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6.2 Sizing equations for the calculation of volumetric flow rates of a gas pressure regulator
with its control member in its mechanically fully open position

6.2.1 Normal calculations
Volumetric flow rates should be calculated using the sizing equations of EN 60534-2-1.
6.2.2 Practical calculations

Normaily, in the regulators field it is common to use the following equations:

a) sub-critical flow behaviour

13,57 Puthy, . Py - Py
B 0= XC x=t xsin| K, x |2 & (3)
¢ Jdx@, +213) % 2 “Vet+p |,

b) critical flow behaviour (see Equation (9) in 7.7.7.2.2)

BST o BBy o

4
Jdx@, +273) ¢ 2 K

where

Cg is the flow coefficient;

d s the relative density (air = 1, non dimensional value);

K4 is the body shape factor;

Pp Is the ambient atmospheric pressure in bar (absolute value);

fy s the gas temperature at the inlet of the regulator under test in °C.
6.2.3 Simplified calculations

If K4 <130 and B) (py - pg) > 0,1 x (p, + pp) @l the following simplified equations may be used with an error
less than 10 %:

a) sub-critical flow behaviour, where &) (py - pd) < 0,5 x (py + pb) @I

13,57
B 0=—r—r—x=xC,Xx +po)x(p,-py) @ (5)
dX(t“ +273) g \/(Pd b pd)
b) critical flow behaviour, where (py - pd) > 0,5 (pu + pb):
13,57 +
E} Q.’: ’5 XCsxpu pb @ (6)
J dx(t, +273) 2
Conversion of the flow cosfficients may be carried out by making referance to EN 60534-2-1.
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NOTE The expression &) —isj—x Cg @&l is also known as Kg
q} dx(tu +273) '

6.3 Calculation of the maximum accuracy flow rate

The maximum accuracy flow rate should be calculated from the equations given in 6.2 by using the applicable
percentage of the flow coefficient at fully open position. This percentage which is equal to or less than 100,
depends on the accuracy class AC and shall always be specified by the manufacturer (see Figures 5 and 9).

6.4 Inherent flow characteristics

The relationship betwaen flow coefficient and the position of the control member is usually represented
diagrammatically (see Figure 9). Flow coefficients are usually expressed as a percentage of the flow
coefficient at fully open position and the position of the control member as a percentage of the maximum
travel (limit imposed by a mechanical stop). Figure 9 gives examples of the inherent fiow characteristics of
three different types of regulator.

6.5 Calculation of volumetric flow rates for partially open gas pressure regulators

Volumetric flow rates for regulator positions between closed and fully open shall be calculated using the
equations given in 6.2, but by using the percentage of the flow coefficient at fully open position associated with
a given percentage of the valve travel as detailed in 6.4.
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Figure 9 — Three examples of inherent flow characteristics

6.6 Flow coefficient

For all flow coefficients the tolerance between the value declared by the manufacturer and the actual value
verified during the type test shall be + 10 %.
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7 Testing
7.1 General

Clause 7 provides guidance on the procedurs that may be used when a certification of compliance with the
requirements of this document is required.

The sub-clauses In Clause 7 may be applied also to the conformity assessment to the PED.
7.2 Tests

Table 13 gives an overview of the different types of tests and correlates them to the requirements and test
methods detalled in Clauses 4, 5 and 7.

The requirements in this chapter shall be followed when compliance evaluation with this document is
requested.

Where compliance evaluation to this document is finalized with positive result, the regulator can bear as
marking the number of this document.
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Table 13 — Summary of tests and requirements

Test schedule Requirement Test method
T J M ] S Clause Title Clause
Constructional tests
A A A 4.1 Dimensional check and visual inspection 774
A A A 4.2 Malerials check 7.7.2
A 4.3 Verificalion of the strength of pressure containing parts 773
and inner metallic partilion walls
A A A 5.2.1 Shell and inner metallic partition walls strength lest 7.74
A A A 52.2 Extenal lightness test 7.76
Functional tests
A 6.6 Delermination of the flow coefficients 7.7.7.2
AR A 523 Check of intemal sealing, setting, lock-up pressure and | 7.7.7.3
simplified test method for accuracy class
A 5.3.1.1 and Delermination of a performance curve and verification of | 7.7.7.4.2
533 the hysteresis band
A 523 Determination of the lock-up pressure and verification of | 7.7.7.4.3
the internal sealing
A 53 Determination of the accuracy class, the lock-up| 7.7.7.4.4
pressure class, the class of lock-up pressure zone, the
maximum accuracy flow rate and lhe minimum flow rate
related to a given range of Inlet pressures
A 5.3.2.1 Operational check at the limit temperalures of| 7.7.7.4.5
-10 °C or -20 °C and 60 °C
optional - Methads for measuring the sound pressure level 7.7.746
A 54 Final visual inspection after type test 7.7.81
A A 7.78.2 Final visual inspection after rouline tests and production | 7.7.8.2
surveillance
A = Applicable
S = Produclion surveillance
M = Routine tests
T = Type test
8  Simplified test method for accuracy class I3 nol required In the routine tests.

7.3 Type test

Those tests (see Table 13) carried out to establish the performance classification of the regulator or the seres
of regulators. These tests include verification of the documentation listed in 8.1.1.

When changes are made to the design of a regulator or a series of regulators in such a manner as to affect
the above tests, the manufacturer shall inform the parties involved, if any, in the compliance evaluation to this

document,
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7.4 Selectlon of test samples

The number and types of a series of regulators to be subjected to a type test shall be selected according to
the following requirements:

— one regulator for each type of fixture and/or pilot;
— two sizes from a series of up to six sizes and three sizes from series greater than six in number;
— one regulator for each accuracy class AC, if applicable;

— it the series of regulators includes sizes of regulators with mora than one valve seat diameter, the test
sampla shall have the largest valve seat installed.

The check in accordance with 7.7.7.4.5 shall only be carried out on one test sample.

7.5 Routine tests

Those tests (see Table 13) carried out on each regulator by the manufacturer during the production process.
The tests verify that materials, dimensions, external conditions and performance remain in compliance with
the results of the type test.

Routine tests for integrated safety devices, if any, shall be those detailed in EN 14382,
7.6 Production survelllance

Those tests and verifications (see Table 13) carried out in order to confirm conlinuing compliance with this
document.

The tests and verifications include additionally:

— verification of the routine tests records;

-— verification of drawings and material certificates.

7.7 Test and verification methods

7.7.1 Dimenslonal check and visual inspection

The actions to assess:

— the dimensional compliance of pressure containing parts with the applicable drawings;

— the compliance of the regulator construction with the [ related (1 assembly drawing and the
construction requirements of this document.

7.7.2 Matenials check
The actions to assess the compliance of the materials used or prescribed with the requirements in 4.2.
The verification of the materials used shall be carried out by the review of the material certificates.

The verification of the materials prescribed shall be carried out by the review of the [ part list &J.
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7.7.3 Verification of the strength of pressure containing parts and inner metallic partition walls

7.7.3.14  Strength calculation method

Verificalion is made by proving the compliance of the actual safety factors with those specified in 4.3.5 and the
compliance of minimum allowable thicknesses shown in drawings with values specified in the strength
calculations.

Strength calculation B shall & be carried out according to EN 12516-2 and &) EN 12516-4 @&,

7.7.3.2 Experimental design method

Verification is made by proving the compliance of the actual safety factors with those specified in 4.3.5 taking
into account the minimum allowable thicknesses shown in drawings and the minimum proof stress (yielding)
for selected material.

Actual safety factors are obtained through one of the following two ways:

— hydrostatic pressure test applied until the first sign of yielding or failure becomes apparent in any
component and verification that the limit pressure p; at which the first sign of yielding or failure becomes

apparent is:
N JRPMI
® p, 2 PSx S, x—x—r— &) for the body only;
Smin lRpo.z!m.m
§ 0,2
p 2 PSxSx—= XIi—J'— for other components;
Smin 0,2 hin

— hydrostatic pressure test and verification that permanent deformations do not exceed the values stated in
5.2.1 up to the following test pressures:

R,

5
0,9%PSx.S, x—-x% for the body only;
Sw IRpﬂ,Zlm-m
§ 0.2
0,9%PSx S x WQ”—X-M for other components;
Sw | 0,2 min
where
Smin is the minimum design wall thickness at the point where the first sign of yielding occurs in
mm;
Sry is the measured wall thickness of test sample at the point where the first sign of yielding

oceurs in mm;
|IRp0,2 Imin s the minimum proof stress (yielding) for selected material in Nfmm?Z;

|Rp0,2 Ir is the measured proof stress (yielding) for the material of the test sample according to
relevant document ) defeted fext & in NfmmZ2;
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Sy is the minimum design wall thickness for the weakest point in mm;
Srw is the measured wall thickness of test sample at the weakest point in mm.

The weakest paint can be located by technical evaluation or %) by & measurements (strain gauge etc.).

The test is carried out in such a manner that deformations of the test sample in all directions are possible.
There shall be no additional stresses dus to bending, torque or tension.

Forces from fastening systems shall be similar to those experienced under normal installation conditions.

Regulator bodies and pressure containing parts manufactured from different materials may be pressure tested
separately.

P Special high strength clamping bolts and nuts and gaskets (between individual pressure containing parts)
may be used for hydrostatic testing. &l

% For the components with the specific maximum allowable pressure PSD, in the above two formulae (not in
those referred to body) replace the symbol “PS* with the symbol “PSD". ]

Diaphragms used as pressure containing parts in chambers subjected, or that can be subjected ta a maximum
differential pressure Appmax shall withstand a test pressure (in bar) of at least:

— 0,3 bar ﬁﬂpmax < 0,15 bar:
— 2Apmax if 0,15 bar < Ap, 4y < 5 bar;

— 1.54Apmay butatleast 10 bar  if Apax 2 5 bar.

7.7.4 Shell and inner metallic partition walls strength test
Pressure containing parts, P including &l those that become pressure containing parts in case of a

diaphragm or differential pressure seal failure and inner metallic partition walls shall be pressure tested. The

test is carried out with waler at ambient temperature at a pressura according to the values in Table 14 for
3 min. The criteria of 5.2.1 shall be met.

The test is carried out in such a manner that defarmations of the test sample in all directions are possible.
There shall be no additional stresses dus to bending, torque or tension.

Forces from fastening systems shall be similar to those exparienced under normal installation conditions at
lsast during the type test.

The test may be carried out without trim (i.e. the intemal parts that are in flowing contact with gas).
The test may also be carried out with air or nitrogen, if the necessary safety measures are taken.

Chambers separated by diaphragms are pressurized on both sides of the diaphragm at equal pressure.
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Table 14 — Pressure values for the shell strength test

Chambers with the maximum allowable Chambers with specific maximum allowable
pressure PS pressure PSD

Test pressures

1,5PS 1,5 PSD
but at least PS + 2 bar but at least PSD + 2 bar
whichaver is the greater whichever is the greater

&l
7.7.5 Alternative shell and inner metallic partition walls strength test
Hydrostatic pressure tests as detailed in 7.7.4 may be replaced by other tests (e.g. pneumatic test) whose
reliability shall be demonstrated. For tests other than the hydrostatic pressure lest, additional safety measures,

when appropriate, such as non-destructive tests or other methods of equivalent validity, shall be applied
before those tests are carried out.

7.7.6 External tightness test

7.7.6.1 External tightness test of metallic housing

The assembled regulator and its fixtures are pneumatically tested to assess compliance with the requirements
of 5.2.2. The fest is carried out at ambient temperature with air or gas at the test pressure specified in
Table 15. This test shall be carried out on a strength-tested regulator for at least;

— 15 minin the type test;

— 1 min in the routine tests and in the production surveillance.

The result of the test is satisfactory if one of the following conditions is met:

— bubble tight for a time of 5 s. This test may be carried out by covering the regulator with a foaming liquid,
by immersing the regulator in a tank of water or by other equivalent methods;

— extemal leakage not higher than the values listed in Table 16.

The test pressures in Table 15 do notl apply to any chambers bounded on at least one side by a diaphragm
even if they are subjected to gas pressure under normal operating conditions.

The test is carried out in such a manner that deformations of the XD regulator & in all directions are possible.
There shall be no additional stresses due to bending, torque or tension.

Forces from fastening systems shall be similar o those exparienced under normal installation conditions at
least during the type test.

Recognized altemative detection methods may be used for checking leakage (e.g. electronic device). For
such methods the equivalence to the above requirements shall be demonstrated.
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Table 15 — Pressure values In the external tightness test

Chambers subjectad, or that can be subjected to gas pressures ) Chambers safeguarded in
. accordance with 4.3.3 with specific
> Pg <Py maximum allowable pressure
PSD &
Test pressures
1,1PS 1,2 Pis: mng F) 1,1 PSD @l
but at least 0,5 PS
whichever is the grealer

®  Only if PS < 20 bar. For PS > 20 bar the lest pressure shall be 1,1 PS.

Table 16 — Maximum external and intemnal leakage rates

NO“’;;‘;' size Air leakage rate in cm3/m @
extemnal internal ®

25 40 15

40 to 80 60 25

100 lo 150 100 40

200 o 250 150 €0

300 10 350 200 100

400 400 300

8 At normal conditlons.

b in case of specific requirement In the order specification, see Annex E,

7.76.2 External tightness test of chambers bounded on at least one slde by a diaphragm

Such chambers shall be pneumatically tested at a test pressure (in bar) equal to at least:

— 0,2 bar if APmax < 0,15 bar;
— 1,33 APmax if 0,15 bar < Apyax < 5 bar;
— 1.1 Apmax but at least 6,65 bar if Apmay 2 5 bar.

Test method and acceptance criteria in accordance with 7.7.6.1.
7.7.7 Functional tests

7.7.74  General conditions

If the regulator has built-in safety device(s) it shall be tested with the safety device(s) in its (their) normal
operaling position.

The tests may be carried out either with air or with gas. Where necessary, measured volumetric flow rates
shall be converted into values that are related to air at normal conditions. Due to the need to obtain a
homogeneous set of test results that will permit different types of regulators to be compared with sach other,
or to assess in the laboratory the requested performance of a regulator in the field, or make the assessments
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specified in 7.7.7 4, the measured values shall be converted into volumetric flow rates related to an inlet
reference temperature of 15 °C. Pressure gauges shall have an accuracy of at least AC/4 across the scale
range according to the applicable document and a full scale not greater than twice the value of the variable to
be measured. Tests shall be carried out al ambient temperature. Regulators shall be tested in the mounting
position specified by the manufacturer.

The extemal sensing/process lines shall be located on the downstream pipework according to the
recommendations of the manufacturer.

7.7.7.2  Determination of the flow coefficients

7.7.7.2.1  Normal method

If the volumetric flow rates are calculaled using the sizing equations of EN 60534-2-1, the tests shall be
carried out in accordance with EN 60534-2-3.

7.7.7.2.2 Practical method

If in the flow calculation the equations given in 6.2 are being used then the following equations shall be used
to calculate flow coefficient Cg and the body shape factor K

To determine Cqg of a regulator with the control member in the mechanically fully open position it is necessary
to plot a diagram as shown in Figure 8 of 6.1. The Cq shall be determined for at least three different operating
conditions in the critical flow behaviour with:

B C =2xQ><\/ dx(t, +273)

: 13:57X(pn+:oh)

)

The Cg flow coefficient shall be assumed to be equal to the arithmetic mean of the three values.

The shape factor Kq (see 6.2.2) shall be determined for at least three different operating conditions in the
sub-critical flow behaviour with:

. {Qxﬂf dx(t, +273) 2

arcsin | - X
13,57xC, Pitpy |,
P K= R | (8)
Py Py

pu +pb

The shape factor K4 shall be assumed to be equal to the arithmetic mean of the three values.
For Cg and K1 shape values a tolerance of + 10 % is permitted.

The behaviour shall be assumed to be critical when:

2

+ 1 K
. T (9)
Pat Py e K" -8100
K

In the equations (7) and (8) Q is the volumelric flow rate at normal conditions of the test fluid as measured by
the flow meter 9 in Figure 14. The measured values shall be converted into values related to the nomal
conditions specified in I’ 3.3.2.1 &l. The calculation of Q shall be carried out using the following equation:
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_Puthy T, Pyt o,
B 0= X X0, =269,64x M _£b | 10
Q=B B tng, e O (10)
whera

for py and Ty, see ) 3.3.2.1 @&];

pp is the gas pressure at the flow meter;

Qp is the volumetric fiow rate measured at the flow meter;
tp is the gas temperature at the flow meter in °C.

The tests shall be carried out where technical possible and economically justified on a test rig in accordance

with 7.7.7.4.7. Where this is not the case, alternative test and calculation methods e.g. thal detailed in A.3
may be used for the determination of flow coefficient Cg.

7.7.7.3  Check of Internal sealing, set polnt, lock-up pressure class and simplified test method for
accuracy class

These tests shall be carried out with volumetric flow rates greater than Qmin,pu at the extreme values of the
inlet pressure range bpu for the setting of the controlled pressure or for the extreme values of specific set

range Wyg or for the extreme values of set range W, according to the ordar specification. Initial conditions to
be set as follows:

— inlet pressure to be equal to pmin and the volumetric flow rate to be zero;

— increase the volumetric flow rate to the level specified above;
—— adjust the controlled pressure to the required set point.
The test for each setting shall comprise the following steps (see Figure 10):

a) reduce the volumetric flow rate until complete lock-up takes place within a period not less than the
response time of the regulator;

b) record the lock-up pressure:
— after5s;
— after30s
from the closure of the regulator;
NOTE1  These values are not appropriate for pilot controlled regulators.

c) increase the volumetric flow rate ciose to the above value and determine the coresponding outiet
pressure py;

d) increase the inlet pressure until pymay is reached;
g) Mmeasure the value of outlet pressure py;

f) repeat the above steps from a} to c) without any further adjustment of the setting;

53
UNI EN 334:2009



COMITATO ITALIANO GAS - 2009 - 51014 - XPOD

EN 334:2005+A1:2009 (E)

g) reduce the volumetric flow rate until complete lock-up takes place within a period not less than the
response time of the ragulator;

h}) increase the inlet pressure up to 1,1 PS;
i) record the lock-up pressure:
— after5s;
— after30s
from the closure of the regulator;
NOTE2  These values are not appropriate for pilol controlled regulators,

Provided the values of lock-up pressure at 5 s and 30 s are comparable, taking account of the accuracy of the
measuring system, it shall be assumed that the regulator has passed the intenal leakage test.

The values of lock-up pressure, the outlet pressures resulting from the two increases in the volumetric flow
rate and the setling shall be within the applicable ranga.

If the manufacturer is unable o provide the required test volumetric flow rate, an alternative test procedure
may be used to cover these checks.

In these verifications a test rig in accordance with 7.7.7.4.7 is not mandatory.

If a detection method is available to verify compliance with the required internal leakage rates given in
Table 16, an altemative procedure may be followed to check the internal sealing and to measure the lock-up
pressure at pymin and Pumax.

In this case the determined leakage rates shall comply with:

— the requirements of Table 16 or

— the requirements of EN 1348 if specified in the order specification (see Annexes E and G).
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Pa Pus = 145G/ 100)
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®
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Figure 10 — Graphical representation of the tests detalled in 1.7.73
7.7.7.4  Functlonal tests under stable conditions
7.7.7.41 General conditlons

These tests shall bs carried out at ambient temperature, The purpose is to verify the values stated by the
manufacturer for the:

— accuracy class;

— maximum hysteresis band, if specified in the order specification;
— lock-up pressura class;

— class of Jock-up pressura zone;

— maximum accuracy flow rate and minimum flow rate.

The tests shall be carried out where technically possible and economically justified on a test rig in accordance
with 7.7.7.4.7.

Where this is not the case, altenative test and calculation methods e.g. those explained in Annex A or the
modelfing tests on tast specimens to a smaller scale as described in EN 60534-2-3, may be used for the
determination of Qmax,pumin: Qmax,pumax: AC. SG and hysteresis band if specified in the order
specification under the following pre-conditions:

a) the maximum possible size and at least the minimum size of a series of regulators shall be tested using a
test rig in accordance with 7.7.7.4.7;
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b) to prove that the altemative method chosen is reliable by comparing the results with those from a test at
full operating conditions in a particular regulator size:

c) touse the alternative method for larger sizes of regulators of the same series.

However, if the regulator or even the smallest regulator of a series can not be tested using a test rig in
accordance with 7.7.7.4.7, the test method as detailed in Annex A may be used without other pre-conditions.

The compliance with performance requirements shall be checked against only three families of performance
curves for three different values of outlet pressure chosen within the set range Wy in accordance with the

following criteria:
Pdmin

Pdmax

Pdamax ~ Pdmin

Pdint = Pamig + 3

For each family of performance curves three values of inlet pressure shall be chosen within the inlet pressure
range bpu in accordance with the following criteria;

Pumin

Pumax

Py =w@”‘; (rounded to the nearest whole number)

The regulator shall be kept pressurized throughout the whole process with no interruption of this condition until
the determination of the families of performance curves is completed.

7.7.7.42 Determination of a performance curve and verification of the hysteresis band

Wiih the understanding that the "actual set point® cannot be determined at the outset of this process, the
setting of the regulator shall be adjusted at:

— aninlet pressure equal to pa\:

— the volumetric flow rate recommended by the manufacturer.

Changes to the setting prior to the completion of the whole process for the determination of a single
performance curve, or families of performance curves, are not permitted. The flow rate regulating valve 8
(Figure 14) shall be used to vary the volumetric flow rates. The operating time of the valve shall not be less
than the response time of the regulator as specified by the manufacturer. Volumetric flow rates measured by
the flow meter 9 (Figure 14) shall be recalculated to refer to:

— normal conditions (see F) 3.3.2.1 @&l);

— air at the reference temperature of 15 °C at the inlet of the regulator under test.

To this end the following equation shall be used:

F
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yax(t, +T
o W SO Rl ”)—IS,SSX——f“:Z%xQMx dx(t, +273) @ (11)
M

Pt +T, Jix(5+T,)
where
for py and T, see D 3.3.2.1 &];

d s the relative density of the test fluid (air = 1 non dimensional value);

P is the gas pressure at the flow meter:

G Is the volumetric flow rate measured at the flow metar;

tv  Is the gas temperature at the flow meter in °C;

ty is the gas temperature in °C al the inlet of regulator under test.

At least 11 different measurements conveniently distributed over the full range of values betwesn Qi and
Qmax (5 with volumetric flow rates increasing, 4 with volumetric flow rates decreasing, an additional

measurement at zero volumetric flow rate and one at tha start setting) shall be taken for each pair of py and
Pds values.

Figure 3 is an example of a chart showing tha relevant details such as the start sefting, the measured results
and the performance curve for the controlled variable related to a single pair of p, and pgg values.

7.77.43 Determination of the lock-up pressure and verification of the Internal sealing

The lock-up pressurs shall be determined in connection with tests carried out to datermine the performance
curve of the controlled variable. The time required to reduce the volumetric flow rate to zero shall not be less
than the lock-up time of the regulator. This condition is deemed to be satisfied when the lock-up pressure is
found to be independent of the time needed to reduce the volumetric flow rate to zero (see Figure 11),
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p\

X Time to reduce the volumetric flow rale to zero
Y Pressure with conlrol member at closing position

Figure 11 — Graphical representation of 7.7.7.4.3

The lock-up pressure pr shall be measured twice, after 1 min and after 2 min from the regulator closure. When
the inlet pressure is greater than 16 bar the second measurement shall be taken after 5 min.

Any lock-up pressure value that can be affected by temperature variation in the fluid contained in the volume
between the regulator under test and the flow rate regulating valve, shall be recalculated and related to the
initial temperature by using the following equation:

t+ 273
2 Pr=

X + - (A
i + 273 (s +pp) — py Gl (12)

where

pp is the absolute ambient pressure;
pfi s the lock-up pressure related to the second measurement:

t s the gas temperature in °C related to the first measurement:

t; is the gas temperature in °C related to the second measurement,

The regulator shall be deemed leak-tight if the last two lock-up pressures, corrected for the initial temperature,
are comparable (taking account of the accuracy of the measuring system) or comply with the internal leakage
rate requirements given in:

— Table 16 or

-~ EN 1349 if specified in the order specification (see Annexes E and G).

The lock-up pressures of the regulator shall be within the applicable range. For lock-up pressure
measurements the outlet pipework of the test rig shall have a minimum length as specified in Figure 14.

The internal sealing of regulator shall also be verified at:
— inlet pressure of 1,1 PS;

— outlet pressure of zero.
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7.7.7.4.4 Determination of the accuracy class, the lock-up pressure class, the class of lock-up

pressure zone, the maximum accuracy flow rate and the minlmum flow rate related to a glven range of
Inlet pressures

The determination is based on optimal enveloping of each family of performance curves with the vertical and
horizontal limit lines as shown in Figure 5. An example of an optimal enveloping procedure is shown in
Figure 12 and is described as follows:

— plot the performance curves of a family in a semilog diagram with volumetric flow rates on the decimal
scale of the abscissa and outlst pressura on the logarithmic scale of the ordinate;

— locate on this dlagram, in an optimized manner, three horizontal lines spaced as shown in Figure 12; the
optimization of the location of these lines is reached when the greatest possible number of performance
requirements are met;

— identify the actual set point where the dashed horizontal line intersects the ordinate;

ensure that Qmayx puav: Qmax,pumin: Cmax,pumax: Qmin,pumax: Qmin,puav: Qmin,pumin: AC and py
are within the established limits.

Other equivalent optimal enveloping methods may be used,

If the performance data listed by the manufacturer ars not met, the test report shall detail the actual
performance data taken from the type tests.
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Figure 12 — Graphical example of 7.7.7.4.4
7.7.7.45 Operational check at the limit temperatures of —20 °C or —10 °C and 60 °C
The regulator shall be installed in a suitable thermostatically controlled enclosure,

To start the check the test medium shall be brought to the relevant temperature.

The check shall verify the internal sealing and determine the lock-up pressure in accordance with 7.7.7.4.3
under the following conditions:

— max inlet pressure/min outlet pressure;
— min inlet pressure/min outlet pressure;
at the relevant temperatures.

The lock-up pressure at the -10 “C and at the -20 °C limit temperatures shall be: &

286G
< 1
D) Py Pdsx[ + 100

| @

except when, at ambient temperature, SG = 30. In this case the SG = 30 may be multiplied by 1,5.
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EXAMPLES Al ambient lemperature SG 5 may change lo SG 10 both at —20°C and at -10°C.
Al ambient temperalure SG 30 may change o SG 45 bolh at-20 °C and at —10 *C. (&]

B The lock-up pressure at upper limit temperature shall be: &

SG
< Fapas
B 5 pdgx[ rne) @

where pgs and SG are those determined at ambient temperature.

A check to determine the control member travel of the regulator shall also be carried out at no flow condition in
order to demonstrate that the regulator can fully open.

If spacified in the order specification, altemative methods in accordance with Annex A may be used.
After this check, the test in accordance with 7.7.6 Is repeated at the lower limit temperatures.
7.7.7.4.6  Methods for measuring the sound pressure level

The fully assembled regulator with all its fixtures shall be instalied:

— atbetween 0,8 m and 1,2 m above floor level;

— in accordance with the requirements spaecified in 7.7.7.4.7 with regard to the velocities of the gas in the
test rig.

The floor shall bs one of normal concrete or similar construction, Care shall be taken to ensure that any
possible effects of sound emissions other than the noise generated by the regulator are excluded (for example

noise generated by the flow rate regulating valve or the external environment). The points of measurement of
sound emission shall be in accordance with Figure 7.

The sound pressure level measurement may be carried out on a test rig built in accordance with Figure 14 if
the above requirements ara met.

The results of the measurements shall be expressed in such a way as to conform with relevant regulations
and the requirements of this documant.

The test report shall include the following data:

— test procedurs;

— thickness and nominal diameter of inlet and outlet pipes:

— indication of the point at which the measured sound level is the highest;

— the units of measurement used to express the results.

7.7.7.47 Test rig requirements

The requirements detailed in this sub-clause are mandatory only for type testing.

The tests shall be carried out on a test rig built as specified in Figure 14 or in accordance with EN 60534-2-3
as appropriate. The nominal diameter of the pipework connecting the full bore valves and the flow rate
regulating valves with the regulator shall not be smaller than the nominal diameter of the regulator and so
chosen as to ensure that in all operating conditions during the tests the velocity of the gas does not exceed:

— 50 m/s for pressure = 0,5 bar;
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— 25 mis for pressures < 0,5 bar.

The connections between the regulator and the test rig pipework shall be made using concentric reducers
according to 1ISO 3418 or equivalent. The pressure tapping diameter b shown In Figure 13 shall be at least
3 mm and shall be no larger than 12 mm or one-tenth of the nominal pipe diamster, whichever is the lesser.
The tapping shall be circular and its edge shall be clean and sharp or slightly rounded and free from burrs or
other imegularities. Any suitable method of making a physical connection is acceptable provided the above
recommendations are followed. However, fittings shall not protrude inside the pipework.

In the event of unstable conditions due to volumetric flow rate variations consequent to the operation of the
flow regulating valve B (see Figure 14), it is permissible to increase the length of the pipework connecting the
flow regulaling valve B (see Figure 14) to the regulator, or to provide for an additional volume by installing a
parallel line or reservoir,

The lock-up pressure tests shall always be carried out on a test rig in which the downstream pipework has the
minimum specified length; for these tests an additional downstream volume is not permitted. The flow meter
shall be installed in accordance with the instructions of the manufacturer.

NOTE For alternative lest methods under the conditions of 7.7.7.4.1 ses also Annex A.

.

N-

—

Key
1 Minimum 2,5 b, recommended 5 b

Figure 13 — Recommended pressure tapping
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