the lowest and highest'levels, measured from the 
tank bottom adjacenttothe shell, at which deadwood 
affects the capacity. of. the tank: Measurements should 
be in increments .which .permit allowance for its 
varying effect on.tank capacity at various elevations. 

(d) Large deadwood ·of :irregular shape may. 
have to be measured in separate sections suitably 
chosen. 

(e) Work sheets on which details of deadwood 
are sketched, dimensioned and located,· should be 
clearly identified and should become part of the 
strapping record. 

(f) For variable deadwood, such as nozzles and 
manholes, encountered in the bottom one or two 
courses (rings) of the tanks, an average deadwood 
correction shall be made. 

13. Tank bottoms 

(a) Flat type: 

(i) Tank bottoms which are flat and stable 
under varying liquid loads will have no 
effect on tank capacity depressed on 
the basis of geometric principles. 

(ii) Where tank bottom conditions of 
· irregularity, slope and instability exist, 

and where correct capacities cannot be 
determined conveniently from linear 
measurements alone, It shall be 
necessary to resort either to liquid 
calibration to floor survey. 

(iii) Liquid calibration-The procedure in 
carrying out the liquid calibration is to 
fill into the tank quantities of known 
volume of water or other non-volatile 
liquid until the datum point Is just 
covered and the total quantity 
recorded. Additional quantities shall 
then be added until the highest point 
of the bottom is just covered. This may 
be done in one or more stages as 
desired and the dip reading and 
quantity at each stage recorded. It is 
convenient for dip readings to be taken 
at intervals of approximately 3 em, the 
successive intervals not necessarily 
being Identical. 

(a) This liquid may conveniently be measured 
Into the tank by a positive displacement 
meter which should be previously calibrated 
for the liquid and rate of flow to be used. 
Alternatively, an accurately calibrated 
measure or tank may be used. 

(iv) Volumes for the tank calibration table 
above this elevation shall be computed 
from linear measurements. 

(v) Floor survey-The floor survey consists 
In recording levels of the floor by means 
of a dumpy level with the help of the 
spirit levels, the cross sections and the 
longitudinal sections of the entire floor 
may be computed. The levels when 

· plotted will define the profile and the 
geometric pattern of the bottom of the 
tank. Thus the capacity of the tank may 
be calculated. 

(vi) During the tank bottom calibration the 
difference in height betWeen the datum 
plate and the bottom of the bottom 
course (ring) should be recorded, 
wherever possible. 

(b) Conical, hemispherical, semi-ellipsoidal and 
spherical segment: 

Tank bottoms conforming to geometrical 
shapes have volumes which may either be 
comp4ted from linear measurements or 
measurements by liquid calibration by 
Incremental filling or by floor survey, as 
desired. Any appreciable differences In 
shape affecting the volume, such as 
knuckle, radii, etc., shall be measured and 
recorded in sufficient detail to permit 
computation of the true volume. 

14. Measurement o' tilt 

(a) Measurements shall be taken to determine 
the amount, If any, by which the tank is tilted. This 
can conveniently be done by suspending a plumb 
line from the top angle and measuring the offset at 
the bottom angle (see Figure 5). Alternatively, if the 
tank bottom Is being calibrated by floor survey with 
a dumpy level as in 13( a )(v), the tilt can be estimated 
by taking reading along the periphery of the tank 
bottom. Also, if a liquid calibration of the bottoms is 
being made as outlined in 13(a)(ill), the tilt can be 
determined by taking measurements from the surface 
of the liquid to the bottom of the tank. In any of 
these methods, a sufficient number of measurements 

--- • --- ·- -· •· L :Z 
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shall be taken at different points on the circumference 
to determine the maximum offset. 

-

" 

.. -·~--~ .--o-i 
Figure 5 

1.5. Floating-roof tanks 

(a) All calibration measurements shall be made 
exactly as for tanks with fixed roofs. 

(b) Liquid calibration for floating-roof 
displacement-

(i) Corrections for floating-roof 
displacement arising from the weight 
of the roof and the deadwood 
associated with it shall be allowed for 
in the calibration measurement. 

(ii) If the weight of the floating-roof is 
accurately known, correction for the 
displaced liquid may be applied 
knowing density and temperature of 
the tank contents, at the time of 
detenmlning the actual inventory. 

(c) Alternatively, displacement due to the 
floating-roof and deadwood may be 
detenmlned by admitting oil to the tank until 
the dip reading is just below the lowest 
point of the roof. Known quantities 
accurately determined (for example by flow 
meter or delivery from a portable tank or 
measure which has been accurately 
calibrated) are then admitted to the tank 
and the corresponding dip readings 
recorded at a number of suitable intervals 
until the point is reached when the roof 
just becomes oil borne. Record the density 
and temperature of oil used: 

(i) It is advisable to use a liquid of nearly 
the same density as that for which the 
tank Is intended. If this Is not practical, 
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water may be used and suitable 
corrections applied. 

(II) During liquid calibration any space 
under the roof that will trap gas should 
be vented to the atmosphere. 

(Ill) Before liquid calibration the height of 
the lowest joint of the roof with 
reference to datum point should be 
recorded, wherever possible. 

(iv) To assess the point at which roof 
becomes oil borne the following 
procedure may be followed :-

"With the roof resulting fully on Its 
supports, paint four short horizontal 
white lines about 3 em wide on the tank 
sides in such a position that, viewed 
from some definite point, their lower 
edges are just above four similar lines 
marked on the roof edges or shoes. 
Then slowly pump oil into the tank; 
when all roof markings are seen to have 
moved upwards, regard the roof as oil 
borne, and take the dip reading of the 
oil at this level." 

Alternatively, from some chosen viewpoint 
on the dipping platform, note the position 
of the roof against rivet heads on vertical 
seam or other markings on the tank walls 
instead of paint marks. In both cases 
extend the points of reference round the 
greater part of the tank interior, and see 
movement relative to all points. 

(d) Weight floatinfi-The floating weight of the 
entire roof shall include weight of roof plus 
half the weight of the rolling ladder and 
other hinged and flexibility supported 
accessories that are carried up and down 
In the tank with the roof. These are 
calculated by the tank fabricator and given 
on the drawing and on the roof name-plate. 

(e) Deadwood: 

(I) Fixed deadwood shall be measured as 
described in 12. The drain lines and 
other accessories attached to the 
underside of the roof sha II be treated 
as fixed deadwood In the position they 
occupy when the roof is at rest on Its 
supports. 

(II) When all or part of the weight of the 
roof is resting on its supports, the roof 
Itself is deadwood and as the liquid 
·level rises around the roof its geometric 
shape will determine how it should be 

.:i 
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deducted. The geometric shape should 
be taken from the fabricator's drawings 
or measured in-the.field With the aid of 
an,englneer's level.while,_the .. roof ·is 
restllig•on its supports. 

16. Variable volumecoofs 

·(a) Roofs such ·as lifter, flexible·membrane, 
breather·.or:balloon, ·may require 'Special 
deadwoOd measurements·for roof .parts 
that aressometimes. sub,merged. When 
these parts, 'such ,as rcolumns, are •fixed 
relative•;to:the·tank.shell, they should be · 
measured as·deadwood •in the•usual way. 
When .these parts· move with :the roof and 
hang down. Into. the liquid, they should be 
deductedo.as·fixed deadwood with the roof 
in the 'lowest ,position. •Details may be 
secured :from the .fabricator or measured 
in the field. 

(b) Some variable volume roofs have flexible 
members ·.which may float on the surface 
when the membrane is deflated and the 
liquid level Is high. The floating weight of 
the membrane displaces a small volume of 
liquid. Data on the floating weight should 

· · be secured from the fabricator and 
supplemented, if necessary, by field 
observation and measurement. 

(c) Some variable volume roofs have liquid seal 
troughs or other appurtenances which 
makes the upper outside part of the shell 
inaccessible for outside circumference 
measurements. Liquid calibration of this 
portion of the shell may be made, or (i) 
theoretical dimensions may be taken from 
the fabricator's drawings, or (II} the highest 

· measurable circumferential measurement 
may be used as a basis for the portion of 
the tank that cannot be measured. When 
the method (I) or (ii) is used, It shall be so 
indicated on the calibration table. 

SECTION II: CAUBRATION BY INTERNAL 
MEASUREMENT 

17. General 
(a) This method Is based on the measurement 

·of internal diameters. 

(b) Diameters shall be measured only after the 
tank has been filled at least once at its 
present locations with the product to its 
working capacity or with water to its 
equivalent height, and such product or 
water has been held in the tank for at least 
24 hours to allow for setting. 

.(c) The stipulated number of Internal diameters 
shall be obtained as described under 
19(a}(iv). 

(d) Where practicable, an external 
circumference shall be measured at 
approximately the same height as that at 
which a set of diameters of which a 
verification is desired, has been taken. The 
resulting internal diameters shall be 
compared, and If a discrepancy is found, 
ttie measurements shall be verified. 

(e) It may be necessary In practice to refer all 
tank dips to a datum point other than the· 
datum point used for the purpose of tank 
calibration. If so, the difference in levels 
between these datum points shall be 
determined either by normal surveying 
methods or by other suitable means. 

(f) The overall height shall be measured using 
dip-tape and dip-weight from the dipping 
datum point mentioned In (e) above to the 
reference point (the dipping reference 
point) on the dip hatch. This overall height 
shall be recorded and marked on the tank 
at the dip hatch, 

18. Equipment 
(a) Steel tape-complying with the 

specification given under Part VII of Sixth 
Schedule. The tape shall be greased well 
before use. 

(b) Dynamometer-This is used for applying 
tension to the steel tape. 

(c) Other equipment as referred to under 8. 

19. Diameter measurements 

(a) Procedure: 

(I} All diameter measurement shall be 
made with a tension of 4.5 ± 0.5 kg 

. applied to the tape as indicated by the 
dynamometer. 

(ii) All tape measurements shall be 
recorded as read, that is without 
Including the length of the 
dynamometer. 

(Ill) The dynamometer length at 4.5 kg shall 
be taken accurately before it is put Into 
commission, and subsequent checked 
before and after calibration of each 
tank, the final check being made before 
leaving the site. 

(lv) The measurements shall be taken 
between diametrically opposite points 
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at the following levels on each course 
(ring), the minimum number allowable 
at each level being two on each course 
(ring), at right angles to each other:-

( a) For riveted tanks (see Figure 1) 

(1) at 10 per cent of the height of 
exposed portion of each course 
(ring) about the level of the top of 
the bottom angle iron of the tank 
and above the upper edge of each 
horizontal overlap between courses 
(rings); and 

(2) at 10 per cent of the height of 
exposed portion of each course 
(ring) below the level of the lower 
edge of each horizontal over-lap 
between courses (rings) and below 
the level of the lowest part of the 
top angle iron of the tank; 

(b) For welded tanks (see Figure 2) 

Two levels, the upper and the lower 
levels, at the top and the bottom of 
courses (rings), shall be 20 per centof 
the height of the exposed portion of 
the respective course (ring) away from 
the angle irons or seams; 

(c) All tanks 

No measurement shall be taken nearer 
than 30 em to any vertical seam. 

(v) If for any reason it is impracticable to take 
measurements at the positions described 
above, then the diameters shall be taken . 
as close to the proper position as 
practicable, but not nearer the horizontal 
seams than is specified under (b) above. 

(vi) The levels at which measurements have 
been taken shall be recorded together 
with reasons for abandoning the 
prescribed level. 

(vii) Measurements shall be taken with the zero 
end of the steel tape attached to the 
dynamometer, one operator placing the 
dynamometer on the predetenmined point 
and the second operator placing the rule 
end-on to a point diametrically opposite. 
The tape with the graduated side wholly 
upwards Is then pulled along the rule until 
the requisite tension is registered by the 
sounding of the buzzer in the 
dynamometer. The relative position of 
tape and rule is maintained by a firm grip 
until the rule is removed from the side of 
the tank and the measurement read on 
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the tape at the end of the rule which was 
previously in contact with the tank side. 
The operation shali be repeated at the 
v~rious positions at which measurements 
are required throughout the tank. The 
measurements shall be recorded clearly 
in white chalk on the steel plates in such 
a manner as to Indicate the positions at 
which they were taken. 

(viii) Each measurement of diameter shall be 
recorded to the nearest mm. 

(b) All other measurement shall be followed 
in accordanc!l with section I. · 

PART III 

METHOD FOR COMPUTATION OF CAPACITY 
TABLES FOR VERTICAL OIL STORAGE TANKS 

1. Scope 
This method prescribes the methods of 

computation on capacity tables for vertiCal storage 
tanks Intended for bulk storage of petroleum and 
liquid petroleum products. 

2. General 

(a) The calculations shall be made in 
accordance with the accepted mathematical 
principles. 

(b) At the head of each capacity table it shall 
be clearly stated that the dip/capaCity 
relationship applies only to dips taken at · 
one specified point. This point shall be 
clearly marked on the tank, and the height 
of the dipping reference point shall be 
recorded at the head of the capacity table. 

3. Form of tank tables 

Provided that tank tables have been prepared 
in accordance with the principles laid down in this 
standard, the fonm in which the table is setout will 
not alter the accuracy of the figures obtained from 
it, but the following principles shall be applied In 
preparing the tank tables:-

(1) The intervals of dip at which the tables are 
set out shall not be so great that 
interpolation for intermediate dips Is 
difficult. It is convenient to set out tables 
at Intervals of dip not greater than 5 em, 
for then a small proportional parts table, 
calculated on the average content of tank 
per unit depth, may be used for calculating 
the litres corresponding to inter-decimal 
dips. In the case of lap joints, however, the 
proportional parts table should be set out 
for every course (ring). Levels affected by 
bottom irregularities and deadwood shall 
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not be ,included in. calculating the average 
capacity per unit.depth-used for the 
proportiorial.partstable; .. and. this' table:shall 
not be applied in interpolations at these .levels. 

(ii) The tableSlmay be setout more fully; this 
may be justifiable-in some:cases where the 
greatest speed in calculation is.deslred, but 
it shall be remembered, that a.table·set out 
on a siggle sheetofpaper>is often quicker 
in use:.than one ·.which •occupies several 
pages. 

(iii) It should: be remembered.that, at .best, no 
oil measurement ,can be •relied upon to 
nearer that one partiin 10,000. Commercial 
tables should never be set outto show any 
fractions of. a litre, and minor discrepancies 
within this'limitshall be disregarded. 

(iv) In genercij, .therefore, it is recommended 
that tables•should be set out to show litres 
at intervals -of 5 em in dip with a 
proportional parts table for Intermediate 
dips, the ilatter being set out against 
millimetres. 

(v) A recommended format of a calibration 
chart for butt welded tanks Is given in 
Table 2. 

SECITON I : STRAPPING METHOD 

4. Corrections to be applied to measured 
circumferences 

(a) Step overs : 

(i) For each obstruction the excess or 
deficiency of the tape measurement 
spanning the obstruction as compared 
with the step-over interval for the course 
(ring) concerned shall be subtracted from 
or added to the circumference figure 
obtained by strapping, and the result shall 
be taken as the corrected circumference, 
free from error due to the displacement 
of the tape from its proper path by the 
obstruction concerned. 

(ii) Step-over correction shall be Included for 
all vertical seams where it Is detectable 
in the case of vertical seams provided that 
the tape path used and entirely clear of 
rivet heads, an average step-over 
correction may be determined for each 
course (ring) and multiplied by the 
number of seams per course (ring) to 
obtain the total correction to be applied 
to the measured circumference of that 
course (ring) to compensate for sui:h 
overlaps. 

(Ill) For single obstructions, only step-over 
corrections 2 mm or over shall be included. 

(iv) The use of the step-over corrects 
circumferences for the effect on them of 
vertical seam overlaps but does not 
correct the tank tables for the effect as 
deadwood of internal projections of the 
seam edges. These shall be computed and 
accounted for as deadwood. 

(v) By choosing tape courses In order to avoid 
appurtenances, use of step-overs ~auld 
be eliminated to a great extent. 

(b) Plate thickness 
Plate thickness measured shall. be recorded 
to the nearest 0.1 mm. 

(c) Temperature correction 
Where the strapping and dipping tapes are 
calibrated at 20° C, and the tank table is to 
be corrected for use with the shell at 15°C, 
from each measured circumference shall 
be subtracted 0.000 09 times the measured 
circumference, before the figure is taken 
Into further calculation. 

5. Calculations 
(a) The mean external circumference of any 

course (ring) shall be the average of the 
circumferences measured on it and 
corrected to the nearest 0.1 mm. 

(b) The mean internal circumference of the 
course (ring) shall then be calculated from 
the mean external circumference of the 
course (ring) by subtracting from the latter 
2 11 times the plate thickness in metres. 

(c) The open capacity of each course (ring), 
that is, its capacity without allowing for 
deadwood shall be calculated as if the 
course (ring) were a true cylinder of the 
mean internal circumference determined as 
under (b) above. This rule shall apply to 
vertical cylinders of in-and-out, telescopic 
or shingled construction. 

(d) The open capacity of each course (ring) In 
lltres per centimetre of height shall be 
obtained by using either the following 
formula or any other mathematically 
equivalent process:-

Open capacity in litres per centimetre 

C'X10000 = 
4 n X1000.028 

or 0.795 752 x c2 

where-
C = the mean internal circumference In 
metres and p = 3.14158 
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(e) For tanks which are inclined to the vertical, 
these formulae shall be modified as given 
in clause 11. 

(f) Specimen calculations are given in clause 
12. 

SECTION II : INTERNAL MEASUREMENT METHOD 

6. Corrections to be applied to diameter 
measurements 

(a) Deductions shall be made from the average 
tape readings obtained in measuring 
diameters to allow for the effect of sag. 
The correction Z for sag expressed in metre 
is given by the formula : 

where 

Z = W'S' = KS3 

24P2 

P = pull on tape In kg, 

5 = span of tape I.e., outside circumference 
of the tank in m, 

W = weight of tape in kg/m, and 

K = w2/24P2 = constant 

Example : For a tape 10 mm wide and 0.25 
mm thick, made of steel of density 7.850 kg/m3, 
values of K to give the correction in centimetres when 
the tape is stretched with flat side horizontal, will 
be: 

p K 

4.4 kg 8.29 x lo-5 

4.5 kg 7.92 X 10-5 

4.6 kg 7.58 X 10-5 

The above fomnula gives practically the same 
results as the equation of the catenary and is less 
cumbersome. 

(b) To the average diameter of each course 
(ring), corrected for sag, add the length of the 
dynamometer when registering a pull of 4.5 kg. 

(c) Corrections for the effect of stretch are 
unnecessary because the tension applied Is that at 
which the tape Is standardized. 

(d) Corrections for temperature shall be made 
as specified in 7(c). 

7. Calculations 

(a) The mean diameter measurement will 
consist of the average, of the separate tape readings 
corrected for sag, plus the length of the 
dynamometer. 

(b) The procedure shall, therefore, be : 

(i) Average the tape readings obtained for 
each course (ring), by dividing the sum of 
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all these readings on the course (ring) by 
their number. Round off this average to the 
nearest 0.1 mm 

(II) Correct the mean result of (i) for sag as 
specified in 6(a). 

(Iii) Add to the result of (II) the dynamometer 
length as specified In 6 clause (b). 

(c) Where the measuring and dipping tapes 
are calibrated at 2o•c, and the tank table is to be 
correct for use with the shell at l5°C, multiply the 
result obtained in (b)(iii) above by (1-o.ooo 09), 
before the figure is taken Into further calculation. 
Round off this figure to the nearest 0.1 mm. 

(d) calculate the open capacity of each course 
(ring) that Is its capacity without allowing for 
deadwood, as ifthe course (ring) were a true cylinder 
of the mean Internal diameter determined under (b) 
above. This rule shall apply to vertical cylinders of 
in-and-out telescopic or shingled construction. 

(e) The open capacity of each course (ring) In 
litre per centimetre of height shall be obtained by 
using the following formula or by any other 
mathematlca fly equivalent process: 

D'X 11 or 0.000785 376 x 02 

1000.028X4 

where 

D = the mean internal diameter in 
· centimetres. 

(f) For tanks which are Inclined to the vertical, 
modify these formulae as given in 11. 

(g) When the level or levels from which oil 
depths will be measured differ from the datum level 
from which the tank table is first prepared, correction 
for difference shall be made in the final table. 

(h) Specimen calculations are given in clause 13. 

B. Deadwood 

(a) The open capacity of each course (ring) 
shall be adjusted for any deadwood it contains. 

(b) The total volume of each piece of deadwood 
shall be calculated to the nearest litre. In this context, 
the temn 'piece of deadwood' shall include such Items 
as the rivet heads in one line around the tank, take~ 
collectively, as a single 'piece' of deadwood. 

(c) The effect of small pieces of deadwood may 
be neglected provided that (i) the total effect of any 
such neglect shall not lead to error in the tank tables 
exceeding 0.005 per cent of the total capacity of the 
course (ring) In which the deadwood occurs, and (II) 
any deadwood so neglected is distributed evenly, or 
substantially so, over the whole height of the course 

--- _____ _L_-
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(ring), in-calculating the table; however,··it shall be 
permissible. to Include the effect of any. deadwood, 
however small. 

9. Tank bottoms 

(a) When the tank bottom is·.substantially 
horizontal, for example, when. the tank lscarrled on 
a level concrete raft or. steel structure, then bottom 
irregularities can. be neglected. 

(b) When the tank bottom· has been calibrated 
by measuring in:suJtable ·known .volumes of <liquid, 
the tank table for, these levels shall:be prepared from 
these measurements :on ·.sound mathematl.cal 
principles. The highest level and capacity shown in 
the tank bottom.callbratlon table so prepared shall 
then be the datum level and capacity from which is 
to be constructed. ·;n,e rest of the table should be 
prepared by calculation as described In this section. 

10. Floating roof1tank 

(a) Except for.the fallowing modifications, tables 
shall be prepared In accordance with Section I and 
Section II : 

(i) Allowance for deadwood shall be made as 
described in clause 8. 

(ii) The drain line and other accessories 
attached to the underside of the roof shall 
be included as fixed deadwood in the 
position they occupy when the roof is at 
rest on Its supports. The position of these 
accessories should be specified In the 
calibration table. 

(iii) Two levels shall be defined, both an exact 
number of centimetre above the datum 
point from which dip readings will be taken. 
The first level, designated A, shall be not 
less than 4 em and not more than 6 em 
below the lowest point of the roof plates 

.· when the roof Is at rest. The second level, 
designated B, shall be not less than 4 em 
and not more than 6 em above the free oil 
surface when the roof is at its lowest oil 
borne position. 

(iv) The floating weight of the entire roof shall 
include weight of roof plus half the weight of 
the rolling ladder and other hinged and 
flexibly supported accessories that are carried · 
up and down in the tank with the roof. 

The displaced volume due to roof weight 
can be easily calculated from : 

)~.oof weight in kg/ Density of stock in kg 
·per litre at i:ank temperature 

·.' :' The displacement, minus the volume of 
.... .'' deadwood already accounted for in (ii) 

above, shall be considered as an item of 
deadwood applicable to all levels above B. 
It shall either be entered as such on a 
supplementary table or taken into account 
In the preparation of the final table as a 
deduction for deadwood at all levels above 
B. For levels between A and B, the 
proportion of roof displacement to be taken 
Into account as deadwood may be 
calculated from the dimensions of the 
floating roof. These partial displacements 
shall either be entered as such In the 
supplementary table as applicable for levels 
between A and B, or taken into account In 
preparation of final table. Alternatively 
where measured quantities of oil have been 
admitted to the tank and corresponding 
levels of the free oil surface determined by 
dipping, the necessary adjustments to the 
tank capacity within the range of the levels 
A and B may be computed from this data. 
The part of the table between levels A and 
level B shall be marked 'not accurate'. 

(v) It is considered impracticable to allow In 
the tank table, for the effects of extraneous 
matter retained by the roof, varying friction 
of the roof shoes and varying immersion of 
roof supports. 

11. Computation of contents of tanks inclined 
to the vertical 

[See clauses S(e) and 7(f)] 

(a) "Tanks lflclined to the vertical : 

(i) Capacity as determined in 5(e) and 7(e) 
applies to tanks which are vertical. For tanks 
Inclined to the vertical at an angle •, the 
open capacity in litres per centimetre of 
vertical height, is given by :-

0.795 752 X c2 X Sec 8 

Where C = the mean Internal 
circumference in metres. 

OR 

0.000785 376X o2 x Sec 8 

where 

D = the mean internal diameter in 
centimetres. 

SeeS may be ignored for angles of tilt up to 
lin 50, this representing a maximum error 
of 0.02 per cent. 

(li) The· correction specified above shall be 
applied before the corrections for 
deadwood are made. 
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[See clause S{f}J 

12. Example for strapping method 

(a) Data obtained by strapping 

Course (ring) Measured Stepover Plate thickness Internal heights of courses 

No. external corrections (rings) 

circumferences metres 

metres mm Individual Cumulative 

cin em 

8 Top 113.040 0.002 7 

8 Middle 113.086 0.002 7 187.0 1475.0 

8 Bottom 113.085 0.002 7 

7 Top 113.127 0.002 7 

7 Middle 113.133 0.002 7 179.0 1288.0 

7 Bottom 113.130 0.002 7 

6 Top 113.090 0.003 10 

6 Middle 113.096 0.003 10 190.0 1109.0 

6 Bottom 113.092 0.003 10 

5 Top 113.152 0.004 13 

5 Middle 113.160 0.004 13 179.0 919.0 

5 Bottom 113.155 0.004 13 

4 Top 113.085 O.QlO 13 

4 Middle 113.092 0.010 13 191.0 740.0 

4 Bottom 113.090 0.010 13 

3 Top 113.175 3.010 16 

3 Middle 113.176 0.010 16 178.0 549.0 

3 Bottom 113.170 0.010 16 

2 Top 113.077 0.013 18 

2 Middle 113.081 0.013 18 191.0 371.0 

2 Bottom 113.075 0.013 18 

1 Top 113.187 0.015 20 

1 Middle 113.189 0.015 20 180.0 180.0 

1 Bottom . 113.175 O.DlS 20 
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(b) Additional data 

(i) Deadwood 

Course Applicable height Deadwood 
(ring) em lit res 
No. 

8 1466 to 1475 ,350 

8 1415 to 1466 :SOB 

8 1350 to 1415 2336 

8 1288 to 1350 :nil 

7 1109 to 1288 nil 

6 919 to 109 nil 

5 740 to 919 nil 

4 549 to 740 -195 

3 371 to 549 -259 

2. 180 to 371 -309 

1 107 to 180 -145 

1 51 to 107 -59 

1 46 to 51 -36 

1 o to 46 nil 

(ii) Tape calibration temperature 

(iii) Condition of tank at time of strapping : 

Water in tank to depth of 

Water temperature 

Density of water at 20°C 

1/cm 

-38.889 

-9.961 

-35.938 

nil 

nil 

nil 

nil 

-1.021 

-1.455 

-1.618 

-1.986 

-1.054 

-7.200 

nil 

(c) Calculation of corrected internal circumferences course (ring) 

Measured external circumference at 20°C 

Correction for calibration temperature of tape 

Calculated external circumference at 15°C 

Step-over correction 

Correction for plate thickness 

7 x 211 = 7x6.2832 mm 

Corrected internal circumference 

(Calculation for other courses may be done in a similar way) 

Total deadwood in 
courses litres 

-3 194 

-195 

-259 

-309 

-122 

20°C 

1400 em 

20°C 

1 000 kg/1 

No.8 top 

113.040 om 

-.0.0010 2m 

113.029 8 m 

-0.002 om 

-0.044 0 m 

112.983 8 m 

: , ... :~o;:;:;;:;:&.~•·•·-·-::JI.l---'b-'· -· - - * 
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· The corrected Internal circumferences for the remaining measurements given above are shown below. 
(d) calculation of open capacity of courses (rings) 

Course (ring) No. Corrected internal Mean internal Open capacity ,of course (ring) 
circumference circumference 
m m !/an litres 

8 Top 112.983 8 
8 Middle 113.029 8 113.014 10 163.48 1 900.571 
8 Bottom 113.029 8 
7 Top 113.070 8. 
7 Middle 113.076 8 113,073 8 10174.22 1821.185 
7 Bottom 113.073 8 
6 Top 113.014 0 
6 Middle 113.020 0 113.016 4 10 163.95 1 931.150 
6 Bottom 113.016 0 
5 Top 113.056 1 
5 Middle 113.064 1 113.059 8 10 171.70 1 820.734 
5 Bottom 113.059 1 
4 Top 112.983 1 
4 Middle 112.990 1 112.987 1 10 158.62 1940.2% 
4 Bottom 112.988 1 
3 Top 113.054 3 
3 Middle 113.005 3 113.053 0 10 170,48 1 810.345 
3 Bottom 113.049 3 
2 Top 112.940 7 
2 Middle 112.944 7 112.941 4 10 150.41 1 938.428 
2 Bottom 112.938 7 
1 Top 113.036 1 
1 Middle 113.038 1 113.032 8 10 166.84 1 830.031 
1 Bottom 113.024 1 

Total 14 993.040 

(e) calculation of net capacity or courses (rings) 

Oil dip Open capacity Deadwood Net capacity 
em !/an !/an !/em 

0 to 46 10 166.84 Nil 10 166.84 
46 to 51 10 166.84 • 7.20 10 159.64 

51 to 107 10 166.84 + 1.05 10 167.89 
107 to 180 10 166.84 ·1.99 10 164.85 
180 to 371 10 150.41 ·1.62 10 148.79 
371 to 549 10 170,48 ·1.46 10 169.02 
549 to 740 10 158.62 ·1.02 10 159.60 
740 to 919 10 171.70 nil 10 171.70 
919 to 1109 10 163.95 nil 10 163.95 
1109 to 1288 10 174.22 nil 10 174.22 
1288 to 1350 10 163.48 nil 10 163.48 
1350 to 1415 10 163.48 ·35.94 10 127.54 
1415 to 1466 10 163.48 ·9.96 10 153.52 
1466 to 1475 10 163.48 ·38.89 10 124.54 

------- --· --·- --- - ----~--. -
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13. Example. for internal measurement method ·[See dause 7(h}] 
(a) Data obtained by internal measurement-

:(!) ::In:this example.ltls assumed that the same tank as in 12 has been calibrated by internal 
:measurement. 'The means of each course (ring) of the tape measurements of the 
. internal diameters are as In col. ·2 of the table In (d) below : 

Dynamometer·.le~gth at a:tension·of 4.5 kg•= .21.30 em 

(b) Additional data 

(i) All course (ring)' height deadwood, etc., are the same as in 12. 

(c) 5ag.correction 

(i) ··For a• tension of 4;5·kg,the·sag correction for course (ring) No. lis: 

7.89 x 10'5 {35.7878)3 = 3.61 em. 

(d)' calculation .. of•corrected internal diameter course (ring) No. 1 

Mean .tape reading for diameter 3 578.78 em 

5<!g.correction {deduct) 3.61 em 

Corrected tape reading 3 575.17 em 

Dynamometer length (add) 21.30 em 

Measured intewal diameter at 20°C 3 596.47 em 

Correction for calibration temperature of tape (deduct) 0.32 em 

Corrected internal diameter at 15°C 3 596.15 em 

The correspanding tape readings and corrected internal diameters calculated as shown above, for 
all courses (rings) are tabulated below : 

Course Mean tape reading Mean tape reading for Mean internal diameter 
(ring) diameter corrected for sag and corrected for tape calibration 
No. dynamometer temperature 

em em em 

8 3 579.75 3 597.44 3 597.12 

7 '3 580.92 3 598.61 3 598.29 

6 3 578.90 3 596.59 3 596.27 

5 3 580.12 3 597.81 3 597.49 

4 3 577.50 3 595.20 3 594.88 

3 3 579.47 3 597.26 3 596.84 

2 3 576.95 3 593.65 3 593.33 

1 3 578.78 3 596.47 3 596.15 

(e) Calculation of open capacity of courses (rings) 

Course Open capacity of course (ring) Open capacity of course (ring) 
(ring) No. !/em litres 

8 10 162.17 1 900 326 

7 10 168.79 1 820 213 

6 10 157.37 1 929 900 

5 10 164.27 1 819 404 

4 10 149.52 1 938 558 

3 10 160.59 1 808 585 

2 10 140.77 1 936 887 

1 10 156.69 1 828 204 

Total : 14 982 077 
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(f) calculation of net capacity of course (ring) 

017 dip (em) Open capacity (1/cm) Deadwood (1/cm) Net capacity {1/cm) 

0 to 46 10 156.69 nil 10 156.69 

46 to 51 10 156.69 -7.20 10 149.49 

51 to 107 10 156.69 + 1.05 10 157.74 

107 to 180 10 156.69 - 1.99 10 154.70 

180 to 371 10 140.77 - 1.62 10 139.15 

371 to 549 10 160.59 -1.46 10 159.13 

549 to 740 10 149.52 -1.02 . 10 148.50 

740 to 919 10 164.27 nil 10 164.27 

919 to 1109 10 157.37 rin 10 157.37 

1109 to 1 288 10 168.79 nil 10 168.79 

1288 to 1 350 10 162.17 nil 10 162.17 

1350 to 1415 10 162.17 - 35.94 10 126.23 

1 41S to 1 466 10 162.17 -9.96 10 152.21 

1 466 to 1475 10 162.17 -38.89 10 123.28 

TABLE 2 

[See Clause 3(a)/{v)] 

RECOMMENDED FORMAT OF A CALIBRATION CHART FOR BUTT WELDED TANKS 

Tank No ...................... 

Code ........................... 

Proportional parts Type ........................... 

Diameter or 

Circumference ............. 

Height. ........................ 

mm litres em litres em litres em lltres em litres em 1/tres em litres em litres em litres 

1 00 200 400 600 800 1000 1200 1400 

2 05 OS OS OS OS OS OS OS 

3 10 10 10 10 10 10 10 10 

4 15 15 15 15 15 1S 1S 15 

5 20 20 20 20 20 20 20 20 

6 25 25 25 25 25 25 25 25 

7 30 30 30 30 30 30 30 30 

B 35 35 35 35 35 35 35 35 

9 40 40 40 40 40 40 40 40 

10 45 45 45 45 45 45 45 45 

11 50 250 450 650 850 1050 1250 1450 

12 55 55 55 55 55 55 55 55 

13 60 60 60 60 60 60 60 60 

14 65 65 65 65 65 65 65 65 

I 

I 
I 

I 
f 
' I 
L--·- ----- ··-- ---- -. -· - ---~-
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mm!itres em lltres ... em litres emlitres cm'litres em!itres em !itres em litres em !itres 

15 70 ·. 70 zo 70 70 70 70 70 

16 75 75 75 75 75 75 75 75 

17 80 80 80 :80 80 80 80 80 

18 85 ·85 ·as .85 85 85 85 85 

19 90 90 90 90 90 90 90 90 

20 95 95 95 .95 95 - 95 95 95 

21 100 . .300 500 700 900 1100 1300 1500 

22 OS 05 .05 05 OS 05 05 05 

23 10 10 10 10 10 10 10 10 

24 15 .15 15 15 15 15 15 15 

25 20 20 20 20 20 20 20 20 

26 25 25 2S 25 25 25 25 25 

27 30 30 30 30 30 30 30 30 

28 35 35 35 35 35 35 35 35 

29 40 40 40 40 40 40 40 40 

30 45 45 45 45 - 45 45 45 45 

31 150 350 550 750 950 1150 1350 1550 

32 55 55 55 55 55 55 55 55 

33 60 60 60 60 60 60 60 60 

34 65 65 65 65 65 65 65 65 

35 70 70 70 70 70 70 70 70 

36 75 75 75 75 75 75 75 75 

37 80 80 80 80 80 80 80 .80 

38 85 85 85 85 85 85 85 85 

39 90 90 90 90 90 90 90 90 

40 95 95 95 95 95 95 95 95 

41 

42 

43 

44 

45 

46 Data regarding strapping, dimensions, etc. 

47 

48 Approved Signature Date 

49 
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To 

Sir, 

TENTH SCHEDULE 
APPUCATION FORM FOR REGISTRATION OF IMPORTER OF WEIGHTS AND MEASURES 

[See Rule 15] 

The Director of Legal Metrology, 
Government of India, 
New Delhi. 

I/We* hereby apply for registration of my/our* name(s) as importer of weights and/or measures. 
Particulars with regard to items specified In the table below are given against each such item. The 

registration fee of Rs ........................ has been paid in the treasury at.. ......................... vide Chalan No . 
......................... dated .................. enclosed. 

1. Name and full address : 
2. Whether Individual/undivided Hindu family/registered firm : 
3. Income-tax registration No. (If any): 
4. Date of registration as manufacturer/dealer; registration No. and name of registering authority : 
5. Date & No. of the licence to carry on the business of weights and measures; the name of authority by 

whom the licence was issued/renewed : 
(a} buying and selling, or 
{b) manufacturing. 

6. Item(s) of weights and measures in relation to which the applicant has been registered as manufacturer 
and/or dealer : 

7. Items of weights and measures for which application Is being made for registration as importer: 
8. Items, If any, imported during the period of two years Immediately preceding the year in which the 

application Is made : 
9. Remarks: 

Signature 
*Delete which Is not applicable. 

ELEVENTH SCHEDULE 

REGISTER TO BE MAINTAINED BY THE MANUFACTURERS OF WEIGHTS AND MEASURES 

[See Rule 24] 
1. Name and address of the manufacturer .................................................................................. .. 
2. Description of the weight or measure ................................................................................... .. 
3. (i) No. of the manufacturing licence ..................................................................................... . 

(ii) Date on which the licence was issued ........................................................................... .. 
(iii) Period of validity of the licence ...................................................................................... . 

4. Particulars of order, if any, suspending or revoking the licence ............................................... .. 

51. Month Unsold stock Quantity Total Sold wltflin tfle State Sold outside the State Total Balance Re~ 
No. from previous manufactured 3+4 sold 5-11 maries. 

month during tfle 6+9 
month 

No. Despatch Name No. Despatch 
of voucher of of voucher 
items , No. and the items No. and 
sold Date State sold Date 

1 2 3 4 5 6 7 8 9 10 11 12 13 

- .... , .. 
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REGISTER TO BE MAINTAINED BY THE REPAIRERS IN RESPECT OF WEIGHTS OR MEASURES 
RECEIVED FROM OTHER STATES . 

I 

[See Rule 24] 

Name· and address of the repairer ....................... Licence No. : .................... 

Date of licensing : ............ 

51. No. Date State Items & Receipt Amount of Amount of Total amount Date Re-
from :their Nos. No.& repairing verification charged of marks 
which 'booked date of charges fee return 
received .for repair .Issue to the 

to the user 
·user 

1 2 3 4 '5 6 7 8 9 10 

REGISTER TO BE MAINTAINED BY DEALERS IN WEIGHTS AND MEASURES 

(See Rule 24] 

1. Name .and :address of the dealer .................................................................................. .. 

2. Description of the weight or measure .................................................................................... . 

3. (i) Licence No ...................................................................................... . 

(ii) Date on which the licence was issued ................................................ ; .......................... .. 

(iii) Period of validity of the II cence ..................................................................................... .. 

4. Particulars of order, if any, suspending or revoking the licence ................................................. 

5. Category of weight or measure (Category A or 6) ................................................................... 

(Category A or B) 

51. Month Unsold Brought Brought 
No. stock within from 

from the outside 
previous State the 
month during State 

the during 
month the 

month 

1 2 3 4 5 

1. Approval of model 

2. Verification and stamping of any 
Type of Weights and Measures: 

Total 
3+4 
+5 

6 

Sold within the State Sold outside the State Total Balance Re· 
sold 6-12 marks 
7+9 

No. Despatch No. Despatch Name 
of voucher of voucher of the 
items No. and Items No. and state 
sold Date sold Date 

7 8 9 10 11 12 13 14 

TWELFTH SCHEDULE 

SCALE OF FEE 

[See Rule 25] 

At the rates specified in the Legal Metrology (Approval 
of Model) Rules, 2011 subject to the condition that 
total fee so charged Is not more than Rs. 10,000/-

Weights and Measures specified in the Legal Metrology 
(General) Rules, 2011 
at total fee so charged is not more than Rs. 5,000/-

I 
I 
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1 2 3 4 5 6 7 8 9 10 11 12 13 

3. Issue of a copy of any document 
not being a document of a 
confidential nature 

At the rate of Rs. 10 for every 100 words or 
part thereof. 

4. Registration/Renewal of regist
ration of any person as an 
importer. 

5. Application fee for preferring any 
appeal under the Act to 
the Director/Controller 

6. Application fee for preferring 
any appeal under the Act to the 
Central/State Government 

Rs. 500.00 

Rs. 100.00 

Rs. 200.00 

THIRTEENTH SCHEDULE 
Format for nomination of the Director by the Company 

[See Rule 29] 

655 

14 

Notice is hereby given that Shri/Smt,/Ms ....................................................................... Director of 
the .................. (name and address of the company) has been nominated by the company by a Resolution 
passed at their meeting held on ....................... at ........................... to be incharge of, and be responsible 

· for the conduct of business of the company or any establishment/branch/unit thereof and authorized to 
exercise all such powers and take all such steps as may be necessary or expedent to prevent the commission 
any offence by the said company under the Legal Metrology Act, 2009. 

Shri/Smt,/Ms .......................................... ;., Designation ............................... has accepted the said 
nomination and copy of said acceptance Is enclosed herewith. 

A certified copy of the said Resolution is also enclosed. 

Place: ........................ . 

Date : ........................ . 

Managing Director/Secretary of 

(name of the company) 

Note : Score out the portion which is not applicable. 

[File No. WM-9(6)/2010-pt.] 

RAKESH KACKER, Special Secy. 

Printed by the Manager, Government of India Press, Ring Road, Mayapuri, New Delhi~ll0064 
and Published by the Controller of Publications, Delhi~ II 0054. 
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