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Foreword

ISO (the International Organization for Standardization) is a worldwide federation of national standards
bodies (ISO member bodies). The work of preparing International Standards is normally carried out
through ISO technical committees. Each member body interested in a subject for which a technical
committee has been established has the right to be represented on that committee. International
organizations, governmental and non-governmental, in liaison with ISO, also take part in the work.
ISO collaborates closely with the International Electrotechnical Commission (IEC) on all matters of
electrotechnical standardization.
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Refrigerating systems and heat pumps — Qualification of
tightness of components and joints

1 Scope

This document provides the qualification procedure for type approval of the tightness of hermetically
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and definitions

For the purposes of this document, the terms and definitions given in ISO 5149-1 and the following apply.

ISO and IEC maintain terminological databases for use in standardization at the following addresses:

[EC Electropedia: available at http://www.electropedia.org/

— ISO Online browsing platform: available at http://www.iso.org/obp

31

mass flow rate

Qm

value of the
Note 1 to ent

3.2

leak mass flow rate at any point of the component

'y: The mass flow rate is expressed in grams (g) per year.

volume floyw rate

value of the
Note 1 to ent

3.3

hermetical
system in
permanent
repair or di
pressure of

Note 1 to ent

3.4
product far

group of products that have the same function, technology, and material for each functional part

sealing matg

3.5
closed join{
joint other t
except for sg

EXAMPLE

3.6
closed com

leak volume flow rate at any point of the component

Fy: The volume flow rate is expressed in Pascal cubic metres per sécotid (Pa-m3/s).

ly-sealed system

Vhich all refrigerant containing parts are made tight by welding, brazing or a sij
connection which may include capped valves and‘€apped service ports that allow pj
sposal and which have a tested tightness control level of less than 3 g per year un
ht least a quarter of the maximum allowablegpressure

ry: Sealed systems as defined in ISO 5149-1@re equal to hermetically-sealed systems.

hily

brials

han hermetically-sealed joints where there is no movement between the sealing sur
rvice purposes

Flanged joints.

milar
oper
Her a

and

faces

portent

component

other than hermetically-sealed components where there is no movement between the

sealing surfaces except for service purpose

EXAMPLE
3.7

Stop valves, service ports, pressure-relief valves.

hermetically-sealed joint
joint that are made tight by welding, brazing or a similar permanent connection

3.8

hermetically-sealed component
component that are made tight by welding, brazing or a similar permanent connection
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3.9
permanent joint
joint which cannot be disconnected except by destructive methods

[SOURCE: Pressure Equipment Directive 2014/68/EU, modified]

3.10
reusable joint
joint made without replacing the sealing material in general procedure

Note 1 to entry: In some cases, the tube is used as sealing material (e.g. flared joint).

3.11
same base material
matgrial belonging to the same group
EXANPLE Steel group, aluminium and aluminium alloy group or copper group.
Note [l to entry: Subgroups of these material groups are considered to be same base materials (refer tq EN 14276-2).
4 S$ymbols
Symbol Denomination Unit
D Pe_rc_entage deviatic_)n of the minimum and maximumtorque from the average of the .
minimum and maximum torque, (Kmax — Kmin) /Anin + Kmax)
f Frequency of vibrations Hz
Kave Average torques of the respective joint standard Nm
Koax Requireq maximum torques ofthe.respective joint standard, if specified. Otherwise, Nm
the maximum torque values supplied*by the manufacturer.
o Requi.re'd minimum torques ofthe.respective joint standard, if specified. Otherwise, Nm
the minimum torque values supplied by the manufacturer.
L Length of tube mm
n Number of cycles in témperature and in pressure (method 1) —
ni Number of cycles in temperature and in pressure (method 2) —
ny Number of cyelesin pressure —
n3 Number ofteycles in vibration —
ltotal Total number of cycles in temperature and in pressure —
N Number of samples —
P Tightness test pressure bar
Pmax Maximal pressure of cycle bar
Porin Minimal pressure of cycle bar
LS Masdmatlalewable pressure bar
Pset Nominal set pressure of the device bar
Q Volume flow leakage rate mbar /s
Qm Mass flow leakage rate g/a
s Vibration displacement (peak to peak value) mm
tmax Maximal temperature of cycle °C
tmin Minimal temperature of cycle °C

5 Testrequirements

The required tests to be applied to component bodies and joint used in refrigerating systems and heat
pumps are given in Table 1 and in Table 2.

© IS0 2017 - All rights reserved 3
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Figure 1 illustrates the principle of a component and a joint and their corresponding requirements in
Table 1 or Table 2.

2
|
1 | L1
= o=
4

a) According to Table 1
2

T 1
e T
e e
— \ a e
N
4
b) According to Table 1
1

f=— i =57

c) According to Table 2
Key
1 joint
2 compongnt body
3 pipe
4  compongnt body joint
5 extensioh pipe

Figure 1 — Principle: component body-joint

All compongnt types@nd joints types shall be tested.

When a compopent may be connected with different types of joints, one of these joints shall be t¢sted

with the component according to Table 1. The other possible types of joints shall be tested independently
according totabte2:

4 © IS0 2017 - All rights reserved
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6 Requirements for hermetically sealed systems

Hermetically-sealed systems shall be constructed with components which have their tightness control
level qualified as A1 or A2 as per Table 3 or Table 4. These components and joints shall be submitted to
the relevant tests as specified in Tables 1 and 2.

7 Test procedures

7.1 General

The comporjents, joints and part shall pass the tightness test before the other tests are executed| The
different tedts are shown in Figure 2.

STAR1

}

Define which testf need to
be performed bjsed on
Table 2 and Tgble 3

}

Define the tigHtness
control level accqrding to
Table 4 and Tgble 5

)

‘ For joints, apgly 7.5 ‘

}

‘ 7.4 Tightness confrol level ‘

Meets the
tightness control
level in Table 4 and
Table 5

. . . 7.6 Pressure Temperature .
7.7 Operation simulation +—» Vibration Test (PTV) — 7.4 Tightnéss.control level

Pags

V} 7.8 Freezing test

7.9 Pressure test for
hemetically sealed

— |
-ﬁ 7.10 Vacuum test I

ﬁﬁ 7.11 Compatibility test }7

7.12 Fatigue test for
"] hermetically sealed joints

Figure 2 — Test procedure

7.2 Sampling

The largest,|thé'smallest and any random samples in between of the product family shall be submiitted
to the test af required in Table 1 or Table 2. The samples used for pressure-temperature vibration test
(7.6) and for operation simulation (7.7) shall be the same. For each of the other tests (7.8, 7.9, 7.10, 7.11,
7.12), different samples may be used.

7.3 Test temperature

Test temperature (ambient and gas) shall be 15 °C to 35 °C, unless otherwise specified as the test
conditions.

7.4 Tightness test

7.4.1 General

The tightness of components and joints shall be tested according to the following test pressures.

8 © IS0 2017 - All rights reserved
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For pressure relief devices,

For all other components and joints
the test pressure P shall be defined as:

= 0,9 x Pset (-2) %;

ISO 14903:2017(E)

= PS (2) % (PS = Maximum allowable pressure);

< requirements for actual tightness control level A1 - A2
(hermetically-sealed components) or B1 - B2 for all other

components.

The maximum required tightness control level are specified for Helium at 10 bar and +20 °C as a

reference.

The

statgd calculation formulas (Annex A).

The

hctual tightness control levels can be calculated (e.g. other test fluids or pressurgs). by using the

maximum tightness control level depends on the size of the tested component or joirt. Tightness

contfol levels are specified in accordance with the joints used in Table 3. These are leviels for each

indiyidual joint.

Table 3 — Tightness control level according to joints neminal diameter

Joints DN Tightness control levels
Hermetically sealed joints <50 Al
Closed joints <50 B1

For gomponents, the tightness control level depends ontthe component internal volume and the type of
component as specified in Table 4. These are levels foreach individual component.

Table 4 — Tightness control level according to components volume

Component Tightness con-
Components Volume
I trol levels
) Oupto 1,0 Al
Hermetically séaled components
>1,0 A2
Closed compenents Oupto2,0 B1
Closedcomponents >2,0upto5,0 B2

The manufacturer ¢anrchoose more stringent tightness control level if adequate.

Table 5 — Equivalence of test gas flow according to tightness control level

2

Tightness control Helium reference Equivalent air leak | . Equivalent
Component ] o leak _ iso-butane leak
evel at +20 °C, N Qair-ref 2k 6004
hCA <Ire-Tet 3 HIR-
10 bar Pa-m3/s Pa'm3/s g/a
. Al <75 x10-7 <8x 1077 <15
Hermetically sealed
A2 <1x10-6 <11 x10-7 <2,0
B1 <1x10-6 <11 x10-7 <2,0
Closed
B2 <2x10-6 <2,1x10-6 <4,0
NOTE The equivalent iso-butane leak is calculated as gas. At +20 °C and 10 bar, iso-butane is in the liquid phase. See
R-600a in Table A.1.

7.4.2 Tightness level control

7.4.2.1 Test method

© IS0 2017 - All rights reserved
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NOTE EN 1779 gives guidance on the criteria for method and technique selection.

The tightness control level of joints and components shown in Table 3 and Table 4 shall be measured by
the vacuum chamber technique which sum all leak.

[t is preferable to use tracer gas technique as defined in EN 13185:2001, Clause 10.

The component to be tested is pressurized with the tracer gas and placed in the vacuum chamber in
which the sum of all components leak is measured.

The following procedure shall be carried out to measure the tightness control level:

— connec{The vacuum chamber to the detector,
— connectthe component to the tracer gas pressure generator (in the vacuum chamber) (se€ Eigure 3);
— close thg vacuum box and start the leak detector (and if it is needed add a vacuum pump);
— adjust and calibrate the leak detector according to EN 13185:2001, 9.1.1;
— measurg the residual signal in the vacuum box and the component withouthelium pressure;
— adjust the test pressure in the component;
— measurg the leak signal of the component;

NOTE This signal is the total flow of the tracer gas from the component measured by the leak detector.
— calculate the leak level according to the formula given in EN' 13185:2001, 9.2.6.

If joints and|/or components are tested together, the totalllevel shall fulfil the most stringent tightness
control level of the individual joint or component.

—><— 1
—><4— 2
z L
5 2
<
4
3
>

Key

1 tracer gas (P)

2 vacuum

3 mass spectrometric Ieak detector
4  testobject

5 calibrated leak

Figure 3 — Principle of tightness control — Tracer gas

10 © IS0 2017 - All rights reserved
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7.4.2.2 Alternative test methods
Two alternative methods may be applied.
a) Alternative method 1

The control by pressure technique by accumulation, in accordance with EN 13185:2001, 10.4.1,
could be a method to measure the leak rate of the component.

b) Alternative method 2

Bubble test methods shown in Figure 4 can be acceptable for tightness control level B, provided
fhat the method is capable to measure the actual leakage rate. The bubble test methjpds shall be
¢arried out in accordance with EN 1593. The accuracy of the selected method shallbe [verified and
Ibe in compliance with the requirements for actual tightness control level. If this-method is used,
the following requirements shall be applied:

1) the test object shall be subjected to an internal air pressure = |PS’ (maximuin allowable
pressure). Reduced pressure is not acceptable;

2) the test object shall be immersed in water;
3) the test object shall be exposed to atmospheric pressure;
4) the test shall be performed at normal ambient tempetature;

%) the period of time between bubbles leaving the test object shall be more than 60 s.

Key
Water

tlest object

dir pressure (PS)

Figure 4 — Principle of tightness control — Bubble method

7.5 | Requirements for joints

7.5. Festsamples
All joints tested shall be tested in the final form as the customer receives the part.

All joints shall be submitted to the tests as indicated in Table 2.

7.5.2 Torque

Tube joints shall be tested both at the minimum torque, K iy, and the maximum torque, Kpax, defined
in Table 6.
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Table 6 — Torque for the test, Kiyin and Kpax

Kmin Kmax
IF Dg>or=20% Kmin Kmax
IF 20 % > Dk 0,8 x Kave 1,2 X Kave

7.5.3 Reusable joint

If the joints to be tested are reusable, the following steps shall be taken before the test:

a) fitthe joints to tubes to be connected and tighten the joints to the maximum torque, Ky, specified

in Table
b) loosent

c) repeatd

6;
he joints and take the tubes completely apart;

) and b) four more times.

7.5.4 Requirements for hermetically sealed joints

The joint sh
NOTE  Sf

The joint sh
material is {
of the tube {

7.6 Pressg

h1l not be opened without the use of special tools.

hall not be reusable for sealing purpose.

ure-temperature vibration tests (PTV)

7.6.1 General

For pressur
applied.

The test on
for combine

7.6.2 San

For the con
according td

d cycle testing in order to'qualify the tightness level.

Iples

Table 7.

Table 7 — Test parameters

ecial tools are other than screw-drivers, parallel wrenches, simple/gripping tool, etc.

b1l not be reusable without replacing the sealing materjakin normal use. In case the se
he tube, including that the tube is deformed during the sealing process, the deformed

e-temperature vibration tests, method 1 or method 2 as described as follows sha

Components or joints shall.¢omply with one of the two methods described in 7.6.4 and

bined cycle tést, the number of samples is determined based on tightness control

aling
part

1l be

level

Tightness control level Number of samples
Al1,B1 3
A2,B2 2

7.6.3 Test method

7.6.3.1 Equipment

Test equipment shall be composed of:

a) regulated enclosure for environment tests, able to maintain temperatures varying regularly
between tyin and tmax;

12
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b) pressure device, connected to the joints, capable of producing a pressure that varies between Ppjp
and Ppax;

c) vibration generator, to make the specified frequency and amplitude;

d) pressure control system capable to control the pressure with an accuracy of +5 %;

e) temperature control system capable of controlling the temperature inside of the test enclosure
with an accuracy of +5 °C;

f) temperature sensor capable to monitor the temperature (tmax, tmin) Of the component or joint
submitted to the test.

The

weig
defin
mat¢

The
depe

Anot]
g) ¢
h)
7.6.3

The {
teste

The't
of th

The
mant

For
tight

7.6.4

7.6.4
The 1

femperature sensor shall be adhered to the surface of the sample on the item with|
ht concentration of the pressure bearing part in order to ensure that the sample-has
ed temperature values. Where the pressure bearing part is made from metallic’and 1
rials, the sensor shall be fixed on the non-metallic material.

sensor can be fixed to the sample by soldering or with adhesives, whichever is more
nding on the material of the sample.

ycle counter of temperature and pressure;

est equipment to perform tightness test according to Z4.

.2 Test arrangements

est samples shall be mounted as shown in Aithex B in accordance with the number of
d and with the dimension of the climatic enclosure in which the tests are carried out.

ube section shall have a diameter and dimensional tolerances such as specified by the m
P joint.

hssembly of the joints on the tube shall be carried out following the fitting instrug
ifacturer.

ressure test, one end of‘atube shall be connected to the pressure generator; the other
ly closed.

Method 1:‘Combined pressure-temperature cycle test with integrated vibratio

.1 General

and pressure, between maximal values (tmax, Pmax) and minimal values (tmin, Pmin)-

amplés (joints fitted on a tube) shall be submitted to a defined number n of cycles of t

her method, proven to have the same performance as the thermocouple can be applied:

the biggest
reached the
hon-metallic

hppropriate,

joints to be

anufacturer

tions of the

end shall be

n test

emperature

The test characteristics shall be applied to the components according to Table 8.

A typical temperature-pressure cycle is given in Figure 5.

The pressure shall be held for 2 min.

© ISO
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Principle PTV-test method 1

=2min.
1 . A<25K
n
\
/ \ >7min

“min. A<25K |
2

'Dmax.

Pmin
3

Key
1 temperafure
2 pressure
3 vibratior

Figure 5 — Temperature-pressure cycle test

Table 8 — Test parameters

Parameters Value
n 160
Ntotal 5xn
fin i\/}[liirsliir'rsnrllg}[ tsemp_e'rature as specified by the manufacturer or —-40 °C if
pecified
A\ Maximgm temperature as _specified by the manufacturer or +10 °C
or 140 °C if this is not specified
Pmin Atmospheric pressure
P For satety valves, Pmax = U,9 X Pset
For others components, 1,0 x PSa
f 200 Hz
S 0,012 mm
L 200 mm
a 1,0 x PSis proposed because of safety issue for test on big component.

The test fluid shall not be a liquid.
7.6.4.2 Procedure

7.6.4.2.1 Fit the test items on a test-rig in accordance with the instructions of the manufacturer.

14 © IS0 2017 - All rights reserved


https://standardsiso.com/api/?name=86720196cf2eac101cd6c5cc07063111

ISO 14903:2017(E)

7.6.4.2.2 Fix the test parameters (n, tmax, tmin, Pmax Pmin, f; S) in accordance with Table 8.

7.6.4.2.3 Submit the test items to the test pressure according to Table 8.

7.6.4.2.4

7.6.4.2.5 Tighten again the joints which leak according to the instructions of the manufact

7.6.4.2.6

Check the tightness of the joints by sniffing gas in order to detect leaks before test.

urer.

Place the test items in the climatic enclosure and submit them to n pressure and temperature

cycles in accordance with Figure 5 and Table 8. Simultaneously submit the component assembly to the

vibra

7.6.4
oper

7.6.4

7.6.4
tight

7.6.3

7.6.3

In co
from|

7.6.3

The s
maxi
maxi

The {
A tygl

NOTH

tion test of frequency, f, and displacement, s.

.2.7 Before the n pressure, temperature cycles and vibrations test, submitithe j
htion simulation if it is needed according to Table 1 or Table 2, as described inA7.

.2.8 Repeat the procedure of 7.6.4.2.6 and 7.6.4.2.7 five times in total,

.2.9 Expose the joints to the tightness test as specified in 7.4%The pass-fail criteria
hess control levels according to the test gas shown in Table 5,

Method 2: Combined pressure-temperature cycle tést with a separate vibratio

.1 General

ntrast with method 1, the combined pressure-temperature cycle test shall be performe
the vibration test.

.2 Requirements for the combined pressure-temperature cycle test

amples shall be submitted to a defined number n1 of cycles of temperature and pressy
mal values (tmax, Pmax) and minimal values (tmin, Pmin), and nz cycles of pressu
mum value (Ppax) and minimum value (Ppyj,) with fixed temperature value (tmax)-

est characteristics to-be-dpplied to the components are defined in Table 9.

ical temperature*préssure cycle is given in Figure 6.

The shapge'of the curve is theoretical.

bints to the

shall be the

h test

d separately

re, between
re between
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272min
11: _’m::/BZSK 1t n
max. max.
/[ N
& \ y 3
\ 272min. !
tmln 425K N7 tmin. =2X106
2 2 m
P P
max.| max.
P | I P :I |—| |—| |—| |—| I—I I—l
min. min.
m=30 =200
Key

1 temperafure
2 pressurg
3 vibratioj

Figure 6 — Temperature-pressure cycle test with a separate,vibration test

Table 9 — Test parameters

Parameters Value
ni 50
ny 200
n3 2 x 106

Minimum temperature as specified by the manufacturer or -40 °C

tmin if this is not specified
¢ Maximum temperature as specified by the manufacturer or +10 °C
max or 140 °C if this is not specified
Pmin Atmospheric pressure
For safety valves, Ppmax = 0,9 x Pget
Pmax

For ethers components 1,0 x PSa

a 1,0 x PS is ptopoesed because of safety issue for test on big component. In method 2,
the number of gyCles and the level of vibration are extended to compensate for the
reduced pressure.

The test fluid shall not’be a liquid.

7.6.5.3 Procedure

7.6.5.3.1 Fit the test items on a test-bed in accordance with the instructions of the manufacturer.

7.6.5.3.2 Fix the test parameters (n1, N2, tmax tmin, Pmax, Pmin) in accordance with Table 9.

7.6.5.3.3 Submit the test items to the test pressure according to Table 9.
7.6.5.3.4 Check the tightness of the joints by sniffing gas in order to detect leaks before test.
7.6.5.3.5 Tighten again the joints which leak according to the instructions of the manufacturer.

7.6.5.3.6 Execute the operation simulation according to 7.7.

16 © IS0 2017 - All rights reserved
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7.6.5.3.7 Place the joints in the climatic enclosure and submit them to ni and ny pressure and

temperature cycles in accordance with Figure 6 and Table 9.

7.6.5.4 Vibration test

7.6.5.4.1 General

The component and joints shall be submitted to a vibration test performing n3 cycles. This test is
executed as a stand-alone test.

7.6.
The j
The

7.6.3

The
num
carri

The {

7.6.3

Exan

%2

oint samples shall be submitted to the specifications as given in Table 10.

fomponent samples shall be submitted to the specifications as given in Table.11 and T4

4.3 Testof joint

fest samples shall be mounted on the components as shown in Afrinex B in accordai]
ber of joints to be tested and with the dimension of the climatié.enclosure in which {

ed out.

Vibratiomtest specifications

requency measurement shall be made on the component,

Table 10 — Test parameters for joints

ble 13.

1ce with the
he tests are

Pipe diameter LenLgth Dlspla:ement Frequency Number of excit4-
tion
DN mm mm Hz
0<DN<10 0,30 2000000
10 <DN < 20 0,25 2000000
200 <200
20<DN <30 0,20 2000000
30<DN<50 0,15 2000000

4.4 Examples of comiponent

iples of vibration-assembly for component are given in Figure 7.

1
ol

[

1

i

© IS0 2017 - All rights reserved

17


https://standardsiso.com/api/?name=86720196cf2eac101cd6c5cc07063111

ISO 14903:2017(E)

i
l‘_’__ |
X
S

—_
2

Key
1 joint
2 extensioh pipe

Figure 7 — Vibration assembly for components

7.6.5.4.5 Test of component
a) Comporent test 1
Sinusoidal testing based en.Yequirements in accordance with IEC 60068-2-6.

The components shall'be submitted to the specifications as given in Table 12.

Table 11 — Test parameters for component test 1

Parameters Value
Frequency range 10 Hz to 200 Hz
Displacement (peak-peak) 10 Hz = 3,48 mm to 200 Hz = 0,008 7 mm
Acceleration 0,7g
Sweep speed 1 octave/min
Number of excitation directionsa 3 (x-y-z)
Duration 2 hin each direction (x-y-z)
a  Numbers of excitation directions can be reduced to two on symmetric shaped components.

b) Component test 2

Random testing requirement covers installations near the source of vibration.
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Test parameters of components are given in Table 13.

1

gz/HZ

0,1

0,01

0,001

0,000 1

0,000 01

0,000 001
1 10 Hz 100 1000 10 000

Figure 8 — Power Spectral Density

Table12 — PSD values

Power Spectral Density (PSD)
Hz g2/Hz
18 0,03

150 0,02

1000 0,004

Table 13 — Test parameters for component test 2

Parameters Value
Displacement (max.) 2,4 mm peak-peak
Acceleration (RMS) 31¢g

Testing-is carried out in accordance with IEC 60068-2-64

7.6.5.4.6 Procedure

7.6.5.4.6.1 Before testing, execute the operation simulation according to 7.7.
7.6.5.4.6.2 Fit the test items on a test-bed in accordance with the instructions of the manufacturer.

7.6.5.4.6.3 Fix the test parameters for components in accordance with Table 11 and Table 13.

7.6.5.4.6.4 Submit the joints and components to the vibration test according to the numbers of tests
specified in the respective tables.
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7.6.5.4.6.5 At the end of the vibrations test, submit the joints or components to the tightness test
specified in 7.4. The pass-fail criteria shall be the tightness control levels according to the test gas shown

in Table 5.

7.7 Operation simulation

The operation of maintenance and operating shall be carried out according to Table 14.

Table 14 — List of operations

Onerations Maintenance-and
Componénts )
Method 1 Method 2 operating
Componentp with Five times before each n Ten times before ny, 10 times
non-permgnent : before ny and five times be- | Disassembly/teassembly of
.y cycle, total of 25 operations ; )
body joint§ (e.g. (open and close) fore n3, total of 25 operations the €ap-if any
valves p (open and close)
Non-permgnent Five times before each n Ten times beforg n1,.10 times
A . before ny and five times be-
piping jointls (e.g. | cycle, total of 25 operations . Gasket change
fittingg) (disassembly/reassembly) fore n3, total of 25 operations
| (disassembly/reassembly)
At the end of this test, the value of Qyax shall be measured and shall nof exceed the required value ¢f 7.4.
7.8 Freezing test
This test shall be applied to joints specified for use below 0 2€,
The test shalll be performed on three samples.
The joint shall be assembled according to the instructions of the manufacturer.
Both ends of the pipe shall be tightly hermetically sealed to prevent water from entering into the gipes.
It should belensured that the joint is tight by testing.
The test shalll be carried out according to following procedure (see Figure 9).
a) Putthesample into a vacuurh test chamber.
1) Filljthe test chamberwith water so all parts of the joint are submerged under water.
2) Reduce the pressure in the test chamber to =500 (-100) mbar, and maintain it for at least 10| min.
3) Increase the‘pressure in the test chamber to atmospheric pressure, to fill gaps in the|joint
with water.
b) Removdthe water from the test chamber
c¢) Reduce the temperature until the temperature of component has reached -15 °C or lower and
maintain the temperature of the test chamber for at least 30 min. Samples shall be put in the most
unfavourable direction so that the injected water is contained.
d) Immerse the sample into water at ambient temperature for at least 5 min so that the ice in gaps melts.

Repeat the process b), ¢) and d) 30 times.

After this te

20

st, samples shall satisfy the test according to 7.4.
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P 10 min.
1000
500 \
T =30
20
-15 __/ \
A B A B
a)
A B

o/

b)
Key
1 pipe
2 jpint
3  water
P pressure
T temperature

Figure 9 — Freezing test

7.9 | Additional pressure test for hermetically-sealed joints

Pressure shall bedapplied to at least three assembled joints with tubes. Tubes shall have|a thickness
according to @ppropriate standard withstanding at least five times the design pressure. Pressure shall
be irffcreased-until it reaches five times of the design pressure. Pressure shall be increas¢d gradually
whette thie\increase may be faster at the beginning and shall be reduced in the relevant prgssure range
accordingly, so that the target-pressure can be reached clearly. Assembly shall withstand|at least five
times of the design pressure for I min.

For the test on joints where it is not feasible to use a stronger tube since the tube is an essential part of
the joint, the test pressure should be the strength-pressure of the tube.

The fluid used for this test shall be liquid such as oil, water, etc. The liquid shall be totally removed
before the tightness test.

Other joints shall satisfy the requirements of ISO 5149-2.

7.10 Vacuum test

Test two samples to confirm that they are capable of withstanding a vacuum of 6,5 kPa absolute
pressure for 1 h without leakage. Leakage shall be checked by monitoring the pressure and confirming
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that the pressure rise after 1 h be less than 0,2 kPa. The effect of temperature change on joint shall be
taken into account.

NOTE

Temperature changes can change the pressure.

7.11 Compatibility screening test

7.11.1 General

When joints use sealmg mater1a1 elther solid or liquid, compatlblllty of the seahng material with the

refrigerant,

method sho
method of ¢
lubricants b
lubricant sy

7.11.2 Test

Sealing maf
manufactur
shall be eva

ing equlvalent results that method can be accepted This screemng test descrlbe
aluating the resistance of rubber and thermoplastic seals to the action of refrigeran
measurement of properties of the seals before and after exposure to selected‘riefrige
stems.

fluids

erials for multipurpose components shall be tested with fluids)recommended by
er (refrigerants and oils). The material compatibility with refrigerants blends/oil mix
uated on the basis of the single components or defined blends.

0il: Using sefaling designs intended for operating with oil, oil shall be@dded to the test fluid (5 wt. 9
For refrigerpnts, content of the different refrigerant components-shall fulfil the requirement giv
Table 15.
Table 15 — Composition‘of test fluid
Actual fluid Test fluid
Cas<5h C- actual -0 / +10
5<C<10 C- actual -0 / +15
10<C<20 C- actual -5 / +20
20 <C <40 C- actual -10 / +25
40<€<£L60 C- actual =15 / +30
60'<C <100 C- actual =20 / +40
a  (Cis theyactual composition weight %.
7.11.3 Test specimens
The following test €onditions need to be fulfilled:

ent a
5 the
t and
rant-

 the
ures

oil).

en in

— minimulm of five test pieces is used for testing;

— the general requirements for test items shall comply with ISO 1817 rubber seal materials and

ISO 175

for thermoplastic seal materials.

7.11.4 Test setup parameters

The following conditions need to be fulfilled:

— the exposure is to be carried out in an test chamber (autoclave) suitable for safely handling
refrigerants under high pressure;

fluid mixture, allowing expansion of the fluid under the elevated test temperature;

22

the test chamber is to be filled to a maximum of 75 % of its volume with the refrigerant-lubricant
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— the exposure is carried out at a temperature of 50 °C, either by placing the test chamber in an oven
or by direct heating of the test chamber.

If the critical temperature for the actual refrigerant is below 45 °C, the test temperature may be selected

to ter

itical =5 °C.

The minimum exposure time period is:

14 days (two weeks) for rubber seal materials;

— 42 days (six weeks) for thermoplastic seal materials.

7.11

With
the t
obse

The {

1

q

q

q

\
1

]
i
i

4

b

5 Test procedure

respect to chemical compatibility, the significant measures for evaluation of pgssible s
est material inserted in the component are measured of hardness, volume_ dnd weigh
Fvations (Blisters and Tearing).

ollowing procedure shall be applied (refer to Figure 10):

he initial rubber hardness, weight and volume of the “as-received*test pieces are m
ecorded;

he test pieces are placed in the test chamber in such a waythat the test pieces are n
vith each other, or with the test chamber wall. The surface of the test pieces shall bg
ubmerged into the liquid phase of the refrigerant;

he appropriate amount of lubricant oil is introduced in the test chamber;

he test chamber is closed and the appropriate*amount of refrigerant fluid is introduce
hamber;

he test chamber is subsequently heated to the exposure test temperature and the teg
ire maintained;

ifter the exposure time period, the test chamber is allowed to cool down to the ambient {

gnd the test pieces are takefiout from the test chamber;

lubricant remains should-be removed from the surfaces of each test piece;

vet state: the hardness, weight and volume of the test pieces are determined withi
emoval from thetest chamber;

NOTE 1  Elastomers tested with COp, can accumulate significant amount of CO. The CO;
mediatély when the test items are exposed to atmospheric pressure (de-gassing). Thus, it

medjiate volume change larger than 25 %. Provided that no surface damage is made, volume

5 % is’acceptable for CO».

£ CNOC

uitability of

t and visual

basured and

t in contact

completely

d to the test

t conditions

emperature

n 30 min of

Annot escape
Can create an
rhange above

il a constant

[l ot £loo 4 s 1 4] | g3 jaadal |
ULy Stdlt, tIIT TTOL PICLTS dI'T SUUSTUHUTIILL Y UTSdosTU I Al UVEITNIAlItallitu a

4]
CIOU G UIlt

mass are reached, and the resulting hardness, weight and volume is determined.

NOTE 2

7.11.

For recovery, reuse and disposal of refrigerants, see ISO 5149-4.

6 Pass/fail criteria for sealing elements

The seal shall meet the following maximum changes after exposure. For change of volume, the
application condition (static or dynamic) shall be included.

Maxi

© ISO

mal acceptable limits given in Table 16 shall be met.
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Table 16 — Maximal acceptable limit according to test

Test Maximal acceptable limit

Hardness change (IRHD)

Weta +15IRHD

Dryb +10 IRHD
Volume change (%)

Wet -5%to+25%

Dry +10 %
Wetght-%0)

Wet *12 %

Dry 7 %
a  Testshall be performed within 30 min after removal from the exposure vessel.
b Material shall be out-gassed/heated (50 °C) to a constant weight prior to testing.
NOTE The above limits for changes in material characteristics caused by exposureof test
iLu(;gisriiie maximum values. For specific designs (e.g. dynamic operation), lowervalues can be

®_
(D—4 1

Key

1 liquid refrigerant
2 testitemfs

P pressure

T  temperagure

Figure 10 — Example of testing device

7.12 Fatigpe test for’hermetically sealed joints

At least five|saniples shall be provided for this test.

The joint shalbe-assembledaceot dius to-theinstructions-of the manufacturer
The tightness of the joint shall be ensured by testing.

The samples shall be subjected to a pressure cycle between atmospheric pressure and the maximum
allowable pressure, PS. The high and low pressure shall be maintained for at least 0,1 s.

Pressure cycle shall be between 20 cycles/min and 60 cycles/min. Total of pressure cycles shall be
250 000 times or more.

After this fatigue test, the joint shall satisfy the test according to 7.4.

The test medium shall be water. Before the tightness test, water shall be totally removed.
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8 Testreport

The test report shall include the following information:

a) areference to this document, ISO 14903;

b) identification of the component/joint;

c) testparameters;

d) number of components/joints to be tested;

e) Ifature, aspect and assessment of leakages noted at each stage of the tesg, ., |

f) 1eport giving the test results, the date of the test, the name of the laboratory and‘the [name of the
gignatory of the tests.

9 Information to the user

The ¢omponent/joint manufacturer shall specify to the user the operating conditions of hisfcomponent,
in particular:

NOTH The user can be an installer, a manufacturer, a maintenanee provider and end-user.
a) Afluid(s) or type(s) of fluid for which the component/joint or the liaison fits or not;
b) 1naximal pressure of use;

c) range of minimal/maximal temperatures;

d) procedure and fitting instructions.

The report mentioned in Clause 8 f) shallkbe provided upon request of purchaser of the joint and/or the
component.
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Annex A
(informative)

Equivalent tightness control levels

A.1 Calculation models

Exact convg
calculations]

where

26

leaking
tempery

flow sh
1x10-

ideal ga

Poiseui]
Cross s

T

0=756

Q is

p1 s

p2 s

256 is

are based on simplifying assumptions:
fluid shall be in the gaseous state;

hture shall be approximately 20 °C (normal ambient temperature);

* mbar-1/s range;
s equation shall be applied;

le equation [given in Formula (A.1)] for gaseous flow in.along straight tube having cir
ction is used as model.

d*
<1 x1

x(p% —p%)xlO

he leak rate, expressed in millibarlitres per second (mbar-l/s);
he diameter of the hole, expressed in metres (m);

he dynamic viscosity, expréssed in pascal seconds (Pa-s);

he length of the hole,-expressed in metres (m);

he inlet pressure;’expressed in pascals (Pa);

he outlet-pressure, expressed in pascals (Pa);

he geemetry factor inherent to the Poiseuille equation;

10 is

héunit conversion factor: 1 Pa'm3/s = 10 mbar:l/s

brsion by calculation of tightness control levels is not possible. The following nl\odel

all be in the viscous laminar regime at least valid for leaks™in the 1 x 1076 to

rular

(A1)
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For fixed geometry, Formula (A.1) simplifies to Formula (A.2):

2 2
P1—P2
n

Q=Kx (A.2)

where

_wxd*x10

A3
256x1 (A-3)

Calct ]qfing the pqniva]pnf thfnpcc contral level at fixed geometry for {‘hnngp of visc sity (using
another gas) or change of one or both pressures can be done by means of Formula {A.#) based on
Formula (A.2):

2 2

91 _n2 (p1); - (P1);

2 ni 2 2

2 M (p2); -(p2),
Consjidering change of viscosity only, Formula (A.4) simplifies to Formuta‘(A.5):

p1_n2
D2 11

where

(A4)

(A.5)

Q1 istheleak rate of first gas, expressed in millibdlitres per second (mbar 1/s);
Q2 is the leak rate of second gas, expressed intmillibar litres per second (mbar 1/s);
nl isthe viscosity of first gas, expressed.in pascal seconds (Pa s);

n2 is the viscosity of second gas, expréssed in pascal seconds (Pa s).

Consfidering change of pressures, only-Formula (A.4) simplifies to Formula (A.6):

2 2
o1 _(p1); =(p1); (A.6)

2 (p2)%—(p2);
wherte

pl)1 is theinlet pressure of first gas, expressed in pascals (Pa);

pl), _isthe outlet pressure of first gas, expressed in pascals (Pa);

p2)1" is the inlet pressure of second gas, expressed in pascals (Pa);

(p2)2 outlet pressure of second gas, expressed in pascals (Pa).

NOTE In Formulae (A.3), (A.4) and (A.6), changing dimensions of all Qs (for instance, from mbar 1/s to
Pa m3/s) have no consequence for the numerical result. Likewise, changing of dimensions of all ps (for instance,
from Pa to bar) have no consequence.

A.2 From volumetric flow to mass flow

Volumetric flow may have the dimension of m3/s, which makes sense if the flowing fluid is in the liquid
(incompressible) state. For (compressible) gases, volumetric flow makes no sense unless pressure
and temperature is also stated. Gas flow having, for instance, the units Pa m3/s contains information
about pressure and if nothing else is stated, ambient temperature is assumed. For gas flow having, for
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instance, the dimension normal, 1/s, information about pressure and temperature is contained in the
word normal meaning at 1,013 bar and 0 °C.

Gas flows calculated by Formulae (A.1) to (A.6) can be converted to mass flow by means of the ideal gas
equation given in Formula (A.7):

pxV=n

where

XRXT

is the pressure, expressed in pascals (Pa):

R 83

T is
Dividing b
Formula (A.

pxV

is the volume, expressed in cubic metres (m3);

is the amount of substance, expressed in moles (mol);

tie temperature, expressed in Kelvin (K).

m RXT
+-x

|4 ]/(mol-K) (universal gas constant);

h sides of Formula (A.7) by time and converting amount of\substance to mass
B):

t

where

M

3

t ist

m

M ist

Because —|
10

transformed

Q

=
10

o=

where

)

is the mass, expressed in kilograms (kg);

Q| pxV

e time, expressed in seconds (s);

e molar mass, expressed in kilograms per mole (kg/mol).

; = flow (leak rate) Pain3/s and © :% = flow (leak rate) kg/s, Formula (A.8) c:
| to Formula (A.9):

l><31,536><109
RxT

is‘the mass flow (leak rate), expressed in grams per year (g/a);

(A7)

bives

(A.8)

in be

(A9)

31,536

109 js the unit conversion factor: 1 kg/s =31,536 x 109 g/a.

Values of dynamic viscosity and molar mass for some gases are presented in Table A.1. Note that the
viscosity is a strong function of temperature (gas viscosity increase as temperature increases). Gas
viscosity is a weak function of pressure (at pressures larger than atmospheric pressure).
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